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“Reptiles and amphibians are sometimes thought of as
primitive, dull and dimwitted. In fact, of course, they can
be lethally fast, spectacularly beautiful, surprisingly

affectionate and very sophisticated”

Sir David Frederick Attenborough

“Every great story seems to begin with a snake”
Nicolas Cage



RESUMO

MENDOZA-ROLDAN, J. A. Acarofauna de répteis e anfibios do Brasil: Estudos
morfologicos, moleculares e investigacdo de patdgenos. [Acarofauna of reptiles and amphibians
of Brazil: Morphological and molecular studies and pathogens research]. 2019. 461 f. Tese
(Doutorado em Ciéncias) — Faculdade de Medicina Veterinaria e Zootecnia, Universidade de Sao
Paulo, S&o Paulo. 2019

O Brasil € um pais megadiverso em herpetofauna, com 796 espécies de répteis e 1.080 de anfibios.
A grande urbanizagdo e o desmatamento acentuado tém ocasionado 0 aumento de encontros entre
a herpetofauna e a populacdo. Esse fato faz com que algumas espécies, antes florestais, sejam
atualmente consideradas sinantropicas. Répteis e anfibios sdo amplificadores e reservatorios
conhecidos de varios patdgenos, mas o papel destes animais no ciclo de doencas e o potencial
vetorial dos ectoparasitas desses vertebrados sao ainda pouco conhecidos. Répteis e anfibios séo
parasitados por mais de 500 espécies de Acari, distribuidas em 61 géneros de 13 familias
pertencentes as ordens Trombidiformes (Acariformes), Mesostigmata e Ixodida (Parasitiformes).
No Brasil, a situacdo fragmentaria dos registros de acaros dessas ordens, principalmente nas
regibes norte e nordeste, além da sua complexidade taxonémica e a escassés de informacdes sobre
sua participacdo na epidemiologia de doengas, foram os principais motivos que levaram a
proposicdo do presente estudo. Acaros de répteis e anfibios, que estio depositados na colego
acaroldgica de Instituto Butantan (IBSP) foram revisados e, em sua maioria, identificados.
Também foram revisadas seis colecdes em diferentes localidades (Argentina, Brasil, Estados
Unidos, Franca e Bélgica). Igualmente, foram identificados os 4caros obtidos na recepcdo de
animais do Instituto Butantan e nas coletas em campo de diferentes projetos. Parte do material foi
preparada para estudos moleculares e inferéncia filogenética, usando genes ribossomais e
mitrocondriais, e parte foi investigada para a presenca de Borrelia spp., Coxiella spp., Hepatozoon
spp. e Rickettsia sp. Da classe Acari, seis familias, 12 géneros e 32 espécies de &caros
Trombidiformes foram identificados, 23 delas ocorrendo no Brasil, incluindo seis novos registros
de espécies para o pais. O acaro oribatideo Archegozetes longisetosus Aoki, 1965 foi encontrado
possivelmente parasitando um sapo, sendo esta uma nova associagao parasito-hospedeiro. Foram
identificadas seis familias, 11 géneros e 17 especies de acaros Mesostigmata, com 16 espécies
ocorrendo no Brasil, sendo que uma nova espécie foi descrita (Chironobius n. sp.). Duas familias,

quatro géneros e 19 espécies de carrapatos foram identificadas, 17 ocorrendo no Brasil, com uma



espécie de carrapato argasideo pertencente ao genero Ornithodoros (Alectorobius) sp. O nimero
de Acari da herpetofauna brasileira, apos este estudo, é de atualmente em 56 espécies. Muitos
hospedeiros sdo novos registros, bem como algumas localidades s&o novos registros de
distribuicdo. Um total de 4,515 répteis e anfibios foram examinados, dos quais 170 estavam
infestados com &caros e carrapatos. A avaliacdo de esfregacos de sangue permitiu correlacionar a
presenca de hemoparasitas com a prevaléncia ectoparasitaria, e as laminas histologicas de anfibios
ajudaram a caracterizar a lesdo tipica produzida pelos &caros intradérmicos do género
Hannemania. Foi proposta uma filogenia utilizando-se o gene 18S V4 rRNA para Acari, que
inferiu a polifilia de Acari e a monofilia de Acariformes e Parasitiformes. Espécies do género
Hepatozoon foram detectadas em carrapatos, acaros e sangue de hospedeiros, e as sequéncias
geradas foram similares a trés espécies depositadas no GenBank (Hepatozoon sp. BT-2016,
Hepatozoon sp. CCS-2010 e Hepatozoon ayorgbor) com hospedeiros e distribuicdo geogréfica
delimitadas. Trés espécies de Rickettsia foram identificadas para o gene gltA, e quatro para o gene
OmpA do Grupo da Febre Maculosa. Nenhuma das amostras de tecido dos hospedeiros testadas
apresentou resultados positivos. Rickettsia bellii em Amblyomma sculptum é novo registro, e a
presenca no acaro Eutrombicula alfreddugesi € um resultado inédito. Rickettsia rhipicephali foi
detectada pela primeira vez em acaros Mesostigmata e Rickettsia amblyommatis foi detectada pela
primeira vez em Amblyomma rotundatum. A detec¢do de Rickettsia aeschlimannii em um acaro
macronissideo (Ophyonissus natricis) é inédita, assim como Rickettsia rickettsii em &caros
Pterygosomatidae é também um novo relato. A deteccdo de espécies de Rickettsia do Grupo da
Febre Maculosa em &caros de répteis (Mesostigmata e Pterygosomatidae) destaca a importancia
de uma avaliacdo integrativa de ectoparasitos de répteis, principalmente devido a fragmentacao do
habitat, que, consequentemente, predispde a um maior nimero de ocorréncias entre humanos,

herpetofauna e acarofauna.

Palavras-chave: Taxonomia. Acari. Herpetofauna. Anfibios. Filogenia. Patdgenos.



ABSTRACT

MENDOZA-ROLDAN, J. A. Acarofauna of reptiles and amphibians of Brazil: Morphological
and molecular studies and pathogens research [Acarofauna de répteis e anfibios do Brazil:
Estudos morfoldgicos, moleculares e investigacdo de patdgenos]. 2019.461 p. Thesis (Doctor in
Science) — Faculdade de Medicina Veterinaria e Zootecnia, Universidade de Sao Paulo, Séo Paulo.
2019

Brazil is a megadiverse country in herpetofauna, with 796 species of reptiles, and 1,080 species of
amphibians. The high urbanization and the marked deforestation have increased the number of
human-herpetofauna encounters. This fact has made some species to be considered currently as
synanthropic. Reptiles and amphibians are known amplifiers and reservoirs of several pathogens,
yet the role of these animals in the cycle of diseases and the vector potential of the ectoparasitic
mites of these vertebrates are poorly known. These hosts are parasitized by more than 500 species
of mites, distributed in 61 genera of 13 families that belong to the Trombidiformes (Acariformes),
Mesostigmata and Ixodida (Parasitiformes) orders. In the Brazil context, the fragmentary records
of species of mites of these orders, especially in the north and northeast regions, their taxonomic
complexity and the scarce information regarding their role in the epidemiology of diseases, where
the main reasons to pursue the proposition of the present study. Mites of reptiles and amphibians
deposited in the Acari collection of the Instituto Butantan (IBSP) were reviewed and identified.
Six other collections in various places where also visited (Argentina, Brazil, United States, France
and Belgium). Also, mites collected at the animal reception site of the Instituto Butantan, and from
field collections were also identified. Part of this material was prepared for molecular studies and
phylogenetic inference using ribosomal and mitochondrial genes, and another part of the material
was used to assess the presence of Borrelia spp., Coxiella spp., Hepatozoon spp. and Rickettsia
spp. Of the subclass Acari, Six families, 12 genera and 32 species of Trombidiformes mites were
identified, 23 occurring in Brazil, increasing six new species to the Brazilian territory. The Oribatid
mite A. longisetosus was identified apparently parasitizing a frog, which is a new host-parasite
association. Six families, 11 genera and 17 species of Mesostigmata mites were identified, wit 16
species occurring in Brazil, with one new species described (Chironobius n. sp.). Two families,
four genera and 19 species of ticks were identified, 17 occurring in Brazil, with one new species
of argasid tick registered in Brazil, with an argasid tick of the genus Ornithodoros (Alectorobius).

The total number of Acari parasites of herpetofauna in Brazil after this study is 56 species. Many



hosts are new records, as well as, some of the localities are new records of distribution. 4,515
reptiles and amphibians were examined, of which 170 were infested with mites and ticks.
Assessing blood smears allowed to correlate hemoparasitic presence with ectoparasitic prevalence,
and the histologic slides of amphibians helped better characterize the typical lesion produced by
intradermic mites of the genus Hannemania. A phylogeny inference using the 18S V4 rRNA gene
for Acari was proposed that inferred a polyphyletic Acari, with different bootstrap values for the
monophyly of Acariformes and Parasitiformes. Hepatozoon was detected in mite ticks and hosts’
blood. The sequences generated matched three main species with host and geographical
delimitations (Hepatozoon sp. BT-2016, Hepatozoon sp. CCS-2010 and Hepatozoon ayorgbor).
Three species were identified for the gltA gene for Rickettsia, and four species were identified for
the OmpA gene for the Spotted Fever Group Rickettsia from ixodid ticks, trombiculid,
pterygosomatid, and Mesostigmata mites. None of the hosts tissue samples tested yielded positive.
Rickettsia bellii in A. sculptum is a new report and the presence in a Eutrombicula alfreddugesi
mite, is unprecedented. Rhickettisa rhipicephali was detected for the first time on Mesostigmata
mites. Rickettisa amblyommatis was detected for the first time in A. rotundatum. The detection of
R. aeschlimannii from a macronyssid mite (O. natricis), is unprecedented, and R. rickettsii in
Pterygosomatidae mites is also a new report. The detection of SFG Rickettsia species on reptile
mites (Mesostigmata and Pterygosomatidae) highlights the importance of an integrative
assessment of ectoparasites of reptiles mainly due to the fragmentation of the habitat, which,
consequently, prompts to a greater number of occurrences between humans, herpetofauna and

acarofauna.

Key Words: Taxonomy. Herpetofauna. Amphibians. Phylogeny. Pathogens.
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1a, 3a: nautalae

1b: anterior setae

A: amplified
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A: axial

a:arm
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AM: anteromedial setae
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ASB: distance between the bases of the sensillas and the anterior margin of the dorsal shield
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B.M: Arachnida department British Museum, United Kingdom
BA: Bayesian
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Bk: back

BLAST: Basic Local Alignment Search Tool

BM(NH): The Natural History Museum (formerly British Museum (Natural History), London,
United Kingdom

BMNH: British Museum of Natural History, Londres, Inglaterra
bp: base pair

By: belly

C: central setae

Ca: circumanal setae

CAPI: capsular polysaccharide biosynthesis protein

Cb: chelicera

CE: Ceara (state)



CEUA: Comisséo de Etica no Uso de Animais

CNAC: Coleccion Nacional de Acaros del Instituto de Biologia de la Universidad Nacional
Auténoma de México en México, Distrito Federal

CNC: National Tick Collection (Colecdo Nacional de Carrapatos Danilo Gongalves Saraiva) of
the School of Veterinary Medicine, University of Sdo Paulo, S&o Paulo, Brazil

CNPq: Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
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Ct: Connective tissue

DCa: Dorsal Celomatic area

dF: 564 ventral setae

dG: apical foliate seta

Di: Digits
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DNA: deoxyribonucleic acid

DoHa: Dorsal Head area

EM: examined material collected in this study

ES: Espirito Santo (state)

F: female

F: femur

f>: microtarsala leg |

Fa: Forearm

FAPESP: Fundagdo de Amparo a Pesquisa do Estado de S&o Paulo

FCNyN UP: Facultad de ciencias naturales y Museo de la Universidad de la Plata, Argentina
FL: forelimb

FMVZ: Faculdade de Medicina Veterinaria e Zootecnia

fSc: relation between lengths of the dorsal shield bristles (AL, AM and PL)

FZB: Fundagédo Zoobotanica, Porto Alegre, RS, Brazil

g: genital setae

G: Gland

Ga: galeala



ga: genuala

ga: genuala leg I

GA: Gular Area

Ge: genus

glTA: gene citrato sintase

gm: genuala leg 1l
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gp: genuala leg 111

GT: guanidine isothiocyanate protocol

H: head

hl, h2, f1, f2: genital setae

HL: hindlimb

I: inguinal

I: Ixodida

I”’G: tibial dorsal setae

IBSP: Acarological collection, of the Instituto Butantan, Special Zoological Collections
Laboratory, Sdo Paulo, Brazil

IBU: Instituto Butantan, Séo Paulo, SP, Brasil

ICMBIo: Instituto Chico Mendes de Conservacao da Biodiversidade

inP: inguinal mite Pocket

IRSN: Institut royal des Sciences naturelles de Belgique Brussels, Belgium
IRSNB: Institut royal des Sciences naturelles de Belgique Brussels, Belgium
IT: tarsal anterior setae

L: larvae

LAS: Lateral Anterior Scales

LECZ: Laboratério Especial de Cole¢bes Zooldgicas

LG: long gnatossoma

InP: lateral nucal Pocket

LPS: Lateral Posterior Scales

m: latero-basal setae

M: male



M: Mesostigmata

MA: mean abundance

MA: Maranhao (state)

MI: mean intensity

MG: Minas Gerais (state)

MI: mean intensity

MLP: Facultad de Ciencias Naturales y Museo de la Universidad de la Plata, Argentina
MP: Maximum Parsimony

MRNA: mitochondrial ribonucleic acid

MS: Mato Grosso do Sul (state)

MTa: mastitarsala

MtDNA: mitochondrial DNA

ML: maximum likelihood

MZUC: Museo de Zoologia, Universidad de Concepcion, Concepcion, Chile

N: naso

N: Nymphs

n: ventro-basal setae

NA: Not Amplified

NAL: No Aparent Lesion

NHMUK: United Kingdom, London, The Natural History Museum [formerly British Museum
(Natural History)]

NL: Nodular Lesion

NMNH: National Museum of Natural History, Smithsonian Institution, Washington, D.C. 20560,
US.A

NNP: nuchal non-pocket

nPI: nucal Pocket lateral

O: Oribatida

OSAL: Acarology Laboratory, The Ohio State University, Columbus, Ohio, United States
P-PL.: distance from posterolateral to extreme posterior margin.

PA: Para (state)

Pax: auxiliar mite Pocket



Pc: postcoxal setae

PCR: polymerase chain reaction

PE: Pernambuco (state)

Ph: posthypostomal setae

PI: post-inguinal

PI: prevalence index

PL: posterolateral setae

PM: posteromedian setae

Poa: Peri-ocular area

PR: Parana (state)

ps1-2 and ps3: genital setae

PSB: distance from posterolateral to extreme posterior margin.
PU CSAV: Institute of Parasitology Academy of Sciences of the Czech Republic, Czech Republic
PW: posterior width

rDNA: ribosomal deoxyribonucleic acid

RJ: Rio de Janeiro (state)

RN: Rio Grande do Norte (state)

RM: Rijks Museum, Leiden, Holland

RML: Rocky Mountain Laboratories, Hamilton, Montana, USA
RO: Rondonia (state)

rpm: rotations per minute

rRNA: ribosomal ribonucleic acid

RS: Rio Grande do Sul (state)

S: sensilla

S: side

S1: tarsalaleg |

S2: tarsala leg 11

SB: Distance between the bases of sensillas

SBH: Brazilian Society of Herpetology (Sociedade Brasileira de Herpetologia)
sc: stratum compactum

SC: Santa Catarina (state)



scr: stratum corneum

scx: scapular setae

SD: standard deviation

SD: sum of ASB and PSB

SE: Sergipe (state)

SEM: Scanning electron microscopy
sg: stratum germinativum

Sisbio: Sistema de autorizacdo e informacdo em Biodiversidade
SP: S&o Paulo (state)

Spp.: varias espécies

SPR: Subtree-Pruning-Regrafting
ST: subterminala leg |

St: sternal setae

T: Trombidiformes

Ta: Tail

Ta: tarsal area

Ta: tarso

ta: tibiala leg |

TAE: Tris-acetate-EDTA

TE: Tris-EDTA

Th: Thigh

Ti: tibia

Tla: Tibial area

tm: tibiala leg Il

TO: Tocantins (state)

tp: tibiala leg 11l

UK: United Kingdom

USNM: National Museum of Natural History, Smithsonian Institution, Washington, D.C. 20560,
US.A

USNMENT: United States National Tick Collection, Georgia Southern University, Statesboro,
USA



USP: Universidade de S&o Paulo

UV: ultraviolet light

v’: ventral seta

VAS: Ventral Anterior Scales

VCa: Ventral Celomatic area

Ve, Vi, se, si, c1 — c3: dorsal anterior setae

vi, ve and sci: 3 pairs of peripectinate setae

Vmax: longest measure of ventral idiosomal setae

Vmin: shortest measure of ventral idiosomal setae

WG: wide gnatossoma

ZISP: Acarological collection of the Zoological Institute of the Russian Academy of Sciences, St.
Petersburg, Russia

ZISP: Zoological Institute of the Russian Academy of Sciences, St. Petersburg, Russia
ZMH: Zoologisches Institut und Zoologisches Museum der Universitat, Hamburg, Germany

ZMUC: Zoological Museum, University of Copenhagen, Denmark
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%: percent

>: minute
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=: same

© C: degree Celsius
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mL.: mililitro

n: sample size

Nng: nanogram
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N°: number

°: degree

pH: hydrogen potential
rpm: rotations per minute
pl: microliter

pm: micrometer

€: subterminala |

K: microgenuala and microtibiala;
c: genuala I, Il and 1lI;
@: tibiala I, 11 and 111;

o: tarsala |
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1 INTRODUCTION

1.1  Reptiles and amphibians

1.1.1 Diversity and distribution of reptiles and amphibians

The classes Reptilia and Amphibia are both groups of ectothermic animals distributed
almost worldwide (except the Antarctic and northern Nearctic regions). As of July 2018, more
than 10,793 species of reptiles, distributed in 1,199 genera and 86 families, have been described
(UETZ et al.,, 2018). On the other hand, currently there are 7,969 described species of
amphibians, distributed in three orders: Anura (7,040 species), Caudata (717 species), and
Gymnophiona (212 species) (AMPHIBIAWEB, 2019). Furthermore, one of the richest regions in
herpetofauna biodiversity is the Neotropical region. The Neotropical region comprises the
geographical area of South America, Central America, the Caribbean, up to central Mexico
(MORRONE, 2014). This region has been divided in Sub-regions, depending of biogeographical,
phytogeographical and zoogeographical data. One of the first divisions describes four sub-regions:
Mexican, that comprises southern Mexico and Central America; Antillean, which englobes the
Caribbean area; Brazilian, being the tropical part of South America; and Chilean, that is the
temperate area of South America (Figure 1) (WALLACE, 1876). The reptile fauna of this region,
to 2015, is composed by more than 4,049 species, represented by roughly 2,086 species distributed
in South America (Figure 2A) (UETZ et al., 2018). For amphibians, the number of species
described is 2,916 being the region of the world with the most species diversity (Figure 2B)
(BOLARNOS et al., 2008).

In Brazil, 796 species of reptiles, distributed in three orders [Testudines (36 species);
Crocodylia (6 species) and Squamata (753 species, being 72 amphisbaenians, 276, Sauria and 405
Serpentes)] and 1,080 species of amphibians in three orders [Anura (1,039 species);
Gymnophiona (36 species); and Caudata (5 species)] have been described and recorded
(SEGALLA etal., 216; COSTA; BERNILS, 2018). This number of species turns Brazil one of the

most megadiverse countries of the world, regarding herpetofauna (Figure 2).



Figure 1 - Sub-regions of the Neotropical region
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Figure 2 - Diversity and distribution of reptiles and amphibians
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Legend: A) diversity and distribution of reptiles; B) diversity and distribution of amphibians, showing a high

diversity of species in South America.
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The herpetofauna in Brazil is distributed in the different environments of vegetal
formations (biomes), that are categorized as follows: rain forests (Amazon basin and Atlantic
forest), savannah or Cerrado and marshlands (central Brazil), Caatinga (northeastern region of
Brazil), and Pampas (southern Brazil) (Figure 3) (VANZOLINI et al., 2010). Moreover, Brazil is
considered a continental country given its territorial extension, that offers a diverse type of climate
and soil conditions for each region. All the above, provides Brazil a great diversity of biomes,
mainly defined by their unique vegetal coverage (COUTINHO, 2006).

Figure 3 - Biomes of Brazil
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1.1.2 Environmental modifications and the Brazilian herpetofauna

In the last decades, fragmentation, deforestation and urbanization are rising exponentially
throughout the Brazilian territories (PIRES et al., 2006; TANUS et al., 2012). The Amazon
rainforest, cerrado and atlantic forest are the biomes that have suffered the most due to the
mentioned environmental modifications. The loss of habitat and proliferation of urban settlements
has increased the number of encounters and accidents with reptiles and amphibians, consequently
raising the number of venomous snakebite accidents in the last 20 years (BOCHNER et al., 2003;
SILVA et al., 2015; GUERRA et al., 2016). Thus, species of the herpetofauna initially considered
forested, have now developed synanthropic behaviors, therefore increasing the risk of pathogen
and parasite transmission to other animals and humans (BARBO et al., 2011; RAGO et al., 2012;
SOUSA et al., 2014; NOWAK-CHMURA, 2014; SILVA et al., 2017).

Some examples of these trends are records of parasitism of commonly ectoparasites from
reptiles, now found on humans. This is the case of Amblyomma fuscum Neumann, 1907, that was
recorded parasitizing humans as consequence of hosts new synanthropic behaviors (typically)
reptiles and amphibians) (MARQUES et al., 2006). Another example of humans being affected by
reptile ectoparasites, relates to cases of mite bites of snake parasites, such as Ophionyssus natricis
(Gervais, 1844), which in human causes dermatitis and possibly can facilitate diseases
transmission (SCHULTZ, 1975; AMANATFARD et al., 2014).

Furthermore, these anthropic pressures over the environment have affected the
herpetofauna reducing species diversity in their natural habitats, endangering endemic species, and
enabling the dispersion of diseases, as reptiles and amphibians are considered natural reservoirs
for bacterial, viral and parasitic diseases (KRAUS et al., 2005, RABITSCH; SCHINDLER, 2017).
One common route of disease transmission to humans is through vectors, such as mites and ticks
(BURRIDGE, 2001; AMO et al., 2005). Thus, the importance of studying the species that
parasitize the Brazilian herpetofauna and the pathogens they can harbor and transmit.


https://en.wikipedia.org/wiki/Paul_Gervais

42

1.2 Acari of the herpetofauna

There are more than 500 species of mites and ticks (Acari) known to parasitize reptiles and
amphibians worldwide. These ectoparasites species are distributed in 61 genera, and 13 families
belonging to three orders: Trombiformes (Acariformes), Mesostigmata and Ixodida
(Parasitiformes) (PIETZSCH et al., 2006; FAJFER, 2012; BARROS-BATTESTI et al., 2015;
DIVERS; STAHL, 2018).

The superorder Acariformes includes the order Trombidiformes, which is the most
numerous and diverse orders of mites, containing around 130 families with more than 22,000
species (ZHANG et al., 2011; REZENDE et al., 2012). Due to this diversity, this order clusters
mites that are morphologically very different, thus having very few synapomorphies, which are
apomorphic homologous characters shared by two or more taxa (LINDQUIST, 1996; DABERT
et al., 2010). Trombidiformes mites that parasitize reptiles and amphibians are grouped in the
suborder Prostigmata, in seven families: Cloacaridae, Ereynetidae, Harpirhynchidae,
Leeuwenhoekiidae, Pterygosomatidae, Thermacaridae, and Trombiculidae. (FAIN, 1961; FAIN,
1964; CAMIN et al.,, 1967; BRENNAN; GOFF, 1977; MARTIN; SCHWOERBEL, 2002;
BOCHKOV; OCONNOR, 2006). All the before mentioned families have been recorded in the
Neotropical region. Amphibians are parasitized by Leeuwenhoekiidae, Ereynetidae, and
Thermacaridae mites. This last family includes different genera, however, only four species of the
genus Thermacarus (Sokolow, 1927), parasitize anurans (MARTIN; SCHWOERBEL, 2002).

On the other hand, the superorder Parasitiformes comprises the orders Mesostigmata,
Holothyrida (a group of mites that feed of bodily fluids of dead arthropods, and it is a group more
related to Ixodida) and Ixodida (ticks). Parasitiformes are characterized by having free coxae,
covered anal opening by a pair of plaques, a sclerotized ring around the gnathosoma (capitulum),
and they usually present a biflagellate tritosternum in Mesostigmata (WALTER; PROCTOR,
1988, LEHTINEN, 1991). The order Mesostigmata contains five families that infest reptiles and
amphibians. These families are: Entonyssidae (endoparasitic mites of snakes), Heterozerconidae
(mites that generally infest myriapods, with three species recorded on snakes and amphisbaenas),
Ixodorhynchidae (ectoparasitic mites of reptiles), Omentolaelapidae (monotypic family of snakes);
Macronyssidae (genus Ophionyssus, exclusive of lizards and snakes) (FAIN, 1961a; FAIN, 1962a;
FAIN, 1962b; LIZASO, 1979; LIZASO, 1982; DE BELLOCQ; JOELLE, 2007).


http://www.gbif.org/species/2817
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The order Ixodida groups ticks of three families. The most common and widely distributed
families are Argasidae and Ixodida. The third family is Nuttalliellidae, a monospecific family
recorded only in South Africa and Tanzania (MANS et al., 2012). Moreover, ticks that parasitize
reptiles and amphibians belong mainly to the family Ixodidae (genera Amblyomma, Bothriocroton,
Dermacentor, Haemaphysalis, Hyalomma and Ixodes). Parasitism by argasid ticks on the
herpetofauna is more uncommon, nonetheless, some species of Argas and Ornithodoros infest
reptiles and amphibians, with four records of parasitism on amphibians by the genus Ornithodoros
in Brazil (BARROS-BATTESTI et al., 2006; DANTAS-TORRES et al., 2008; BARROS-
BATTESTI et al., 2015, MUNOZ-LEAL et al., 2017).

Moreover, in Brazil several studies have analyzed the species of mites and ticks that infest
the herpetofauna. Regarding snake mites, Lizaso (1981; 1983; 1984) performed most of the
ectoparasite arrays from non-venomous snakes of Brazil. Her studies evaluated the southeastern,
central-western, and southern regions of the country, which resulted in the description of 8 new
genera and 11 new species of Trombidiformes and Mesostigmata mites. However, after these
studies there has not been updated research of mites in ophidian hosts until recently (MENDOZA.-
ROLDAN, 2015; MENDOZA-ROLDAN et al., 2017). The authors documented new records of
occurrence and hosts, and new species of mites for the state of Sdo Paulo (four new records of
Trombidiformes mites and the description of a new species of Ophioptes. Thus, in Brazil,
including all the information from literature and data from national collections, currently there are
listed five families of mites of the Trombidiformes order (Pterygosomatidae, Harpirhynchidae,
Trombiculidae, Leeuwenhoekiidae, and Ereynetidae), including 22 species in seven genera
(FONSECA, 1934; FONSECA, 1940; FAIN, 1961b; FAIN, 1962; LIZASO, 1983; MENDOZA-
ROLDAN, 2015; 2017), and four families distributed in eight genera and 15 species of
Mesostigmata (Entonyssidae, Ixodorhynchidae, Heterozerconidae, and Macronyssidae) (FAIN,
1961; FAJFER, 2012; MENDOZA-ROLDAN, 2015).

Regarding ticks, more than 100 species of ticks are registered to parasitize reptiles and
amphibians worldwide, with eight species for Brazil (BARROS-BATTESTI et al., 2006;
BARROS-BATTESTI et al., 2015, MUNOZ-LEAL et al., 2017). In some cases, reptile and
amphibians are specific hosts for ticks (BARNARD; DURDEN, 1994; PIETZSCH et al., 2006).
Some examples are Ornithodoros transversus (Klompen, 1992) found only in Chelonoidis nigra
(HOOGSTRAAL; KOHLS, 1966; PIETZSCH et al., 2006), and in Brazil, the species


http://www.gbif.org/species/2817
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Ornithodoros faccinii Barros-Battesti et al., 2015, that infests the anuran Thoropa miliaris
(BARROS-BATTESTI et al., 2015; SA-HUNGARO et al., 2017). This species was also recorded
recently infesting Rhinella toads (LUZ et al., 2018).

Despite recent research, the Brazilian territory, given its wide extension, has still unknown
information about the acari fauna of reptiles and amphibians, and some taxa of the herpetofauna
have never been assessed for the presence of mites and ticks. In this context, venomous snakes and
amphibians are the less studied groups. Another reason for the scarce information it the large
number of species that are endoparasitic mites (Entonyssidae: Mesostigmata; Leewuenhoekidae:
Trombidiformes), which makes it more difficult to study them (FAIN, 1961a FAIN, 1962;
DUSZYNSKI; JONES, 1970; SILVA-DE LA FUENTE et al., 2016). Another fact to consider is
the presence of exotic mites in Brazil, such as Geckobia hemidactyli (Lawrence, 1936), which is a
mite introduced to the Neotropical region with its original host Hemidactylus mabouia (Moreau
Jonneés, 1818) from Africa. Currently, this mite is adapted to endemic species of hosts in Brazil.
However, the impact in native host populations is not clear, and more studies are required to better
understand the effect of the parasitism in these populations (MENDOZA-ROLDAN, 2015). Other
species such as Geckobia bataviensis (Vitztum, 1926) autor and Geckobia keegani Lawrence, 1953
(parasitizing Hemidactylus frenatus in Australia), colonized different environments of the
Neotropical region (RIVERA et al., 2003, HOSKIN, 2011). Despite these introductions of invasive
species of lizards and mites, there is scarce information of the real impact and the ecology of the
diseases these mites can transmit given the unique features of the American continent.

As these mites, other species have been successfully introduced to the country, such is the
case of O. natricis which now is widely distributed in captive populations of Squamata reptiles,
and recently recorded in exotic species of snakes in Brazil (DA SILVA et al., 2018). Considering
the adaptations upheld by exotic species for successful establishment, several species of ticks have
been introduced to countries in Central America, United States, the United Kingdom, and other
countries in Europe through the importation of reptiles and amphibians by the international pet
trade (BURRIDGE, 2001; PIETZSCH et al., 2006; MIHALCA, 2015). Nevertheless, few are the
species that adapted to the new environments and settled, as for example Amblyomma dissimile
(Koch 1844) (from South America, introduced in Florida) and Amblyomma variegatum (Fabricius,

1794) (from Africa, introduced in the Caribbean). Hence, more information is needed to further


https://en.wikipedia.org/wiki/Johan_Christian_Fabricius

45

understand the impact and effect of exotic species of mites and ticks on the endemic populations

of reptiles and amphibians in Brazil.

121 Effect of parasitism on the ectothermic host

Ectothermic or cold-blooded hosts have unique inflammatory, immunologic and metabolic
responses, when confronted with a parasitic event, different from those observed in non-reptilian
(birds) and mammals, and other animals considered endotherms. These responses depend on the
species parasitizing, the number of parasites attached, the individual characteristics, and the
environmental challenges (climate change) presented to the host (HARVELL et al., 2009;
KLINGENBERG, 2012).

The negative effect of mites and ticks on the hosts fitness can be divided in the direct effect
on the host health status, and the indirect effect, given by the vectoral capacity of the parasite to
transmit pathogens. The direct effect generally results in anemia and, dehydration and emaciation
of the host, when presented with hyper-infestation. Skin lesions are also common at the attachment
site as edema, inflammation and erythema. Also, infestations lead to behavioral changes of the
host, with more aggressive animals, moving repeatedly or remaining submerged (WOZNIAK;
DENARDO, 2000; FAJFER, 2012). Finally, in reptiles, ectoparasite infestation promotes the
ecdysis process, resulting in early molting, and when hyper-infested, the hosts can suffer from
dysecdysis (MENDOZA-ROLDAN, et al., 2019). In amphibians, effects are similar to those seen
on tepriles reptiles, and as most of the mites have skin-dwelling behavior (endoparasites), the
capsule in which they develop promotes a granulomatous injury and deformation, which can lead
to avascular necrosis and limb loss. In all cases hyper infestations affect negatively the health status
of the ectothermic host which can finally result in death of the host (RODRIGUES et al., 2018).

On the other hand, the indirect effect is related to the parasite’s competence and capacity
as a vector of pathogens (MORO et al., 2005). The pathogeny and development of diseases in
ectothermic animals varies from that of the most commonly pathogenic patterns studied in
mammals. Furthermore, reptiles and amphibians harbor a wide range of pathogens, which these
animals play a role as natural reservoirs and amplifiers of microorganisms, that can be transmitted
to other reptiles and in some cases even humans (FLAJINIK, 1996; POINAR; POINAR, 2004,
OSTFELD; HOLT, 2004).
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1.3 Pathogens associated with acari of reptiles and amphibians

Mites and ticks can have a significant role in transmitting pathogens from or to their hosts.
Nonetheless, there is scarce information of the host-parasite relationship and the life-cycle of the
diseases affecting the parasite and the ectothermic host (BALASHOV, 1984; KUO et al., 2000,
INGOLE et al., 2015). Despite this lack of information, some families of reptiles and amphibians’
mites and ticks have been pointed as suitable vectors of pathogenic agents (Macronyssidae,
Trombiculidae, Pterygosomatidae, Ixodidae and Argasidae).

Some of diseases can be zoonotic, and the transmission to humans generally involves a
blood-sucking arthropod, acting as vector. Of these, some species of mites and ticks have been
reported as feasible vectors that can parasitize humans [Parasitiformes (ordens Ixodida,
Mesostigmata) and Acariformes (ordem Trombidiformes)]. These mites have been indicated as
vectors of bacterial, viral, protozoal, and even helminthic diseases (NADCHATRAM, 1970;
BURRIDGE, 2001; FRANCES, 2005; VACLAV et al., 2011; BOWER et al., 2018).

Specifically, from the Tromidiformes order, mites of the family Pterygosomatidae
(parasites of mainly Gekkonidae lizards) have been pointed as vectors and intermediate hosts of
protozoa. The genus Hirstiella has been recorded as vector of hemogregarines and Plasmodium
sp. (NEWELL; RYCKMAN, 1964). On the other hand, the species Geckobiella texana (Banks,
1904) was found naturally infected with Schellackia occidentalis (Bonorris & Ball, 1955), though
its vectorial capacity has not been proven. Also, this family has been proven a vector of
Hepatozoon spp. The transmission occurs by passive pathway when the host eats the mite
(WALTER; PROCTOR, 2013).

Regarding the Mesostigmata order, the most studied species is the macronissid mite O.
natricis. This mite has a worldwide distribution and has been suggested as vector of pathogens
such as: Arenavirus, etiological agent of the inclusion bodies disease (IBD) in boid snakes (BECK
et al., 2005; CHANG; JACOBSON, 2010; DIVERS; STAHL, 2018); it is the mechanical vector
of Aeromonas hydrophila (Chester) (cited as Proteus hydrophilus), a gram-negative bacteria that
causes a hemorrhagic disease in reptiles. In amphibians these bacteria cause an erythematous
disease called “Red Leg disease” (KULP; BORDEN, 1942; MIRANDA et al., 2017). This mite

was also found infected with Anaplasma spp., a rickettsial bacteria pathogenic in mammals
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(REEVES et al., 2006). Furthermore, the species Ophionyssus galloticolus Fain & Bannert, 2000,
is a known vector of the Karyolysus sp. protozoa, that infects lacertid lizards (BANNERT et al.,
2000). However, it is not well known if this or other protozoa cause lesions to their ectothermic
host. All the before mentioned highlights the importance of studying Mesostigmata mites of
reptiles, particularly Ophyonissus natricis (Gervais, 1844), as it is a common parasite found in
captive reptiles, which is a suitable life condition for diseases to spread and harm the facilities®
overall health status, for example diminishing production of venom for sera production.

Regarding ticks, there is more rounded and updated knowledge of the epidemiological role
of the Argasidae and Ixodidae families in the transmission of diseases. Concerning Argasid ticks,
the species Ornithodoros turicata (Duges, 1876), parasitizes mainly tortoises, among other hosts.
This tick is the vector of Borrelia turicatae, bacteria that belong to the relapsing fever clade, of
which tortoises are natural reservoirs. Other borrelial diseases are associated with ixodid ticks and
reptiles (mainly lacertid lizards) and are one of the most widespread vector-borne diseases in the
northern hemisphere. The Borrelia burgdorferi sensu lato group, which causes Lyme disease and
other borreliosis, includes species such as Borrelia lusitaniae (pathogenic in humans), that use
reptiles as natural reservoirs. Ticks of the genus Ixodes such as Ixodes ricinus (Linnaeus, 1758),
Ixodes scapularis Say, 1821, Ixodes persulcatus Schulze, 1930, and Ixodes pacificus Cooley &
Kohls, 1943 are vectors and reservoirs of Borrelia burgdorferi sensu lato (LANE, 1990; LEVIN
etal., 1996; KUO etal., 2000; SZEKERES et al., 2016; MACDONALD etal., 2017; MENDOZA-
ROLDAN et al., 2019). There is also a clade of reptile-associated Borrelia, with no demonstrated
pathogenicity. This clade has been identified in species of ixodid ticks specialized in reptiles, such
as the goanna tick Bothriocroton undatum (Fabricius, 1775) (PANETTA et al., 2017). In South
America, several studies have revealed the presence of borrelial species in this region of the
continent. However, no studies have shown the association of reptiles as reservoirs in the
Neotropical region (NEED; ESCAMILLA, 1991; IVANOVA et al., 2014; MUNOZ-LEAL et al.,
2019).

Additionally, reptiles and amphibians can contribute to several bacterial diseases acting as
reservoirs and having ticks and mites as vectors. A disease related to the presence of ectoparasites
is the “viper plague” in Viperidae snakes, which causative agent is Erlichia ruminatium. This
disease was introduced to the United States with the importation of a Bitis gabonica
(Duméril, Bibron & Duméril, 1854) snake, from Ghana (KIEL et al., 2008). Other importation


https://pt.wikipedia.org/wiki/Andr%C3%A9_Marie_Constant_Dum%C3%A9ril
https://pt.wikipedia.org/wiki/Gabriel_Bibron
https://pt.wikipedia.org/wiki/Auguste_Dum%C3%A9ril
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events are the introduction of exotic species of ticks and mites to Florida, USA. Where four species
of Amblyomma ticks, parasites of lizards and tortoises, were found infected with E. ruminantium
or “Heartwater” disease and Coxiella burnetti, which produces Q fever (BURRIDGE et al., 2000).
The genus Coxiella has been found to be a common symbiont of ticks (MACHADO-FERREIRA
etal., 2011; SPITALSKA, et al., 2018).

Finally, other rickettsial agents of the spotted fever group have been detected in ticks that
infest reptiles. In Australia, a novel Rickettsia honei was described infecting Bothriocroton
hydrosauri (Denny, 1843) ticks (cited as Aponomma hydrosauri), that infest monitor lizards in the
Flinder islands (STENOS et al., 2003; WHILEY et al., 2016). A similar Rickettsia to Rickettsia
anan was detected in ticks from the species Amblyomma exornatum Koch, 1844, in varanid lizards
imported to the USA (REEVES, 2006). In South America different species of Rickettsia have been
detected linked to ticks that were infesting reptiles. For example, in the Colombian Caribbean,
Rickettsia sp. strain Colombianensi was detected in Amblyommma dissimile Koch, 1844 ticks on
Iguanas and other reptiles, as well as Rickettsia belli (MIRANDA et al., 2012; SANTODOMINGO
et al., 2018). In Brazil, studies show the correlation between R. belli and species of ectothermic
host-related ticks (A. dissimile and Amblyomma rotundatum Koch, 1844), which may be a
symbiont of these parasites. Moreover, recent research found also R. bellii in both species of ticks,
and Rickettsia sp. strain Colombianensi, Hepatozoon, and Anaplasma in A. dissimile, all these
ticks from snakes of southeastern Brazil, and Rickettsia sp. strain Colombianensi in ticks from
toads in the Brazilian amazon (OGRZEWALSKA, et al., 2018; LUZ et al., 2018).

Despite all this finding, the relation between ectoparasites, ectothermic hosts and the
circulation of pathogenic agents is not fully known and understood, as well of the implications of

these infections to the public human health in a one health concept.
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1.4 Justification

The conception of this study comes from the need of an integrative research of the key
elements of the epidemiological cycle, which in this specific context are the ectoparasites that
infest reptiles and amphibians, the ectothermic hosts in Brazil, and the pathogenic agents that infect
both Acari (mites and ticks) and their ectothermic hosts. These pathogens then can be transmitted
to other animals and some even to humans. Furthermore, it is important also for this study to better
understand the relationship between parasite-host-pathogen to elucidate the risks of zoonotic
transmission and separate from symbiont and commensalism adaptations of the parasites and
pathogens. Thus, it is significant to assess the effect the ectoparasites have in their hosts, and how
the parasitic load affects their health status, welfare and response. Given all the above, despite
recent efforts to identify and catalogue the mites and ticks of reptiles and amphibians of Brazil,
there are still regions which have scarce information of the acari fauna. The northern, northeastern
regions, and the Amazon, Caatinga and Pampas biomes have none to scarce records of mites and
ticks infesting specifically reptiles and amphibians, given that almost all studies have been
developed in the southeastern and southern regions. Furthermore, there is little information of the
ectoparasites of amphibians and venomous reptiles, especially for Mesostigmata mites. Thus, there
is still needed an extensive effort to describe, catalogue and revise new and known species of
Acari, integrating morphology, taxonomy, and molecular biology. On the other hand, despite
reptiles and amphibians are known to be natural reservoirs of some pathogens, there is almost no
data of the different pathogens they can harbor in Brazil, and moreover of the implications of the
natural infection, and if their ectoparasites have vectoral competence and capacity. For this reason,
for this study, four pathogens (Borrelia, Coxiella, Hepatozoon, and Rickettsia) were picked to be
assessed in the mites and ticks as well as in some hosts. Of all the possible pathogens, these were
selected to assess vectoral competence and to difference between symbionts (Coxiella,
Hepatozoon, some Rickettsia, reptile-associated Borrelia) and pathogenic agents. Hepatozoon was
also chosen because it is widely found infecting reptiles and amphibians and can be a model of
transmission from ectoparasites to hosts. In this way, updating the knowledge of the Acari fauna
in reptiles and amphibians, and their associated pathogens. Considering their possible zoonotic
potential, may aid future management plans, and epidemiological surveillance in the required

areas, as well as support environmental and conservation efforts.
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1.5  Thesis presentation

This thesis is divided in two parts. The first part is called “TAXONOMY AND
MORPHOLOGY” and includes four chapters. Chapter 1 is named order Trombidiformes which
provides morphological information of the mites of this order found in Brazil. It gives a catalogue
of examined species, a taxonomical and morphological details of selected species of mites, and
distribution of these parasites according to the findings of this study. It also includes an article
published as follows: “MENDOZA-ROLDAN, J. A., BARROS-BATTESTI, D. M., BASSINI-
SILVA, R. & JACINAVICIUS, F. C. A New Species of Pit Mite (Trombidiformes:
Harpirhynchidae) from the South American Rattlesnake (Viperidae): Morphological and
Molecular Analysis. Entomol Ornithol Herpetol, v. 6, n. 201, p. 2161-0983.1000201, 2017~
(ATTACHMENT 1).

Chapter 2, order Mesostigmata gives morphological insights of the mites of this order
found in of reptile and amphibians from Brazil. It provides a catalogue of examined species, a
taxonomical and morphological details of selected and new species of mites and adds a distribution
of these parasites according to the findings of this study.

Chapter 3, Order Ixodida, englobes taxonomic and morphological studies concerning both
tick families (Ixodidae and Argasidae) of reptile and amphibians. It provides general information
about these families, as well as data of examined species and new hosts and locations.

Chapter 4, host-parasite associations, focuses on the host-parasite relations. It provides
information of the different examined hosts and presents insights about the parasitic load, the effect
on the host, as well as new parasitic relations. It includes a published manuscript titled: “Ixodes
ricinus infesting snakes: Insights from a new tick-host association in an endemic area for Borrelia
burgdorferi sensu lato”, published in Acta Tropica, which provides new information about tick
oral infestation in snakes (ATTACHMENT 2).

The second part of the thesis is called “MOLECULAR BIOLOGY” and it is divided in two
chapters. Chapter 5, Phylogeny of Acari from reptiles and amphibians, provides information of the
DNA extraction methods for the different types of Acari, assesses the molecular markers suiTable
for molecular phylogeny of the different groups, and gives phylogenetic inferences using different

models to elucidate the relations and clades of ectothermic host mites and ticks.
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Chapter 6, molecular detection of associated pathogens discusses the detection of the
selected pathogens (Borrelia, Coxiella, Hepatozoon, and Rickettsia) in mites and ticks, as well as
blood and tissue samples of some of the collected hosts. This chapter provides molecular
identification of Hepatozoon in mites and ticks and host tissues, and of Rickettsia in mites and
ticks. It also includes a published manuscript titled: “MENDOZA-ROLDAN, J. A., COLELLA,
V., LIA R. P,, NGUYEN, V. L., BARROS-BATTESTI, D. M., IATTA, R,, ... & OTRANTO, D.
Borrelia burgdorferi (sensu lato) in ectoparasites and reptiles in southern Italy. Parasites & vectors,
v. 12, n. 1, p. 35, 2019, which was a parallel study, performed to compare borrelial agents in
known regions with the Neotropical region (ATTACHMENT 3).

Finally, this thesis gives general conclusions to highlight the important findings, as well as
their contribution to the acari (mites and ticks) of reptiles and amphibians. Thus, pointing the

implications of mites and ticks™ parasitism and association of pathogens with ectothermic animals.
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2 OBJECTIVES

21 General

Identify mites (Trombidiformes and Mesostigmata) and ticks (Ixodida) that parasitize
reptiles and amphibians in Brazil based on morphological and molecular studies and assess the

impact of the ectoparasites on their hosts, as well as detect associated pathogens.

2.2 Specific

» PARTI
= Chapter 1, 2 and 3:

e Assess the mites and ticks of reptiles and amphibians deposited in
the acarological collection of the Instituto Butantan (IBSP), and in
other reference collections;

o ldentify the species of mites and ticks found in reptiles and
amphibians through optic and electronic scanning microscopy and
genetic sequencing;

= Chapter 4:

o Asses the host-parasite relations and the impact of the parasitic load

through the prevalence, mean intensity and abundance of the

different species of mites and ticks related to their hosts.

» PARTII
= Chapter 5:

o Asses the phylogenetic relationships of the mites and ticks
associated to ectothermic hosts applying molecular phylogeny of
selected molecular markers;

= Chapter 6:

o Detect the presence of selected pathogens (Borrelia, Coxiella,
Hepatozoon, and Rickettsia) in the studied mites and ticks, and in

the collected hosts using molecular biology.
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CHAPTER I: order Trombidiformes

1 INTRODUCTION

1.1  Trombidiformes mites of reptiles and amphibians

The order Trombidiformes belongs to the Acariformes superorder, which also includes
mites of the order Sarcoptiformes (Oribatida and Endeostigmata). This superorder has more than
30, 000 described species, inhabiting almost all biomes and having a myriad type of behaviors
(parasitic, predator, soil-based, herbivore, etc.) (LINDQUIST, 1984; KLIMOV et al, 2018).
Moreover, Trombidiformes is the biggest and the most diverse order of mites, with more than
26,000 species described, englobed in 151 families and 2, 235 genera (REZENDE et al., 2012).
Also, there are 24 fossil records for this order (ZHANG et al., 2011).

Given this number of species and diversity, this order has few synapomorphies. These are
apomorphic homologous characters that are found in some or all terminal taxa of a given clade,
that are shared from a common ancestor, for which it was an autapomorphic characteristic,
meaning a unique apomorphy to that taxon (NOVICK; CATLEY, 2007). This lack of common
features has proven to be challenging for taxonomists who work on this group’s systematics. Thus
far, Trombidiformes is divided in two major groups: Sphaerolichida OConnor, 1984 and
Prostigmata Kramer, 1877 (KRANTZ; WALTER, 2009; ZHANG et al., 2011). All of the mite
parasites of reptile and amphibians are grouped in the suborder Prostigmata. Furthermore,
Prostigmata is divided in three infraorders: Anystina, Eleutherengonides, and Eupodina. Acari
from this latter group, with some exceptions, have common characteristics such as tracheal
openings (stigmata and peritremes) (Figure 4) located in the anterior portion [gnathosoma (Figure
4A, or in between gnathosoma and first coxae (Figure 4B)]. Also, most of the group has styliform
chelicerae, and well developed palpi. The idiosoma is generally poorly chitinized, bearing some
type of scutum or plates, that can be ornamented. Some Prostigmata can have worm-like or
vermiform shape, thus in general, all the Trombidiformes share a lack of primary segmentation
(GRIFFITHS, BOWMAN, 1984; OCONNOR, 1984; BERTRAND, 2002).

Moreover, Trombidiformes can be distinguished (in their majority) from the

Sacoptiformes order, because Trombidiformes mites have movable digits with hook or stylet-
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shaped, cushioned empodium at the end of the legs, and mainly due to the absent stigmas and, and
stigmatic opening located anteriorly to the dorsal prosoma.

Differently, Sarctoptiformes mites have chelated chelicerae as in ancestral mites, and
mainly the empodium and the stigmas and peritremes are absent (LINDQUIST, 1996;
OCONNOR, 2009).

Figure 4 - Stigmata (tracheal openings) and peritremes of Prostigmata

—GNATHOBASE

0,05mm

Source: (Adapted from: FAIN., 1964, and BRENNAN et al., 1976).

Legend: A) stigmata and peritremes located in the gnathosoma of an Ophioptes mite; B) stigmata (spiracle)
and peritremes (trachea) located in between the gnathosoma and first coxae in a trombiculid mite.

Prostigmata mites, parasites of reptiles and amphibians, are grouped in seven families, that
are distributed in the three main infraorders or super cohorts, thus having varied morphologies and
life cycles and development. They are grouped as follows: super cohort Eleutherengonides
(superfamily Cheyletoidea: Cloacaridae, Harpirhynchidae; superfamily Pterygosomatoidea:
Pterygosomatidae), super cohort Anystina, cohort Parasitengona (superfamily Trombidioidea:
Leeuwenhoekiidae, Trombiculidae; superfamily Hydryphantoidea: Thermacaridae), cohort
Eupodina (superfamily Tydeoidea: Ereynetidae). All these families have been recorded in the

neotropical region.
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1.2 Super cohort Eleutherengonides (superfamily Cheyletoidea)

1.2.1 Cloacaridae family

The cloacaridae family encompasses two subfamilies: Cloacarinae and Pneumophaginae,
with six genera and 15 species. The Pneumophaginae subfamily has one genus (Pneumophagus)
with one species (Pneumophagus bubonis Fain & Smiley, 1989), that parasitized avian lungs,
mainly Bubo virginianus (FAIN; SMILEY, 1989). Reptiles are parasitized by mites of the
Cloacarinae subfamily, which belong to five genera of highly specialized endoparasites. These
mites live and develop in the cloacal region of testudinate reptiles (turtles and tortoises) of both
suborders (Cryptodira and Pleurodira), which would suggest an ancestral origin of the parasitism
behavior (CAMIN et al., 1967; PENCE; WRIGHT, 1998). Probably, this monophyletic group
originated, before the divergence of Pleurodira and Cryptodira, in the Jurassic or Cretacean periods
(BOCHKOV; OCONNOR, 2008). This family has been recorded in the Nearctic region (FAIN,
1968; PENCE; CASTO, 1975) Palearctic, Australasian regions (FAIN, 1968), and in the Ethiopian
region (FAIN, 1968; PENCE; CASTO, 1975; PENCE; WRIGHT, 1998; BOCHKOV;
OCONNOR, 2008).

The genera that parasitize turtles and tortoises are: Cloacarus Camin & Singer (1967),
Caminacarus Fain (1968), Emyduracarus Fain (1968), Theodoracarus Fain (1968) e
Chelonodacarus Pence e Wright (1998), and it is believed that they are highly specialized venereal
transmitted mites. Studies indicate that they reproduce parthenogenetically, and non-fertilized eggs
develop in to males (arrhenotoky) (PENCE; CASTO, 1975; FAJFER, 2012). Species of Cloacarus
and Caminacarus occur in the continental United States, and Chelonacarus is distributed in
Panama in Chelonia mydas Linnaeus, 1758. There are no records of ocurrence of this family in
South America (PENCE; WRIGHT, 1998; FAJFER, 2012).

1.2.1.1 Harpirhynchidae family
The Harpirhynchidae family includes three subfamilies (Harpirhynchinae, Harpypalpinae

e Ophioptinae), and 14 genera widely distributed. These family of mites, are highly specialized,

having monoxenous intradermal development, and feeding of tissue detritus and lymph.
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(BOCHKOQV, 2002). The first two mentioned subfamilies infest the epidermis and plumose follicle
of birds. Meanwhile, the subfamily Ophioptinae, infest exclusively snakes. This subfamily groups
two genera Ophioptes Sambon, 1928 and Afrophioptes Fain, 1962 (FAIN, 1964; 1965; BERON,
1974; LIZASO, 1981; BOCHKOQV et al., 1999). Ophioptinae was considered a valid family
(LOMBERT; MOSS 1983), until cladistic studies categorized it as a subfamily inside
Harpirhynchidae (BOCHKOV et al., 1999).

The life cycle of the Ophioptinae, occurs mostly inside the skin of their host, thus these
mites are usually called “pit mites”, as they penetrate scales and skin. The life cycle includes eggs,
larvae (apod stage), nymphs (with three stages, last two with developed legs), and adults. Mature
stages are active, and dwell freely over the host, where they copulate. These mites do not have a
direct connection of the midgut to the anal opening; thus, the debris is deposited as guanine inside
the adult (FAIN, 1964; MENDOZA-ROLDAN et al., 2017).

Mites from the genus Ophioptes occur in the Neotropical, Palearctic, Australasian, and
Ethiopian regions, and the Afrophioptes genus is restricted to the Ethiopian region (FAIN, 1964).
In the Neotropical region, six species of Ophioptes occur. Ophioptes dromicus Allred 1958 was
recorded in Cuba, and the remaining species have been described in South America (FAIN, 1964;
LIZASO, 1980; MENDOZA-ROLDAN et al., 2017). Information regarding the Neotropical

species published before the present study can be observed in the Table 1 and Figure 5.



Table 1 - Species of Ophioptinae mites of the Neotropical region, hosts and localities
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1758.

No. Holotype Host Locality Reference
spl:(?i?i_e q Erythllf_oilnann;[;LrJLSJ,Sf;zggulapll Buenavista, Bolivia Sambon (1928)
Erythrolamprus
poecilogyrus poecilogyrus
(W'(i?t;\(lje::\ﬁfgp’)hliiz‘c’) Norte, Paraguay Fain (1964)
poecilogyrus poecilogyrus,
sin.)
E. poecilogyrus poecilogyrus
(cited as L. poecilogyrus Centro-Oeste, Brazil Fain (1964)
poecilogyrus, sin.)
1 Ophioptes parkeri Lygq_p his anomalus Brazil Fain (1964)
(Giinther, 1858)
Sambon, 1928 Spilotes pullatus Linnaeus
’ Bélem, Par4, Brazil Lizaso (1981)

E. poecilogyrus poecilogyrus
(cited as L. poecilogyrus
poecilogyrus, sin.)

Itumbara, Goiés, Brazil

Lizaso (1981)

Xenodon merremii (Romano
& Hoge, 1972)
(cited as Waglerophis
merremiii, sin.)

Uberlandia, Minas Gerais, Brazil

Lizaso (1981)

E. poecilogyrus poecilogyrus
(cited as L. poecilogyrus
poecilogyrus, sin.)

Juiz de Fora, Minas Gerais, Brazil

Lizaso (1981)
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No.

Holotype Host Locality Reference Holotype
E. aesculapii Lambari, Minas Gerais, Brazil Lizaso (1981)
S. pullatus Sapucai, Minas Gerais, Brazil Lizaso (1981)
E. aesculapii Trés Coracdes, Minas Gerais, Brazil Lizaso (1981)
Leptodeira annulata . . . .
annulata Linnaeus, 1758 Colatina, Espirito Santo, Brazil Lizaso (1981)
E. poecilogyrus poecilogyrus
(cited as L. poecilogyrus Presidente Venceslau, Sao Paulo, Brazil Lizaso (1981)
poecilogyrus, sin.)
Chironius foveatus Bailey. Aruja, Sio Paulo, Brazil Lizaso (1981)
O. parkeri
E. aesculapii Biritiba-Mirim, S&o Paulo, Brazil Lizaso (1981)
E. aesculapii Indbia Paulista, S&o Paulo, Brazil Lizaso (1981)
X. merremii (cited as Jati, S&o Paulo, Brazil Lizaso (1981)

Waglerophis merremiii, sin.)

X. merremii (Romano &
Hoge)
(cited as Waglerophis
merremiii, sin.)

Sao Carlos, Sao Paulo, Brazil

Lizaso (1981)

E. poecilogyrus poecilogyrus
(cited as L. poecilogyrus
poecilogyrus, sin.)

Pelotas, Rio Grande do Sul, Brazil

Lizaso (1981)
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No.

Holotype

Host

Locality

Reference

O. parkeri (cited as
Ophioptes oudemansi,
sin.)

B.M. Coll
19552.9.24-123

Clelia rustica (Cope, 1878)

Ajo, East, Argentina

Fain (1964)

Ophioptes tropicalis

Erpetodryas carinatus Wagler,

2 Ewing, 1933 USNM 1080 ¢ 1830 (C|t_ed as C_hlronlus British Guiana Ewing (1933)
carinatus sin.)
Oxyrhopus trigeminus trigeminus
Duméril, Bibron & Duméril, It(, Sdo Paulo, Brazil Lizaso (1981)
1854
O. trigeminus trigeminus Guararapes, Pernambuco, Brazil Lizaso (1981)
O. trigeminus trigeminus Itumbara, Goias, Brazil Lizaso (1981)
3 | Ophioptes longipilis | 1BSP 6070 ¢ E. poecilogyrus poecilogyrus _ _ . _ _
Lizaso, 1981 (cited as L. poecnc_ngrus Domingos Martins, Espirito Santo, Brazil Lizaso (1981)
poecilogyrus, sin.)
O.trigeminus trigeminus Itu, Séo Paulo, Brazil Lizaso (1981)
Oxyrhopus petola
. LSnnberg, 1896 . Foz do Areia, Parana, Brazil Lizaso (1981)
(cited as Oxyrhopus petolarius
petolarius sin.)
4 | Ophioptes brevipilis | IBSP 3627 ¢ Chironius flavolineatus (Jan, Goiania, Goias, Brazil Lizaso (1981)

Lizaso, 1981

1863)
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(Conclusion)

No. Holotype Host Locality Reference
Philodryas olfersii olfersii ., . .
(Lichtenstein, 1823) Itumbara, Goias, Brazil Lizaso (1981)
Mastigodryas bifossatus Trés Lagoas, Mato Grosso Sul, .
o bifossatus (Raddi, 1820) Brazil Lizaso (1981)
O. brevipilis E. poecilogyrus poecilogyrus
(cited as L. poecilogyrus Colatina, Espirito Santo, Brazil Lizaso (1981)
poecilogyrus, sin.)
M. bifossatus bifossatus Tupa, Séo Paulo, Brazil Lizaso (1981)
P. olfersii olfersii Urai, Parana, Brazil Lizaso (1981)
5 Ophioptes ekans
Mendoza-Roldan & Crotalus durissus terrificus Campo Limpo Paulista, Sdo i
Barros-Battesti, IBSP 12078 & (Laurenti, 1768) Paulo, Brazil Mendoza-Roldan et al. (2017)
2017
6 Caraiba andreae
Ophioptes dromicus USNM ¢ (Reinhardt & L ttken, 1862) Banes, Oriente Province, Cuba Allerd (1958)

Allerd, 1958

(cited as Dromicus andreae
orientalis)

Source: (MENDOZA-ROLDAN, J. A, 2019)

Legend: IBSP (Acarological collection, of the Instituto Butantan, Special Zoological Collections Laboratory, Sdo Paulo, Brazil), USNM (National Museum of
Natural History, Smithsonian Institution, Washington, D.C. 20560, U.S.A), B.M (Arachnida department British Museum, United Kingdom).
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Figure 5 — Distribution map of species of Ophioptinae

Source: (MENDOZA-ROLDAN, J. A., 2019).

Legend: (red circles) Ophioptes parkeri, (blue circles) Ophioptes brevipilis, (white circles) Ophioptes
longipilis, (black circle) Ophioptes dromicus, (purple circle) Ophioptes ekans, (yellow circle)
Ophioptes tropicalis.
Source: Literature cited in Table 1.
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1.2.2 Super cohort Eleutherengonides (Superfamily Pterygosomatoidea)

1.2.2.1 Family Pterygosomatidae

This family includes ten genera and 182 species, with worldwide distribution (except
Antarctica). Seven of those genera are parasitic mites of lizards, except for Geckobia enigmatica
Bertrand and Pedrono, 2000, which parasitizes tortoises. The other two genera are monotypic and
parasitize beetles and birds (BERTRAND; PEDRONO, 1999; PAREDES-LEON et al., 2012;
FAJFER, 2015; 2018).

The genera Bertrandiella, Pterygosoma, Geckobia, Geckobiella , Zanurobia , Ixoderma ,
Scaphothrix , and Tequisistlana, are highly specialized, mono- or stenoxeous, of the suborder
Sauria (lizards) (BERTRAND et al., 1999; PAREDES-LEON et al., 2012). It is likely that this
parasitism originated from the feeding habits of reptiles, which ate arthropods that were the
original hosts of the family (BOCHKOV; OCONNOR, 2006).

As mentioned, the whole life cycle occurs on the host, and most of the species are
parthenogenetic. Mites develop fixated to the connective tissue under the scales. Depending on the
degree of adaptation, morphology varies. Highly adapted mites have bodies shaped as the scales
of their hosts, as for example Geckobia mites (BERTRAND, 2002; BERTRAND; MODRY,
2004).

In the Neotropical region, there are five recorded genera: Bertrandiella, Geckobia,
Geckobiella, Pterygosoma, and Tequisistlana (DE LA CRUZ et al., 2004; FAJFER, 2012; 2015;
PAREDES-LEON et al., 2012). Geckobiella is distributed from North America to Brazil, and
Tequisistlana is restricted to Mexico (PAREDES-LEON et al.,, 2012; FAJFER, 2012).
Bertrandiella has one species recorded in Colombia, parasitizing Sphaerodactylidae lizards, and
one species in Peru, parasitizing Phyllodactylidae geckos (PAREDES-LEON et al., 2012;
QUIROZ-GUTIERREZ et al., 2015).

Among the family Pterygosomatidae, the genus Geckobia has the most diversity and
taxonomic complexity, with 73 described species. These species are divided in four species groups
based on leg chaetotaxy features (FAJFER, 2015; 2018). Still, due to morphological intricacy and

succinct descriptions most of the species have not been included in those groups.
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Species of Geckobia parasitize lizards from the families Gekkonidae, Phyllodactylidae,
Carphodactylidae, Diplodactylidae, Eublepharidae, and Liolaemidae (FAJFER, 2012; 2015;
2018). Mites of this genus have a prodorsal scutum or scutum, eyes, exposed peritreme and coxae
with thorns. Four species are registered in South America (FAJFER, 2015). Of those species, one
was introduced from Africa with its host (H. mabouia) and is currently widespread throughout the
American continent, and one is endemic from Peru parasitizing Phyllodactylidae geckos (RIVERA
et al., 2003; QUIROZ-GUTIERREZ et al., 2015). The genus Geckobiella has one species
Geckobiella harrisi Davidson, 1958 registered in South America, infesting Tropiduridae lizards in
Brazil (PAREDES-LEON et al., 2012). Finally, the genus Pterygosoma includes 56 species, of
which six are described from South America (BERTRAND et al., 1999; FAJFER; GONZALES-
ACUNA, 2013). Detailed information of the species that occur in South America, that parasitize
reptiles, can be observed in Table 2, with genera distribution in Figure 6.

1.2.3 Super cohort Anystina, cohort Parasitengona (superfamily Trombidioidea)

1.2.3.1 Families Leeuwenhoekiidae, Trombiculidae (chigger mites)

The families Leeuwenhoekiidae a Trombiculidae, although are considered separate group,
share morphological and life-cycle similarities, thus both families are called chigger mites, among
other names. The main morphological difference is the segmentation of the legs. Trombiculidae
have 7-7-7 or 7-6-6 leg segmentation, and Leeuwenhoekiidae have 6-6-6, except for the genus
Comatacarus Ewing, 1942, which has 7-6-6 leg segmentation (KOLEBINOVA, 1992). Due to the

mentioned similarities, both families are discussed together.



Table 2 - Species of Pterygosomatidae recorded in South America, with host and localities information
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No. Species Holotype Host Locality Reference
Geckobia aureae Quiroz-Gutiérrez,
1 Quiroz-Gutiérrez, Paredes- CNACO07250 Phyllodactylus microphyllus Cerro Campana, | Paredes-Ledn, Roldan-
Ledn, Roldan-Rodriguez y Cope, 1876 Trujillo, Perq. Rodriguez y Pérez,
Pérez, 2015 2015
Hemidactylus tasmani Hewitt Zimbawe Lawrence (1936)
Geckobia hemidactvli . Hemidactylus mabouia (Moreau De Jonnés, - . Martinez-Rivera
, rence. 1936'()/ 1ziko M—:-J(S)?,\L/jr:nl Cape 1818) Leticia, Colombia (2003)
H. mabouia Brazil Martinez-Rivera
(2003)
Pan de Azucar
3 Geckobia nitidus Fajfer, 2015 Liolaemus nitidus Wiegmann National Park, Fajfer (2015)
ZISP (Reg. No. Chile
4 Geckobia zapallarensis Fajfer, | ZISP AVB 14-2710- Liolaemus zapallarensis zapallarensis Llanos de Challe, Fajfer (2015)
2015 001) ¢ Miiller & Hellmich Chile )
5 Geckobia ge;Bhlc;pygus Fajfer, Phyllodactylus gerrhopygus Wiegmann ISs ?:r:z,l\é?\rillae Fajfer (2015)
g | Geckoprellahariisi Davidson. | 5w 1860, © Plica plica Linnaeus Santarem, Pard, | . yidson (1958)
58 Brazil
Paso de Indios, .
Liolaemus buergeri Werner Chubut, Dittmar de la Cruz et
Argentina al. (2004)
ge
Paso de Indios, .
Liolaemus bibroni Bell Chubut, Dittmar de la Cruz et
Argentina al. (2004)
ge
Paso de Indios, Dittmar de la Cruz et
Pterygosoma patagonica (Lost Holotype) Liolaemus petrophilus Donoso-Barros & Clei Chubut, al. (2004)
7 Dittmar de la Cruz, Morando & Argentina '
Avila, 2004 Liolaemus austromendocinus Cei Catamarca, Dittmar de la Cruz et
Argentina al. (2004)
Liolaemus elongatus Koslowsky Catama_rca, Dittmar de la Cruz et
Argentina al. (2004)
Liolaemus gracilis Bell Catama_rca, Dittmar de la Cruz et
Argentina al. (2004)
Liolaemus rothi Koslowsky Telsen, Chubut, Dittmar de la Cruz et
Argentina al. (2004)




81

(Conclusion)

No. Species Holotype Host Locality Reference
7 L. austromendocinus San Rafael, Mendoza, Argentina Fajfer (2014)
Pterygosoma (Pterygosoma) ligare . . - . - . ngfer&
8 : ; - ZISP T-Pt-4 Liolaemus pictus (Duméril &Bibron) | Isla Mocha, TirGa, Arauco, Chile | Gonzéles-Acufia
Fajfer & Gonzalez-Acufia, 2013
(2013)
Pterygosoma (Pterygosoma) formosus . - . qufer &
9 - . ~ ZISP T-Pt-5 L. pictus Isla Mocha, Tirda, Arauco, Chile | Gonzales-Acufia
Fajfer & Gonzalez-Acufia, 2013 (2013)
Pterygosoma (Pterygosoma) ovata . - . qufer &
10 ; . ~ ZISP T-Pt-6 L. pictus Isla Mocha, Tirta, Arauco, Chile | Gonzéles-Acufa
Fajfer & Gonzélez-Acufa, 2013 (2013)
Pterygosoma (Pterygosoma) levissima . i . ngfer & o
11 - . o ZISP T-Pt-7 L. pictus Isla Mocha, TirGa, Arauco, Chile | Gonzéles-Acufia
Fajfer & Gonzalez-Acufia, 2013
(2013)
Pterygosoma (Pterygosoma) chilensis . T . . ngfer & ~
12 : ; o ZISP T-Pt-8 Liolaemus chilensis (Lesson) Rio Nuble, Chile Gonzéles-Acufia
Fajfer & Gonzalez-Acufia, 2013 (2013)
Pterygosoma (Pterygosoma) ZMUC Liolaemus cyanogaster (Duméril & . szufer& -
13 cyanogasteri (ZMUC-R37901) Bibron) Chile Gonzéles-Acurfia
Fajfer & Gonzélez-Acufia, 2013 (2013)
14 Bertrandiella tenuipes (Hirst, 1917) (BM(NH) Gonatodes albqgu[arls (Duméril & Honda, Magdalgne River, Hirst 1917
Deutonymph Bibron) Colombia
Quiroz-
Bertrandiella campanensis CNAC (007251- Phyllodactylus microphyllus Pacr;elgfieéstfezén
15 Quiroz-Gutiérrez, Paredes-Leon, y y phy Cerro Campana, Trujillo, Perd. . '
) ; X 007254 Cope, 1876 Roldan-
Roldan-Rodriguez,& Pérez, 2015 .
Rodriguez y
Pérez, 2015

Source: (MENDOZA-ROLDAN, J. A., 2019).

Legend:

BM(NH) (The Natural History Museum (formerly British Museum (Natural History), London, United Kingdom), CNAC (Coleccion Nacional de Acaros

del Instituto de Biologia de la Universidad Nacional Autbnoma de México en México, Distrito Federal), ZISP (Zoological Institute of the Russian
Academy of Sciences, St. Petersburg, Russia), USNM (National Museum of Natural History, Smithsonian Institution, Washington, D.C. 20560, U.S.A),
ZMUC (Zoological Museum, University of Copenhagen, Denmark).
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Figure 6 — Distribution map of species of genera of Pterygosomatidae

Source: (MENDOZA-ROLDAN, J. A., 2019).

Legend: (blue circle) Bertrandiella genus, (red circles) Geckobia genus, (yellow circle) Geckobiella genus,
(white circles) Pterygosoma genus.
Source: Literature cited in Table 2.

Mites from these families have parasitic behavior in the larval stage, and infest arthropods
and vertebrates, including reptiles and amphibians. For most of the described species, only the
larval stage is known, and to date more than 3,000 species have been described. The other life
stages (nymphs and adults) are free living predators (WHARTON; FULLER 1952; BRENNAN;
GOFF 1977; FAJFER, 2012; JACINAVICIUS et al., 2018).

As other Parasitengona mites, chiggers from the Trombiculidae family have low host
specificity and rather infest the different possible hosts in a given environment (nests, urbanized
areas, forested areas, etc.) (O’CALLAGHAN et al., 1994). Specifically, in ectothermic hosts, these
mites can be found fixated in soft tissues of the skin and depending of the association of the mite-
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hosts, some animals have developed microhabitats, also called “mite pockets”, that can be from
cavities to folds of the skins (located generally in the armpit, groin and neck regions) (Figure 7).
These distinct morphological adaptations are common in lizards and some anuran amphibians
(AUDY, 1954; ARNOLD, 1986; 1993; REED, 2014). In other cases, trombiculid mites fixate in

between the scales, which also protects them from falling off.

Figure 7 - Division of body regions, microhabitats and “mite pokets” on the saurian host

Source: (Adaptaded from REED, 2014).

Legend: A — axial; Bk — back; By — belly; FL — forelimb; G — gular; H — head; HL — hindlimb; I —
inguinal; NNP — nuchal non-pocket; P1 — post-inguinal; S —side; T — tail. In all Sceloporus
the nuchal pocket occupies the central nuchal region roughly midway between ear and
shoulder (grey).

Mites from the Trombiculidae family are generally ectoparasites, though some exceptions
exist. Moreover, the genera Vatacarus and Iguanacarus are endopatasitic mites of the respiratory
tract of marine snakes (Laticauda sp.), and iguana (Amblyrhynchus sp.) (NADCHATRAM, 1980;

2006). Larvae of this family can have deleterious effects on their hosts, producing dermatitis,
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immune response, anemia, dehydration and dysecdysis (GOLDBERG; BURSEY, 1991,
BRENNAN et al., 2008).

In the Americas the following genera of Trombiculidae that infest reptiles and amphibians
are registered: Paratrombicula Goff & Whitaker (1984); Hyponeocula Vercammen-Grandjean
(1967); Parasecia Loomis (1966); Neotrombicula Hirst (1925); Vatacarus Southcott (1957);
Fonsecia Radford (1942); Kayella Vercammen-Grandjean, (1960); Microtrombicula Ewing
(1950); Hexidionis Vercammen-Grandjean (1967); and Vercammenia Audy & Nadchatram, 1957
(BRENNAN; GOFF 1977; JACINAVICIUS et al., 2018). In South America, the Family is
represented by: Paratrombicula (five species), Parasecia (12 species), Eutrombicula (80 species),
Vatacarus (one species), Iguanacarus (five species), Fonsecia (seven species), and Vercammenia
(one species). Data of distribution of these species is encompassed in the Table 3 and Figure 8.

On the other hand, mites from the family Leeuwenhoekiidae that parasitize reptiles and
amphibians in the Neotropical are distributed in four genera: Hannemania Oudemans (1911);
Morelacarus Vercammen-Grandjean (1974); Acamatacarus Ewing (1942) and Odontacarus
Ewing (1929). In South America, only Hannemania occurs. This genus has 27 valid species, 26
occurring in America and one in Oceania. Still, the status of 11 of these species is uncertain due
to succinct descriptions and most of the type material is lost (SILVA-DE LA FUENTE et al.,
2016). In South America 13 species were registered and 11 of them have poor original descriptions
or no type material, difficulty taxonomical studies and new species description. Moreover, this
genus is composed by highly specific and specialized intradermic mites. Larvae penetrate the skin
and develop inside a capsule. the mite feeds of the debris and lysates of skin tissue, and it can
remain for weeks and even months inside the capsule. This capsular process produces and
inflammatory response, that can result in cysts, pustules, and limb loss due to avascular necrosis
(WOHLTMANN; KOHLER; MATIN, 2006; XUE; ZHANG, 2008). Species distribution of the

South American species of Hannemania is shown in Table 4 and Figure 9.



Table 3 — Species of Trombiculidae mites distributed in South America, with hosts and localities
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No. Species Holotype Host Locality Reference
Reptiles Peru Brennan
Parasecia manueli Brennan & P (1969)
1 Lost
Jones, 1960 Rentiles Colombia Brennan
P (1969)
5 Parasecia longicalcar Brennan & Lost Snakes Trinidad and Brennan
Jones, 1960 Tobago (1969)
Paratrombicula chillensis ZISP . . . - Stekolnikov &
3 | Stekolnikov & Gonzalez-Acuiia, no. 7728, T- Liolaemus ng:ﬁ?]?gﬁls Muller & é:igg:,?)n (Ié/rlﬁe Gonzalez-
2012 Tr.-54 ’ Acuiia (2012)
. Stekolnikov &
. i Liolaemus lemniscatus Gravenhorst Bgllawsta, Gonzalez-
Paratrombicula goffi ZISP O’Higgins, Chile Acufia (2012)
4 | Stekolnikov & Gonzalez-Acuiia, no. 7696, T- h
. . . Stekolnikov &
2012 Tr.-55 Liolaemus chillanensis Muller & . . .
Hellmich Shangri-la, Chile Go~nzalez-
Acufa (2012)
Vatacarus ipoides . Galépagos, Southcott
S Southcott, 1957 NMHH Laticauda sp. Ecuador (1957)
Iguanacarus alexfaini Galépagos, Nadchatram
6 Nadchatram, 1980 NMHH Amblyrhynchus sp. Ecuador (1980)
Iguanacarus amblyrhynchus Galapagos Vercammen-
7 g yrny NMHH Amblyrhynchus sp. pagos, Grandjean
Vercammen-Grandjean, 1965 Ecuador (1965)
Iguanacarus amersoni (Brennan, Galinados (Bg'sr;n;nn
8 1965) (cited as Blankaartia NMHH Amblyrhynchus sp. pagos, yn.
Ecuador Nadchatram

amersoni, sin.)

(1980)
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(Continues)

No. Species Holotype Host Locality Reference
Iguanacarus danieli . Dusbabek & Cerny
9 | Dusbabek & Cerny, 1970 Syn. |, 2SSV Amblyrhynchus sp. Gé:i‘;fjgo‘f’ (1970) sin.
Nadchatram 1980 ' ' Nadchatram (1980)
X. merremii (Romano
o & Hoge) Correntes, Mato | Brennan & Loomis
Fonsecia ewingi Cotipos IBSP 27 (citedas Ophis Grosso, Brazil (1959)
10 o
Fonseca, 1932 merremiii, sin.)
. .| Sete Barras, Sd0 | Mendoza-Roldan
IBSP 12071 Rhinella ornata Spix Paulo, Brazil (2015)
: . Angra dos Reis .
Fonsecia travassosi . . . ' | Brennan & Loomis
11 Fonseca, 1936 IBSP 30 Spilotes pullatus L. Rio de Ja_nelro, (1959)
Brazil
Guayaramerin,
12 | Fonsecia lachesis Brennan, 1974 RML no. 50193 Lachesis muta Schinz | Rio Mamore, Brennan (1970)
Beni, Bolivia
X. merremii (Romano
& Hoge) Promissao, Sao
(cited as Ophis Paulo, Brazil Radford (1942)
Fonsecia ophidica merremiii, sin.)
13 (Fonseca, 1932) IBSP 86 X. merremii (Romano
& Hoge) Matdo, Séo
(cited as Ophis Paulo, Brazil Radford (1942)
merremiii, sin.)
Eutrombicula butantanensis . Instituto
14 IBSP 83 Homo sapiens L. Butantan, S&o Radford (1942)

Fonseca, 1932

Paulo, Brazil
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(Continues)

No. Species Holotype Host Locality Reference
X. merremii (Romano .
_ & Hoge) Instituto
E. butantanensis IBSP 83 . . Butantan, Séo Brennan & Reed (1974)
(cited as Ophis .
L Paulo, Brazil
merremiii, sin.)
Eutrombicula batatas Merida,
15 Linnaeus, 1758 NMHH Lagartos Venezuela Brennan & Reed (1974)
Eutrombicula goeldii . Amazonas,
16 Oudemans, 1910 Desconhecido Lagartos Venezuela Brennan & Reed (1974)
Eutrombicula tropica . Carabobo,
17 Ewing, 1925 Desconhecido Lagartos Venezuela Brennan & Reed (1974)
Eutrombicula chillanensis Liolaemus . . ~
18 | Stekolnikov & Gonzalez- | ., “°F | chillanensis Mller et | Chillén, Chile | ' <@IMeY gﬁg;‘za'ez'm“”a
Acuna, 2010 ' ' Hellmich
29 araucfnuetrrmgirgtgt% lIJ<I§Inikov ZISP Liolaemus pictus Mocha island, | Stekolnikov & Gonzélez-Acufia
& Gonzalez-Acufia, 2010 685, T-Tr.-42 Dumeril & Bibron Chile (2010)
Eutrombicula liolaemi . . ~
20 | Stekolnikov & Gonzélez- ZISP L. chillanensis | Chillan, Chile | Stekolnikov & Gonzalez-Acufia
X 7717, T-Tr.-43 (2010)
Acuia, 2010
Eutrombicula paula : : . . N
. . ZISP Liolaemus monticola . .| Stekolnikov & Gonzélez-Acufa
21 Stekolnlkoy & Gonzalez- 7694, T-Tr.-44 Miiller & Hellmich Bellavista, Chile (2010)
Acuiia, 2010
29 Eutrombicula Lagartos Venezuela Brennan & Reed (1974)
alfreddugesi Oudemans, RM . Jurubatiba, Rio
1910 Tropidurus torquatus de Janeiro, Cunha-Barros et al. (2003)

Wied

Brazil




88

(Conclusion)

No. Species Holotype Host Locality Reference
Ameivula littoralis (Rocha, Jurubatiba. Rio de
Araujo, Vrcibradic & Costa) Janei R Cunha-Barros et al. (2003)
) . o aneiro, Brazil
(cited as C. littoralis, sin.)
Mabuya agilis (Raddi) Juruba_t|ba, R'O.de Cunha-Barros et al. (2003)
Janeiro, Brazil )
Psychosaura macrorhyncha . .
(Hoge, 1946) (cited as Jqu uba_tlba, R'O.de Cunha-Barros et al. (2003)
. aneiro, Brazil
Mabuya macrorhyncha, sin.)
22 Tropidurus hispidus (Spix) Chagigf;%far;['pe' Delfino et al. (2011)
Tropidurus cocorobensis
Rodrigues
Tropidurus erythocephalus Morro do Chapéu,
E. alfreddugesi RM Rodrigues Bahia, Brazil Menezes et al. (2011)
Tropidurus semitaeniatus Spix
T. hispidus
T. torquatus
Copeoglossum
nigropunctatum (Spix) (cited
as Mabuya agilis, sin.)
P. macrorhyncha(cited as Brasilia, Brazil De Carvalho et al. (2006)
Mabuya macrorhyncha, sin.)
A. littoralis (Rocha, Aradjo,
Vrcibradic & Costa) (cited as
C. littoralis, sin.)
Mabuya (two species) B?jrer?]fr?e:\r/loa,rg;zlziello Cunha-Barros et al. (2003)
23 Vercammenia yorkei Urucum, Mato Grosso

(Sambon, 1928):

NHMUK n® 147-9

Scinax funereus Cope

do Sul Brazil

Sambon, (1928)

Source: (MENDOZA-ROLDAN, J. A, 2019)

Legend:

RM (Rijks Museum, Leiden, Holland), RML (Rocky Mountain Laboratories, Hamilton, Montana, USA), NMNH (National Museum of Natural
History, Smithsonian Institution, Washington, D.C. 20560, U.S.A), ZISP (Acarological collection of the Zoological Institute of the Russian
Academy of Sciences, St. Petersburg, Russia), PU CSAV (Institute of Parasitology Academy of Sciences of the Czech Republic, Czech Republic),
IBSP (Acarological collection, of the Instituto Butantan, Special Zoological Collections Laboratory, Sdo Paulo, Brazil), NHMUK (United
Kingdom, London, The Natural History Museum [formerly British Museum (Natural History)].
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Figure 8 — Distribution map of species of genera of Trombiculidae

Source: (MENDOZA-ROLDAN, J. A., 2019).

Legend: (Red circles) Eutrombicula genus, (black circules) Parasecia genus, (yellow circle) Fonsecia genus,
(green circle) Vatacarus and Iguanacarus genera, (white circles) Paratrombicula genus, (purple
circle) Vercammenia genus.

Source: Literature cited in Table 3.



Table 4 — Species of Hannemania (Leeuwenhoekiidae), distributed in South America
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No. Species Holotype Host Locality Reference
Leptodactylus ocellatus x ox
IBSP 31 Girard Butanta, Sap Fonseca (1935)
Paulo, Brazil
. . Leptodactylus latrans
1 Hannemania hepatica Fonseca, 1935
IBSP 12076 Physalaemus spiniger s;;z EZHI?)S’ Mendoza-
Miranda-Ribeiro .| Roldan (2015)
Brazil
Buenos
Alires, Alzuet & Mauri
FCNyM UP L. ocellatus Benavidez, (1985)
2 Hannemania minor Alzuet & Mauri, 1985 Argentina
Sete Barras, Mendoza-
IBSP 12065 L. latrans Séo Paulo,
. Roldan (2015)
Brazil
Cordoba,
Pleurodema kriegi Pampade | Alzuet & Mauri
Miiller Achala, (19857)
3 Hannemania achalai Alzuet & Mauri, 1987 FCNyM UP Argentlna
Cordoba,
Odontophrynus Pampade | Alzuet & Mauri
occidentalis Berg Achala, (1987)
Argentina
Bufo variegatus Lago Nahuel
4 Hannemania edwardsi Sambon, 1928 Unknown . (Gunther) Huapi, Puerto Sambon (1928)
(cited as Nannophryne Blest,
variegate, sin.) Argentina
5 Hannemania dayi Sambon, 1928 Unknown Pleurodenna hufonina | Rio Negro, | ¢, 01 (1998)
Schudi Argentina
6 Hannemania hylodeus Oudemans, 1910 Unknown Hylodes sp. Brazil Oudemans

(1911)



https://pt.wikipedia.org/wiki/Al%C3%ADpio_de_Miranda_Ribeiro
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(Conclusion)

No. Species Holotype Host Locality Reference
. . . Urucum, Mato
7 Hannemania newsteadi Sambon, 1928 Unknown Hyla rubra Laurenti ! Sambon (1928)
Grosso, Brazil
8 Hannemania pattoni Sambon, 1928 Unknown Barhorocoetes taeniatus Temuco, Chile Sambon (1928)
Hannemania. samboni Ewing, 1931 (cited as Rio Nearo
9 Hannemania argentina Sambon, 1928, non FCNyM UP Pleurodema bibroni Tshudi A gro, Alzuet & Mauri (1985)
; . . rgentina
Hannemania argentina Lahille, 1927)
Tombador,
10 Hannemania stephensi Sambon, 1928 Unknown Eleutherodactylus gohlneri | Mato Grosso, Sambon (1928)
Brazil
Yunganastes bisignatus
(Stejeneger) (cited as Cochabamba, Wohltmann & Kohler
ZMH A7/05 . Carrasco,
. . Eleutherodactylus gollmeri, L (2006)
Hannemania yungicola Wohltmann & . Bolivia
11 . sin.)
Kohler, 2006 p
Fritziana fissilis Miranda- | 20 J0s€ 4O
IBSP 12049 o Barreiro, S0 | Mendoza-Roldan (2015)
Ribeiro .
Paulo, Brazil
. Paractito,
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