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“O drone pode ser um instrumento democratico
nas maos certas — ele oferece as pessoas acesso ao
espaco aéreo que estaria fora da nossa capacidade
gravitacional. A partir desse novo ponto de vista,
nds podemos observar e medir as coisas de uma
perspectiva diferente, mas poderosa, que deve ser
usada com cuidado e com consciéncia das
questdes éticas. Os dados (principalmente dados
espaciais) oferecem um alicerce de crucial
importancia para a tomada de decisGes ambientais
para um futuro sustentavel.”

James Duffy



RESUMO

Este estudo avaliou a viabilidade do uso de drones para monitorar o comportamento
de bafalos (Bubalus bubalis) da raga Murrah em dois sistemas de producéo distintos
(extensivo e intensivo) no Estado do Amapa, Brasil. O objetivo foi testar diferentes
altitudes (20m, 15m, 10m, 5m, 3m e 2m) do drone DJI Mini 2 Fly More, visando
identificar a altura ideal para minimizar fugas, estresse e respostas comportamentais
negativas. A altura de 15m foi selecionada para a construgdo de Etogramas,
permitindo a identificacdo segura e ndo invasiva dos repertorios comportamentais
dos bufalos. A distribuicdo dos dados foi analisada quanto a normalidade pelo teste
de Shapiro-Wilk (W = 0,803; p < 0,05) e a homoscedasticidade (F = 0,345; p =
0,558), sendo homogénea. A reatividade animal foi avaliada por meio da
Correlacdo de Spearman, e o efeito do ambiente nas variaveis de resposta foi
analisado pela Analise de Variancia Permutacional Multivariada (PERMANOVA).
A Andlise de Coordenadas Principais (PCoA) foi utilizada para explorar a
distribuicdo espacial dos dados. Com 104 horas de imagens armazenadas, foram
identificados 17 tipos de comportamentos, agrupados em 6 categorias. Os
resultados validaram o protocolo de uso do drone DJI Mini 2 para monitoramento
aéreo minimamente invasivo, proporcionando uma melhor compreensdo dos
comportamentos dos bufalos. A reatividade dos bufalos ao drone diminuiu com o
aumento da altitude, sendo a altura de 15 metros a mais adequada para o
monitoramento, pois minimiza o estresse e a alteracdo comportamental. Bufalos
confinados (Area 2) mostraram maior reatividade, com mais tempo dedicado ao
temperamento de alerta e tens&o, em comparac&o aos bufalos a pasto (Area 1), que
apresentaram menor reatividade devido a maior liberdade e estimulos ambientais.
A analise multivariada e a PERMANOVA confirmaram diferencas significativas
entre as areas, e os Etogramas revelaram maior diversidade comportamental na

Area 1 (12 tipos de comportamentos) em relagio a Area 2 (8 tipos).

Palavras — chave: drone; reatividade animal; protocolo de voo; Murrah; Amapa.



ABSTRACT

This study evaluated the feasibility of using drones to monitor the behavior of Murrah
buffaloes (Bubalus bubalis) in two distinct production systems (extensive and intensive)
in the State of Amapa, Brazil. The objective was to test different altitudes (20m, 15m,
10m, 5m, 3m, and 2m) of the DJI Mini 2 Fly More drone, aiming to identify the ideal
height to minimize escapes, stress, and negative behavioral responses. A height of 15m
was selected for the construction of Ethograms, allowing for the safe and non-invasive
identification of the buffaloes' behavioral repertoires. The data distribution was analyzed
for normality using the Shapiro-Wilk test (W = 0.803; p < 0.05) and homoscedasticity (F
= 0.345; p = 0.558), and was found to be homogeneous. Animal reactivity was assessed
using Spearman’s correlation, and the effect of the environment on response variables
was analyzed by Multivariate Permutational Analysis of Variance (PERMANOVA).
Principal Coordinate Analysis (PCoA) was used to explore the spatial distribution of the
data. With 104 hours of stored images, 17 types of behaviors were identified, grouped
into 6 categories. The results validated the protocol for using the DJI Mini 2 drone for
minimally invasive aerial monitoring, providing a better understanding of buffalo
behaviors. The buffaloes' reaction to the drone decreased with increasing altitude, with
15 meters being the most suitable height for monitoring, as it minimizes stress and
behavioral changes. Confined buffaloes (Area 2) showed greater reactivity, spending
more time in alert and tense states, compared to buffaloes on pasture (Area 1), which
showed less reactivity due to greater freedom and environmental stimuli. Multivariate
analysis and PERMANOVA confirmed significant differences between the areas, and the
Ethograms revealed greater behavioral diversity in Area 1 (12 types of behaviors)
compared to Area 2 (8 types).

Keywords: drone; animal reactivity; flight protocol; Murrah; Amapa.
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1 CONTEXTUALIZACAO

A relacdo do homem com os animais € ancestral, solida e essencial para as mais
diversas atividades, como alimentacdo, transporte, companhia, turismo, agricultura,
pecuaria, economia e pesquisa. O bufalo, espécie Bubalus bubalis, (Linnaeus, 1758), é
um mamifero ruminante adaptado as condicbes edafocliméaticas com desempenho
satisfatorio nas regides subtropicais e tropicais do planeta (Zhang et al., 2020). Sé&o
utilizados como forca de trabalho, producéo de carne, leite e derivados (Cockrill, 1984).
Na regido amazonica apresentam ampla adaptabilidade aos ecossistemas locais. De
acordo com a Associacdo dos Criadores do Estado do Amapd (ACRIAP, 2023), a
bubalinocultura é a principal atividade pecuéria desenvolvida. Sua expansdo iniciou a
partir de 1975, a fim de promover o “Programa de Desenvolvimento da Bubalinocultura”,
com a introducdo de grande numero de animais, que logo se adaptaram nos campos
inundaveis, tipicos da regido. O sistema de criacdo predominante é o extensivo, com
aproveitamento das pastagens nativas dos campos inundaveis (Meirelles & Mochiutti,
2001; Ribeiro et al.,2016).0Ocupando uma area total de 142.470,762km? de acordo com o
Instituto Brasileiro de Geografia e Estatistica (IBGE, 2023), o Estado do Amapa (AP)
possui 16 municipios, e em todos sdo encontrados bufalos, criados em grandes, médias
ou pequenas propriedades segundo a Agéncia de Defesa e Inspecdo Agropecuaria do
Estado do Amapa (DIAGRO, 2023). Em contexto mercantil a pecuaria bubalina
amapaense esta em crescente desenvolvimento, tendo o segundo maior nimero em
rebanho do Brasil com 326.026 cabegas (IBGE, 2023).

A tecnologia esta constantemente transformando diferentes areas do
conhecimento, e a pecudria ndo € excecdo. A adoc¢ado de praticas inovadoras e sustentaveis
sera essencial para garantir a manutencdo, competitividade e a relevancia deste setor. A
implementacéo de ferramentas tecnoldgicas esté se tornando cada vez mais frequente em
sistemas de criacdo de animais de interesse zootécnico, por meio do termo pecuaria de
precisdo, derivado do inglés “Precision Livestock Farming” (PLF) (Dufty et al., 2020).
O uso da pecudria de precisao pode auxiliar no desenvolvimento de sistemas de producéo
mais sustentaveis, pois permite aumentar a eficiéncia do uso de insumos, reduzir o
consumo de agua e energia elétrica, adicionar qualidade aos produtos agropecuarios,
atenuar esforcos, otimizar o trabalho e tempo. Refletindo em melhores condigdes ao meio

ambiente e aos sistemas de producéo animal (EMBRAPA, 2022).
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As Aeronaves Remotamente Pilotadas (drone) ampliam a capacidade de
observagdo do rebanho. Obtendo assim, indicadores produtivos, comportamentais e
fisioldgicos em beneficio da salde, produtividade e bem-estar dos animais (Bernardi et
al.,2017). Auxiliando em diversas funcionalidades, tais como: acompanhamento da
pastagem; manejo do gado; observacdo dos cochos; busca por animais perdidos;
comportamento alimentar; frequéncia cardiorrespiratdria e a quantidade de animais que
estdo no pasto (Aquilani et al., 2022). Imagens de alta resolucao, fornecidas por drones,
ajudam a identificar, compreender, analisar, organizar, reestruturar e gerir diversas
demandas dentro de uma &rea ou propriedade especifica (Wallace-Wells 2014; Hamilton,
2018; Duffy et al. 2022). Portanto, estd se tornando uma ferramenta mais acessivel,
bastante utilizada para 0 monitoramento em tempo real ou ndo, contagem, estimativa de
peso, dispersdo no campo, deteccao de parto, doencas, gestao e producdo animal (Schad
& Fischer, 2022). Atualmente ha uma demanda mundial em utilizagdo de drones nas mais
diversas areas (Koger, 2013). Por isso se faz necessario estudos que sustentem
metodologicamente esta ferramenta como eficaz e validas em pesquisas cientificas.

Em pecuaria drones sdo muito utilizados para contagem de bovideos, tanto a pasto
como em confinamento (EMBRAPA, 2022). Entretanto, propondo aqui uma perspectiva
diferente, serd que drones possuem a mesma eficidcia em estudos que analisam o
comportamento de bufalos? Drones podem monitorar uma espécie sem causar alteracdes
comportamentais significativas?

A Amazonia carece de pesquisas sobre a utilizacdo de drones em estudo do
comportamento de bufalos, como comportamento de pastejo, comportamento social,
ruminacdo, écio, alimentacdo, amamentacdo entre outros. Enfim, muitas possibilidades
podem ser exploradas, com o objetivo de auxiliar na producdo, no ambiente, na saude e

bem-estar deste animal.

Se os bufalos estdo integrados a visdo social, cultural, econdmica e ao
desenvolvimento da regido amazonica, € preciso também fortalecer a visdo ambiental,
introduzindo no manejo equipamentos de maior tecnologia, e que racionalizam melhor os
recursos ambientais. Drones sdo eficientes em monitoramentos sem alterar e interferir
significativamente na dindmica do ambiente.

Nesse contexto, este estudo teve como objetivo geral analisar o uso de drone em
estudo do comportamento animal, desenvolvendo um protocolo de monitoramento aéreo.

Os objetivos especificos foram: 1) Discutir variaveis como altitude de voo e reatividade
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diante da presenca do drone como fator de perturbagéo animal; 2) Validar protocolo para
0 uso de drone DJI mini 2 que auxilie na compreensdo do comportamento de bufalos; 3)
Construir Etograma dos comportamentos dos animais monitorados; 4) ldentificar
repertorios comportamentais de bufalos a partir de perspectiva aérea, de forma segura e
ndo invasiva, utilizando o drone; 5) Quantificar 0os comportamentos dos animais
monitorados; 6) Explorar oportunidades e desafios na utilizacdo de drones no
monitoramento e na analise de dados, a fim de compreender a dindmica comportamental

da especie.

Espera-se, fornecer dados para construcdo de uma pecuéria de maior precisao no
Estado, com novas metodologias de analise de tratamento de dados. Também trazer
beneficios como: economia de tempo no monitoramento animal bem como da
propriedade, oferecendo aos produtores e pesquisadores monitoramento em tempo real,
além de fomentar a utilizacdo de métodos etoldgicos menos invasivos e que ndo alterem

de forma significativa a atividade comportamental da espécie.

1.2 O Bufalo

Os bufalos sdo herbivoros de grande porte, corpo em forma de barril, peito largo,
pernas robustas, pescoc¢o curto e cabeca macica (Cockrill, 1974, 1980, 1984). As fémeas
podem atingir em torno de 500 a 600kg enquanto 0s machos chegam a 900kg ou mais
(ABCB, 2024). A pele normalmente tem coloracdo preta e espessura do couro
extremamente grossa com a presenca de poucos pelos (Damasceno, 2010).

Vistos por muitos como animal marginalizado, devido sua aparéncia robusta e
rustica, acredita-se que seja arisco e de temperamento hostil de (Silva & Ribeiro ,2021).
Entretanto, uma caracteristica marcante desse bovideo é a docilidade, reconhecido pelos
criadores e pesquisadores como grande forca de trabalho na producdo de leite, carne,
turismo rural e até producao de couro (Marques & Cardoso, 2001). Trata- se de um animal
antigo, aproximadamente ha trés milénios passou de selvagem para doméstico,
contribuindo com éxito em diversas atividades, gracas a sua facil adaptabilidade
(Cockrill, 1974, 1980). Com excec¢do da Antartida, é encontrado em todos 0s continentes,
na forma feral, selvagem e doméstica (Coelho, 2019).

Sem o manejo adequado podem em algumas circunstancias se comportar na
natureza como Espécie Exotica Invasora (EEI) por provocarem significativo impacto

ambiental em varias regides do mundo (Bisaggio et al., 2013). No Brasil 66 animais
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abandonados por uma fazenda vizinha a Reserva Biologica do Guaporé em Ronddnia
foram se reproduzindo sem controle, adentraram a &rea da reserva e aumentaram seu
numero para 4.000 mil cabecas, provocando grandes alteracdes ambientais nesta Unidade
de Conservacdo (UC).

Na forma feral se reproduzem com facilidade formando grandes populagdes, as
quais podem causar danos ambientais, o principal é a grande erosdo em solos e
econémicos (Petty et al.,2007). No Brasil ndo ha uma quantidade exata de populacdes
ferais. Todavia, ocorrem na regido norte em muitos locais, porém em pequenas
quantidades de individuos (Brito 2008, Monteiro 2009). Na regido dos lagos, no estado
do Amapa e no Vale do Guaporé no estado de Ronddnia (Tomas et al., 2007).

Alguns pesquisadores comecaram a promover o blfalo como animal de baixo
custo para controlar e prevenir o crescimento descontrolado de plantas em zonas humidas
(Yéfiez-Pizafa, 2020). Ao se alimentarem da vegetacdo permitem a recuperacdo de
corpos d'agua e geram condices heterogéneas da lama exposta, ambas fundamentais
para aves aquaticas e outras espécies silvestres. Sendo este manejo reconhecido pelos seus
beneficios ecoldgicos, sociais e econémicos.

De acordo com a ABCB (2024) o Brasil possui 0 maior rebanho bubalino do
ocidente. S&o reconhecidas quatro racas( Figura 1): Carabao, Mediterraneo, Jafarabadi

e Murrah.

Figura 1- Racas de bufalos descritas pela Associacao brasileira de criadores de bufalos (ABCB).
(A) Bufalo da raca Mediterréneo; (B) Bufalo da raca Carabao; (C) Bufalo da raca Murrah.(D)

Bufalo da raca Jafarabadi.



16

Fonte: ABCB, 2024

1.3 Bafalos na Amazénia: o crescimento da bubalinocultura no Estado do Amapa,

desafios e oportunidades.

Sobre uma perspectiva histérica da introducao dos bufalos na Amazonia, segundo
arquivos da (ABCB, 2024), os primeiros espécimes teriam chegado entre 1890 e 1895,
trazidos por condenados oriundos da Guiana Francesa que naufragaram na costa norte da
Ilha do Maraj6. Sua grande adaptabilidade a este ambiente tropical, sua elevada
fertilidade, longevidade produtiva e aptidao a criacdo extensiva permitiram que o rebanho
se desenvolvesse de forma significativa, tornando a regido norte do Brasil a maior em
namero de cabecas. Os estados do Pard e Amapa sdo 0s que mais se destacam, o Para
com 683.604 cabecas, e 0 Amapa com 326.026(IBGE, 2023). Usualmente as exploracdes
na Amazonia sdo feitas sob sistemas extensivos tendo como base alimentar pastagens
nativas ou cultivadas, na maioria das vezes sem o concurso de alimentos concentrados,
sendo pouco comum até mesmo a suplementacdo de volumosos nos periodos de pior
oferta alimentar (Junior, 2008). Zootechicamente a espécie ja demonstrou que tem espaco
garantido como opcao relevante na pecuaria. No que se refere a seus produtos (carne, leite
e derivados), ndo ha dividas quanto sua excelente qualidade, propriedades sensoriais,
nutricionais e mesmo funcionais.

A pecuaria no Estado do Amapa estd em pleno desenvolvimento. Suas
caracteristicas naturais de clima, solo e vegetacao fazem com que este Estado possua uma
vocacao natural para a criacdo bubalina (ACRIAP, 2023). Sua aptiddo organica com

campos naturais, localizados em uma ampla area de varzea que sofre inundacdes
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periodicas, proporciona ambiente adequado para o pastoreio de bufalos em condicdes
extensivas. A finalidade da producéo possui dupla aptiddo: para leite e carne. Todavia, a
producdo e a produtividade desta espécie ainda sdo insuficientes para atender a demanda
regional (Ribeiro et al., 2016). Acredita-se que tais problemas estejam ligados ao manejo
inadequado das &reas de producdo, que na maioria das propriedades é extensiva, baseada
apenas no uso de pastagens nativas, sem cercas, praticamente ausente de controles
sanitarios e reprodutivos, com insumos negativos para a pecuaria (Meirelles & Mochiutti,
2001).

1.4 Etologia: estudo comportamental dos bufalos

Estudos de etologia com base na cognicdo, motivacdo e complexidade do
comportamento social nos animais domésticos levaram a um rapido desenvolvimento da
ciéncia do bem-estar animal (Broom, 2011). Compreender a etologia é essencial em um
sistema de producdo, visto que o estudo do comportamento pode ser utilizado para fins
de compreensao evolutiva, preservacao ambiental e eficiéncia produtiva (Oliveira, 2013).
Considerando o aspecto comportamental dos bufalos, destaca-se a necessidade de
expressar seus comportamentos naturais, como por exemplo, percorrer grandes distancias
durante o dia, necessidade que estd diretamente ligada a disponibilidade de espaco
(Broom & Molento, 2004). Todos os individuos possuem chifres, por isso € descrito uma
forte hierarquia nos bubalinos demonstrada através da agressividade entre eles, onde o
mais vigoroso, mais erado e com maiores chifres possuem destaque se tornando
dominante. Necessitando de cuidados especiais no remanejamento de piquetes formando

lotes mais homogéneos (Magalhdes, 2015).

Possuem sazonalidade reprodutiva (Crockrill, 1980). Bufalas tem habilidade
materna agucada (Paranhos da Costa & Andriolo,1998), escondem a cria logo apds o
nascimento para protegé-la de predadores, resistentes a parasitoses, S40 menos
susceptiveis a mastites e menos exigentes em relacdo a pastagens, apresentando menor

custo de producéo (Crockrill, 1984).

Com o fendmeno crescente da bubalinocultura a procura por técnicas mecanizadas
tem sido cada vez maior, algumas invasivas, que causam desconforto e afetam o
temperamento do gado. Este, pode ser definido como a reatividade dos animais frente a
determinadas situagdes que podem ser consideradas desafiadoras (Wilson et al., 1994). A

criagdo de bufalos tem sido impactada pela utilizacdo de tecnologias, com ferramentas
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gue monitoram os sinais vitais e as suas atividades diarias, alertando sobre altera¢fes que

refletem diretamente no seu comportamento (EMBRAPA, 2022).
1.5 Bem-estar animal (BEA)

De acordo com a Organizacdo Mundial para Saude Animal (OIE, 2023) o bem-
estar € a maneira como o animal lida com o seu entorno, incluindo emocdes e
comportamento. Para animais de producdo, assume-se que ha boas condi¢des de bem-
estar quando sdo atendidas as “cinco liberdades"”, que procuram incorporar e relacionar
padrdes minimos de qualidade de vida para os animais como: 1) livres de fome, sede e
ma nutricdo; 2) livres de dor, lesdo e doenca; 3) livres de medo e angustia; 4) livres de
desconforto; e 5) livres para manifestar o padrdo comportamental da espécie. O bem-estar
animal consiste em informag6es sobre o comportamento e a aplicabilidade de estratégias
de manejo, desde o nascimento até o abate. Assim, levam-se em consideracdo as
necessidades fisioldgicas e comportamentais dos bovinos e bubalinos, com ganhos diretos
e indiretos na producdo de carne, leite e couro de qualidade (Pereira e Souza, 2022).

Novos desafios se apresentam neste cenario, com as crescentes cobrangas quanto
a qualidade de produto, seguranca alimentar, rastreabilidade dos animais, bem-estar
animal, mudancas climaticas, sustentabilidade dentre outras (EMBRAPA, 2023).
Portanto, novas tecnologias de producéo e gestdo na pecuaria passaram a ser estimuladas
tais como, o uso colares inteligentes, balanca de passagem, bebedouros automatizados,
sensoriamento remoto e drones que serdo usados de forma integrada ou ndo para
monitorar uma série de indicadores de produtividade, ambientais e de bem-estar animal
em sistemas de animais de producdo (EMBRAPA 2021).

O uso de drones possibilita detectar problemas de salde, comportamentos
anormais e até mesmo condi¢cbes do ambiente em que o gado estd. Promovendo
intervencdes mais rapidas e eficazes, garantindo o bem-estar dos animais e a prevencao
de possiveis surtos de doencas (DJI DRONES, 2024).

1.6 Pecuaria de precisdo (PLF): metodologias mais sustentaveis

A pecuaria de precisdo € definida como aplicacdo de tecnologias Unicas ou
maltiplas em sistemas integrados para monitoramento individual ou coletivo e em tempo
real da saide, do bem-estar, de impactos ambientais, producdo e reproducédo (Aquilani et
al., 2022). Assim, infere-se que em sistemas de cria¢do (extensivo ou intensivo), algumas

aplicagdes de PLF podem melhorar substancialmente o controle do gado pelos produtores
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ou pesquisadores, superando questdes relacionadas a utilizacdo, manejo, monitoramento
e controle de animais (Martinéz, G. B et al.,2023).

Sensoriamento remoto por imagens de satélite e drones parecem promissores para
avaliacdo de biomassa, manejo de rebanho, monitorar, rastrear ou mesmo reunir animais
e foram relatadas em pesquisas recentes (Alvarenga, et al., 2019). Outros autores apontam
que independentemente das diferentes tecnologias aplicadas, algumas restricdes comuns
foram relatadas na aplicacdo de PLF, tais como a vida atil da bateria, alcance da
transmissdo, cobertura do servigco, capacidade de armazenamento e acessibilidade
econdmica (Bailey et al.,2021).

No entanto, mesmo que o potencial dessas ferramentas tecnoldgicas ainda seja
limitado, ha demandas por meio de pesquisadores e produtores, que estdo cada vez mais
buscando por tecnologias voltadas para o campo. Resultados positivos em termos de
conservacdo de pastagens, bem-estar animal e otimizag&o do trabalho s&o esperados da
disseminacéo de PLF (EMBRAPA, 2021). A utilizacdo de drones surge como umas das
aplicacdes de tecnologias de PLF mais utilizadas, visando melhorar a eficiéncia, a
produtividade e o bem-estar dos animais, a0 mesmo tempo em que reduz os impactos
ambientais (Morelli et al., 2019).

1.7 Aeronave remotamente pilotada — Drone

A palavra drone surgiu do inglés, termo traduzido que significa “zangdo” devido
seu zumbido durante os voos. Existem drones de todas as formas e tamanhos, produzidos
por uma ampla variedade de fornecedores. Os mais usados em pesquisas sd0 0S mais
leves, multirotores ou de asa fixa, de peso que variam de 240 gramas até
aproximadamente 1,800 kg (Wallace & Wells, 2014).

A forma como os dados sdo coletados a partir dos drones varia conforme a
aplicacdo, geralmente vém equipados com GPS e sofisticados pilotos automaticos, e
muitos modelos podem ser programados para voar por rotas estabelecidas. Normalmente,
um drone estara equipado com um sensor (uma camera, uma camera termogréafica ou algo
mais sofisticado, como um radidmetro hiperespectral). Ele entdo sobrevoara a area de
interesse e 0 sensor coletara os dados durante o voo (Duffy et al., 2022). Os dados serdo
geralmente armazenados em um cartdo de memaria dentro do sensor, ou no préprio drone,

dependendo se ou como o sensor estara integrado ao hardware do drone (Oliveira et al.,
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2023). A conversdo de dados em informagcdo normalmente requer algum tipo de

processamento, mas isso nem sempre terd demanda computacional.

Drones surgiram a pouco tempo no mercado consumidor (Figura 2) e sdo de
grande utilidade para mapeamentos e observacgdes locais, sendo amplamente utilizados
por pesquisadores, seguindo um longo histérico de uso militar para vigilancia e guerra
(Giones & Brem ,2017).

Figura 2- Cronologia do uso militar e do uso civil de drones.

Desenvolvimento Drones usados  Drones usados Drones com vigildncia Drones para combate, Drones para
de drones alvo em missdes de  como chamarizes em tempo real & radar vigilancia e transporte combate,
i reconhecimento H de armamentos ataque de
i i alvos com
- H misseis
Militar i :
. . . . . - . .
1900 1950-1960 1970 1980 1990 2000 200 2015
Civil i i
Drrones para Drones para

mapeamento, uso recreativo
fotografia agrea i

i Drones de
Drrones para filmagem &

inspegdo e transmissao
Seguranga

industrial,

agriculoura

de precisio Drones para

logistica - primeiro
pacoie entregue

Fonte: Giones e Brem (2017).

Drones tém sido utilizados em uma ampla variedade de pesquisas, as
principais areas onde tem desempenhado papel significativo sdo: monitoramento
ambiental, empregados para monitorar ecossistemas, contando populacdes de animais,
analisando migracbes e padroes de comportamento (Wall ,2016). Também no
monitoramento de florestas, avaliando a saude das florestas, identificando incéndios
como os estudos desenvolvidos por Morelli et al. (2019) mapeando grandes areas. Na
pecudria de precisdo, com sensores coletando informacbes sobre as pastagens. Na
agricultura pode otimizar o tempo e 0 uso de recursos analisando areas propensas a
pragas, ajudando na salude das plantacbes, como a aquisi¢cdo de dados aéreos para o
mapeamento de vegetagdo (Zahawi et al., 2015). Em Geografia, podem mapear uma area
topograficamente, principalmente em lugares de dificil acesso. Em desastres naturais
podem percorrer areas afetadas por terremotos, inundagoes ou furacoes, fornecendo dados
em tempo real sobre operagdes de resgate. Em pesquisas oceanogréafica, podem coletar
dados sobre a temperatura da dgua, € 0 comportamento de animais marinhos, como a
coleta de amostras de esputo (sputum) de baleias (Geoghegan et al., 2018) e habitats de

recifes de corais e as espécies a eles associadas (Casella et al., 2017).Na vida selvagem
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monitoram sem pertubar o ambiente natural, contando populagdes e estudando
comportamentos (Duffy et al.,, 2022).No entanto, para realizar essas pesquisas €
importante considerar questdes éticas, de privacidade e de regulamentacdes locais. A
seguir serdo ilustradas algumas imagens de pesquisas com a utilizacdo de drones (Figura
3).

Figura 3 — Fotos que ilustram exemplo do uso de Drones em pesquisa. (A)Monitoramento de
botos tucuxis (Sotalia sp.), Brasil; (B) Monitoramento de gaviais (espécie de crocodilo ameagada
de extincdo, Nepal). (C) Monitoramento de elefantes de Sumatra, Indonésia.

Fonte: A: Duffy et al. (2022). B; Drone awards, 2018; C: WWF (2020)
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Use of remotely piloted aircraft (drones) to study the behavior of buffaloes in a

production system in the Eastern Amazon

ABSTRACT

This study evaluated the use of drones to monitor the behavior of Murrah buffaloes in
two distinct production systems (extensive and intensive) in the State of Amapa, Brazil.
The objective was to analyze the use of drones in the behavioral monitoring of buffaloes,
contributing to the implementation of more accurate and sustainable practices in buffalo
farming. A height of 15 m was selected for the construction of the Ethogram, allowing
the safe and non-invasive identification of behaviors. The distribution of data was
analyzed for normality using the Shapiro-Wilk test (W = 0.803; p < 0.05) and
homoscedasticity (F = 0.345; p = 0.558), which was shown to be homogeneous. Animal
reactivity was evaluated using Spearman's correlation, and the environmental effect on

the response variables was analyzed using PERMANOVA analysis. PCoA analysis
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explored the spatial distribution of the data. With 104 hours of stored images, 17
behavioral types were identified. The results validated the use of the DJI Mini 2 drone for
minimally invasive aerial monitoring. The reactivity of buffaloes to the drone decreased
with increasing altitude, with 15 meters being ideal for monitoring, as it minimized stress
and behavioral changes. Confined buffaloes (Area 2) showed greater reactivity, spending
more time in states of alert and tension compared to buffaloes in pasture (Area 1), which
showed less reactivity due to greater freedom and environmental stimuli. Multivariate
analysis and PERMANOVA confirmed significant differences between areas, with Area

1 showing greater behavioral diversity (12 types) compared to Area 2 (8 types).

KEYWORDS: drone, animal behavior, murrah

Utilizacdo de aeronaves pilotadas remotamente (drones) para estudo do

comportamento de bufalos em sistema de producdo na Amazodnia Oriental

RESUMO

Este estudo avaliou o uso de drones para monitorar o comportamento de bufalos Murrah
em dois sistemas de producdo distintos (extensivo e intensivo) no Estado do Amapa,
Brasil. O objetivo foi analisar o uso de drones no monitoramento comportamental de
bufalos, contribuindo para a implementacao de praticas mais precisas e sustentaveis na
criacdo de bufalos. Foi selecionada uma altura de 15 m para a construcdo dos Etogramas,
permitindo a identificagdo segura e ndo invasiva dos comportamentos. A distribuicdo dos
dados foi analisada quanto a normalidade usando o teste de Shapiro-Wilk (W = 0,803; p
< 0,05) e homocedasticidade (F = 0,345; p = 0,558), que se mostrou homogénea. A
reatividade animal foi avaliada usando a correlacéo de Spearman, e o efeito ambiental nas
variaveis de resposta foi analisado usando a Analise PERMANOVA. A Analise PCoA

explorou a distribuicdo espacial dos dados. Com 104 horas de imagens armazenadas, 17
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tipos comportamentais foram identificados. Os resultados validaram o uso do drone DJI
Mini 2 para monitoramento aéreo minimamente invasivo. A reatividade dos bufalos ao
drone diminuiu com 0 aumento da altitude, sendo 15 metros o ideal para monitoramento,
pois minimizou o estresse e as mudangas comportamentais. Os bufalos confinados (Area
2) apresentaram maior reatividade, passando mais tempo em estados de alerta e tensdo
em comparacdo aos bifalos em pasto (Area 1), que apresentaram menor reatividade
devido mais estimulos ambientais. A andlise multivariada e a PERMANOVA
confirmaram diferencas significativas entre as areas, com a Area 1 apresentando maior

diversidade comportamental (12 tipos) em comparagio a Area 2 (8 tipos).

PALAVRAS-CHAVE: drone, comportamento animal, murrah

INTRODUCTION

The buffalo (Bubalus bubalis, Linnaeus 1758) is a ruminant mammal that exhibits
adaptability to various soil and climate conditions, showing satisfactory performance in
the subtropical and tropical regions of the world (Cockrill 1984; Martinez et al. 2023).
Known for its docility, the buffalo is highly regarded by breeders and researchers as an
asset for milk, meat, rural tourism, and leather production (Damasceno et al. 2010). In

Brazil, the main buffalo breeds are Carabao, Mediterranean, Jafarabadi, and Murrah.

Buffaloes are particularly adaptable to different ecosystems, with a significant
presence in regions with favorable conditions, such as floodplains. Buffalo farming has
gained increasing importance due to its economic contributions and the global growth of
herds (IBGE, 2023). This expansion is supported by development programs and the
adoption of technological innovations that have transformed animal production,

enhancing efficiency and sustainability in the sector.
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Among the technological advancements, precision livestock farming (PLF) has
become increasingly prevalent in animal production systems, promoting sustainability
and operational efficiency. These technologies optimize resource use, reduce
consumption of water and energy, improve product quality, and facilitate individualized
monitoring, significantly contributing to the welfare of the animals (Duffy et al. 2020;

Aquilani et al. 2022; EMBRAPA 2024).

One of the most promising innovations in this area is the use of drones, which
have expanded the capabilities for observation and monitoring in livestock management.
Drones provide valuable data on production, behavior, and physiological conditions,
which are essential for animal health, productivity, and welfare (Bernardi et al. 2017).
Furthermore, they enable early detection of health issues, identification of abnormal
behaviors, and monitoring of environmental stressors, allowing for prompt interventions
to prevent disease outbreaks and improve animal welfare (Schad e Fischer 2022; DJI

DRONES 2024).

Despite the promising potential of drones, further studies are necessary to validate
their effectiveness and safety in non-invasive aerial monitoring. Research gaps remain
regarding the behavioral impacts of drone flights on livestock species, particularly
buffaloes. Limited information exists on how drones affect buffalo behavior during key

activities such as grazing, social interactions, rumination, resting, feeding, and nursing.

This knowledge gap presents an opportunity for research aimed at improving
livestock production, environmental management, health, and welfare. The strategic
application of drones in animal management could transform livestock practices,

fostering more sustainable and efficient production systems.
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Thus, this study aims to assess the use of drones in the behavioral monitoring of
buffaloes, contributing to the development of more precise and sustainable practices in
buffalo farming. The findings will provide valuable insights for producers and
researchers, promoting the adoption of non-invasive technologies that enhance animal

health, welfare, and productivity.

MATERIAL AND METHODS
Study sites

The study was approved by the Comissé&o de Etica no Uso de Animais (CEUA) of
the Universidade Federal Rural da Amazonia (CEUA Protocol No. 9709030324/ID
000674). Authorization for each flight was obtained from the Department of Airspace
Control in accordance with the instructions outlined in the Aeronautical Information
Circular (AIC-N21/10). A Certificate of Registration of Unmanned Aircraft for Non-
Recreational Use, issued by ANAC, was obtained with registration number PP-
865022546. The research was conducted in two different production systems: Area 1
(extensive) and Area 2 (intensive breeding). Extensive system is characterized as raising
animals of economic interest, exclusively on pasture, making maximum use of natural
resources, with restricted supplementation (Oliveira et al. 2008). Intensive system is
characterized as raising animals of zootechnical interest, in a delimited space, with the
formation of groups in corrals or paddocks, receiving food and water in a balanced

manner (Abreu et al. 2018).

Area 1 was characterized as a family quilombola property called Retiro Séo
Francisco do Quilombo do Curial (Macapa — AP) (Lat.: 8°53"' N, Long.: 51°24' W), with

an extensive production system of Murrah buffaloes (Figure 1). The herd is considered
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domesticated and does not mix with animals from nearby properties. Therefore, no fences
have been built to delimit the properties. The property has 80 animals, including 1 adult

male, 12 male calves, and 67 females, distributed over approximately 300 hectares.

FIGURE 1

Area 2 was characterized by an intensive production system (confinement).
Agromix Farm (Macapa — AP) (Lat.: 6°14' N, Long.: 51°10' W) covers 400 hectares
(Figure 2). In the region, it stands out for its potential in raising buffaloes for slaughter.
It has a total of 180 Murrah buffaloes, distributed in paddocks with free access to water
and feed provided in the trough twice a day, composed of bulky and concentrated feed.
The sample for this research included 10 animals: 1 adult male and 9 females of

reproductive age.

FIGURE 2

Sample collection and processing

The research image collection was obtained through flyovers using the Mini 2
drone from the manufacturer DJI as the observation platform, equipped with a 4K camera
sensor. This quadcopter captures videos in 4K resolution (4096 x 2160 pixels per frame)
and has a flight autonomy of 31 minutes. Its weight specification (including the battery
and propellers) is 242 grams, and it consists of three rechargeable batteries. It was chosen
for the research because it is a reference drone in producing low noise levels compared to
other drones with similar characteristics. Additionally, it is compact in size and has a

neutral color.

The captured images were recorded from orthogonal perspectives (vertical, at a
90° angle), which capture detailed portions of the animal, and from oblique perspectives,

showing the animal from different angles for a general characterization of the animal and
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its environment. The images were transmitted and processed using specific DJI Fly

software installed on a mobile device and stored on a 128 GB SD card.

The aerial monitoring resulted in a significant data set, totaling 104 hours of stored
images. The data was collected through aerial monitoring at the research control points,
which are used to validate the information obtained by the drone’s lenses (Alves 2023).
In Area 1, the control point corresponds to 10,600 m2, and in Area 2, the control point is

Picket 1 (Figure 3).

FIGURE 3

The buffaloes were monitored in two stages (1 and 2). Stage 1 was conducted to
determine the optimal altitude for the drone in relation to the animals, ensuring that there
was no significant interference with their behavior during the flights. To achieve this, the
Drone Altitude Test was applied, in which the duration of the animal’s response time to
the presence and noise generated by the equipment (noise from the propellers and engine)
was recorded. This test was conducted over a total of 16 hours of footage (8 hours in Area
1 and 8 hours in Area 2). The transects (flight lines) were adapted from the methodology
described by Hamilton (2018) and Buckland et al. (2004). For this stage, only a single

transect was performed during each flight.

To avoid negative behavioral responses from the animals and ensure equipment
safety, an initial departure height of 20 m was established for the transect (Serpa et al.
2018; Andrade 2020; Koger et al. 2023). The height scales defined for the test were 20
m, 15 m, 10 m, 5 m, 3 m, and 2 m. At each specific height, the drone monitored the
animals for 10 minutes. This pattern was repeated twice a day: once in the morning from
9:00 a.m. to 10:50 a.m. and once in the afternoon/evening from 5:00 p.m. to 6:50 p.m.,

for four consecutive days. When the closest group of buffaloes was randomly reached,
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observations focused on the animal that first noticed the presence of the drone. This was
the focal animal used for the development of the test, following the focal animal sampling

method (Altman 1974).

The test initially took place in Area 1, with the drone departing from the outer
right edge of the AP 070 highway (starting point) at a height of 20 m and a flight speed
of 10 km/h. The distances covered varied: 115 m on the first day, 113 m on the second
day, 98 m on the third day, and 121 m on the fourth day. The same procedure was
followed in Area 2, where the animals were in confinement, with the drone starting 20 m
away from the initial point. The drone maintained a flight speed of 10 km/h and covered
a fixed distance of 62 m on all flights to paddock 1. Although the manufacturer
recommends a flight autonomy of 31 minutes, for safety reasons, the research used a total
margin of 20 minutes per battery. A total of 2 hours per day was used (1 hour in the

morning and 1 hour in the afternoon/evening).

Stage 2 involved first constructing two Ethograms, one for each research area.
Then, using high-resolution images, it was possible to identify, analyze, and quantify the
frequency of the behaviors observed. Monitoring during this stage was conducted through
several flight lines within the control point of each area, for 20 minutes per battery, with
a 10-minute interval for each replacement. The observations took place in the morning
(09:00 to 10:10) and in the afternoon/evening (17:20 to 18:30), totaling 2 hours per day.
A total of 88 hours of images were collected (44 hours in Area 1 and 44 hours in Area 2).
Observation of the animals for both the Ethograms and behavior analyses was based on

the focus group method (Altman 1974).

Statistical Analysis
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Data distribution was tested for normality using the Shapiro-Wilk test
(RVAideMemoire package) and showed a non-normal distribution (W = 0.803; p < 0.05).
Homoscedasticity was assessed with the Levene test (car package), which showed
homogeneity (F = 0.345; p = 0.558). To evaluate the effect of drone height on animal
reactivity, Spearman’s correlation was applied (cor.test function in R). A correlation
graph was constructed using the ggplot2 package. To assess the impact of environment
(Area 1 and Area 2) on response duration, PERMANOVA was applied using the response
time matrix for each altitude (2m, 3m, 5m, and 10m), transformed with the (sqrt + 1)
function (vegan package). Principal Coordinate Analysis (PCoA) was used to explore the
spatial distribution of the data. Both PCoA and PERMANOVA employed the Euclidean
distance method. Vector adjustments in the ordination were performed with the “envfit”
function (vegan package), using 999 permutations for empirical significance. Data were
organized in Microsoft Office Excel 2019, and all analyses were performed in R (R Core

Team 2021).

RESULTS

During the drone altitude test, the relationship between two variables (Figure 4)
was observed, analyzed, and displayed in Spearman correlation graphs: the duration of
the response to the drone (animal reactivity), measured in seconds (s), and the height of

the drone, measured in meters.

FIGURE 4

The blue dots represent the animal's reactivity to drone flights at altitudes of 20m,
15m, 10m, 5m, 3m, and 2m. The variables behave inversely in the two graphs, Area 1

and Area 2, respectively, maintaining a negative correlation. As the drone’s altitude
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increases, the animal shows less reactivity (shorter response time to the drone).
Conversely, when the drone’s height decreases, the animal’s reactivity increases (longer
response time to the drone). In graph A (Area 1), the altitude with the longest duration of
reactivity to the drone was at 3m, with a response time of 55.02s. In graph B (Area 2), the
altitude with the longest duration of reactivity to the drone was at 5m, with a response
time of 233.43s. In other words, confined animals are more reactive and spend much more

time in an alert and/or tense state with the drone than animals in pasture.

This temperament, according to our results, can be visually understood through
the body postures performed by the buffaloes, which are generally characterized by
movements of raising and lowering the head in an alert position, sniffing with the snout
to identify the object (drone), and vigorous tail swinging. These behaviors reflect a
tendency toward an alert and/or tense state. This is similar to the description by Paranhos
and Magalhaes (2015), where an alert animal exhibits abrupt movements of the tail, ears,

and head, and a tense animal presents similar abrupt movements of the tail, ears, and head.

The Spearman correlation graph shows that in both monitored environments, at a
height of 10 m, there is a considerable decrease in reactivity to the drone. At 15 m and 20
m, the animals either did not perceive or did not express any changes in their behavior
(reaction time equal to 0), continuing their activities normally in the pasture (Area 1) and
in paddock 1 (Area 2). This indicates a positive response to the presence of the drone at
these altitudes. In the Principal Coordinates Analysis (PCoA), four variables were
considered: M2, M3, M5, and M10 (flight heights), thus making the analysis multivariate.
Except for M15 and M20, which showed no response, the data resulted in a 2D graph
with two axes (PCoAl and PCoA2) corresponding to Area 1 and Area 2. The analysis
revealed that the animals responded differently in relation to the duration of reactivity in

the two environments (Figure 5).
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FIGURE 5

PERMANOVA revealed that the study areas (Al and A2) influenced the animals'
response duration (F = 55.37; R2=0.798; p = 0.001). Axes 1 and 2 of the PCoA explained
96.1% of the data variation. The graph clearly shows the formation of two groups,
corresponding to the two studied areas (Al and A2). All sampled altitudes were more
strongly associated with area 2, indicating that the longest response durations (reactivity)
occurred in this area. The altitude of 2 meters was particularly representative and strongly
correlated with area 2. The vector adjustment in the ordination, performed by the “envfit”
function, shows that all altitudes are significant and influenced the data variation. The
combined results from the PERMANOVA and PCoA analysis (Table 1) highlight the
application of the approach to both research areas. Values equal to or less than p < 0.05

indicate a significant difference.

TABLE 1

The average response time of the animals to the presence of the drone in Area 1
and Area 2 differs. In the average time for axes 1 and 2, applied to the R? test, we found
that the p-value was less than 0.05 at the sampled altitudes (M2, M3, M5, and M10), with
a value of 0.001. Therefore, the result is significant. Based on the statistical methods
applied, it was observed that the drone is an effective tool to be used at a safe height of
15 meters for monitoring buffaloes, disapproving its use at lower altitudes. Consequently,
the flight protocol was applied for this specific height. This led to the next stage: the

construction of ethograms and identification of behaviors.

TABLE 2

The images captured by the drone allowed the observation of different types of

behaviors expressed by the buffaloes in the study areas. In the Ethogram of Area 1 (Table



265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

33

2), 12 types of behaviors were identified. In the Ethogram of Area 2 (Table 3), 8 types of

behaviors were identified.
TABLE 3

The comparative study of buffalo behavior in the presence of drones revealed
distinct behavioral patterns between the two analyzed areas (Figure 6). In Area 1, a greater
diversity of behaviors was observed. Feeding activities were recorded in 20% of the
animals, rumination in a lying position in 12%, and social hierarchical interactions in

10%.

Exclusive behaviors observed in Area 1 included grazing, standing rumination,
mother-calf relationships (both individual and group), nursing, displacement,
socialization, and harmonious interspecies interactions. Additionally, some atypical

behaviors were noted in this region.

In contrast, buffaloes in Area 2 exhibited a higher frequency of feeding (34%), a
lower occurrence of lying rumination (9%), and fewer hierarchical interactions (6%).
Specific behaviors characteristic of Area 2 included approaching water sources,
demonstrations of affective bonding, agonistic behaviors, water immersion, and

prolonged periods of inactivity.

FIGURE 6

DISCUSSION

The flight altitude of drones plays a critical role in both the spatial resolution of
captured images and the behavior of the animals under observation. Higher altitudes often

result in reduced image quality, while lower altitudes may cause discomfort or stress to
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the animals (Alencar et al. 2020). In the present study, a flight altitude of 15 meters was
found to be optimal for monitoring buffaloes, enabling the collection of reliable

behavioral data without inducing significant behavioral changes in the animals.

The impact of drone flight height on image quality and animal reactivity is well-
documented in the literature. High altitudes tend to produce lower-resolution images,
whereas lower altitudes can provoke stress and discomfort (Alencar et al. 2020). Our
study confirms that 15 meters provides a suitable balance, allowing for effective

behavioral monitoring while minimizing disturbances to the buffaloes' natural behaviors.

Environmental factors also play a key role in shaping the animals' responses to
drone monitoring. Buffaloes in Area 1, raised in a quilombola community with frequent
human and vehicle activity, likely developed a heightened tolerance to various stimuli,
including the sounds and sights associated with drone flights. This constant exposure to
diverse environmental stimuli may have enhanced the buffaloes' resilience to external
disturbances, such as drone noise. In contrast, buffaloes in Area 2, confined to smaller
spaces with limited stimuli, displayed greater reactivity, likely due to their less varied
environment. The lack of environmental enrichment in the confined system may have
further exacerbated their stress responses. No behavioral enrichment resources, such as
forage-searching opportunities, hay balls, or interactive activities, were provided, which
limited the buffaloes' behavioral expression and may have contributed to their increased
reactivity. This aligns with the findings of Porto et al. (2018), who noted that reduced

behavioral options are linked to higher reactivity and compromised well-being.

Additionally, studies by Oliveira et al. (2021) have shown that animals with higher
reactivity often experience poorer weight gain and feed efficiency, leading to reduced

productivity in terms of meat and milk production. Our observations suggest that 15
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meters is an optimal drone altitude to avoid inducing stress and to facilitate the natural

behavioral patterns of buffaloes, promoting a more stable and productive response.

The comparison of behaviors between the two areas revealed notable differences
in behavioral diversity. The buffaloes in Area 1 exhibited a broader range of behaviors
(207 occurrences), which can be attributed to the more complex and dynamic
environment of the extensive system. In contrast, the buffaloes in Area 2 demonstrated
fewer behavioral expressions (174 occurrences), supporting the idea that restricted
environments with limited stimuli can reduce behavioral variety and affect animal
welfare. Silva (2021) highlighted that confinement and lack of space are linked to an
increase in stereotypic behaviors, which negatively impact animal welfare. Our results
suggest that ensuring adequate space and environmental enrichment are crucial for

enhancing buffalo welfare in both extensive and intensive systems.

Both production systems, extensive and intensive, have their respective
advantages and limitations. It is essential to provide optimal conditions for the buffaloes,
including access to fresh water, adequate nutrition, shade, and sufficient space, to ensure
their well-being and productivity. By meeting these needs, livestock management

practices can be improved, benefiting both animal welfare and farm productivity.

Finally, the use of drones for behavioral monitoring offers substantial potential
for large-scale data collection. Drones allow for detailed observation of complex social,
feeding, and ecological interactions that are difficult to capture using traditional methods.
This technological approach represents a valuable tool for understanding animal behavior
and improving management practices, particularly in both extensive and intensive

production systems.
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CONCLUSIONS

The data obtained validated the use of the DJI Mini 2 drone for minimally invasive
aerial monitoring, providing valuable insights into the behavioral repertoires of buffaloes.
Reactivity to the drone decreased with increasing altitude, with 15 meters being identified
as the optimal height for monitoring, as it minimized stress and behavioral changes in the
animals. Buffaloes in confined conditions (Area 2) exhibited higher reactivity, spending
more time in alert and tense states compared to those in pasture (Area 1), which displayed
reduced reactivity due to greater freedom and environmental stimuli. Multivariate
analysis and PERMANOVA confirmed significant differences between the areas, while
the Ethograms revealed greater behavioral diversity in Area 1, with 12 distinct behavior

types, compared to 8 in Area 2.
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Figure 1. Area 1: Retiro S&o Francisco, a family-owned quilombola property located in
Quilombo do Curial, Macapa, AP, featuring an extensive production system. The
research sampling location is marked with a yellow dot at coordinates Latitude 0°8'53"N
and Longitude 51°2'24"W.

Figure 2. Area 2: Agromix Farm, located in Macapa, AP, is characterized by an
intensive production system. Plot 1 (yellow) indicates the focal point of the observations,
with coordinates at latitude 0°6'14"N and longitude 51°10'31"W.

Figure 3. (A) Aerial image captured by a drone at Retiro S&o Francisco (Quilombo do
Curiau, AP, Brazil), showing extensive buffalo farming. (B) Aerial image captured by a
drone at Fazenda Agromix (Macapd, AP, Brazil), providing an aerial perspective of the
confinement area.

Figure 4.  (A) Spearman correlation for Area 1 and (B) Area 2, based on the duration
of the response to the drone (in seconds) and the height (in meters).

Figure 5.  Principal Coordinates Analysis (PCoA) based on the Euclidean distance
matrix for drone overflight time data at different altitudes in Areas 1 (Al) and 2 (A2).
The percentage of variation explained by the principal coordinates is indicated on the
axes.

Figure 6. Types of animal behavior expressed as a percentage in relation to the
presence of the drone in the two study areas: Area 1 (Retiro Sdo Francisco) and Area 2
(Agromix Farm
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459  Table 1. The envfit test, which used 999 permutations and a Euclidean distance matrix to
460  evaluate the correlation of altitudes (in meters) with the ordination axes (Axis 1 and Axis
461  2). The R? values indicate the strength of the relationship, while the p-values (all < 0.05)

462  denote statistically significant correlations.

Altitudes (m) Axis 1 Axis 2 R? p
M2 0.996 0.080 0.967 0.001
M3 0.694 0.719 0.950 0.001
M5 0.651 0.758 0.870 0.001
M10 0.564 -0.825 0.932 0.001
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Table 2. Ethogram of buffaloes monitored from an aerial perspective, Area 1 (extensive

breeding).

Behavioral Unit

Descriptors

Grazing behavior

Eating behavior

Rumination (lying
down posture)

Rumination
(standing posture)

Maternal-filial
behavior

Breastfeeding

Social hierarchy

Displacement

Group-filial
maternal behavior

Socialization

Atypical behavior

Harmonic
interspecific
relationship

Buffalo moving continuously, searching for food in the pasture with
its head tilted, smelling, sniffing, and exploring different areas of
the pasture.

Buffalo with its head tilted, alternating between lowering and
raising its head, grasping forage with its tongue, and chewing with
mechanical movements.

Buffalo lying down, resting with its head raised, showing intensive
jaw movements, evident salivary secretion, regurgitating partially
digested food, and chewing again.

Buffalo standing at rest, with its head raised, showing intensive jaw
movements, evident salivary secretion, regurgitating partially
digested food, and chewing again.

Female buffalo accompanying her calf in the pasture after
breastfeeding.

Calf standing next to its mother, searching for the teats, and
sucking to ingest milk.

Male buffalo in a dominant position, with a proud posture, head held
high, and vocalizing.

Buffalo walking with its head high, showing vigorous movements,
a slow and firm gait, coordinated limb motion, vocalizing, and
walking along trails in a lined position.

Female buffaloes caressing their calves in an integrated manner,
while young buffaloes wallow in a mud puddle.

Young buffaloes in a group, showing sinuous movements, lowering
and raising their heads, rubbing against each other, headbutting, and
partially immersing in mud.

Spotted, blind buffalo with its head tilted upwards, sniffing with its
snout, reacting to the presence of the drone at 15 meters above.

Buffalo lying in a mud puddle, relaxed, with a bird resting on its
back, pecking and capturing parasites with its beak.
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Table 3. Ethogram of buffaloes monitored from an aerial perspective, Area 2 (intensive

breeding).

Behavioral Unit Descriptors

Buffalo with its head tilted, alternating between lowering and raising
Eating behavior its head, grasping forage with its tongue, and bringing it to its mouth,
accompanied by mechanical chewing movements.

Buffalo lying down, resting with its head raised, showing intense jaw

AU ETE (B movements, evident salivary secretion, regurgitating partially

posture) digested food, and chewing it again.

Immersed in Buffalo in a lying position, with muscles relaxed, head down

water touching the ground, body immersed in a mud puddle, and
wallowing.

SIEE Male buffalo in a proud posture, holding its head high and vocalizing

hierarchy ’ -

Affective bond Buffalo touching another buffalo’s head with its snout, muscles

relaxed.

Buffalo walking toward the water source, with its head tilted

PRI 19 D downward, mouth immersed in the water, drinking by sucking, and

source alternating with licking.

Agonistic Male buffalo at the trough, threatening females with robust
behavior movements, head moving continuously up and down, and vocalizing.
Prolonged Buffalo in a lying position, showing minimal movements, appearing
inactivity apathetic, with its head in a neutral position.
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Figure 1. Area 1: Retiro Sao Francisco, a family-owned quilombola property located in
Quilombo do Curial, Macapa, AP, featuring an extensive production system. The
research sampling location is marked with a yellow dot at coordinates Latitude 0°8'53"N

and Longitude 51°2'24"W.
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Figure 2. Area 2: Agromix Farm, located in Macapa, AP, is characterized by an intensive
production system. Plot 1 (yellow) indicates the focal point of the observations, with

coordinates at latitude 0°6'14"N and longitude 51°10'31"W.
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Figure 3. (A) Aerial image captured by a drone at Retiro S&o Francisco (Quilombo do
Curial, AP, Brazil), showing extensive buffalo farming. (B) Aerial image captured by a
drone at Fazenda Agromix (Macapa, AP, Brazil), providing an aerial perspective of the
confinement area.
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of the drone in the two study areas: Area 1 (Retiro S&o Francisco) and Area 2 (Agromix
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CONSIDERACOES FINAIS

Drones ndo precisam se aproximar diretamente dos animais, eles permitem a
observacao sem interferir no comportamento dos bufalos, evitando alteracdes e estresse
que poderia ser causado pela presenca humana.

Um protocolo aéreo foi desenvolvido para determinar a qual altitude o drone deve
estar em relacdo aos bufalos. E mostrou-se viavel, possibilitando monitorar, reconhecer e
diferenciar comportamentos manifestados pelos animais sem Ihe causar perturbacdes

Apos a aplicacdo do protocolo ndo foram observados nos animais nenhuma
reatividade a presenca do drone, expressando suas atividades de comportamento sem
interferéncia.

Valida-se nesta pesquisa 0 uso de drone em estudo do comportamento animal.
Pois mostrou-se eficiente em realizar monitoramentos aéreos minimamente invasivos,
onde por meio de imagens de alta resolucéo € capaz de contemplar ao maximo os detalhes
sobre repertdrios comportamentais expressados por bubalinos.

Por fim, torna-se este protocolo um importante instrumento de consulta, para
pesquisadores, profissionais e criadores que necessitem fazer uso de drone para pesquisa
e monitoramento em rebanho bubalino. Ressaltando que as questfes éticas com animais

devem estar acima de todo e qualquer tipo de monitoramento.
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APENDICE A- Tipos de comportamento dos animais expressados em porcentagem em
relacdo a presenca do drone.

Repertdrios Area 1 Area 2
1- Ingestivo Comportamento Comportamento
Alimentar-43 Alimentar-60
Ruminagdo postura Ruminacdo postura deitado-
deitado-26 16

Ruminacgdo postura em

pé-09

2- Pastejo Comportamentode ~  smeememememeeeeee

pastejo- 12 Abordagem a fonte de agua-

""""""""" 31

3- Afiliativo Comportamento materno  --=-=-----===----==e----nce

- filial-15

Comportamento materno

grupo - filial-24

Amamentacao-16

4- Interagdo social Hierarquia social-19 Hierarquia social-09

Deslocamento - 14 Vinculo afetivo-05

Socializacdo-14

Relagdo interespecifica

harmonica-6

5- Incémodo Comportamento atipico-09 Imerso na agua-26

Comportamento

agonistico-08

6- Estereotipado = -mmeeemmeeemeeeeeeee- Inatividade prolongada-19
Total de Exemplar area: 207 174

Total de exemplares: 381




ANEXO A- Certidao de cadastro de Aeronave néo tripulada — uso nédo recreativo

Unmanned aircraft inscription certificate — non — recreational

29/02/2024,

14:49

Certidao Drone

REPUBLICA FEDERATIVA DO BRASIL
FEDERATIVE REPUBLIC OF BRAZIL

AGENCIA NACIONAL DE AVIACAO CIVIL
NATIONAL CIVIL AVIATION AGENCY

(“XANAC

CERTIDAO DE CADASTRO DE AERONAVE NAO TRIPULADA - USO NAO
RECREATIVO
UNMANNED AIRCRAFT INSCRIPTION CERTIFICATE - NON-RECREATIONAL

Esta certiddo de cadastro, emitida de acordo
com o RBAC-E n? 94, é vdlida até 28/02/2026
salvo em caso de cancelamento, suspensao
ou revogacao pela Autoridade de Aviagdo
Civil Brasileira.

This Inscription Certificate, issued in accordance with
RBAC-E nr. 94, shall remain valid until 02/28/2026
unless it is cancelled, suspended or revoked by the

Brazilian Civil Aviation Authority.

Operador (Operator):
MARIA ANGELICA DAMASCENO ROCHA

N° do cadastro (Register Number):
PP-865022546

Uso (Purpose): ndo recreativo (non-recreational)
Ramo de atividade principal (Business):
Aeromonitoramento de Fauna

Fabricante (Maker): DJI

Modelo (Model): Mini 2 Fly More Combo

N° de série (Serial Number): 3Q4CJ993A38BQB
Peso maximo de decolagem (MToW): 0,25
Informagbes adicionais (additional information):
Drone com finalidade de pesquisa cientifica,

em estudos de monitoramento animal.
Documento (document):
CPF: 002.490.352-35

O descumprimento da regulamentagao
aplicavel pode ensejar consequéncias
administrativas, civis e/ou criminais para o
infrator.

Not complying with the applicable regulations may
result in administrative and/or legal penalties for the

transgressor.

O detentor desta certiddo de cadastro (o operador), ou aquele com quem for compartilhada
sua aeronave, é considerado apto pela ANAC a realizar voos nao recreativos no Brasil, com a
aeronave nao tripulada acima identificada, em conformidade com os regulamentos
aplicaveis da ANAC. E responsabilidade do operador tomar as providéncias necessarias para
a operagao segura da aeronave, assim como conhecer e cumprir os regulamentos do DECEA,
da Anatel, e de outras autoridades competentes.

The holder of this inscription certificate (the operator), or the person with whom this aircraft is shared, is
considered apt by Brazilian Civil Aviation Authority to perform non-recreational flights in Brazil, using the above
identified unmanned aircraft, in conformity with the applicable regulations of Brazilian Civil Aviation Authority. It’s
the operator’s responsibility to take the necessary actions to ensure a safe operation, as well as know and comply

with the regulations of air traffic control (ATC), telecommunications, and other competent authorities.

A validade desta certidao pode ser verificada pelo link
https://santosdumont.anac.gov.br/menu/f?p=133:14

Local e data da emissao (Place and date of issue):
Brasilia, 29 de fevereiro de 2024
Brasilia, February 29, 2024

29/02/2024,

Esta certidao de cadastro ndo é valida para aeronaves nao tripuladas acima de 25 kg de peso
maximo de decolagem, ou em voos além da linha de visada visual (BVLOS) ou acima de 400

14:49 Certidéo Drone

CERTIDAO DE CADASTRO DE AERONAVE NAO TRIPULADA — USO NAO
RECREATIVO
UNMANNED AIRCRAFT INSCRIPTION CERTIFICATE - NON-RECREATIONAL

pés ou 120 metros acima do nivel do solo (AGL).
This inscription certificate is not valid for unmanned aircraft of more than 25 kg maximum takeoff weight, or flying

beyond visual line of sight (BVLOS) or over 400 feet or 120 meters above ground level (AGL).

57



ANEXO B — Certificado da Comiss&o de Etica no Uso de Animais (CEUA)

’ Comissédo de Etica no

Uso de Animais

UNVERSEROL FETEARL MR DR RARINN

N W

CERTIFICADO

Certificamos que a proposta intitulada "USO DE AERONAVE REMOTAMENTE PILOTADA (DRONE) PARA IDENTIFICAR, ANALISAR E
DESCREVER PADROES COMPORTAMENTAIS DE BUFALOS EM SISTEMA DE PRODUGAO EXTENSIVO E DE CONFINAMENTO NO AMAPA,
AMAZONIA, BRASIL", protocolada sob o CEUA n? 9709030324 (b ooos74), sob a responsabilidade de Frederico Ozanan Barros
Monteiro e equipe; Maria Angélica Damasceno Rocha - que envolve a producdo, manutencdo e/ou utilizacdo de animais
pertencentes ao filo Chordata, subfilo Vertebrata (exceto o homem), para fins de pesquisa cientifica ou ensino - esté de acordo com
os preceitos da Lei 11.794 de 8 de outubro de 2008, com o Decreto 6.899 de 15 de julho de 2009, bem como com as normas
editadas pelo Conselho Nacional de Controle da Experimentacdo Animal (CONCEA), e foi aprovada pela Comissao de Etica no Uso
de Animais da Universidade Federal Rural da Amazénia (CEUA/UFRA) na reuniao de 03/05/2024.

We certify that the proposal "USE OF REMOTELY PILOTED AIRCRAFT (DRONE) TO IDENTIFY, ANALYZE AND DESCRIBE BEHAVIORAL
PATTERNS OF BUFFALO IN AN EXTENSIVE PRODUCTION AND CONFINEMENT SYSTEM IN AMAPA, AMAZON, BRAZIL", utilizing 90
Buffalos (males and females), protocol number CEUA 9709030324 «p ooos74), under the responsibility of Frederico Ozanan Barros
Monteiro and team; Maria Angélica Damasceno Rocha - which involves the production, maintenance and/or use of animals
belonging to the phylum Chordata, subphylum Vertebrata (except human beings), for scientific research purposes or teaching - is
in accordance with Law 11.794 of October 8, 2008, Decree 6899 of July 15, 2009, as well as with the rules issued by the National
Council for Control of Animal Experimentation (CONCEA), and was approved by the Ethic Committee on Animal Use of the Federal
Rural University of Amazonia (CEUA/UFRA) in the meeting of 05/03/2024.

Finalidade da Proposta: Pesquisa (Académica)

Vigéncia da Proposta: de 04/2024 a 06/2024 Area: Reproducao Animal

Origem: Né&o aplicavel biotério

Espécie: Bubalinos sexo: Machos e Fémeas idade: 1 a 8 anos N: 90
Linhagem: Murrah Peso: 400 a 900 kg

Local do experimento: Area 1 - Quilombo do Curial - O quilombo Curiat é formado por um grande complexo de 21.676,00 hectares
(SEMA, 2023), com trés ecossistemas predominantes, o cerrado, a floresta de varzea, e os campos de varzeas também chamados
de campos inundaveis, caracterizado por suas inundagdes periédicas, que ocorrem geralmente entre os meses de janeiro a julho.
Localiza-se a 10 Km de Macap4a, dentro da Area de Protecdo Ambiental do Rio Curial (APA do Rio Curiat) uma comunidade
tradicional negra descendente de afro-brasileiros de um antigo quilombo, chamado Curiad, préxima do nicleo urbano da cidade de
Macapd, é considerada um Sitio Histérico e Ecoldgico. A criacao de bovideos é a principal atividade pecuaria desenvolvida,
principalmente de bufalos (SILVA et al., 2013). A pastagem utilizada é eminentemente natural, aproveitando-se das areas de
campos inundaveis que, além de abundantes, oferecem boas condigées de forragens e baixos custos de manutencgao (SILVA,
2002). A atividade pecuéria é um complemento da agricultura para a subsisténcia local. A regidao possui um total de 8 propriedades
oficiais registradas (DIAGRO, 2023), com 332 bufalos criados em sistema de producdo extensivo Area 2 - Fazenda Agromix -
corresponde ao grupo controle, por ser uma area de sistema de producédo em confinamento, pode ter variaveis mais controladas.
Localizada no Km 12 da BR 210, ramal Nossa Senhora do Desterro, com 400 hectares, a Fazenda Agromix, se destaca na regiao
pelo seu potencial na criagédo de bufalos destinados para o corte. Possui um total de 180 bufalos da ragca Murrah. Entretanto, o
grupo controle participante da pesquisa conta com um total de 10 animais, sendo 1 macho adulto e 9 fémeas em idade
reprodutiva.

Belém, 03 de maio de 2024

Av. Tancredo Neves, 2501, Bairro Montese - CEP: 66077-901 - Belém/PA - tel: 55 (91) 3210-5165
Horario de atendimento: 2° a 6° das 8 as 16h : e-mail: ceuaufra@gmail.com
CEUA N 9709030324

e N
Comissdo de Etica no /{// \\‘
o Uso de Animais CEUA/UFRA \& /)

£ 2y ~
LacEinee 1%; e 5. Carvverciwa paﬁr%é & 64330:
%h o CE?JA/UFFS\ RENORR CEUALERA
Profa. Dra. Agatha Rossanni Alves Damasceno Profa. Dra. Alanna do Socorro Lima da Silva
Coordenadora da Comissao de Etica no Uso de Animais Vice-Coordenadora da Comissdo de Etica no Uso de Animais

Universidade Federal Rural da Amazénia Universidade Federal Rural da Amazénia
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Anexo C- Diretrizes para autores Revista Acta Amazonica

INSTRUCTIONS TO AUTHORS

Acta Amazonica publishes original research, in the form of full articles, reviews and short communications
that focus on the Amazon biome. Studies concerned with parts of other biomes in the Legal Amazon
(Cerrado and Caatinga) are not prioritized by the journal. Manuscripts have to be written in English and
are submitted to a double-blind review process.

Submissions are accepted in the following research areas:

Agronomy and Forestry

Animal Sciences and Fisheries

Biodiversity and Conservation

Biotechnology

Chemistry and Pharmacology

Environmental Sciences

Food Sciences

Geosciences

Health Sciences

Human and Social Sciences

Materials Technology

GENERAL STYLE AND FORMAT

All manuscripts have to be submitted in English (both American and British English are accepted). As we
use double-blind evaluation, all manuscripts have to be anonymized, i.e., all author information has to be
submitted in a separate title-page file.

Manuscripts of all types have to be formatted as Office Word DOC/DOCX documents in A4 page size,
with 3-cm margins all-round and continuous line numbering, written in Times Roman 12, with double line
spacing throughout (including references and figure legends). Use single spacing for tables. Manuscript
files should not exceed 2 MB.

Do not use one-sentence paragraphs. Avoid an excess of short paragraphs. Only one level of sub-titles is
allowed within sections. Do not use sentences only to describe the content of tables or figures, as this
information is redundant with figure legends and table captions.

Bibliographic citations are expected to be placed preferentially at the end of sentences, in parentheses. Use
the format Smith (2007), (Smith 2007), Smith and Jones (2007), (Smith and Jones 2007), Smith et al.
(2007), (Smith et al. 2007). Use the latter form for all references with more than three authors. List more
than one citation in chronological order, and in alphabetical order for citations from the same year; for
example: (Viana et al. 2001; Caldwell et al. 2007; Smith 2007; Benavides et al. 2017).

Cite figures and tables as (Figure 1) or (Table 1), etc. Cite figures and tables in the text in increasing
numerical order. Place tables at the end of the manuscript. Figures have to be submitted separately (see
below in Section Format).

Scientific names of species have to be written in italics and spelled out (e.g. Leporinus macrocephalus) in
the title, and the first time they are cited in Abstract and Introduction. Use the abbreviated form (e.g. L.
macrocephalus) in subsequent citations, except at the beginning of a sentence, when the name always has
to be spelled out. Cite the author of the species (e.g. Leporinus macrocephalus Garavello and Britisk 1988)
the first time it is cited after the Abstract.

Separate decimal fractions by a point, and separate numerals from measuring units by one space (e.g. 40.6
cm, 200.3 keal), except for temperature units (e.g. 60°C, NOT 60 °C) and percentages (e.g. 5%, NOT 5 %).
Use negative exponents instead of a slash (/) (e.g. cmol kg instead of cmol/kg; m s~%, NOT m/s). Use
space instead of point between symbols (e.g. m s, NOT m.s™). Use kg instead of Kg and km instead of
Km, etc. Formulas can be inserted in the text using the Office Word equation function tool.

Title page — Include in the title page file the title of the manuscript, the author names, authors’
institutional affiliations, e-mail of the corresponding author, the Acknowledgments section, and the Data
Availability section (see below in Data Policy).

Write in capital letters the part of the surname that each author wants to be used in citations, e.g., if Maria
Souza Pereira wants to be cited as Pereira MS, she should write her name as Maria Souza PEREIRA. If she
wants to be cited as Souza-Pereira M, she should write her name as Maria SOUZA PEREIRA.

Write the authors' institutional affiliation in the language of the country of the institution. Names of
institutions in countries that do not use the latin alphabet should be written in English. Write the
affiliation beginning with the higher hierarchical level (e.g. university, research institute), followed by city,
state and country. Street address is optional. If the author is affiliated to more than one institution, list
each affiliation separately. When two or more authors share the same affiliation, list it only once. Check a
recent issue of the journal for the format of authors names and institutions. Do not include titles (PhD,
MSc, etc.) or other "mini CV" information in the address.

Original article — Manuscripts submitted as "original article” have to be based on original research and
are limited to a total length of 7500 words (including title, abstract, references, figure legends and tables).
Up to five tables and seven figures can be included (see below in Section Format).

Organize the manuscript in the following sequence: title in English, Abstract, Keywords, version in
Portuguese OR Spanish of title, abstract and keywords, Introduction, Material and Methods, Results,
Discussion, Conclusions, References, Figure Legends, Tables.
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Abstract and Resumo/Resumen are limited to 250 words. Results and Discussion are strictly separated
sections. Do not repeat results, nor cite figures or tables, in the Discussion section.

Short Communication - Manuscripts submitted as "short communication" have to be based on original
research that consists of more simple reports or data of not enough complexity for submission as an
original article. They are limited to a total length of 2500 words (including title, abstract, references, figure
legends and tables). Up to two tables and three figures can be included (see below in Section Format).
Organize the manuscript in the following sequence: title in English, Abstract, Keywords, version in
Portuguese OR Spanish of title, abstract and keywords, body of the text (no section titles), References,
Figure Legends, Tables.

Abstract and Resumo/Resumen are limited to 150 words. Although no section titles are used, the text
should follow a logical sequence of introduction, methodology, results, discussion and conclusive remarks.
No supplementary material is allowed for short communications.

Review - Manuscripts submitted as "review" have to be based on original propositions of literature and
data compilation, including an analytical interpretation and discussion, not only a simple description of the
reviewed material. They are limited to a total length of 7500 words (including title, abstract, references,
figure legends and tables). Up to five tables and seven figures can be included (see below for figure
submission).

Organize the manuscript in the following sequence: title in English, Abstract, Keywords, version in
Portuguese OR Spanish of title, abstract and keywords, Introduction, Material and Methods, body of the
text, References, Figure Legends, Tables. An introduction and methodological section are mandatory, but
the organization of the text after that is at the discretion of the authors.

Abstract and Resumo/Resumen are limited to 250 words.

Supplementary material — The submission of supplementary material is allowed for original articles
and reviews, to provide access to support material that is not essential to the study, but aids in the
interpretation of the results. It may be in the form of tables, images or figures, or other support material,
such as, for example, lists of collection material examined or questionaires applied in ethnological studies.
These materials will be available only in the online version of the article. Refer to supplementary files in the
text of the manuscript as (Supplementary Material, Table S1) or (Supplementary Material, Figure S1), or
(Supplementary Material, Appendix S1), etc. For the review process, submit all supplementary material,
including tables, figures plus figure legends in one DOC/DOCX file.

Audio and video files do not need to be referred to in the text as "Supplementary Material". It is sufficient
toinclude the URLlink of the source file. Access to these files has to be available for reviewers.

SECTION FORMAT

Abstract

The abstract should present an essential overview of the study that makes the gist of the study clear for
readers that read only the abstract of the article. Make sure to present the justification and objective of the
study, its geographical circumscription, general methodology used, main results, main discussion points
and conclusion.

Keywords

Use up to six words or expressions as keywords. Do not use words that are already used in the title.
Introduction

This section should concentrate on introducing the specific subject of the study, avoiding information on
the species, biome or research area that is unrelated to the specific objective of the study. The introduction
should reflect the state of the art of the specific research topic, inform the knowledge gap addressed by the
study, and make clear the interest of the study for the Amazon region. End the introduction with a
paragraph stating the objectives of the study. State the working hypothesis of the study whenever
pertinent.

Material and Methods

Description of study sites and general geographical and environmental contexts should be written for anon
regional readership that is not familiarized with the region. Sampling design, experimental design,
laboratory procedures and statistical analyses have to be described clearly and with sufficient detail as to
be replicated by other researchers. Include informative location maps when required. Use past tense in this
section.

Results

Provide here an objective report of observations, experiments, data analysis, etc. Always use past tense for
reporting results. For the sake of transparency, report full test results, not only whether P is higher or lower
than 0.05. Comments and interpretations belong to the Discussion. All tables and figures should be
referred exclusively here. All samplings, experiments and analyses mentioned in Material and Methods
have to be reported in the Results section and vice-versa.

Discussion



This section should not be a repetition of results followed by comments. The Discussion is not expected to
contain any reporting of results, neither original nor repeated from the Results section. The Discussion is
expected to have a content beyond the simple comparison with measures or test results obtained by other
authors on the same subject. Tables and figures should not be referred here, unless it is very relevant for a
point being highlighted. References should reflect the current state of the knowledge in the specific
research area of the study. Include references preferentially at the end of the sentence, in parentheses.
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