
RESSALVA 

Atendendo solicitação do autor, 
o texto completo desta tese será
disponibilizado somente a partir

de 13/06/2023. 



 
 

 

 

UNIVERSIDADE ESTADUAL PAULISTA 

“JÚLIO DE MESQUITA FILHO” 
INSTITUTO DE BIOCIÊNCIAS 

 

PROGRAMA DE PÓS-GRADUAÇÃO EM ZOOLOGIA 

 

HORIZONTAL TRANSFER, GEOGRAPHIC DISTRIBUTION AND 

SPECIATION IN FEATHER MITES IN BRAZIL (ASTIGMATA) 

 

TRANSFERÊNCIA HORIZONTAL, DISTRIBUIÇÃO GEOGRÁFICA E 

ESPECIAÇÃO EM ÁCAROS DE PENAS NO BRASIL (ASTIGMATA) 

 

LUIZ GUSTAVO DE ALMEIDA PEDROSO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rio Claro – SP 

2022 



 
 

 

 

UNIVERSIDADE ESTADUAL PAULISTA 

“JÚLIO DE MESQUITA FILHO” 
INSTITUTO DE BIOCIÊNCIAS 

PROGRAMA DE PÓS-GRADUAÇÃO EM ZOOLOGIA 

 

Transferência horizontal, distribuição geográfica e especiação em ácaros de 

penas no Brasil (Astigmata) 

 

Horizontal transfer, geographic distribution and speciation in feather mites 

in Brazil (Astigmata) 

 

 

 

 

 

 

 

 

 

 

 

Rio Claro – SP 

2022 

 

PhD Candidate 

Luiz Gustavo de Almeida Pedroso 

luizgustavopedroso@gmail.com 
 

Tese apresentada ao Instituto de Biociências do 

Câmpus de Rio Claro, Universidade Estadual 

Paulista, como parte dos requisitos para obtenção 

do título de Doutor em Zoologia. 

 

Orientador: Prof. Dr. José Paulo Leite Guadanucci 

Coorientador: Prof. Dr. Fabio Akashi Hernandes 

Coorientador: Prof. Dr. Almir Rogerio Pepato 



P372t
Pedroso, Luiz Gustavo de Almeida

    Transferência horizontal, distribuição geográfica e especiação em

ácaros de penas no Brasil (Astigmata) / Luiz Gustavo de Almeida

Pedroso. -- Rio Claro, 2022

    145 p.

    Tese (doutorado) - Universidade Estadual Paulista (Unesp),

Instituto de Biociências, Rio Claro

    Orientador: José Paulo Leite Guadanucci

    Coorientador: Fabio Akashi Hernandes, Almir Rogerio Pepato

    1. Acariformes. 2. Ave. 3. Simbiose. 4. Filogenia. 5. Hospedeiro. I.

Título.

Sistema de geração automática de fichas catalográficas da Unesp. Biblioteca do Instituto de
Biociências, Rio Claro. Dados fornecidos pelo autor(a).

Essa ficha não pode ser modificada.



UNIVERSIDADE ESTADUAL PAULISTA

Câmpus de Rio Claro

Transferência horizontal, distribuição geográfica e especiação em ácaros de penas no

Brasil (Astigmata)

TÍTULO DA TESE:

CERTIFICADO DE APROVAÇÃO

AUTOR: LUIZ GUSTAVO DE ALMEIDA PEDROSO

ORIENTADOR: JOSE PAULO LEITE GUADANUCCI

COORIENTADOR: ALMIR ROGÉRIO PEPATO

COORIENTADOR: FÁBIO RAU AKASHI HERNANDES

Aprovado como parte das exigências para obtenção do Título de Doutor em CIÊNCIAS BIOLÓGICAS

(ZOOLOGIA), pela Comissão Examinadora:

Prof. Dr. FÁBIO RAU AKASHI HERNANDES (Participaçao  Virtual)
Departamento de Ecologia e Zoologia / Universidade Federal de Santa Catarina

Prof. Dr. CLAUDIO JOSÉ VON ZUBEN (Participaçao  Virtual)
Departamento de Biodiversidade / IB Rio Claro

Prof. Dr. JOÃO LUIZ HORACIO FACCINI (Participaçao  Virtual)
Instituto de Veterinária / Universidade Federal Rural do Rio de Janeiro

Prof. Dr. NOELI JUAREZ FERLA (Participaçao  Virtual)
UNIVATES / Universidade do Vale do Taquari

Prof. Dr. FERNANDO DE CASTRO JACINAVICIUS (Participaçao  Virtual)
Laboratório de Coleções Zoológicas / Instituto Butantan

Rio Claro, 13 de junho de 2022

Instituto de Biociências - Câmpus de Rio Claro -
Av. 24-A no. 1515, 13506900
CNPJ: 48.031.918/0018-72.



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dedico essa obra às mais de 600.000 vítimas da COVID-19 no Brasil. 



 
 

Agradecimentos 

Primeiramente, à FAPESP – Fundação de Amparo à Pesquisa do Estado de São Paulo 

(Processos 2016/11671-1 e 2018/21504-0), pela oportunidade. Esse projeto não seria possível 

sem o financiamento da mesma. Aqui agradeço também a CAPES – Coordenação de 

Aperfeiçoamento de Pessoal de Nível Superior, pelo fomento indireto através do 

financiamento da pós-graduação brasileira, que sustenta o país na décima terceira colocação 

em produção científica mundial, mesmo apesar dos percalços dos últimos anos.  

Os primeiros anos desse projeto foram de muita apreensão, principalmente devido ao 

cenário político do país, que desde 2016 causava incertezas sobre o futuro da carreira 

científica. Incertezas essas que se mostraram ainda piores nos anos seguintes, não apenas 

devido à pandemia, que nos enclausurou, mas também pela ascensão de um dos piores 

governos da história do país. Esse doutorado termina num ano derradeiro para o futuro do 

país. Seguiremos lutando. 

Gostaria de agradecer a meu orientador, Dr. Fabio Akashi Hernandes, que 

primeiramente me incentivou na escrita e submissão do projeto desse doutorado, e que, 

depois de aceito pela FAPESP, topou me orientar mesmo sabendo que sua estadia pela 

UNESP de Rio Claro estava próxima do fim (por um ótimo motivo, diga-se de passagem!). 

Foi ele quem primeiramente me introduziu nessa saga pelo conhecimento e entendimento dos 

ácaros de penas, essas formas de vida tão peculiares. Dessa vez, porém, por um caminho até 

então não explorado por nós – o das análises ecológicas e moleculares.  

Os agradecimentos seguem quanto à necessidade de analisar as aves para a coleta dos 

ácaros, tanto vivas, capturadas com redes de neblina, quanto em peles ornitológicas de 

coleções em museus. Portanto, aqui agradeço os curadores das coleções ornitológicas em 

museus por permitirem meu acesso para a coleta desses ácaros: Prof. Dr. Glayson Ariel 

Bencke, do Museu da Fundação Zoobotânica de Porto Alegre (MCN, Porto Alegre, Rio 

Grande do Sul); Prof. Dr. Carla Suertegaray Fontana, do Museu de Ciências e Tecnologia da 

PUC (MCT, Porto Alegre, Rio Grande do Sul); Antenor Silva Junior e Ma. Patrícia 

Weckerlin e Silva, do Museu de História Natural Capão da Imbuia (MHNCI, Curitiba, 

Paraná); Prof. Dr. Luis Fábio Silveira, do Museu de Zoologia da Universidade de São Paulo 

(MZUSP, São Paulo, São Paulo); e Prof. Dr. Alexandre Aleixo, do Museu Paraense Emílio 

Goeldi (MPEG, Belém, Pará). E aos professores das Universidades as quais realizei a captura 

(ou abdução!) de aves com redes de neblina, acompanhado de alunos ajudantes, que incluem 



 
 

a Prof. Dr. Gerturd Müller e a sua aluna Prof. Dr. Fabiana F. Bernardon, na UFPel (Pelotas, 

RS); a Prof. Dr. Lilian Manica e seu aluno Rafael Fratoni na UFPR (Curitiba, PR); ao Prof. 

Dr. Luiz dos Anjos e sua aluna Larissa C. Calsavara na UEL (Londrina, PR); ao Prof. Dr. 

Edson Guilherme da Silva e suas alunas, Ma. Luana Alencar e Vanessa Lima de Souza, na 

UFAC (Rio Branco, Acre); ao Prof. Dr. Mauro Pichorim e sua aluna Amanda na UFRN 

(Natal, RN); ao Dr. Luciano Naka e seu aluno Victor na UFPE (Recife, PE); ao Dr. Roberto 

Cavalcanti, na UNB (Brasília, DF); ao Prof. Dr. Sérgio Posso, na UFMS (Três Lagoas, MS); 

e, finalmente, ao Prof. Dr. Marco A. Pizo e seus alunos, que constantemente mantém 

atividades de anilhamento na UNESP de Rio Claro, em especial ao Ivan Provinciato, 

Caroline Toledo, André L. B. Moraes, e Dr. Augusto F. Batisteli. A coleta de todo esse 

material me permitiu vivenciar experiências únicas, conhecer pessoas e lugares muito 

especiais. Deixo aqui meu muito obrigado. Também agradeço ao Prof. Dr. Miguel Ângelo 

Marini, o encontrei num primeiro momento no MZUSP, e quando o encontrei de novo, na 

UNB, recebi de presente exemplares físicos do “Feather Mites of the World”, a bíblia dos 

ácaros de penas. Grande presente! 

Com o material coletado, a próxima etapa seria a extração e sequenciamento do 

material genético desses ácaros. Aqui entram o Prof. Dr. Almir Rogerio Pepato e sua equipe 

na UFMG, Brenda e Samuel, pela grande ajuda me mostrando como realizar a extração de 

DNA e os procedimentos para PCR em Acariformes. A UFMG e o Almir, a princípio, 

estavam nos meus planos de possível lugar para a realização do doutorado, não fosse o aceite 

da FAPESP. Almir também foi a ponte depois para meu contato com o Dr. Pavel B. Klimov, 

até então da Universidade de Michigan, onde realizei toda a parte molecular desse projeto. 

Aqui fica, então, toda minha gratidão ao Pavel, o qual me ajudou não só com a parte 

molecular, mas também deu suporte para as análises estatísticas, filogenéticas, revisão crítica, 

e escrita do manuscrito principal. Ainda em Michigan, não posso deixar de lembrar e 

agradecer todo pessoal do RMC (Research Museum Center), em particular ao Micheal 

Wynne, com o qual tomávamos café todas as manhãs religiosamente, grande Mike! Agradeço 

também ao Dr. Barry M. OConnor, uma lenda da acarologia que tive a honra de conhecer 

pouco antes de se aposentar. E ao Sergei Mironov, o atual “pai dos ácaros de pena”, o qual 

além de ter doado amostras essenciais ao projeto, também é sempre solicito em ajudar e faz 

revisões de forma muito paciente e cordial. 



 
 

 Por fim, agradeço ao meu orientador de adoção, Prof. Dr. José Paulo L. Guadanucci. 

Ele me adotou quando Fabio se mudou para UFSC. Sou para ele quase o que um filhote de 

chupim é para sua ave hospedeira, no qual eu o parasito pedindo assinaturas burocráticas. 

Valeu, Zé! 

 Agora a parte de coração (não que os outros não sejam!). Agradeço minha mãe, com 

quem venho me conectando cada vez mais, e que além do suporte emocional me ajudou a 

organizar minha viagem para o Congresso Internacional de Acarologia na Turquia. Agradeço 

ao meu irmão Lucas, por sempre me ajudar quando preciso, e aos meus amigos, Rafael (da 

Dinamarca, o bff), Rafael (da Botânica), Rafael (de Bauru), e Rafael (o Pinas), quantos 

Rafaéis! A galera de Bauru: Edwin, Mario, Iago, Jubas. Aos amigos da minha antiga Rep. 

Tassio e Ana e agregados. A companheira de rolês e aulas de inglês Giullia. O pessoal do 

LARC: Hector (pelos cafés e rolês gastronômicos), Wolf (ajudou a limpar as lentes fungadas 

dos equipamentos pós-pandemia!), Arthur (pela ajuda com o fim do doc), Victor (quase 

morremos indo pro simpósio na UFMG), e outras tantas pessoas que aqui não marquei, mas 

que de alguma forma foram essenciais nessa etapa da minha vida. Agradeço por último uma 

das pessoas mais importantes, Douglas, que hoje é meu companheiro e foi fundamental para 

que eu conseguisse suportar (ainda estou suportando) a barra mental que muitas vezes é fazer 

pesquisa.  

Muito obrigado a todos vocês!  

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

RESUMO 

A especificidade é um aspecto crucial que governa as interações entre simbiontes e 

hospedeiros. Geralmente a especificidade está ligada ao potencial de transmissão, à 

plasticidade adaptativa, e à disponibilidade de hospedeiros de simbiontes. Apesar da 

importância, a especificidade ainda é um assunto complexo em muitos sistemas simbionte-

hospedeiro, especialmente quanto ao potencial de simbiontes emergirem em novos 

hospedeiros. Ácaros de penas (Astigmata: Analgoidea e Pterolichoidea) são exemplos de 

simbiontes altamente específicos. Por serem ectosimbiontes obrigatórios e de aparente baixa 

mobilidade, a transmissão em ácaros de penas ocorre de maneira íntima no contato entre 

hospedeiros. Ocorrendo primeiramente verticalmente, dos genitores para seus descendentes, 

durante o desenvolvido cuidado parental das aves. Acredita-se que a transmissão vertical seja 

um fator chave responsável pela alta especificidade observada em ácaros de penas, onde 

muitas espécies de ácaros são encontradas apenas em espécies intimamente relacionadas. 

Portanto, sistemas que alteram os padrões de transmissão de ácaros de penas oferecem uma 

oportunidade valiosa de investigação da relação entre transmissão, especificidade, e 

distribuição geográfica. Aqui entra o chupim (Molothrus bonariensis), uma ave nidoparasita 

generalista que depende de outras espécies de aves para encubar seus ovos e cuidar de seus 

ninhegos, o que impede a transferência vertical intraespecífica de ácaros de penas. Não é 

surpresa que esse sistema ainda não tenha sido estudado, já que o conhecimento sobre ácaros 

de penas ainda é incipiente na região neotropical. Portanto, aqui investigamos a fauna de 

ácaros de penas do chupim e de seus hospedeiros potenciais no Brasil. A presente tese se 

divide em duas partes principais: a primeira parte foca em inventariar ácaros de penas do 

chupim e busca entender como os ácaros encontrados se relacionam com a especificidade e a 

transmissão nesse sistema; a segunda parte foca na distribuição geográfica desses ácaros de 

penas no Brasil, também buscando correlacionar a especificidade. Por múltiplas linhas de 

evidência (abundância, prevalência, filogenia e cofilogenia) foi possível diferenciar ácaros 

específicos do chupim de ácaros adquiridos verticalmente de aves por ele parasitadas. Com 

base nessas diferenças foi possível estimar taxas de transmissão vertical e horizontal nesse 

sistema. Mesmo sem possuir transmissão vertical de ácaros de penas, o chupim apresentou 

uma fauna de ácaros específicos diversa, composta por cinco espécies em cinco gêneros. Essa 

especificidade é mantida por transferências horizontais intraespecíficas, estimadas a serem 

pelo menos três vezes maiores que do que as taxas de transmissão vertical. Extrapolando para 

outros sistemas, a transmissão vertical de ácaros de penas, ainda no ninho, é importante para 

uma primeira aquisição desses simbiontes, porém a transmissão horizontal é provavelmente a 

principal responsável pela difusão desses ácaros nas populações de seus hospedeiros. Quanto 

a padrões de distribuição, por análises de modulação geográfica foi possível identificar que a 

distribuição da fauna de ácaros não específicos no chupim segue padrões de preferências de 

uso de seus hospedeiros. Foi possível também corroborar a eficiência da transmissão 

horizontal em manter uniforme a distribuição de seus ácaros específicos. Por fim, são 

mostrados padrões de distribuição geográfica em ácaros de penas em diferentes populações 

de hospedeiros de ampla distribuição no Brasil, com potenciais espécies crípticas. Novas 

espécies de ácaros de penas também foram descritas. As descobertas e novidades aqui 



 
 

trazidas contribuem para um novo entendimento sobre a dispersão e organização de ácaros de 

penas em seus hospedeiros, comprovando um maior padrão de eficiência de transferências 

horizontais até então não estimado para o grupo. Os dados também indicam um papel 

fundamental da especificidade como fator limitante da distribuição geográfica e da 

colonização de novos hospedeiros por esses simbiontes.   

Palavras-chave: Acariformes, Ave, Simbiose, Filogenia, Hospedeiro 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

The specificity is a crucial aspect ruling host-symbiont interactions. It is usually linked to the 

symbiont's transmission potential, adaptation plasticity, and availability of compatible hosts. 

Despite its importance, specificity is still a complex subject in many host-symbiont systems, 

especially regarding their potential to emerge into new hosts. Feather mites (Astigmata: 

Analgoidea and Pterolichoidea) are examples of such highly specific symbionts. Because of 

their obligatory association and apparent low mobility, their transmission occurs by intimate 

contact between avian hosts, usually through vertical transmission from parents to offspring. 

This vertical transmission is believed to be a key factor sustaining the high host specificity in 

feather mites, as many mite species are found solely on closely related hosts. Systems 

disrupting this transmission pattern offer valuable opportunities to investigate host specificity 

and other aspects of feather mite biology, such as geographic distribution. Here enters the 

shiny cowbird (Molothrus bonariensis), a brood parasitic bird that relies on other passerines 

to rear their chicks, preventing the usual vertical transmission of feather mites. It is no 

surprise that this system has never been studied as the knowledge of feather mites in the 

Neotropical region is still incipient. Therefore, here we investigate the feather mite fauna on 

the shiny cowbird and their most common hosts in Brazil. The present thesis is divided into 

two main subjects: a first part focused on recording the feather mite fauna from the shiny 

cowbird and understanding their relationship with aspects of host specificity and 

transmission; and a second part focused on the geographic distribution of feather mites in 

Brazil, also connecting it to host specificity properties. By multiple lines of evidence 

(abundance, prevalence, phylogenetic, and co-phylogenetic), it was possible to differentiate 

specific-to-cowbird mites from mites acquired from their foster parents and estimate rates of 

vertical and horizontal transmission in this system. Even lacking vertical intraspecific 

transmission, the shiny cowbird presented a diverse feather mite fauna composed of five 

species in five genera. This specific fauna is only transmitted horizontally, which occurs at a 

rate three times higher than vertical transmissions. Estimating for other systems, the vertical 

transmission of feather mites is important for a primary acquisition of these symbionts, while 

the horizontal transmission is likely the main responsible for the dispersal of these mites on 

host populations. Regarding their distribution, modularity analyzes identified patterns of 

distribution for the  non-specific mites on shiny cowbirds explained by their preferences in 

host usage in different regions. It was also possible to corroborate the efficiency of horizontal 

transmissions in keeping their specific mite fauna evenly distributed in Brazil. Finally, 

patterns of the geographic distribution of feather mites on different host populations are 

shown in Brazil, with potential cryptic species. New feather mite species were also described. 

The novelties in the present work collaborate to understand the dispersion and organization of 

feather mites on their hosts, acknowledging a higher efficiency of horizontal transmissions 

than expected in these apparently low mobile symbionts. Our data also reinforce the 

importance of the host specificity as the limiting factor for the distribution and the 

colonization of new hosts by feather mites. 

Keywords: Acariformes, Bird, Symbiosis, Phylogeny, Host 
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GENERAL INTRODUCTION 

 

Taxonomic concepts – what are feather mites? 

Among the vastly diverse arthropod Subphylum Chelicerate, an expressive variety of 

the Arachnida Subclass Acari (mites) developed adaptations to fully or partially live in 

association with birds (Aves). These adaptations allowed mites to exploit nearly all possible 

habitats and microhabitats offered by these hosts, which in birds include their nesting sites, 

their external appendages (i.e., feathers), inside the quill of feathers, the superficial and 

subcutaneous layers of their skin, and reaching as deep as inside their respiratory tract and 

visceral tissues. This diversity of bird-associated mites sums more than 3,000 described 

species in at least 40 families (Knee et al. 2008), representing around 5.5% of all named mite 

diversity in the world, an astonishing number if we consider Acari as one of the most diverse 

metazoan groups with more than 54,000 named species (Beaulieu et al. 2019; Walter & 

Proctor 2013). Simultaneously, Acari is also one of the least known clades, with nearly 1 

million species estimated in the group, which highlights the still long path to building a solid 

Acari knowledge. 

Traditionally Acari is recognized as a monophyletic Subclass divided into two large 

Superorders – Parasitiformes and Acariformes. The Acari monophyly is, however, up to 

debate due to contrasting topologies in molecular phylogenetic studies, sometimes placing 

Acariformes more related to other Arachnida Orders such as Solifugae or Pseudoscorpiones 

than to Parasitiformes (Arribas et al. 2020; Dabert et al. 2010; Lozano-Fernandez et al. 2019; 

Pepato & Klimov 2015; Sharma et al. 2014). Debates aside, bird-associated Acari are found 

on both Superorders. Noteworthy bird-associated Parasitiformes include the Order Ixodida of 

soft (Argasidae) and hard ticks (Ixodidae), and the Order Mesostigmata, with the red mites 

(Dermanyssidae), the nasal mites (Rhinonyssidae), and the fowl mites (Macronyssidae), all of 

medical and veterinary importance (Bassini-Silva et al. 2019; Camargo-Mathias et al. 2020; 

Hilario-Pérez & Dowling 2020; Ogrzewalska & Pinter 2016). However, the vast majority of 

bird-associated mites are, however, in the Superorder Acariformes – also known as the “mite-

like mites” (Walter & Proctor 2013). Acariformes further split into two major Orders, the 

Trombidiformes, which in association with birds includes the Suborder Prostigmata; and the 

Sarcoptiformes, represented on birds by the Suborder (or Hyporder) Astigmata (Krantz & 

Walter 2009; Mullen & OConnor 2019). The most common bird-associated Prostigmata are 

the quill mites of the family Syringophilidae, followed by the chiggers (Trombiculidae), and 
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the harpirhynchine mites (Harpirhynchidae) – all true parasites that feed on their host’s fluids 

(e.g., blood, lymph) (Bochkov et al. 2015; Fain et al. 2002; Jacinavicius et al. 2018; Mullen 

& OConnor 2019; Skoracki et al. 2013). Astigmatan mites, on the other hand, are well-known 

as one of the most diverse mite groups to live in association with vertebrate hosts (Krantz & 

Walter 2009; OConnor 1982; Walter & Proctor 2013). On birds, Astigmata includes some of 

the most strikingly specialized mites, such as the quill wall mites (Laminosioptidae), the 

invasive visceral mites (deutonymphs of Hypoderatidae), and the nasal cavity mites 

(Tubinoptidae, Cytoditidae, Gastronyssidae, and Ereynetidae) (Beaulieu et al. 2019).  

Remarkably, The most impressive diversity of mites on birds is the so-called “feather 

mites” from the Superfamilies Analgoidea and Pterolichoidea, with around 2,600 named 

species (Gaud & Atyeo 1996; Hernandes 2021). The former Superfamily Freyanoidea of 

feather mites, presented in a complete feather mite catalog to date done by Gaud and Atyeo 

(1996) – “Feather mites of the World”, is now considered nested inside Pterolichoidea by the 

majority of feather mite taxonomists following OConnor (1982) (Mironov 2003). The 

Analgoidea and Pterolichoidea, together with the mammal-specialized mites of the 

Superfamily Sarcoptoidea, form the monophyletic supercohort of symbiotic-mites 

Psoroptidia (Bochkov 2011; Klimov & Oconnor 2013; Mironov 2003). Therefore, the term 

“feather mites” referring to the Superfamilies Analgoidea and Pterolichoidea is 

phylogenetically artificial since molecular studies have placed Sarcoptoidea mites (mammals-

only symbionts) inside the traditionally bird-only Analgoidea. In this regard, solely the 

around 15 families of avian mites in Analgoidea presented in Gaud and Atyeo (1996) are 

considered to be part of the “true feather mite” group along with Pterolichoidea (Gaud & 

Atyeo 1996; Klimov & Oconnor 2013). In addition, many experts also recognize the 

possibility of Analgoidea and Pterolichoidea to be a diphyletic group derived from different 

psoroptidian lineages, emphasizing the paraphyly in feather mites and the ecological 

restriction to the term “feather mite” (Mironov 2003). Moreover, it is noteworthy that by 

following Gaud and Atyeo (1996) classification, Analgoidea also includes the family 

Pyroglyphidae. Although this family include some species living in association with bird’s 

feathers, most pyroglyphids live on the nest of their hosts or are free-living mites, which 

include some medically-important taxa such as house-dust mites (i.e., Dermoglyphus) 

responsible for respiratory allergies in humans (e.g., asthma). This taxonomic relationship 

was later confirmed in a molecular study that nested the Pyroglyphidae lineage inside the 

Superfamily Analgoidea of almost exclusive obligate-symbiont mites, indicating the 



17 
 

reversion or loss of this obligatory symbiotic lifestyle towards free-living species, a rare 

phenomenon (Klimov & Oconnor 2013).  

Following the exposed above, the present doctoral thesis follows the feather mite 

concept presented in Gaud and Atyeo (1996), which includes all the ca. 33 families of 

obligatory-symbiotic psoroptidian mites associated with almost all modern bird orders. For 

suprafamilial ranks, this work partially follows the changes proposed by OConnor (1982) in 

respect of nesting the Superfamily Freyanoidea inside Pterolichoidea, but not regarding his 

decision to separate pyroglyphid-like mites into a new Pyroglyphoidea Superfamily (Mironov 

2003). 

 

Historical background 

The knowledge of feather mites formally began in 1758 when the species Acarus 

passerinus was described from the Common chaffinch Fringilla coelebs L., 1758 

(Fringillidae) by Carl Linnaeus, which today corresponds to the mite species Analges 

passerinus (Linnaeus, 1758) (Analgidae). This first step to building feather mite knowledge 

was named the “primary feather mite investigation” by Mironov (2003). Mironov (2003) also 

recognized and named other subsequent and important landmarks in the history of the feather 

mite knowledge, briefly described as follows (Mironov 2003). After Linnaeus, feather mites 

would receive attention again only at the end of the 19
th

 century (from 1860 to 1920), with 

additional species descriptions, early taxonomic concepts for suprageneric ranks, and the 

concept of “feather mite” itself done by pioneers taxonomists and naturalists such as Robin, 

Trouessart, Neumann, Mégnin, and Oudemans, a period named as “classical” in feather mite 

studies (Mironov 2003). However, the feather mite studies bloomed around 1950 in a 

monography series dedicated to the group by Dubinin (1951, 1953, 1956). Dubinin settled 

feather mites as a monophyletic taxon in the Superfamily Analgoidea (as Analgesoidae) for 

the first time, building the background to feather mite systematics and ecology, a period 

named “Renaissance” in feather mite studies, lasting until 1970 (Gaud & Atyeo 1996; 

Mironov 2003). During the Renaissance, the most expressive and valuable contributions to 

feather mite systematics in the 20th century were developed, boosted by studies done by two 

prominent feather mite enthusiasts –  Jean Gaud and Warren T. Atyeo. These authors studied 

feather mites from early 1950 until 1996. They described and established many new genera, 

families, and superfamilies of mites (e.g., Pterolichoidea and Freyanoidea) pushed by the 

crescent taxonomic descriptions (Gaud & Atyeo 1977). Concomitantly, another prominent 
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acarologist, Alex Fain, also enormously expanded the knowledge of the field, exceptionally 

for skin mites of the families Dermationidae and Epidermoptidae (Fain 1965).  

The advances in feather mite knowledge described above were restricted mainly to 

African and European taxa by that time. In the Renaissance timeframe, the first efforts to 

advance the feather mite knowledge in the Neotropical region were expressively made by 

Berla, in a series of works from 1950 to 1970 describing species from Brazil, and by Černy, 

describing species from Central America (e.g., Berla 1959; Černý 1974).  

The “Modern” and last period in the construction of the feather mite knowledge 

defined by Mironov (2003) goes from the late 1970 and extends up to 2010. This period is 

marked not only by deeper investigations regarding the superfamilial ranks and new 

taxonomic concepts (e.g., OConnor 1982) but also by advances in underexplored fields such 

as feather mite ecology, systematics, and host-symbiont relationships (e.g. Dabert and 

Ehrnsberger 1999; Blanco et al. 2001). The Modern period can be extended up to the early 

years of 2010, to include the second wave of advances in feather mite systematics in 

underexplored regions of the world, exceptionally in the taxonomically rich tropical regions –  

including Brazil (e.g., Faccini et al. 1976; Valim and Hernandes 2008; Hernandes et al. 2010; 

Valim et al. 2011). This increased taxonomic effort overtime was responsible to named 

around 25% (ca. 2,600 species) of the total feather mite diversity estimated to the group 

globally, taking into account that each bird species (from around 10,000) can host multiple 

highly specific feather mite species due to microhabitat repartition, where even congeneric 

mites can be found living in synhospitality (i.e., mites sharing the same microhabitat without 

apparent competition) (Bochkov & Mironov 2008; Walter & Proctor 2013).  

Herein I include a new phase to the feather mite knowledge timeline: the 

“Contemporary” period. This period is needed to embrace the astonishing advances achieved 

by using molecular data in feather mite studies, which started around early 2010 and extend 

to the present (Dabert et al. 2010; Knowles & Klimov 2011, but see Dabert et al. 2001). So 

far, the Contemporary period is giving new and important evidence corroborating earlier 

assumptions contrary to the general concept of feather mites as motionless symbionts, e.g., by 

recording multiple cases of historical host switch events in cophylogenetic assessments – also 

contesting the initial idea of high coevolutionary congruence between mites and birds. These 

studies also exposed our lack of knowledge regarding the parameters responsible for 

delimiting the generally high host specificity level in feather mites. It was also during the 

current time, especially pushed by a set of publications by Jorge Doña and his team, that 

other substantial advances in feather mite ecology, host interaction, and behavior have 
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occurred (e.g., Doña et al. 2015, 2018b). The following sections briefly detail these expanded 

ecological ecological, biological, and phylogenetic aspects of feather mite natural history.   

 

Host-symbiont specialization in feather mites  

Pioneers in feather mite studies had already speculated about the prevalence of 

commensalism over parasitism regarding the impact of feather mites on their host’s welfare. 

The first nominated feather mite genera, Analges Nitzsch, 1818, comes from the Greek word 

analgēsía, which means painless, which in turn is a combination of the prefix an- (without), 

and algéō (pain), and was likely attributed to this feather mite due to its apparent harmless 

effect on bird fitness. This innocuous property was later confirmed for the majority of feather 

mite species, especially those living on the stiff flight and tail feathers, i.e., far from their 

host’s skin, as no correlation was found between the decrease in their host’s fitness and the 

increase of mite abundance (Doña et al. 2018b). In fact, the opposite appears to be accurate, 

and better host conditions were recorded in high feather mite densities, suggesting a potential 

mutualistic relationship (Blanco et al. 2001; Dowling et al. 2001; Galván et al. 2012). Their 

feeding habit explains the commensalism-mutualism in feather mites: feather mites similarly 

use their chelicera as the movement of a “cloth wiping a sword,” going barbule by barbule 

from the bottom up to capture tiny particles trapped in the uropygial secretions (i.e., preen 

oil) such as fungi, algae, bacteria, pollen, and other debris in which they feed upon (Doña et 

al. 2018b). By doing so, they likely prevent the development of potentially detrimental 

organisms to the bird’s health (e.g., keratinophilic organisms) (Doña et al. 2018b). Recently, 

Labrador et al. (2021) indirectly estimated the cleaning potential of feathers by feather mites 

by roughly measuring the amount of organic material that each mite can eat from the feathers 

in a night of feeding. They found that feather mites can yearly clean an area of ca. 80,000 m² 

considering all European passerines, reinforcing their role as feather-cleaning agents. There is 

also the possibility of feather mites feeding on the preen oil that birds spread over their 

feathers to protect their integrity and give them a waterproof property (Moreno-Rueda 2017). 

If true, by removing this bioproduct from the feathers, two interpretations may be possible: 1) 

the mites could potentially help birds by preventing oil accumulation and the growth of 

pathogenic organisms; 2) the mites may put pressure on their hosts to replace the consumed 

preen oil, an energetically costly activity to birds (Moreno-Rueda 2017); however, the latter 

assumptions have never been tested. 
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Despite the non-detrimental impact of feather mites, especially those specialized to 

live on flight and tail feathers, some feather mites are undoubtedly parasites. This is the case 

for some mites living on the down and covert feathers and all mites living on the superficial 

layers of the skin and inside the quill of feathers (Dabert & Mironov 1999; Mironov 1987). 

The proper categorization of feather mites by their living microhabitat is fundamental, as it 

not only shapes the ecological interaction with their hosts, but apparently also affects their 

transmission, morphology, and evolutionary properties (Dabert et al. 2015). First attempts of 

mite categorization were done by Dubinin (1951) but properly described later by Mironov 

(1987) and Dabert and Mironov (1999). Brief descriptions of each category are given as 

follows. 

Mites living on the ventral and dorsal sides of the flight and tail feathers are known as 

“vane-dwelling mites.” Those mites are usually found motionless and organized in rows on 

the feather’s vanes, i.e., the ventral space between the feather’s barbs. Morphologically, vane 

mites usually present an elongated and dorsoventrally flattened body, short dorsal setae, and 

well sclerotized dorsal shields, which likely protect them from feather abrasion and water loss 

as they are more exposed to the external environment. The ambulacra, the disc-like “feet” of 

feather mites, is also more developed in vane mites and acts as a suction cup preventing the 

mite from being dislodged during their host’s flight. The great majority of the feather mite 

diversity is composed of vane mites. Living on the more exposed flight feathers may be 

related to a higher rate of transmission between different host species (i.e., host switch) and 

may explain their higher diversity, as host switch events were found to be an important driver 

for feather mite speciation (Dabert et al. 2015; Doña et al. 2017b). Due to their exposed 

location, vane mites are most accessible and most abundant mites collected in feather mite 

surveys.  

Contrarily to vane mites, which have adaptations against water loss and feather 

abrasion, mites living on the down feathers – also known as “down mites” – usually receive 

less selective pressure from the external environment. This feature reflects their morphology: 

down mites usually possess longer dorsal setae and less sclerotized bodies, exceptionally in 

females. The longer dorsal setae likely improve their navigation among the soft barbules, in 

which many representatives of down mites are found, grasped by modified spines and 

apophyses on their first pairs of legs. The parasitic influence of down mite is rare and seems 

to occur when the mite population on a bird increases abnormally, often in weak, 

immunosuppressed, and stressed domestic birds, or as a product of host switch, when a bird 

receives unspecific mites from other bird species (Hernandes et al. 2014). Down mites’ 
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effects on birds include itchy and dermatitis leading to mange (Faleiro et al. 2015). Examples 

of such effects include the mite Allopsoroptoides galli Mironov, 2013, a down feather mite of 

the family Psoroptoididae recorded to cause severe mange and dermatitis in laying-egg hens 

in Brazilian farms, responsible for dropping the egg production up to 30% (Mironov 2013; 

Soares et al. 2016; Tucci et al. 2014). Later on, it was found that this mite was transmitted to 

chickens from the Guira Cuckoo, Guira guira (Gmelin, 1788), a common cuculid in Brazil 

(Hernandes et al. 2014). This transmission represented a rare case of host switch and the first 

record of a mite from the family Psoroptoididae on a galliform bird (Mironov 2003). The lack 

of a previous host adaptation to this novel feather mite was likely responsible for the 

aggressive parasitic effect on domestic chickens. However, the stress in which the laying 

hens are submitted on commercial farms should also be taken into consideration, given that 

other down feather mites more adapted to chickens, especially from the genus Megninia 

(Analgidae), are also a problem in laying-egg hen systems (Faleiro et al. 2015; Horn et al. 

2018; Tucci et al. 2005). 

Similar to down mites, quill mites often possess longer corporal setae and weak 

sclerotized bodies since they spend most of their life in a stable habitat – inside the feather 

quills, only leaving during their larval and nymphal stages to disperse (Dabert & Mironov 

1999). Quill mites often possess strong and hypertrophied chelicerae, which they likely use to 

rip off parts of the feather medulla, upon which they feed (Dabert & Mironov 1999). This 

feeding habit gives them the parasitic status, as quill mites may weaken the inner feather 

structure and facilitate its removal. Quill mites are usually rare and difficult to collect, as they 

require a careful examination of the feather quill.  

Other categorically parasitic feather mites are the skin mites, found on the superficial 

layers of the skin, as its name implies. These mites usually have a smaller size than other 

feather mites, a flat and round idiosoma, and short legs. Due to affecting the superficial layers 

of the skin, these mites are often associated with dermatitis and mange in stressed and 

immune-depressed birds (Fain 1965). Similar to quill mites, skin mites are also among the 

most challenging feather mites to sample due to their direct attachment to their host skin, 

being mostly collected from dead hosts by the washing technique (Mironov & Galloway 

2002a). 

Overall, detecting detrimental effects of feather mites over their hosts is often tricky, 

even for categorical parasitic mites (i.e., quill and skin mites). Nevertheless, birds display a 

myriad of antiparasitic behaviors (e.g., grooming, anting, dustbathing, scratching) that are 

effective in controlling the population of other symbiotic arthropods, especially feather lice 
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(Phthiraptera: Ischnocera and Amblycera) (Clayton et al. 2015). A similar potential of 

symbiont control by birds can also be expected to work against feather mites, minimizing the 

possibility of harmful effects by controlling their load sizes. For example, Atyeo and Gaud 

(1979) mentioned they had observed white gulls brown in color due to an extremely high 

mite load in unhealthy hosts unable to beat their wings. However, unlike feather lice, no 

direct evidence was found about the bird’s ability to control feather mites. Likewise, birds are 

usually well adapted to their symbionts due to a near-linear coevolutionary history, which 

reduces the virulent effect of their symbionts. Conversely, more virulent effects are often 

associated with recent-colonized and not-adapted hosts (i.e., host switch), or triggered by 

disturbed environments or specific conditions, as noted in the few cases reported in the 

literature (Hernandes et al. 2014; Longdon et al. 2015).  

 

Specificity and transmission  

Due to their obligatory symbiotic properties, all feather mite species must be assigned 

to at least one host species upon its description and eventually add more host species as new 

records appear. The available data indicates that feather mites display high host specificity 

levels since many feather mite species are specifically recorded on a single host species or a 

set of phylogenetically close-related hosts (Doña et al. 2018a). The high host specificity in 

feather mites is likely connected to their primary mode of host transmission – vertically from 

parents to offspring during the bird parental care (Doña et al. 2017a; Mironov & Malyshev 

2002). This transmission enhances the chance for an inherited line of mite acquisition, 

creating a historical host-symbiont association that promotes a parallel evolution between the 

groups, resulting in the observed intimate level of mite specificity and, to some extent, a 

phylogenetic congruence between feather mites and birds (Mironov et al. 2020). Conversely, 

multiple cases of host-symbiont phylogenetic dissimilarities have been recorded in feather 

mites, especially by advances in cophylogenetic studies (Doña et al. 2017b; Klimov et al. 

2017; Matthews et al. 2018a). These studies confirmed previous assumptions of historical 

host switch events along with feather mite’s evolution and suggested that non-parental 

dispersions, i.e., horizontal transmissions, are likely as important as vertical transmissions for 

feather mite colonization. 

Horizontal transmissions occur post the fledgling stage, when birds become 

independent from parental care and go into direct contact with unrelated hosts, e.g., during 

mating, territorial defense, grooming, and predation. Due to the outcome, horizontal 
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transmissions can be classified into two categories: the ones between conspecific hosts, and 

the ones between different host species (i.e., interspecific). Evidence of conspecific 

horizontal transmission includes the absence of mites on nestlings of the Red-billed Choughs 

Pyrrhocorax pyrrhocorax Linnaeus, 1758 (Passeriformes: Corvidae) observed by Blanco et 

al. (1997); instead, the authors detected an increase in mite abundance along with the bird 

aging, suggesting a conspecific horizontal route of mite acquisition. Similar mite colonization 

occurs in Australian brushturkeys (Galliformes: Megapodidae) and some brood parasitic 

birds such as Cuckoos (Cuculiformes: Cuculidae), since these birds present a specific set of 

feather mite taxa even completely lacking any parental care behavior, therefore preventing 

conspecific vertical transmissions. These acquisitions of specific mites in birds lacking 

parental care are solely possible through horizontal contact between infected and non-

infected conspecific birds (Atyeo & Gaud 1983a; Lindholm et al. 1998; Proctor & Jones 

2004). Notoriously, these cases of strict conspecific horizontal transmissions have been able 

to maintain a highly specific fauna in those unconventional birds, confronting the traditional 

view of vertical transmission as the main route responsible for shaping host specificity. 

Interspecific horizontal transmissions, on the other hand, appear to be rare and 

difficult to detect. Birds display a cornucopia of behaviors capable of promoting the 

interspecific transmission of feather mites, including altruistic interactions such as 

allopreening, mixed flocking, sharing nesting grounds, sharing dust and water baths, 

hybridization, adoption, using other bird species’ feathers to build nests; as well as 

antagonistic such as predation, resources defense, and brood parasitism (Dabert et al. 2015; 

Johnson et al. 2002a; Ottenburghs 2019; Proctor & Jones 2004; Samplonius & Both 2014; 

Soler 2017). When the association is ephemeral, i.e., the atypical mite survives on a non-

specific host just for a short time, the transmitted mite is recognized as a straggler (Doña et 

al. 2019b; Ròzsa 1993). In a recent study, Doña et al. (2019) recorded cases of straggler 

feather mites on 84 of 1,130 (7.4%) passerines in Spain, most of the shared mites on hosts 

with similar body sizes. Straggler mites were also occasionally recorded on birds of prey 

since some of these birds frequently carry passerine-related mites, although in low densities 

(Atyeo & Braasch 1966; Philips 2000). If a straggler mite successfully colonizes a new host, 

i.e., reproducing and dispersing on the new host population, the association becomes 

classified as a successful host switch event. Recent host switch events may explain the 

existence of the same mite species on phylogenetically distant hosts (i.e., polyxenous feather 

mites), such as the mite Proctophyllodes polyxenus Atyeo and Braasch, 1966, recorded on 
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many host species from at least five passerine families (Atyeo & Braasch 1966). Although, 

some of those multi-host records may consist of complexes of cryptic mite species. 

Successful host switch events are complex and still not fully comprehended in feather 

mites, neither regarding their transmission pathways nor the properties responsible for 

accommodating high specialized symbionts into new hosts. Host switch records include the 

case above of mite transmission from Guira-cuckoos to laying-egg hens in Brazil, resulting in 

a harmful effect on the new non-adapted host (Hernandes et al. 2014). Previous observations 

of possible host switch cases in feather mites were made by Gaud (1992), who acknowledged 

the possibility of the chicken mite Megninia ginglymura (Mégnin, 1877), also an 

economically important mite in the poultry industry, to be a product of host switch from its 

original host, the American wild turkey Meleagris gallopavo Linnaeus, 1758. In his work, 

Gaud (1992) also noted that domestic pigeons, Columba livia Gmelin, 1789, were recorded 

carrying mite species geographically related to the mite fauna found on native pigeons 

worldwide. Despite the lack of substantial evidence in his study, Gaud (1992) called attention 

to the more significant dispersal potential in feather mites than expected, given their apparent 

low mobility. As previously mentioned, historical host switch events were commonly 

recorded in bird-mite coevolutionary studies also acknowledging this event as an important 

driver for feather mite speciation (Doña et al. 2017b; Matthews et al. 2018a). 

Unlike stragglers, in which the lack of prior adaptation partly explains the failure to 

colonize a new host, successful host switches likely depend on specific scenarios and 

conditions. Among these conditions are the frequency of interaction between the different 

host species (i.e., the exposition frequency), and the features responsible for shaping the 

selective pressure and the ecological fitting of alien mites into new hosts, such as the niche 

availability, the host immune response, and the host-symbiont physiological and 

morphological compatibility (Agosta et al. 2010; Wells & Clark 2019). However, the factors 

responsible for shaping the host specificity in feather mites are yet to be investigated. 

The lack of knowledge regarding the host specificity in feather mites is partly 

explained by the challenges and difficulties of monitoring live feather mites on their hosts or 

keeping them alive in vitro (see Labrador et al. 2021). For example, their small size (ca. 200 

to 500 micrometers) constrains some studies attempting to track or manipulate their 

movements and populations across hosts. For comparison, feather lice (Phthiraptera), also 

obligate ectosymbionts on birds, have almost tenfold the size (ca. 2 to 5 mm in length) of an 

average feather mite (Clayton et al. 2015). This difference certainly matters when it is 

necessary to manipulate and monitor feather mites in experiments across different hosts. 
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Contrary to feather mites, feather lice have been extensively tested for factors responsible to 

regulate their populations on hosts, including techniques that allow them to be tagged 

individually (Zohdy et al. 2012). Apparently, the regulation of lice populations is directly 

connected to their capacity to colonize new hosts, in a way that what regulates them also 

seems to regulate their specificity (Bush et al. 2019; Clayton et al. 2003, 2015; Tompkins & 

Clayton 1999). In the case of lice, the feather structure (correlated with host body size), the 

host coloration (correlated with the lice’ ability to hide from host preening), and the host 

specialization (i.e., the bill shape), are decisive factors for an effective lice population control 

by birds, meaning that the host grooming pressure is decisive to remove any non-adapted lice 

(Bush et al. 2019; Bush & Clayton 2018; Clayton et al. 2003). In feather mites, the closest 

study experimentally testing the transmission and the factors responsible for mite control by 

birds was done by Tucci et al. (2014), dealing with the aforementioned case of mite 

transmission from the guira-cuckoo to laying-egg hens in Brazil (Hernandes et al. 2014; 

Mironov 2013). In this study, the authors experimentally tested the transmission of mites by 

placing previously infested chickens together with naïve chickens (i.e., free of mites) in the 

same controlled cages. They verified that those naïve chickens got infected after 7 days and 

presented the same symptoms (i.e., scaly dermatitis and mange) observed in naturally 

infected chickens after 15 days. More importantly, the authors observed that the host 

grooming ability, which is often impaired in laying-egg hens by practices such as beak 

trimming and confinement in small cages, appeared not to affect the mite population or 

prevent their harmful symptoms. This suggests that different from the observed in 

experiments with feather lice, the host grooming behavior has few effects on the feather mite 

populations and their specificity. There is also the possibility of feather mites being prone to 

food shortages making the food availability and the mite’s potential to feed on different hosts 

a factor that may limit the interspecific colonization (Labrador et al. 2021).  

The connection between transmission and specificity is strongly demonstrated in 

phoretic-transmitted feather mites. Some feather mite genera, such as the skin mites Myialges 

Trouessart, 1906 and Promyialges Fain, 1964, and the down mite genus Strelkoviacarus 

Dubinin, 1953, have been recorded in phoretic association with other bird-associated 

arthropods, such as hippoboscid flies (Diptera: Hippoboscidae) and feather lice (Philips & 

Fain 1991). Phoretic feather mites take advantage of the higher dispersion potential of these 

other bird symbionts and present lower levels of host specificity like them.  
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Alternatives to test specificity in feather mites 

Despite the advances provided by molecular studies, some aspects of feather mite 

biology remain elusive, especially concerning the aforementioned host specificity. Given the 

data at hand, which unfolded host switch as an important event shaping the feather mite 

evolution and driving their diversification, it is surprising that complex host-symbiont 

systems promoting constant interaction between non-specific hosts, such as the brood 

parasitism, remain understudied. Brood parasitic birds do not build nests nor display parental 

care; instead, these birds lay their eggs on other bird species’ nests which act as foster parents 

for the parasitic chick. This creates a scenario that disrupts the conventional conspecific 

vertical transmission of feather mites, allowing an effective way to investigate themes related 

to transmission, host switch, and specificity. Brood parasitism is displayed by around 1% of 

the bird species in the world (ca. 100 sp.), a behavior which evolved independently seven 

times in the bird lineage: thrice on cuckoos, represented by the old world tribes Cuculini and 

Phaenicophaeini, and the new world tribe Neomorphini; once in honeyguides (Piciformes: 

Indicatoridae); twice on passerines represented by the African whydahs and indigobirds 

(Passeriformes: Viduidae), and by the new world cowbirds Molothrus Swainson, 1832 

(Passeriformes: Icteridae); and once in ducks, represented by a single species of duck in 

South America (Anatidae) (Lowther 2019; Soler 2017; Stevens 2013). The implications for 

the feather mite diversity in this three-level host-symbiont system (Vas et al. 2013), 

composed of the brood parasitic bird, the birds they parasitize, and their mites, are virtually 

unknown, despite their valuable and unique potential to collaborate fundamental 

understanding questions about the transmission and specificity in feather mites.  

The first study concerning feather mites on brood parasitic birds was a review done by 

Atyeo and Gaud (1983). The authors acknowledged the potential of unspecific mite 

transmission by foster parents to brood parasitic chicks during parental care. The authors also 

listed the known mite fauna on each brood parasitic host group, comparing the mite records 

with their bird hosts and pointing to potential evidence for mite transmission and acquisition. 

The authors mentioned the record of the mite family Proctophyllodidae on brood parasitic 

honeyguides of the genus Prodotiscus Sundevall, 1850 (Piciformes: Indicatoridae), which 

brood parasitize passerines, as the most relevant example of potential mite acquisition during 

parental care from foster parents. Mites of the family Proctophyllodidae are commonly found 

on Passeriformes, whereas mites recorded on non-brood parasitic honeyguides are mostly the 

ones typically found on other birds of the order Piciformes, which evidences the potential 
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mite acquisition and successful host switch from their passerine hosts to honeyguides. 

Concerning the other brood parasitic bird species, the few records allowed the authors to 

speculate on the colonization of phylogenetically compatible mites (i.e., not from foster 

parents) after the post-fledgling stage, especially in cuckoos, since no mites from their typical 

bird-hosts were recorded. 

Another important contribution to the knowledge of feather mites on brood parasitic 

birds was done by Lindholm et al. (1998), which investigated the transmission of 

ectosymbionts from passerine foster parents to the diederik cuckoo Chrysococcyx caprius 

(Boddaert, 1783) (Cuculiformes: Cuculidae) in South Africa. In this study, Lindholm et al. 

(1998) recorded typical passerine mites on nestling cuckoos, an indicative of a vertical 

pathway of mite transmission during parental care. Notwithstanding, the finding of the mite 

Pteronyssoides passeris (Gaud, 1953) (Analgoidea: Pteronyssidae) on an individual adult 

cuckoo also indicated some level of mite persistence, as this was a common mite recorded on 

their passerine hosts. Finally, adult cuckoos also presented a predominant fauna of mites 

specific to cuckoos, indicating an expressive acquisition of cuckoo mites after leaving their 

foster parent’s nest, likely by conspecific contact. This study provided the first evidences of 

transmission and persistence of foster parent mites in cuckoos, representing an important 

finding of host switch between phylogenetically distant related hosts: from Passeriformes to 

Cuculiformes. Since this study, no other brood parasitic system has been investigated 

regarding their feather mites. The diederick cuckoo is, therefore, the sole brood parasitic 

system truly investigated for feather mites and their vertical transmission.  

The absence of records of mites acquired from foster parents on other vastly explored 

cuckoo species, such as the common cuckoo Cuculus canorus Linnaeus, 1758, is intriguing, 

and possibly indicates an incompatibility barrier of colonization still unknown in these 

symbionts. The knowledge of feather mites on brood parasitic birds phylogenetically closer 

to their hosts would certainly provide valuable answers and new perspectives on interspecific 

mite colonization. Whydahs and cowbirds are strong candidates in this category – both 

represent Passeriformes which parasitize other Passeriformes. They differ by their level of 

specialization: most whydahs show high levels of host specialization, in many cases 

parasitizing a single host species, especifically passerines of the family Estrildidae – a sister 

family to Viduidae (Sorenson et al. 2004); while cowbirds (Molothrus spp.) are among the 

most generalist species of brood parasitic birds, being the shiny cowbird, Molothrus 

bonariensis (Gmelin, 1789), the most generalist of them (Lowther 2019). In this perspective, 

the shiny cowbird may be one of the best organism models to investigate the potential for 
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interspecific mite transmission and their settlement on new hosts, as this system is under 

constant pressure for the colonization by multiple non-specific feather mite species (from the 

multiple shiny cowbird host species). This adaptation plasticity pressure is a key feature to 

understand a symbiont’s potential to emerge into new hosts (Araujo et al. 2015). 

Notwithstanding, the shiny cowbird network by itself provides an unmeasurable opportunity 

to investigate how feather mites adapt to complex systems. 

Shiny cowbirds’ eggs have been recorded in more than 270 bird species’ nests, from 

which 97 have been recorded successfully rearing their chicks (Fiorini et al. 2019; Lowther 

2019; Soler 2017). Natural from the South America Pampas, this species has been spreading 

its geographical range due to deforestation, being nowadays recorded in all South American 

countries, the West Indies, and certain North American regions (Cavalcanti 1988; Crespo-

Pérez et al. 2016; Levy 2019; Marín 2000; Post et al. 1993; Sick 1997; Sykes Jr & Post 

2001). From where it passes, the shiny cowbird is known to reduce its host population, 

decreasing their reproductive success (Astié & Reboreda 2006; Ortega et al. 2005; Sick 1997; 

Tuero et al. 2007). Its impact is exceptionally a concern to threatened species such as the 

yellow-shouldered blackbird Agelaius xanthomus (Sclater, 1862) (Passeriformes: Icteridae) in 

Puerto Rico, and the pale-headed bush-finch Atlapetes pallidiceps (Sharpe, 1900) (Aves: 

Passerellidae) in Ecuador (Azpiroz 2015; Cruz et al. 2005; Lowther 2019; Oppel et al. 2004; 

Smith et al. 2002). Regarding their symbionts, the shiny cowbird counts with few and sparse 

studies of feather lice, nasal mites, and helminths (Bernardon et al. 2016; Cicchino & Castro 

1996; González-Acuña et al. 2006). For feather mites, there is two described species, the 

pterodectine Amerodectes molothrus (Mironov, 2008) and the proctophyllodine 

Proctophyllodes molothrus Pedroso and Hernandes, 2021, both from Brazil, and recent 

records of two other species of Proctophyllodes from Chile (Mena et al. 2020; Mironov et al. 

2008). Therefore, deeper investigations of symbionts on shiny cowbirds, especially their 

feather mites, are needed for a proper inference of mite specificity and transmission. 

 

Specificity and biogeography – a relationship? 

When investigating the specificity of symbionts, another crucial feature must be 

considered – their geographic distribution (i.e., their biogeography). This consideration is 

essential for obligate symbionts that complete their entire life cycle on a single host 

individual; such are feather mites. In these permanent attachment systems, symbionts’ 

geographic distribution usually mirrors their host’s distribution. This appears to be the case 
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for most symbionts on geographically restricted hosts (e.g., endemic species); whereas in 

locally widespread or ubiquitous hosts (i.e., spread host populations), other factors such as 

climate variables, host ecology, dispersion potential, and natural barriers might be more 

relevant than the host to define their distribution (Wells & Clark 2019). Knowing the 

biogeography of symbionts is also an indirect way to give insights into their host’s 

biogeography, phylogeny, ecology (Matthews et al. 2018a), and predict possible host-

symbiont interactions preventing impacts on conservation (Alvarez et al. 2010).  

In the systems described above, it is possible to estimate the distribution of symbionts 

in two ways: 1 – by recovering the symbiont composition along with a host species 

distribution, which gives insights into the dispersal ability and the environmental 

requirements of a symbiont based on the host sampling; and 2 – by assessing the distribution 

of a singular (or a set of) symbiont species, which may differ from the host distribution 

depending on the symbiont host specificity. The first measure requires a broad sampling of a 

specific host species along with its distribution, whereas the second requires sampling all 

potential hosts.  

Regarding feather mites, examples of a broad sampling of mites on particular hosts 

include the first studies evaluating their biogeography, done by Gaud & Atyeo (1976). In this 

study, patchy distributions of mites were recognized on introduced and widespread hosts such 

as the Rock Pigeon Columba livia Gmelin, 1789, the House Sparrow Passer domesticus 

(Linnaeus, 1758), and Domestic Chickens Gallus gallus domesticus (Linnaeus, 1758) (Gaud 

& Atyeo 1976). These ubiquitous hosts have acquired distinct, yet congeneric, mite species 

according to their geographic location by interacting with local and phylogenetically similar 

hosts (Dabert 2004; Gaud 1992; Gaud & Atyeo 1976). In these situations, feather mite 

species from the set of their regular mite fauna may fail to disperse along with their hosts 

(i.e., founder effect), leaving available microhabitats for new species to colonize, an event 

known as “missing the boat” in cophylogenetic studies (MacLeod et al. 2010). The reverse is 

also possible, where the arrival of a new host may change the specificity of a locally adapted 

symbiont, ending in a successful host shift event that may expand the original symbiont’s 

geographic distribution (Poulin et al. 2011; Wells & Clark 2019).  

Unlike introduced hosts, mite composition on naturally widespread hosts is likely 

affected by past evolutionary and biogeographic events rather than by recent host-to-host 

interactions allowed by human expansion (Dabert 2004; Hernandes et al. 2014; Klimov et al. 

2017). In these cases, different host populations may present different mite compositions 

evidenced by the presence, absence, or replacement of either precise morphologically 
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established mite species, or “hidden” molecular structuration, often in the form of cryptic 

species (Doña et al. 2015). Barriers are usually responsible for these scenarios among host 

populations, preventing the mites from colonizing the totality of hosts, and creating 

vicariance events. An example of such a pattern is a report done by Dabert and Mironov 

(1999) regarding the feather mite genus Scutulanyssus (Pteronyssidae) on European 

populations of the Common House-Martin Delichon urbicum (Linnaeus, 1758) separated by 

the Ural mountains, where European and Asiatic populations of House-Martin presented 

distinct and morphologically well-defined species of Scutulanysus, indicating that the Ural 

mountains are a barrier for their hosts (Dabert & Mironov 1999). Other cases include 

different species of the mite genera Falculifer (Pterolichoidea: Falculiferidae) on different 

pigeon species around the world, where the species F. rostratus (Buchholz, 1869) is found in 

Eurasia, northern Africa, and South America, whereas F. lacertosus Gaud, 1976 occurs in 

central and southern Africa, India, and the far East (Dabert 2004; Dabert & Mironov 1999; 

Gaud & Atyeo 1976). 

Further analysis of mite distribution on pigeons was done by Grossi and Proctor 

(2020) for domestic pigeons in Canada. In this study, the authors found that some of the 

feather mite species were patchily distributed according to humidity and temperature 

variables, e.g., regions with higher humidity presented a higher diversity of vane-dwelling 

mites compared to drier regions. Additionally, some of the mite species’ low load and low 

prevalence were also attributed to their inability to disperse among hosts (e.g., for down and 

skin dwellers feather mites), highlighting the ability to disperse as an important factor 

shaping their distribution. Melendéz et al. (2014) also detected irregular mite composition 

due to climate on passerines in Spain. Unlike Canadian pigeons, the mites in Spain presented 

higher infestation and prevalence in warmer and drier environments, being the temperature 

more relevant than precipitation for their distribution. The temperature also explained the 

decline in mite populations along the altitudinal elevation better than the variation in 

precipitation in Melendéz’s study. Effects of external temperature also influenced how 

feather mites were arranged on the feathers of blue tits Cyanistes caeruleus (Linnaeus, 1758) 

in the United Kingdom (Wiles et al. 2000); and is possibly one of the reasons behind the 

feather mite’s movements at night (Labrador et al. 2021).  

The studies above indicate that the environmental conditions may affect feather mites’ 

biogeography, restricting their populations. Despite having a low impact when compared to 

biotic factors (i.e., host community), abiotic factors are also an important variable for shaping 

the feather mite richness globally, being the temperature more relevant than precipitation, i.e., 
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warmer regions hold higher feather mite richness than temperate regions (Gusmão et al. 

2020). The studies also show the importance of assessing symbiont’s prevalence and 

abundance in host populations, as these metrics may give insights into the mite’s potential to 

disperse. The prevalence and the mite load, on the other hand, might also vary according to a 

myriad of factors such as season of the year, reproductive status of the host, feather mite 

natural history, environmental condition, and host condition, turning the inference of the 

biogeography of feather mites a challenging task (Enout et al. 2012; Figureuerola 2000; 

Jovani & Serrano 2001; Marini et al. 1996; Matthews et al. 2018b; Thompson et al. 1997).  

Despite the major macroevolutionary effect of host switch in feather mites (Doña et 

al. 2017b), the specificity and the host community (biotic factors) are undoubtedly essential 

features for feather mite disposition around the globe (Doña et al. 2018a; Gusmão et al. 

2020). Examples include cophylogenetic studies, which intrinsically connect with 

biogeographic investigations, especially historical biogeography (Klimov et al. 2017; 

Matthews et al. 2018a; Štefka et al. 2011; Weckstein 2004). In feather mites, these studies 

differ by the taxonomic scale of the investigations, i.e., at micro- (intraspecific level) and 

macroevolutionary (between species, genus, and above) scales. Examples of the 

macroevolutionary scale include the historical biogeographic investigation of the mite genera 

Proctophyllodes, a genus presented globally on passeriform birds that shows clear patterns of 

geographic disposition (Klimov et al. 2017). Further macroevolutionary examples include 

cophylogenetic studies of the mite families Ptiloxenidae and Avenzoariidae, providing 

biogeographic insights into their present host-symbiont associations (Dabert et al. 2001; 

Dabert & Ehrnsberger 1998). On the microevolutionary side, the studies include investigating 

co-phylogeographic patterns of Analges populations on Galápagos mockingbirds (Mimus 

spp.), in the Galápagos archipelago (Štefka et al. 2011). In this study, the authors found 

strong accordance between bird and mite phylogenies with their distribution in the 

archipelago and, therefore, a high level of host co-speciation. Differently, in warblers 

(Parulidae) from North America, the distribution of Amerodectes and Proctophyllodes 

species was more related to their host ecology (i.e., nesting locations) than to host phylogeny 

or distribution (Matthews et al. 2018a). 

Overall, data on the geographic distribution of feather mites are essential to 

understanding the requirements for their host specificity. However, the lack of substantial 

literature concerning feather mite biogeography, especially in the Neotropics, prevents any 

categorical inference regarding this subject.  
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