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Spatial distribution patterns of tick community structure in
sympatric jaguars (Panthera onca) and pumas (Puma concolor)
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Abstract
We examined tick communities on wild felid hosts in three ecoregions of Mexico. We
collected 186 ticks of 7 species from 10 pumas (Puma concolor) and 9 jaguars (Panthera
onca). Tick community composition varied across the ecoregions, and across host species
within each region. Overall, Ixodes affinis, Amblyomma ovale, and Amblyomma tenellum
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were the most abundant species; however, only the latter two ticks were distributed
across all three ecoregions, while I. affinis, along with Ixodes spinipalpis, Amblyomma
inornatum, and Amblyomma parvum were restricted to more limited geographical regions.
Ixodes affinis occurred strictly in southern tropical rainforest ecoregions and was significantly more abundant in Selva Lacandona compared with the Yucatán Peninsula.
Amblyomma ovale was significantly more common in the tropical dry forest in the Pacific
coastal ecoregion. Amblyomma tenellum abundance tended to be higher on jaguars, while
I. affinis abundance was higher on pumas. Regional distribution patterns of some tick
species (e.g., I. affinis and I. spinipalpis) may be determined by off-host environmental
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conditions rather than host factors. In contrast, at the local scale, occurrence and abundance of some tick species (e.g., A. tenellum, A. ovale and Rhipicephalus microplus) might
be driven by ecological-host factors, such as habitat use or predator–prey relationships.
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I N T R O D U CT I O N

host species identity, host abundances, and species diversity)
(Randolph, 2014). However, because ticks spend most of their life-

Wild carnivores are useful sentinels for many pathogens, including the

cycle off their hosts, their abundance and distribution range often

causative agents of vector-borne diseases (Halliday et al., 2007). Many

are strongly determined by environmental conditions, such as tem-

wild carnivores have broad diets, widespread distributions, and large

perature, relative humidity, and vegetation type and cover

home ranges which can expose them to multiple prey species and

(Lighton & Fielden, 1995).

habitats. These behaviours increase the probability of exposure to

Understanding the relationships among ticks, hosts, and their

host-seeking arthropod vectors, as well as pathogens in the environ-

geographical distribution is essential for predicting tick population

ment and circulating among prey (Halliday et al., 2007). This exposure

dynamics and providing informative assessments of tick and tick-

and acquisition of parasites from the environment and prey have been

borne disease control (McCoy et al., 2013; Randolph, 2000), but lit-

described as a ‘bioaccumulation’ effect (Cleaveland et al., 2006).

tle is known about wild carnivores and their ticks in Mexico. To our

Among wild carnivores, the jaguar (Panthera onca) and puma (Puma

knowledge, of the 68 hard tick species reported from Mexico (Pérez

concolor) are the largest felids in the Americas, and their ranges over-

et al., 2014), 17 have been collected from 12 of the 32 wild carni-

lap almost entirely (Haines, 2006). In Mexico, the home range of jag-

vore species inhabiting Mexico (Almazán et al., 2013; Arana-Guardia

uars (P. onca) and pumas (P. concolor) varies considerably according to

et al., 2015; Guzmán-Cornejo et al., 2011, 2016, 2020; Guzmán-

2

the landscape, ranging from 11.7 to 540.9 km

(de la Torre

 pez-Pérez et al., 2019). However,
Cornejo & Robbins, 2010; Lo

et al., 2017; Nuñez-Perez & Miller, 2019), and at least 85 species of

researchers collected those data primarily from a few specimens

prey have been described for these large felids (Harmsen et al., 2010).

deposited in collections and little is known about the presence and

Although 73 vector-borne pathogens and 144 arthropod ectopara-

the drivers of the community structure of ticks in wild carnivores in

sites, including ticks, have been reported in wild carnivores worldwide

Mexico. This study aimed to identify tick host associations on two

(Lindenfors et al., 2007), little is known about the role parasites and

large sympatric felids and investigate whether tick community struc-

vectors can play in large felid host populations. Even though wild car-

ture is affected by geographic patterns and host identity in three

nivores are often elusive, nocturnal, and cryptic, and hence difficult to

ecoregions of Mexico.

survey (Alibhai et al., 2017), sampling them as sentinel hosts may still
be a more practical and sensitive method to detect ticks that are nidicolous or at low densities (Bermúdez et al., 2015; Ginsberg &

M A T E R I A L S A N D M ET H O D S

Ewing, 1989).
Ticks are obligate blood-feeding ectoparasites of terrestrial verte-

Study area and trapping localities

brates, including reptiles, amphibians, birds, and mammals worldwide
(Guglielmone et al., 2014). Ectoparasites may impact host fitness,

This study was conducted between 2012 and 2020 within three

resulting in body mass loss, reduced survival rate, and lack of repro-

ecoregions of Mexico: (1) mid-Pacific coast (PC), (2) Yucatán Peninsula

duction success (Hawlena et al., 2006; Hillegass et al., 2010). Besides

(YP) and (3) Selva Lacandona (SLA) in southeastern Mexico (Figures 1

their role as ectoparasites, ticks play an important medical role as vec-

and 2). Jaguars and pumas were live-trapped at seven sites. Two sites

tors of pathogens for human and animal health concerned. For exam-

were located on the PC: Chamela-Cuixmala Biosphere Reserve

ple, Cytauxzoon felis, a tick-vectored protozoal hemoparasite, may

(19.4993 N, 105.0476 W) in Jalisco state and Sierra de Vallejo

cause fatal infections in free-ranging bobcats (Lynx rufus) (Nietfeld &

(20.8895 N, 105.3011 W) in Nayarit state; three sites occurred on

Pollock, 2002), and captive wild felids such as tigers (Panthera tigris)

YP: Ria Celestún Biosphere Reserve (20.6480 N, 90.2999 W) in

and lions (Panthera leo) (Garner et al., 1996; Peixoto et al., 2007).

Yucatán state, Laguna Om (18.4470 N, 89.0979 W) in Quintana Roo

The development of most ixodid ticks depends on a series of

state, and Calakmul Biosphere Reserve (18.4392 N, 89.3418 W) in

blood meals from vertebrate hosts followed by longer off-host

Campeche state; and two sites were within SLA: Yaxchilán (16.8135 N,

periods, punctuated by moults between larva and nymph and

91.0587 W) and Lacanja Chansayab (16.5997 N, 90.9433 W) in

nymph and adult stages (Sonenshine & Roe, 2014). Host–parasite

southeastern Chiapas state.

associations are explained by host-specific ecological and evolu-

Pacific coast localities range in elevation from sea level 420 m in

tionary relationships acting at individual, species, and community

Chamela-Cuixmala Biosphere Reserve to 1300 m in Sierra de Val-

ecological levels (e.g., host sex and age, body condition, body size,

lejo. Climate is dry tropical, with a strongly seasonal annual rainfall

3
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F I G U R E 1 Map of sampling sites of sympatric jaguars (Panthera onca) and pumas (Puma concolor) from three ecoregions of Mexico. Capital
letters refer to locations (CH: Chamela; SV: Sierra de Vallejo; YA: Yaxchilán; LA: Lacanja Chansayab; CA: Calakmul; OM: Laguna OM; CE:
Celestún)

(mean 750 mm) occurring from June to October and a mean tem-

Animal sampling, tick collection and identification

perature range from 20 to 29 C (García-Oliva et al., 1991). The
dominant vegetation type is tropical dry deciduous forest, with

Felids were captured at PC and SLA using spring-activated foot snare

semi-deciduous forest in the riparian areas interspersed with wet-

traps (Aldrich’s Snares, Oregon, and Margo Supplies, Prescott Valley,

lands in the lowlands, agricultural fields, and grasslands used for

AZ, USA). Traps were checked at least once a day in the morning. Felids

cattle raising (Figure 2a,b).

at YP were captured using trained hounds to locate and aid in the cap-

The Yucatán Peninsula is an extensive plain with elevations

ture of adult jaguars and pumas. Each captured animal was chemically

between 100 and 250 m. The climate in the region is warm and

immobilized with one of two anaesthesia protocols using either a

humid, with a highly seasonal rainfall that extends from June through

jabstick (Ideal® 4200 Safe-T-Flex™ Pole Syringe 10 cc) or a remote drug

November and a dry season from December through May. Annual

delivery system chemical injection dart fired from a CO2 gun (Dan-Inject

mean rainfall varies from 1000 to 1600 mm and mean temperature

Dart Guns, Austin, TX, USA): either 10 mg/kg of ketamine hydrochlo-

ranges from 24 to 26 C. The dominant vegetation types are tropical

ride (Anesket, Pisa, Atitalaquia, Hidalgo, Mexico) and 2 mg/kg of

deciduous and semi-deciduous forests and, to a lesser extent, flooded

xylazine hydrochloride; or 0.08 mg/kg of medetomidine chlorhydrate

and secondary forests (Figure 2c,d, INEGI, 2017).

(Medised 20X®, Wildlife Pharmaceuticals Mexico) combined with

The Selva Lacandona encompasses elevations between 100 and

5–6 mg/kg of ketamine (Ketanil®, Wildlife Pharmaceuticals Mexico).

1400 m. The climate is warm and humid with an annual mean temper-

Animals were aged and sexed. Each animal was visually examined and



ature of 25 C and annual precipitation of 2800 mm with drought con-

inspected systematically for ticks from the cranial to caudal portions in

ditions from February to May, and rain during the remainder of the

both the dorsal and ventral surfaces of its body for 10–15 min. Ticks

year (O’Brien, 1998). Vegetation of the Lacandona region consists

were removed using forceps and placed into cryovials containing 70%

predominantly of evergreen tropical rainforest, with some flooded for-

ethanol until the laboratory examination. Ticks were identified using a

est, flooded savannas, wetlands, agricultural fields, and managed

stereomicroscope and morphological keys (Cooley, 1946; Guzmán-

grasslands for livestock (Figure 2e,f).

Cornejo et al., 2011; Keirans & Clifford, 1978).
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F I G U R E 2 Six images of the vegetation cover types in the three study ecoregion sites in Mexico: Tropical dry deciduous forest in the Pacific
coast (a,b); tropical deciduous and semi-deciduous rainforests in Yucatan Peninsula (c,d); Evergreen tropical rainforest in Selva Lacandona,
Chiapas (e,f). (photos by Heliot Zarza, Octavio Lopez and Ivonne Cassaigne)

All animals captured were part of three long-term jaguar conser-

to evaluate sample adequacy of tick assemblages in large felid species

vation programs aimed at studying the movement patterns of large

(Chao et al., 2014). This procedure was based on species richness

felids (Cruz et al., 2021; de la Torre et al., 2017; Nuñez-Perez &

(q = 0) and estimated by sample coverage using the iNEXT package

Miller, 2019). All procedures for trapping and handling animals

(Hsieh et al., 2016). The coverage-based R/E curve compares species

followed the guidelines of the American Society of Mammalogists for

richness of a set of assemblages based on samples of equal complete-

the use of wild mammals in research and were approved by the Mexi-

ness (equal coverage) (Chao et al., 2014). We compared the similarity

can Secretary of Environment and Natural Resources (SGPA/

coefficient of tick assemblages between locations and large felid hosts

DGVS/11347/10, SGPA/DGVS/09421/12, SGPA/DGVS/01315/14,

using the two beta community indexes: the abundance-based

SGPA/DGVS/03116/15, SGPA/DGVS/06741/16, SGPA/DGVS/03769/

Morisita-Horn index and the richness-based Jaccard index. The simi-

16, SGPA/DGVS/00635/18, SGPA/DGVS/004041/19, SGPA/DGVS/

larity coefficient was calculated using the fossil package in R

00583/20, SGPA/DGVS/03315/20).

(Vavrek, 2011) and dendrograms were created using UPGMA clustering of Morisita-Horn and Jaccard similarity values in Past
(Paleontological Statistics Software Package for Education and Data

Data analysis

Analysis, 2001).

Data were analysed with the statistical program RStudio with a p-

tions, we assessed whether tick abundance per host as a response

value <0.05 used as a cut-off to infer statistical significance.

variable was explained by host species and spatial location by fitting

Incidence-based rarefaction and extrapolation (R/E) were performed

generalized linear models (GLM) with host species and region as

For ticks that occurred on both species and in at least two loca-

5
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TABLE 1

Ticks collected from pumas (Puma concolor) and jaguars (Panthera onca) in three ecoregions of Mexico
Locations/host species (number of host individuals)
Lacandona (SLA)

Yucatán Peninsula (YP)

Pacific Coast (PC)

Tick species

P. concolor (4)

P. onca (3)

P. concolor (3)

P. onca (3)

P. concolor (3)

P. onca (3)

Amblyomma tenellum

0

0

1♀, 1♂

10♀, 13♂

0

1♀, 8♂

34
47

Amblyomma ovale

1♀, 4♂

0

2♀, 3♂

0

7♀, 16♂

6♀, 8♂

Amblyomma inornatum

1♀

0

1♀

0

0

0

Total

2

Amblyomma parvum

0

0

0

0

0

2♀

2

Ixodes affinis

27♀, 22♂

8♀, 3♂

12♀, 10♂

4♀, 1♂

0

0

87

Ixodes spinipalpis

0

0

0

0

11♀

1♀

12

Rhipicephalus microplus

0

0

0

2♀

0

0

2

Total

55

11

30

30

34

26

186

predictors. We conducted the test for equidispersion in the Poisson

species found on pumas and jaguars in SLA and pumas in YP with a

GLM models of the three dominant tick species and found the models

relative abundance (RA) of I. affinis ranging from 73.3% in pumas

explaining counts of I. affinis, A. ovale and A. tenellum were over-

from YP to 100% in jaguars from SLA. Amblyomma ovale was the

dispersed. We, therefore, applied the GLM with quasi-Poisson distri-

most common species in pumas and jaguars from the PC, with a RA

bution and log-link function to account for overdispersion in response

of 67.6% and 53.8%, respectively. Amblyomma tenellum was the

variables in all models. Heteroscedastic consistent standard errors

dominant species found on jaguars in YP with a RA of 75.0%. Jag-

were calculated.

uars had a higher species richness than puma (6 vs. 5 species), and

Finally, we calculated Spearman’s rank correlation coefficient to
identify interspecific relationships between tick species in large felids
by assessing the intensity and direction of the linear relationships
between the abundances of each tick species on individual hosts.

the highest richness was recorded in YP (5 species), followed by
PC (4) and SLA (3) ecoregions.
We deposited specimens in the Coleccion de Vectores del Centro
de Medicina Tropical (CVCMT): one female and one male identified as
A. tenellum (♀CVCMT-001, ♂CVCMT-002); one female identified as A.
ovale (♂CVCMT-003); one female and one male A. inornatum

RESULTS

(♀CVCMT-004, ♂CVCMT-005); one female identified as A. parvum
(♀CVCMT-006); one female and one male identified as I. affinis

In total, 186 adult ticks, seven nymphs and one larva were collected from

(♀CVCMT-007; ♂CVCMT-008); one female and one male identified as

10 pumas and nine jaguars across the three study regions of Mexico.

 n del CenR. microplus (♀CVCMT-009; ♂CVCMT-010) in the Coleccio

Nymphs and larva were identified only at the genus level (Amblyomma

tro de Medicina Tropical, Facultad de Medicina, Universidad Nacional

sp.) and because of this; they were excluded from the community analy-

 noma de México (UNAM) in Mexico City.
Auto

sis. All ticks were at least partially engorged and they were represented

The Jaccard’s index for species incidence of tick assemblages rev-

by seven species belonging to three genera of hard ticks (Ixodidae)

ealed a low degree of similarity in tick species richness across loca-

(Table 1). The coverage-based rarefaction procedures suggest that the

tions and the two host species (Figure 2a). There were three clusters

tick species richness was well represented for both large felid species

with a species similarity range between 33.3%–75% within each clus-

and each locality with sample coverage of over 98% in all cases.
The mean number of ticks collected from pumas in SLA was 13.8
ticks/individual (median = 13, range 1–28), while in PC was 11.3 ticks

ter and 0.0%–40.0% between clusters. Two clusters were grouped by
host species identity between southern ecoregions, while the PC
region defines the third cluster (Figure 3a).

per individual (median = 15, range 3–16), and in YP, 10 ticks per indi-

The cluster analysis based on the Morisita-Horn abundance index

vidual (median = 6, range 5–19). For jaguars, the average in SLA was

revealed three clusters with high intra-cluster similarity ranging from

5 ticks per individual (median = 4.5, range = 2–6), in PC the average

76.9% to 98.8% and low intercluster (8%–51.2%) similarity

was 8.7 ticks per individual (median = 9, range 4–13), and in YP it was

(Figure 3b). These clusters were driven primarily by the dominance of

10 ticks per individual (median = 11, range = 6–13).

particular tick species by spatial location and host species level. Two

Overall, the most abundant tick species was I. affinis (46.8%),

clusters were determined by the dominance of I. affinis and A. ovale in

followed by A. ovale (25.3%), A. tenellum (18.3%), and I. spinipalpis

SLA/YP and PC, respectively, while the third was associated with jag-

(6.5%) (Table 1). Amblyomma ovale was found in all three

uar hosts in YP, resulting from the dominance of A. tenellum in that

ecoregions, whereas I. affinis was found only in southern

ecoregion and host.

ecoregions in YP and SLA, A. tenellum was in YP and PC, and I.

Generalized linear modelling was used to obtain log estimates

spinipalpis was restricted to PC. Ixodes affinis was the predominant

of the effects of host identity and spatial location on tick count
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F I G U R E 3 Degree of similarity among tick species assemblages in sympatric jaguars (Panthera onca) and pumas (Puma concolor) from three
ecoregions of Mexico. Matrices and trees were created based on: (a) incidence species Jaccard similarity values and (b) species abundances of
Morisita-Horn. Capital letters refer to locations (PC: Pacific coast; YP: Yucatán Peninsula; SLA: Selva Lacandona)

per individual host. Results of GLM showed that abundances of

occurring at counts nine times greater per host in PC than SLA,

the dominant tick species were associated with host identity or

where abundance did not differ significantly from YP. The per-

spatial location or both together (Table 2). Ixodes affinis abun-

host abundance of A. tenellum ticks was significantly higher in PC

dance was driven by both host and location: pumas were esti-

and YP compared to SLA and occurred at lower counts in pumas

mated to have 3.7 times more I. affinis ticks than jaguars, and

than jaguars (Table 2).

abundance was strongly associated with the southern ecoregions

When tested using individual hosts from all locations and both

(SLA and YP) but did not differ significantly between them. The

host species, Spearman’s rank correlation coefficient was not signifi-

variation in A. ovale abundance was primarily driven by location,

cant for any combination of the most abundant tick species.

7
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T A B L E 2 Log estimates (Est.) and heteroscedastic consistent standard errors (SE) from generalized linear models of the effects of large felid
host species identity, and spatial location on the abundances of Ixodes affinis, Amblyomma ovale, and Amblyomma tenellum collected from
sympatric jaguars (Panthera onca) and pumas (Puma concolor) in three ecoregions of Mexico
I. affinis
Source of variation

A. ovale

Est.

SE

p

Est.

A. tenellum
SE

p

Est.

SE

p

Intercept

1.22

0.28

<0.001

0.858

0.721

0.234

17.984

0.504

<0.001

Puma (host)

1.302

0.37

<0.001

0.788

0.678

0.245

2.937

0.854

0.001

20.104

0.547

<0.001

2.208

0.615

<0.001

19.031

0.895

<0.001

0.569

0.574

0.321

0.316

0.735

0.667

20.259

0.315

<0.001

Pacific Coast (ecoregion)
Yucatán Peninsula (ecoregion)

Note: Bold font p-values are significant at the 5% level.

DISCUSSION

reported in 12 states, including Chiapas, Yucatán and Jalisco (AranaGuardia et al., 2015; Guzmán-Cornejo et al., 2011). The presence of

Large felids in three distinct ecoregions of Mexico hosted distinct tick

this tick species in large felids across the three study ecoregions was

fauna, while differences in host affiliation were detected at local

therefore expected, but the reason for the higher abundance of A.

scales. Among the three dominant tick species—I. affinis, A. tenellum,

ovale in the Mid Pacific coast compared with the rainforest ecoregion

and A. ovale—I. affinis and A. tenellum were restricted to only two geo-

is unknown. An earlier metanalysis (Guglielmone et al., 2003) could

graphic locations. The less frequently identified I. spinipalpis, A.

not explain distribution patterns of A. ovale by host factors or climate.

inornatum, and A. parvum were also limited to specific study regions.

A possible explanation for abundance patterns could be interspecific

The restricted presence of I. affinis in southern and southeastern coast

interactions among tick species; apparent competitive exclusion as

of Mexico was consistent with its geographic distribution range

has been described among ticks and other ectoparasites elsewhere

described by previous studies in Chiapas and Yucatán (Guzmán-

(Bush & Malenke, 2008; Hoffmann et al., 2016), and could explain our

Cornejo & Robbins, 2010), but this tick has been expanding its range

findings of low numbers A. ovale where I. affinis was present. How-

northward

mid-Atlantic

ever, while their abundances appeared to be inversely related, based

U.S. (Nadolny & Gaff, 2018). As I. affinis is a generalist tick that para-

on the Spearman’s rank correlation the relationship was not signifi-

sitizes bird and mammal species, including domestic animals

cant, and other ecological, spatial or environmental off-host factors,

(Guglielmone et al., 2014), dispersal and persistence are probably

could be influencing their distribution. Therefore, further studies are

determined by off-host environmental conditions instead of host fac-

needed to test these hypotheses and to better understand possible

tors. High humidity may be an important environmental driver, and

mechanisms driving the apparent competitive exclusion among ticks

the mean annual rainfall within its range is typically above 1000 mm.

of large wild felids.

along

the

southeastern

coast

and

This is consistent with our findings of I. affinis only in southern tropical

The current study provides the first record of I. spinipalpis on

rainforest ecoregions (YP and SLA), but not in tropical dry forest (mid-

Felidae and extends information on this species in Mexico. Previous

Pacific coast: PC). On the other hand, the geographic distribution pat-

studies considered I. spinipalpis as a Nearctic species, but with recent

tern of A. tenellum in this study is harder to explain. Though this tick

findings in Veracruz and Guerrero, its ranges has been expanded to

has not been reported in Chiapas, it is widely found within Mexico

the Neotropical ecoregion (Guzmán-Cornejo & Robbins, 2010). We

including in northern, central and southern states (Guzmán-Cornejo

only found I. spinipalpis on the Pacific coast, which extends its geo-

et al., 2011). Possible explanations for the restricted presence of A.

graphic distribution to western, mid-Pacific coastal Mexico.

tenellum in YP and PC observed in this study include the level of

When comparing host species within each ecoregion, we found

human disturbance or the presence of domestic and livestock animals.

greater A. tenellum abundance on jaguars than on pumas, and greater

While A. tenellum has been found in wildlife species, it is more com-

I. affinis abundance on pumas than jaguars. These patterns, along with

monly found on dogs, cattle, goats and horses (Guzmán-Cornejo

the presence of other tick species on felids, such as Rhipicephalus

et al., 2011; Keirans & Durden, 1998), and the only previous records

(Boophilus) microplus, may be driven by ecological host factors, such as

of A. tenellum in jaguars were associated with highly fragmented for-

habitat use or predator–prey relationships which differ substantially

est (Arana-Guardia et al., 2015). However, in this study, we did not

between the two felids (Foster et al., 2010; Novack et al., 2005). The

assess the level of fragmentation in the ecosystem, and further

preference of jaguars for small-size prey, such as coatis, armadillos,

research is needed to determine the effects of human disturbance on

opossums and birds, and pumas for deer (Cassaigne et al., 2016;

tick distribution in this region.

Novack et al., 2005) could explain the abundance patterns of those

Amblyomma ovale is a moderately host-specific tick found on car-

two tick species in puma and jaguar hosts. There was one jaguar

nivores, mainly Felidae, and widely distributed throughout the Ame-

infested with two R. (Boophilus) microplus, suggesting that this individ-

ricas from Argentina to Mexico, with a few incidental records from

ual occupied a livestock-influenced landscape. The southern cattle tick

the U.S. (Guglielmone et al., 2003, 2014). In Mexico, A. ovale has been

(R. (B.) microplus) is a one-host and cattle host-specific tick that is
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incidentally found on other animals that co-occur with infested cattle,

Corridor-Mexico, and the National Council of Science and Technol-

including other domestic animals and wildlife (Ma et al., 2016). The

n Ecolo
 gica
ogy of Mexico (CONACyT). We are grateful to Fundacio

presence of R. (B.) microplus on a jaguar but not on pumas was in con-

 n de Biología de Chamela for logistical supde Cuixmala and Estacio

cordance with a previous camera study showing that jaguars may be

port in the field and for the approval to work in the Pacific Coast

more tolerant to human and livestock-dominated habitats than pumas

region. The authors also thank the Laguna Om community and local

(Foster et al., 2010), and may also explain the finding of a higher abun-

authorities for allowing us to carry out the study in their lands, as

dance of A. tenellum in jaguars.

well as field assistants from Lacanja Chansayab and Frontera Coro-

Understanding links among ticks, hosts, and their geographical

zal communities for their helpful and hard work.

distribution is essential for predicting tick population dynamics and
informing tick and tick-borne disease control. Out of the seven tick
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