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Abstract This study aimed to phenotypically characterize ticks from human bites in La Rioja and canine bites in the province of 

Valencia, Spain. Phenotyping was performed using a computerized image analysis system (CIAS, Computer picture Analysis 

System). The analysis by means of principal components of the morphological markers of ticks of the genus Rhipicephalus spp. 

of human and canine patients allows its separation into two groups with independent phenotypic characteristics. In the case of 

females, the principal component 1 shows 83.2% of the variance, explained by the length of the idiosoma and width of the 

scutum, while, in males, the principal component 1 represents 81.1% of the variance, explained by the length of the idiosoma and 

the length of the scutum. 
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INTRODUCTION 

Diseases transmitted by vectors, according to the World Health Organization (WHO), represent more than 17% of 

infectious diseases, which cause more than one million deaths per year (WHO, 2016). Among the main vectors that 

cause these infectious diseases are the ticks of the Ixodidae family that transmit pathogens such as protozoa, viruses, 

bacteria and fungi, which affect humans with epidemic potential such as: Borrelia burgdorferi sensu lato (sl) (Lyme 

disease), Anaplasma phagocytophilum (human granulocytic anaplasmosis), encephalitis virus (tick-borne encephalitis) 

and Crimean-Congo hemorrhagic fever virus (Crimean-Congo hemorrhagic fever) (Estrada-Peña, 2015). In Spain, in 

recent years, there have been outbreaks of diseases transmitted by ticks to humans, among which the Crimean-Congo 

hemorrhagic fever virus (CCHF) has a greater global spread and a fatality rate of 10-40 % (De La Fuente et al., 2004; 

Márquez et al., 2005). This virus has been detected since 2010 circulating in ticks captured in the province of Cáceres, 

and in 2016 two cases have been diagnosed in humans. The first case was associated with contact with a tick in the 

province of Ávila and the second case was infection after close contact with the previous case in Madrid (Palomar et 

al., 2017). 

The importance of the phenotypic study of ticks, from a health point of view, mainly lies in a correct 

identification, since certain diseases are transmitted exclusively by a tick species. The high specificity between vector 

and pathogen justifies the importance of morphological identification of the tick. The knowledge of their presence is 

decisive to establish measures of prevention and control in an area, region or country (Estrada-Peña and Jongejan, 

1999; Barandika et al., 2010). 

The present study aimed to phenotypically characterize Ixodidae related to bites in humans and canines in 

Spain, through traditional morphometry and geometric morphology. 
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MATERIALS AND METHODS 

Study area. Ticks that were removed from humans and canines were analyzed in the study. Human ticks came from 2 

municipalities (Logroño and San Román de Cameros) in the La Rioja province of Spain, and canine ticks came from 

the Paterna municipality in the Valencia province of Spain. 

Parasitological material. Adult specimens (males and females) were analyzed in the study. The samples were 

preserved in 70% alcohol at room temperature. The number of adult specimens used for phenotyping is detailed in 

Table 1 and Table 2.  

Taxonomic identification.Specimens were identified using a Nikon SMZ-U Zoom stereomicroscope (Nikon Corp., 

Tokyo, Japan) and taxonomic keys (Walker et al ., 2003 ). Taxonomic identification was confirmed by molecular 

techniques. 

Morphometric methods. To perform the morphometric analysis of the adult ticks, a computerized image analysis 

system (CIAS, Computer picture Analysis System) was used. To obtain the digital images, a Nikon SMZ-U Zoom 

stereomicroscope, equipped with a digital camera, was used; Image capture and camera control were carried out with 

the KAPPA ImageBase Control program (KAPPA optoelectronics Inc., USA). For the measurements of various 

dimensions on the image of the specimens, the program Image - Pro Plus version 5.1 for Windows (Media 

Cybernetics Inc., Silver Spring, USA) was used. For their measurement the ticks were placed in a petri dish with 

paraffin. The measurements were taken according to Coimbra-Dores et al. (2016) and Sanchez et al. (2016). The 

morphometric parameters analyzed in adults of Rhipicephalus spp. are as follows (figure 1): idiosoma length (LI), 

idiosoma width (AI), scutum length (LE), scutum width (AE), basis capituli length (LBC), basis capituli width (ABC), 

gnathosoma length (LG), palp length (LP), length of right tarsus 1 (LT1D), width of right tarsus 1 (AT1D), maximum 

width of right spiracular plate (AMPED), width of the tail of the right spiracular plate (ACPED) and only in males the 

length of the right adanal plate (LPAD) and width of the right adanal plate (APAD) were measured. 

Statistical Methods . Data obtained from Image - Pro Plus were exported for statistical analysis and calculation. 

Principal Component Analysis (PCA). Principal component analysis (PCA) allows exploring the main axes 

of morphological variation in tangent space, observing individual variation trends and eventually recognizing 

particular groupings on a "factorial map", which is generally a "plot". of the first two principal components (Dujardin 

et al., 2014).  This analysis does not take into account the belonging of each individual to different groups. It is a blind 

analysis and can often detect these groups from the individual values (Jombart et al., 2010) . The analysis was carried 

out using the statistical program R Core Team version 3.3.4 using the “ prcomp” package (RStudio Team, 2017).  

Canonical Variable Analysis (CVA). It is a multivariate analysis method that requires information about 

belonging to a group (population, sex, etc.) for each individual. The (CVA) is usually computed from the PCA values, 

its objective is to determine if there is a relationship between two groups of variables and the magnitude of that 

relationship. The analysis was carried out using the statistical program R Core Team version 3.3.4 using the "MASS" 

package (RStudio Team, 2017).  

RESULTS 
Taxonomic Identification. Morphologically, 28 ticks were identified (12 from human patients and 16 from canines). 

Ticks from human patients corresponded to the genera Rhipicephalus spp. (Table 1) and those of canines belong to the 

genus Rhipicephalus spp. (Table 2). 

Phenotypic characterization of ticks from humans. All morphological characteristics (Figure 2) and measurements 

(in mm) of adult Rhipicephalus spp. are expressed in Table 3, including the mean, standard deviation and minimum 

and maximum values. 

Phenotypic characterization of ticks from canines. All morphological characteristics (Figure 3) and 

measurements (in mm) of adult Rhipicephalus spp. are indicated in Table 4, including the mean, standard 

deviation and minimum and maximum values, and Figure 1. 
Phenotypic comparison of ticks of the genus Rhipicephalus spp. All the morphological characteristics of the ticks 

obtained from both humans and canines are shown in Tables 3 and 4. The PCA results are shown in Figures 4 and 5, 

for the female and male specimens, respectively. 

In the PCA of females (Fig. 4) the first main component (PC1) explains 83.2% of the total variance obtained, it 

is mainly due to the morphological traits (from highest to lowest): “idiosoma length” (LI), “width of the scutum” (AE), 

“width of the idiosoma” (LA) and “length of the scutum” (LE). The second principal component (PC2) explains 10.6% 

of the total variance obtained, it is mainly due to the morphological characteristics: “idiosoma width” (AI) and “scutum 

length” (LE). In general, 93.7% of the total variance observed is explained by the two main components. Thus, PC1 
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indicates that the specimens with the largest size of the idiosoma; while CP2 places the individuals with the longest 

scutum in the upper part and the individuals with the largest width of the idiosoma in the lower part. 

In males (Fig. 5), the PC1 obtained from the PCA explains 81.1% of the total variance observed, it is mainly due to the 

morphological characteristics: “idiosoma length” (LI), “scutum length” (LE), “idiosoma width” (AI) and “scutum 

width” (AE). On the other hand, the PC2 explains 12.8% of the total variance obtained, it is mainly due to the 

phenotypic characteristics: “scutum width” (AE), “idiosoma width”, “idiosoma length” (LI) and “width of the right 

adanal plate” (APAD). In this way, 93.9% of the total variance observed is explained by the two main components. In 

summary, PC1 indicates that the specimens with the largest size of the idiosoma and scutum are located on the right 

and the opposite case on the left; while PC2 places the individuals with the longest scutum and idiosoma in the lower 

part and the individuals with the longest idiosoma in the upper part. 

In the analysis of canonical variables, the canonical discriminant functions have significant values of Wilks ' λ 

(P<0.001). As there are two groups, there is only one function for both females (Y H ) and males (Y M ), these include 

100% of the accumulated variation and are as follows: 

Y H = – 5.273IL + 4.272IA + 3.077EL + 2.191EA + 31.198BCL + 11.921BCA – 7.902GL + 9.290PL – 4.505TDL – 

16.936TDA + 4.123PEAM RIGHT – 9.956PEAC RIGHT 

Y M = – 4.122IL – 0.420IA + 0.669EL + 11.173EA + 55.343BCL + 0.496BCA – 44.859GL – 13.619PL – 1.695TDL – 

22.762TDA + 34.313PEAM RIGHT – 47.670PEAC RIGHT – 4.639PADAL6 + ADA 

The application of discriminant analysis increased the ability of morphological characteristics to discriminate 

or clearly differentiate human ticks (La Rioja) from canine ticks (Valencia). The results of the classification according 

to the prediction of groups obtained with these discriminant functions are included in Tables 5 and 6. 
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DISCUSSION 

Morphometry applied to medical entomology aims to help systematic research and quantify the phenotypic variation of 

an organism (Dujardin and Slice, 2007) . Morphometry has been frequently used in acarological studies in systematics, 

for the validation of intraspecific variability, establishment of synonyms in the definition of useful traits in the 

systematics of genera and families, for which several studies have been developed in vectors such as ticks focused in 

traditional morphometric analyses (Dantas-Torres et al., 2013; Coimbra-Dores et al., 2016; Nava et al., 2016; Sanches 

et al., 2016) ; as well as molecular studies based on mitochondrial genes (Mangold et al., 1998b; Latrofa et al., 2013; 

Hekimoğlu et al.,  2016), which have made it possible to clarify their taxonomy. 

Analysis of the morphometric results. The PCA, carried out with morphometric traits, showed a clear separation 

between female ticks of Rhipicephalus spp. of humans with Rhipicephalus spp. of dogs, mainly explained by the 

length of the idiosoma and width of the scutum, in the same way a separation between male ticks of Rhipicephalus spp. 

of humans with Rhipicephalus spp. of canines, explained by the length of the idiosoma and length of the scutum. 

Several studies indicate that the tick which mainly affects dogs is Rhipicephalus sanguineus, commonly known as the 

"brown dog tick", which parasitizes many vertebrates, including occasionally humans, has a worldwide distribution 

and is a vector of recognized importance for public health. (Dantas-Torres et al ., 2013; Abdullah et al., 2016) .Sanches 

et al. (2016) compared different populations of Rhipicephalus sanguineus sensu lato (sl) by morphometric and 

molecular methods. Their morphometric analysis revealed a clear separation between females from Brazil (Jaboticabal, 

SP), Cuba (Havana) Thailand (Bangkok), called "tropical strain" ticks, and female ticks from Spain (Zaragoza), 

Argentina (Rafaela, Santa Fe), called "temperate strain" ticks. Likewise, males exhibited the same separation, where 

PCA, between tropical strains and temperate strains of both male and female ticks was explained by idiosoma length 

and width. Their molecular analysis corroborated the existence of two different clades belonging to tropical strains and 

temperate strains. Some morphological variations confirmed the existence of at least two species under the name of R. 

sanguineus (Sanches et al., 2016).  
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 Coimbra-Dores et al. (2016), morphometrically compared specimens collected in dogs where the highest 

percentage were ticks of the species R. sanguineus, followed by Rhipicephalus turanicus and to a lesser extent by 

Rhipicephalus pusillus. Its PCA, obtained for both genera showed an overlap between the specimens that were 

identified as R. sanguineus and R. turanicus, while R. pusillus formed an isolated group. As for females, their CP1 was 

explained by the width of the chapter base and the length of the palps, while in males their CP1 was explained by the 

length and width of the idiosoma. Curiously, some specimens were classified as intermediate due to their 

morphological variations and were found in the PCA in the intermediate zone between R. sanguineus and R. turanicus. 

R. sanguineus sensu stricto (ss) ticks, are a species with considerable public health importance. However, the 

taxonomic status of this species is far from resolved. After several years of scientific work on R. sanguineus s.s., the 

situation is that there is no solid description, nor is there consensus on the range of morphological variability within the 

species. It lacks an original informative description and is based on the existence of several morphological descriptions 

based on ticks originating from different populations, which present significant genetic divergence (Nava et al ., 2015) 

 The R. sanguineus complex includes 17 species that are morphologically similar and consequently have been 

misidentified (Dantas-Torres & Otranto, 2015; Sanches et al ., 2016).  

Interestingly, a study carried out by Fernández (2003), in Castilla y León from 1997 to 2002, collected and identified a 

total of 3059 ticks from 2717 humans, all the ticks belonged to 15 species (14 ixodid and 1 argasid). The most 

abundant species was I. ricinus with 1320 specimens, followed in abundance by R. bursa, Dermacentor marginatus, R. 

turanicus and H. marginatum.  The species with a lower frequency was R. sanguineus, H. lusitanicum and R. pusillus. 

It should be noted that 10.68% of these ticks were carriers of pathogenic bacteria. The distribution of the species was 

associated to zones such as: I. ricinus in mountainous areas of the northern and southern provinces; R. bursa and H. 

marginatum in dehesa areas of Ávila, Salamanca and Zamora; R turanicus and R. sanguineus anywhere where dogs, 

cattle or sheep are present; H. lusinaticum on southern slopes. In addition, it should be said that I. ricinus has a great 

tendency to bite humans, unlike R. sanguineus, which shows a low tendency, while that of the rest of the species 

remains intermediate between the two. Depending on their evolutionary phase, adult H. marginatum males have a 

propensity to parasitize humans. 

The diversity of tick species in Spain is of interest at the level of human and animal health and its distribution 

is perfectly marked due to its climate preferences (Gray et al ., 2009). Ixodes ricinus, in Spain, is distributed 

throughout the country, preferably in cool and humid regions of the northern peninsula, R. sanguineus, R. bursa and R. 

turanicus are also distributed throughout the country, while R. pusillus and R. (Boophilus) annulatus are encountered 

in regions with a Mediterranean climate. Similarly, the species of Hyalomma present in Spain are distributed in regions 

with a Mediterranean climate, where the species H. marginatum prefers areas with relatively high temperatures in 

summer and can tolerate low values of environmental humidity (Estrada-Peña, 2015). For this reason, the number of 

diseases transmitted by ticks varies depending on the geographical area and depending on the ticks that circulate in that 

area (Barandika et al ., 2011). Pathogens transmitted by ticks represent a public health problem. This fact highlights the 

importance of characterizing ticks that parasitize humans and animals. 
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