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A B S T R A C T   

Tick abnormalities have been unusual in nature, and they can be divided into local and general. In the present 
study, external morphological anomalies were described in 31 individual adult ticks of 15 different species of 
Ixodidae, which were collected on wild hosts (20 ticks), domestic hosts (7 ticks), and in the environment (4 ticks) 
in 11 states of Brazil from 1998 to 2022. Among the 31 tick specimens, 14 (45%) were categorized as local 
anomalies, and 17 (55%) as general anomalies. The ticks were taxonomically identified into 14 species of 
Amblyomma, and one species of Rhipicephalus. Local anomalies included malformations of scutum/alloscutum, 
ectromely, leg atrophy, and a third ectopic spiracular plate. General anomalies included opisthosoma duplica
tion, no expansion of dorsal alloscutum in engorged females, and gynandromorphism; the latter is described for 
13 tick specimens. Morphological anomalies in Amblyomma aureolatum, Amblyomma brasiliense, Amblyomma 
humerale and Amblyomma longirostre are reported for the first time. Although the results herein expand the list of 
anomalous tick species in the Neotropics, future studies should be conducted to clarify the origin of these 
anomalies.   

1. Introduction 

Tick morphological anomalies have been reported in different spe
cies (Guglielmone et al., 2000; Estrada-Peña, 2001; Labruna et al., 2002; 
Kar et al., 2015; Chitimia-Dobler et al., 2017; Domínguez and Bermú
dez, 2020) since the end of the 19th century (Neumann, 1899). Recently, 
a case of exoskeleton anomaly was reported in a tick fossil from the late 
Cretaceous (Chitimia-Dobler et al., 2023). Overall, tick morphological 

anomalies have been reported at low frequencies among field-collected 
ticks (Estrada-Peña, 2001; Labruna et al., 2002; Domínguez and Ber
múdez, 2020; Shuaib et al., 2020), possibly due to the deleterious effect 
on feeding and survival of ticks (Estrada-Peña, 2001), especially those 
more severe (e.g., missing or fusion of structures). 

Tick anomalies have several phenotypic patterns and are broadly 
organized as local or general anomalies. Structural deformities of the 
capitulum (basis, hypostome, and palps), idiosoma (scutum or 
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alloscutum), missing leg(s) (ectromely) or leg segment(s) and fusion of 
appendages are examples of local anomalies, while asymmetry of idio
some, duplication, nanism, gigantism and gynandromorphism are some 
examples of general anomalies (Campana-Rouget, 1959; Latif et al., 
1988; Estrada-Peña, 2001; Molaei and Little, 2018; Balinandi et al., 
2019; Buczek et al., 2019; Domínguez and Bermúdez, 2020; Shuaib 
et al., 2020). 

Gynandromorphism refer to individuals possessing male and female 
phenotypic characteristics. According to the classification of Campa
na-Rouget (1959), there are five gynandromorph types in ticks: (i) 
bipartite protogynander, where the external sex-linked features are 
equally represented; (ii) deuterogynander, where one sex is reduced to a 
quadrant; (iii) metagynander, where one sex is reduced to a small 
segment; (iv) gynander intriqué, which may be any of the previous 
three, with ‘islands’ of male or female chitin embedded in areas of the 
opposite sex; and (v) mosaics, where there is no definite line separating 
the male from the female features, but the zones are intimately mixed 
without indication of symmetry. 

Several factors may induce morphological abnormalities in ticks, and 
some studies point to somatic or germline mutations, exposure to syn
thetic products (e.g., tick control with acaricides), microbiota (e.g., vi
ruses, bacteria and protozoa), abiotic factors (e.g., humidity, 
temperature, solar radiation), anthropic (e.g., pollution, chemicals) and 
host resistance as the main causes (Campana-Rouget, 1959; Latif et al., 
1988; Zharkov et al., 2000; Estrada-Peña, 2001; Alekseev et al., 2007; 
Alekseev and Dubinina, 2008; Nowak-Chmura, 2012; Keskin et al., 
2016; Chitimia-Dobler and Pfeffer, 2017; Buczek et al., 2019). There
fore, it is possible that the effect of these factors in experimental con
ditions could induce anomalies in ticks, although exposure of ticks under 
experimental conditions are needed to prove their teratogenic activity. 

In the Neotropical region, anomalies in ticks have been described 
over the past 100 years, and currently reported in ~25 species (Pereira 
and Castro, 1945; Guglielmone et al., 2000; Labruna et al., 2000; 2002, 
2009; Martins et al., 2017; Rivera-Páez et al., 2017; Muñoz-Leal et al., 
2018; Dominguez et al., 2020; Domínguez and Bermúdez, 2020). Only 
six species of ticks have been reported with some type of anomaly in 
Brazil, despite its tick richness comprising 76 species (Fonseca, 1935; 

Labruna et al., 2000, 2002, 2009; Serra-Freire et al., 2012; Luz et al., 
2013; Martins et al., 2017; Muñoz-Leal et al., 2018; Dantas-Torres et al., 
2019). Thus, this study aimed to report different morphological anom
alies in ticks from Brazil. 

2. Materials and methods 

In the present study, morphological anomalies were described in 
ticks collected from domestic or wild hosts and environment in all 
Brazilian regions, from 1998 to 2022. Ticks were identified to species 
level using the morphological characters according to Dantas-Torres 
et al. (2019). The anomalies were classified into two categories: local 
anomalies (scutum, aloscutum, festoons, anus, spiracular plates and 
legs) and general anomalies (duplication, gynandromorphism) 
following Campana-Rouget (1959). 

External morphology of all specimens was examined, and anomalous 
individuals were photographed using a SteREO Discovery V12 stereo
microscope (Carl Zeiss, Munich, Germany). In addition, some anomalies 
were studied in detail through scanning electron microscopy, according 
to Corwin et al. (1979). 

Ticks from this study have been deposited in the tick collections 
“Coleção Nacional de Carrapatos Danilo Gonçalves Saraiva” (CNC), 
University of São Paulo, São Paulo, SP, Brazil, or “Coleção Zoológica 
Paulo Bürhnheim” (UFAM), Federal University, Manaus, AM, Brazil 
(accession numbers provided in Tables 1 and 2). Some of the tick 
specimens were already available in the tick collection before starting 
the present study, although their morphological anomalies were never 
reported (except in one case, Amblyomma parkeri, see Discussion). Other 
specimens were collected and deposited in the course of the present 
study. 

3. Results 

External morphological anomalies were described in 31 individual 
adult ticks of the family Ixodidae, which were collected on wild hosts 
(20 ticks; 65%), domestic hosts (7 ticks; 22%), or in the environment (4 
ticks; 13%), from 11 different states of Brazil from 1998 to 2022. Among 

Table 1 
Data of the ticks from Brazil presenting morphological local anomalies, according to host, geographical location, year of collection, tick collection code, and the 
presented figures in the manuscript (when available).  

Tick species Host Municipality, state* Year Code Tick stage and type of local anomaly Figures 

Amblyomma dubitatum Environment Angra dos Reis, RJ 2021 CNC- 
4267 

♀, malformation of scutum, lacking a posterolateral 
area 

1 

A. dubitatum Hydrochoerus 
hydrochaeris 

São Miguel Arcanjo, SP 2021 CNC- 
4479 

♀, malformation of scutum, lacking a posterolateral 
area 

- 

Amblyomma sculptum Priodontes maximus Aquidauana, MS 2020 CNC- 
4505 

♀, malformation of scutum, lacking part of one lateral 
area 

2 

Amblyomma aureolatum Alouatta guariba 
clamitans 

São Paulo, SP 2014 CNC- 
1094 

♀, malformation of alloscutum 3 

A. sculptum Tapirus terrestris Aquidauana, MS 2012 CNC- 
2268 

♀, malformation of alloscutum 4 

A. sculptum Bos taurus São Carlos, SP 2018 CNC- 
4294 

♀, malformation of alloscutum 5 

A. sculptum T. terrestris Itu, SP 2000 CNC- 
4245 

♂, lacking central festoons 6 

Amblyomma tigrinum Chrysocyon brachyurus Mineiros, GO 2005 CNC- 
1661 

♂, lacking central festoons 7 

A. sculptum Cerdocyon thous Chapada dos Guimarães, MT 2001 CNC-674 ♀, three spiracular plates 8 
Amblyomma dissimile Bothrops mattogrossensis Corumbá, MS 2007 CNC- 

4288 
♂, ectromely (six legs) 9 

A. sculptum Environment Araçariguama, SP 1998 CNC-127 ♂, ectromely (seven legs) – 
Rhipicephalus sanguineus s. 

l. 
Canis familiaris Campo Grande, MS 2013 CNC- 

3022 
♂, ectromely (seven legs) 10 

Amblyomma coelebs Sapajus macrocephalus Santa Isabel do Rio Negro, 
AM 

2012 CNC- 
2165 

♀, atrophy of right leg I 11 

Amblyomma humerale Chelonoidis carbonaria Santa Inês, MA 2021 CNC- 
4485 

♂, atrophy of left leg IV 12 

* Brazilian states: AM- Amazonas, GO- Goiás, MA- Maranhão, MS- Mato Grosso do Sul, MT- Mato Grosso, PA- Pará, RJ- Rio de Janeiro, SP- São Paulo. 
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the 31 tick specimens, 14 (45%) were categorized as local anomalies 
(Table 1), and 17 (55%) as general anomalies (Table 2). The ticks were 
taxonomically identified into 14 species of Amblyomma, and one species 
of Rhipicephalus (Figs. 1-29). 

Regarding the local anomalies (Table 1), three ticks had malforma
tion of scutum, lacking one of the posterolateral areas (Amblyomma 
dubitatum ♀, Fig. 1; A. dubitatum ♀, not illustrated) or lacking part of the 
right lateral area (Amblyomma sculptum ♀, Fig. 2). Six ticks had mal
formation of alloscutum, characterized by a constriction in the mid- 
postero area (Amblyomma aureolatum ♀, Fig. 3), constriction of one of 
the lateral areas with displacement of the anus in partial engorged fe
males (A. sculptum ♀, Fig. 4; A. sculptum ♀, Fig. 5), lacking central fes
toons (A. sculptum ♂, Fig. 6; Amblyomma tigrinum ♂, Fig. 7), or presence 
of a third spiracular plate on the dorsal lateral area (A. sculptum ♀, 
Fig. 8). Three ticks had ectromely, which was characterized by missing 
two legs (Amblyomma dissimile ♂, Fig. 9) or one leg (Rhipicephalus 

sanguineus sensu lato ♂, Fig. 10; A. sculptum ♂, not illustrated). Two 
specimens presented leg atrophy; in one of them, the entire right leg I 
was compatible with the nymphal stage, except for coxa I, which had 
nymphal external spur and female internal spur (Amblyomma coelebs ♀, 
Fig. 11); the second specimen had its left leg IV reduced to a nymphal 
coxa IV (Amblyomma humerale ♂, Fig. 12). 

Regarding the general anomalies (Table 2), two ticks had opistho
soma duplication with the presence of two anuses (A. aureolatum ♂, 
Fig. 13; Amblyomma geayi ♂, Fig. 14); the latter tick also had a third 
spiracular plate located at the mid-postero margin. One engorged female 
showed a lack of expansion of the dorsal surface of the alloscutum 
(A. tigrinum, Fig. 15), while another engorged female showed lack of 
expansion restricted to the opisthosoma (A. sculptum, Fig. 16). Other 13 
specimens showed different types of gynandromorphism, as follows: 
eight specimens classified as protogynanders intriqué (one Amblyomma 
brasiliense, Fig. 17; four A. dissimile, Figs. 18-21 one Amblyomma long
irostre, Fig. 22; one A. parkeri, Fig. 23; one Amblyomma parvum, Fig. 24), 
one deuterogynander intriqué (A. brasiliense, Fig. 25), three meta
gynanders (A. aureolatum, Fig. 26; Amblyomma cajennense sensu stricto, 
Fig. 27; Amblyomma oblongoguttatum, Fig. 28), and one metagynander 
intriqué (A. brasiliense, Fig. 29). 

4. Discussion 

The present study reports morphological anomalies in 31 specimens 
of hard ticks (Ixodidae), which were classified in 15 different species. 
Except for a single R. sanguineus specimen, all other 30 abnormal ticks 
belonged to the genus Amblyomma. Previous reports of morphological 
abnormalities in Neotropical ticks also encompassed much more 
Amblyomma specimens than all other tick genera together (Guglielmone 
et al., 2000; Dominguez et al., 2020; Domínguez et al., 2021). Actually, 
Amblyomma is the most diverse tick genus in the Neotropics, including 
Brazil, where the current tick fauna of 76 species includes 33 
Amblyomma spp. (Krawczak et al., 2015; Dantas-Torres et al., 2019; 
Martins et al., 2019). To the authors knowledge, this is the first report of 
morphological anomalies in A. aureolatum, A. brasiliense, A. humerale 
and A. longirostre. 

Table 2 
Data of the ticks from Brazil presenting morphological general anomalies, according to host, geographical location, year of collection, tick collection code, and the 
presented figures in the manuscript.  

Tick species Host Municipality, state* Year Code Type of general anomaly Figure 

Amblyomma aureolatum Canis lupus familiaris Mogi das Cruzes, SP 2001 CNC-542 ♂, opisthosoma duplication; two anuses 13 
Amblyomma geayi Bradypus variegatus Belém, PA 2010 CNC-4291 ♂, opisthosoma duplication; two anuses, three spiracular 

plates 
14 

Amblyomma tigrinum Chrysocyon brachyurus Mineiros, GO 2004 CNC-1697 ♀, no expansion of dorsal alloscutum 15 
Amblyomma sculptum Myrmecophaga 

tridactyla 
Cuiabá, MT 2021 CNC-4519 ♀, no expansion of opisthosoma 16 

Amblyomma brasiliense Sus scrofa ¤ Ponta Grossa, PR 2017 CNC-4286 Gynandromorphism (protogynander intriqué) 17 
Amblyomma dissimile Boa constrictor Manaus, AM 2014 CZPB- 

IX00921 
Gynandromorphism (protogynander intriqué) 18 

A. dissimile B. constrictor Manaus, AM 2015 CZPB- 
IX00714 

Gynandromorphism (protogynander intrique) 19 

A. dissimile B. constrictor Cuiabá, MT 2014 CNC-4290 Gynandromorphism (protogynander intriqué) 20 
A. dissimile B. constrictor Cuiabá, MT 2019 CNC-4289 Gynandromorphism (protogynander intriqué) 21 
Amblyomma longirostre Turdus rufiventris Itatiaia, RJ 2016 CNC-4295 Gynandromorphism (protogynander intriqué) # 22 
Amblyomma parkeri Coendou prehensilis Biritiba-Mirim, SP 2004 CNC-4296 Gynandromorphism (protogynander intriqué) 23 
Amblyomma parvum C. lupus familiaris Araguapaz, GO 2011 CNC-4293 Gynandromorphism (protogynander intriqué) 24 
A. brasiliense Environment Ribeirão Grande, 

SP 
2004 CNC-4287 Gynandromorphism (deuterogynander intriqué) 25 

A. aureolatum C. lupus familiaris Viamão, RS 2008 CNC-2738 Gynandromorphism (metagynander) 26 
Amblyomma cajennense s.s. Tapirus terrestris Querência, MT 2022 CNC-4518 Gynandromorphism (metagynander) 27 
Amblyomma 

oblongoguttatum 
C. lupus familiaris Monte Negro, RO 2001 CNC-4292 Gynandromorphism (metagynander) 28 

A. brasiliense Environment Miracatu, SP 2020 CNC-4285 Gynandromorphism (metagynander intriqué) 29 

* Brazilian states: AM- Amazonas, GO- Goiás, MT- Mato Grosso, PR- Paraná, RJ- Rio de Janeiro, RO- Rondônia, RS- Rio Grande do Sul, SP- São Paulo. 
¤ Free-range wild boar. 
# This adult specimen was collected from the wild bird host as an engorged nymph, which molted to the adult gynander in the laboratory. 
t specimen was collected from the wild bird host as an engorged nymph, which molted to the adult gynander in the laboratory. 

Fig. 1. Dorsal view of Amblyomma dubitatum female with malformation of 
scutum, lacking the left posterolateral area (arrow). Bar: 1 mm. 
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Morphological abnormalities have been reported in Ixodidae (hard 
ticks) and Argasidae (soft ticks) families worldwide (Campana-Rouget, 
1959; Guglielmone et al., 2000; Zharkov et al., 2000; Alekseev et al., 
2007; Kar et al., 2015; Keskin et al., 2016; Chitimia-Dobler and Pfeffer, 
2017; Molaei and Little, 2018; Azzi et al., 2019; Balinandi et al., 2019; 
Domínguez and Bermúdez, 2020; Shuaib et al., 2020; Domínguez et al., 
2022). This phenomenon has been frequently reported in hard ticks 
(Amblyomma, Dermacentor, Haemaphysalis, Hyalomma, Ixodes and Rhi
picephalus), with rare records in soft ticks (Argas and Ornithodoros) 
(Guglielmone et al., 2000; Labruna et al., 2000, 2002; Balinandi et al., 
2019; Buczek et al., 2019). In the present study, abnormalities were also 
only reported in hard ticks, even though hundreds of soft tick specimens 
of the CNC tick collection have been examined (data not shown). 

Authors speculate that may be a consequence of a biased hard ticks 
survey, more sampled than soft ticks. It is also possible that hard ticks 
have been generally more exposed to mutagenic factors such environ
mental pollution and synthetic products (e.g., insecticide or acaricides) 
than soft ticks, which are nidicolous, and post-larval stages are usually 
fast feeding. Thus, soft ticks may be likely less exposed to adverse 
environmental conditions. Such adverse conditions mean mutagenic 
factors, precursors for somatic or germinal mutations, which may give 
rise to morphologically anomalous ticks (Estrada-Peña, 2001; Keskin 
et al., 2016; Buczek et al., 2019; Shuaib et al., 2020). In fact, some of the 
hard ticks reported here refer to species of concern to animal and public 
health and therefore, a more frequent chemical control target 
(Guglielmone et al., 2006; Szabó et al., 2006; Parola et al., 2013). 

Amblyomma sculptum was the most encountered species with local 
anomalies herein (six specimens), followed by A. dubitatum (two speci
mens); the remaining six species with local anomalies were each rep
resented by a single specimen. Regarding general anomalies, A. dissimile 

Fig. 2. Dorsal view (A) of Amblyomma sculptum female with malformation of scutum, lacking the right posterolateral area (arrows). (B) Higher magnification of the 
scutum. Bars: 1 mm in A, and 2 mm in B. 

Fig. 3. Amblyomma aureolatum female with malformation of alloscutum (ar
rows), dorsal view (A), ventral view (B). Bars: 1 mm. 

Fig. 4. Amblyomma sculptum partially engorged female showing malformation 
of alloscutum characterized by constriction of one lateral area with lateral 
displacement of the anus (arrow); dorsal (A) and ventral (B) views. Bars: 1 mm. 

Fig. 5. Amblyomma sculptum partially engorged female showing malformation 
of alloscutum characterized by constriction of one lateral area with lateral 
displacement of the anus (arrow); dorsal (A) and ventral (B) views. Bars: 1 mm. 

Fig. 6. Amblyomma sculptum male with malformation of alloscutum, dorsal 
view (A) and ventral view (B) lacking central festoons (arrow). Bars: 1 mm. 
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was the most encountered species (four specimens), followed by 
A. brasiliense (three specimens) and A. aureolatum (two specimens); the 
remaining eight species with general anomalies were each represented 
by a single specimen. 

Amblyomma sculptum is one of the six species that form the 
A. cajennense sensu lato (s.l.) species complex (Nava et al., 2014). Among 
the morphological anomalies previously reported for A. cajennense s.l. 

(Brumpt, 1934; Fonseca, 1935; Guglielmone et al., 2000; Labruna et al., 
2002), at least two can bee assinged to A. sculptum based on the 
geographical localities where ticks were collected (Fonseca, 1935; 
Labruna et al., 2002). Interestingly, the present A. sculptum specimens 
had several local anomalies (malformation of scutum or alloscutum, 
ectromely), and at least one general anomaly (no expansion of 
postero-dorsal alloscutum). We cannot disregard a sample bias towards 
A. sculptum, which has public health concern in Brazil (Szabó et al., 
2013). Besides the partial lack of expansion of dorsal alloscutum of an 
A. sculptum engorged female, a complete lack of expansion of the dorsal 
alloscutum of an A. tigrinum engorged female was reported herein. To 
the authors knowledge, this type of general anomaly has not been re
ported in Amblyomma ticks. 

Gynandromorphism was the predominant type of general anomaly 

Fig. 7. Amblyomma tigrinum male with malformation of alloscutum, dorsal 
view (A) and ventral view (B) lacking central festoons (arrows). Specimen 
shows gold metallization because it was previous prepared for scanning elec
tron microscopy, which couldnot be accomplished. Bars: 1 mm. 

Fig. 8. Amblyomma sculptum female with malformation of alloscutum, showing 
the presence of a third spiracular plate on the dorsal left lateral area (arrow). 
Bar: 0.5 mm. 

Fig. 9. Ventral view of Amblyomma dissimile male lacking right legs III and IV, 
ectromely (arrows). Bar: 0.5 mm. 

Fig. 10. Rhipicephalus sanguineus sensu lato male. Dorsal view (A) showing 
body asymmetry (arrow) as a consequence of ectromely (lacking left leg I, 
arrow), as shown in ventral view (B). Bars: 0.5 mm. 

Fig. 11. Amblyomma coelebs female presenting atrophy of right leg I (arrows). 
(A) dorsal view, (B) ventral view. Right coxa I with nymphal external spur and 
female internal spur. Bars: 1 mm. 

Fig. 12. Amblyomma humerale male presenting atrophy of left leg IV, reduced 
to a nymphal coxa IV (arrow). (A) dorsal view, (B) ventral view. Bars: 2 mm. 
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reported in the present study, observed in 13 specimens of the species 
A. dissimile (n = 4), A. brasiliense (n = 3), A. aureolatum (n = 1), 
A. cajennense (n = 1), A. longirostre (n = 1), A. oblongoguttatum (n = 1), 
A. parkeri (n = 1) and A. parvum (n = 1) (Table 2). Gynandromorphism in 
A. dissimile was reported in Venezuela (Brumpt, 1934) and in Panamá 
(Domínguez and Bermúdez, 2020). This is the first record of gynan
dromorphism in A. parvum, which has been previously reported with 
local (lack of structure) and general (asymmetry and constriction) 
anomalies in Argentina (Guglielmone et al., 2000). For 
A. oblongoguttatum, both local and general anomalies (gynandromor
phism) were reported in northern Brazil (Labruna et al., 2000; Azzi 
et al., 2019). General anomalies (asymmetry of idiosoma and nanism) 
have been previously reported in A. oblongoguttatum from Central 
America, where this tick species has been called as A. cf. oblongoguttatum 
(Lopes et al., 2016; Domínguez and Bermúdez, 2020; Domínguez et al., 
2020; 2021). 

The gynander of A. parkeri of the present study was previously re
ported (without illustration) by Labruna et al. (2009), who classified it 
as a bipartite protogynander. We re-examined this specimen and have 
re-classified it as protogynander intriqué. The reason for that is because 
there is a narrow invagination of female alloscutum on the male side, 
delimitating the female scutum on the male side (Fig. 23C). In addition, 
the basis capituli has a pair of porose areas (Fig. 23D). Due to these 
features, this specimen cannot be considered as a perfect bipartite pro
togynander, which is characterized by external sex-linked features 
equally represented on each body size, divided by an imaginary longi
tudinal line from the central anterior margin of the hypostome to the 
central posterior margin of the sixth festoon (Campana-Rouget, 1959). 

In the present study, 27 out of 31 anomalous ticks were collected 
parasitizing domestic or wild animals, indicating that their morpho
logical anomalies did not prevent them from seeking and settling on a 
host. Finally, as stated by Nowak-Chmura (2012), morphological 
anomalies may affect diagnostic structures of the ticks (e.g., legs, 

scutum), leading to misidentification. 

5. Conclusion 

External morphological anomalies were described in 31 individual 
adult ticks of 15 different species of the genera Amblyomma and Rhipi
cephalus, mostly collected from domestic or wild animals. Morphological 
abnormalities were reported for the first time in A. aureolatum, A. bra
siliense, A. humerale and A. longirostre. Local anomalies comprised 

Fig. 13. Amblyomma aureolatum male with opisthosoma duplication, dorsal 
view (A), ventral view (B) with the presence of two anuses (arrows). Bars: 1 mm 
in A, 2 mm in B. 

Fig. 14. Amblyomma geayi male with opisthosoma duplication, dorsal view (A) showing a third spiracular plate at the mid-postero area (arrow), ventral view (B) with 
the presence of two anuses (arrows). Specimen shows gold metallization because it was previous prepared for scanning electron microscopy, which could not be 
accomplished. Bars: 0.5 mm. 

Fig. 15. Amblyomma tigrinum engorged female showing no expansion of the 
dorsal surface of the alloscutum. Specimen shows gold metallization because it 
was previously prepared for scanning electron microscopy, which could not be 
accomplished. Bar: 1 mm. Bar: 1 mm. 

Fig. 16. Amblyomma sculptum engorged female showing no expansion of the 
opisthosoma (arrow). Bar: 1 mm. 
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malformation of scutum or alloscutum, ectromely, and leg atrophy. 
General anomalies comprised opisthosoma duplication or no expansion, 
and different types of gynandromorphism. 

CRediT authorship contribution statement 

Hermes R. Luz: Conceptualization, Funding acquisition, Investiga
tion, Resources, Writing – original draft, Writing – review & editing. 
Marcelo B. Labruna: Conceptualization, Funding acquisition, Investi
gation, Resources, Writing – original draft, Writing – review & editing. 
Richard C. Pacheco: Investigation, Resources, Writing – review & 
editing. Sergio L. Gianizella: Investigation, Resources, Writing – review 

Fig. 17. Gynandromorphism (protogynander intriqué) in Amblyomma brasi
liense, with a male capitulum and a dorsal (A) idiosoma that is male on the left 
and female on the right; few female features (few right festoons and the right 
spiracular plate) ventrally (B). Bars: 1 mm. 

Fig. 18. Gynandromorphism in Amblyomma dissimile. Protogynander intriqué, 
with capitulum and idiosoma represented by male features on the right side and 
female features on the left side; while male scutum ‘invades’ the female side 
dorsally (A), the two halves are perfectly separated ventrally (B), including the 
genital opening. Bars: 2 mm. 

Fig. 19. Gynandromorphism in Amblyomma dissimile. Protogynander intriqué, 
with capitulum and idiosoma represented by male features on the right side and 
female features on the left side; while male scutum ‘invades’ the female side 
dorsally (A), the two halves are perfectly separated ventrally (B), including the 
genital opening. Bars: 2 mm. 

Fig. 20. Gynandromorphism in Amblyomma dissimile. Protogynander intriqué, 
with dorsal male idiosoma and capitulum (A); ventrally (B), the idiosoma is 
male on the right side and female on the left side; this division is also seen in the 
genital opening. Specimen shows gold metallization because it was previously 
prepared for scanning electron microscopy, which could not be accomplished. 
Bars: 0.5 mm. 

Fig. 21. Gynandromorphism in Amblyomma dissimile. Protogynander intriqué 
with female capitulum and dorsal idiosoma with female features on the right 
side (A), whereas the left side is composed mostly of male features; ventrally 
(B), the idiosoma is male on the left side and female on the right side; this 
division is also seen in the genital opening. 

Fig. 22. Gynandromorphism (protogynander intriqué) in Amblyomma long
irostre. Dorsally (A), the two sexes are equally represented, male capitulum and 
idiosoma on the left side, female capitulum and idiosoma on the right side. 
Ventrally (B) composed by male features, including the hypostome, genital 
opening, spiracular plates, and ventral plates on the posterior part of the idi
osoma. Bars: 1 mm. 
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& editing. Matias P.J. Szabó: Investigation, Resources, Writing – review 
& editing. Monize Gerardi: Investigation, Resources, Writing – review 
& editing. Rodrigo H.F. Teixeira: Investigation, Resources, Writing – 
review & editing. Silvio C. da Silva: Investigation, Resources, Writing – 
review & editing. Louise B. Kmetiuk: Investigation, Resources, Writing 
– review & editing. Isabella P. Pesenato: Investigation, Resources, 
Writing – review & editing. Arlei Marcili: Investigation, Resources, 
Writing – review & editing. João L.H. Faccini: Investigation, Resources, 
Writing – review & editing. Thiago F. Martins: Conceptualization, 
Funding acquisition, Investigation, Resources, Writing – original draft, 
Writing – review & editing. 

Fig. 23. Gynandromorphism (protogynander 
intriqué) in Amblyomma parkeri. The idiosoma 
is represented by male features on the left side 
and female features on the right side, dorsally 
(A) and ventrally (B); however, there is a nar
row invagination of female alloscutum on the 
male side (arrow), delimitating the female 
scutum on the male side (C). The Gnathosoma 
has a male palp on the left side and a female 
palp on the right side, but the basis capituli has 
a pair of porose areas (D, E). Bars: 0.5 mm in A, 
1 mm in B, and 2 mm in C, D, E.   

Fig. 24. Gynandromorphism (protogynander intriqué) in Amblyomma parvum. 
The two sexes are equally represented in dorsal (A) and ventral (B) views of the 
idiosoma (male on left, female on right); however, the capitulum is entirely 
male. Bars: 0.5 mm. 

Fig. 25. Gynandromorphism (deuterogynander intriqué) in Amblyomma brasi
liense, with female features restricted to the posterior left quadrant, dorsally (A) 
and ventrally (B), with few female parts on the alloscutum of the posterior right 
quadrant (arrows) and a female genital opening (not illustrated). Bars: 0.5 mm. 

Fig. 26. Amblyomma aureolatum gynandromorph, small portion of male scutum 
and two male festoons on the right posterolateral area (metagynander). Bar: 
1 mm. 
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de la Société Zoologique de France, pp. 107–294. 

Nowak-Chmura, M., 2012. Teratological changes in tick morphology in ticks feeding on 
exotic reptiles. J. Nat. Hist. 46, 911–921. https://doi.org/10.1080/ 
00222933.2011.651635. 

Parola, P., Paddock, C.D., Socolovschi, C., Labruna, M.B., Mediannikov, O., Kernif, T., 
Abdad, M.Y., Stenos, J., Bitam, I., Fournier, P.-E., Raoult, D., 2013. Update on tick- 
borne rickettsioses around the world: a geographic approach. Clin. Microbiol. Rev. 
26, 657–702. https://doi.org/10.1128/CMR.00032-13. 

Pereira, C., Castro, M.P., 1945. Sobre um ginandromorfo de Rhipicephalus sanguineus 
Latr., 1804. Arq. Inst. Biol. 10, 187–192. 
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Magalhães, G.M., Castro, M.B., Vogliotti, A., 2006. Ticks (Acari: ixodidae) 
parasitizing humans in an Atlantic rainforest reserve of Southeastern Brazil with 
notes on host suitability. Exp. Appl. Acarol. 39, 339–346. https://doi.org/10.1007/ 
s10493-006-9013-6. 
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