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Abstract We investigated the Amblyomma fuscum load on a pullulating wild rodent

population and the environmental and biological factors influencing the tick load on the

hosts. One hundred and three individuals of Thrichomys laurentius were caught in an

Atlantic forest fragment in northeastern Brazil, as part of a longitudinal survey on ticks

infesting non-volant small mammals. Ticks (n = 342) were found on 45 individuals and

the overall mean intensity of infestation was 7.6 ticks per infested rodent. Ticks were

highly aggregated in the host population and the negative binomial distribution model

provides a statistically satisfactory fit. The aggregated distribution was influenced by sex

and age of the host. The microhabitat preference by T. laurentius probably increases

contact opportunities between hosts and aggregated infesting stages of the ticks and rep-

resents important clues about the habitat suitability for A. fuscum.
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Case 10, 13331 Cedex 3, Marseille, France
e-mail: filipe.alessio@gmail.com

F. Dantas-Torres
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Prof. Orlando Marques de Paiva, 87, Cidade Universitária São Paulo, São Paulo, SP 05508-270, Brazil
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Introduction

Tick-host associations are driven by complex ecological interactions and tick load dynamic

is explained by complementary factors (Brunner and Ostfeld 2008), such as tick life history

traits (Daniels and Fish 1990), host sex and age (Zuk and McKean 1996), host behavior

(Ostfeld et al. 1996a), and climate conditions (Randolph and Storey 1999). Habitat

structure (e.g., vegetation heterogeneity and complexity), also influence tick distribution

patterns (Schulze and Jordan 2005). Host species diversity, abundance and distribution are

also related to habitat features (August 1983). As vegetation structure is crucial for tick

survival and development, habitat suitability for ticks might indirectly be estimated by

infested host capture (Guerra et al. 2002).

In this work, we detailed the ecological relationships between the immature stages of

the tick Amblyomma fuscum and the rodent Thrichomys laurentius, the most abundant tick

and rodent species of a longitudinal survey on ticks infesting non-volant small mammals in

six Atlantic Forest fragments in the Metropolitan Region of Recife, north-eastern Brazil,

conducted from December 2007 to March 2009 (Dantas-Torres et al. 2012). In particular,

our aims were to evaluate the tick load on this rodent species and to understand the

environmental or biological factors influencing the tick load on it.

Materials and methods

We selected data obtained in one of the six Atlantic Forest fragments included in the

aforementioned study (Dantas-Torres et al. 2012), i.e., the Estação Ecológica de Tapacurá

(8�2012.4800S, 35�11041.1200W), a 382 ha Atlantic Forest reserve located in the municipality

of São Lourenço da Mata. The climate of this area is tropical and humid, with a mild dry

season from September to February. The native vegetation, which surrounds the dam of the

Tapacurá River (394 ha), is typical of the Atlantic Forest (Andrade and Rodal 2004). The

landscape mosaic around this seasonal semi-deciduous forest fragment is composed

basically by subsistence farming and sugar cane monoculture.

In the study area, four missions of five consecutive trapping nights were conducted

every 3 months, in March, June, September and December. Animals were captured

(license ICMBio/SISBIO, n� 11854-1 and n� 11854-2) by living traps established in four

transects of 20 trapping stations each. Ticks were collected manually and directly placed

into vials (individualized per host) containing 70% ethanol.

Microhabitat characterization and structure is adapted from Freitas et al. (2002) and

Pardini et al. (2005). Habitat characterization was based on 7 variables explained in

Table 1 (Freitas et al. 2002). In each trapping station, variables were measured on 5 points

of a 36 m2, the center and the cardinal points. At each point, plant, litter, rock and canopy

were measured using a square wooden frame (50 9 50 cm) divided into 100 open wire

meshed squares. OBSTR 1, 2, and 3 were measured with the frame held vertically at 3

heights (0.5, 1, and 1.5 m), as the observer stands at the central stake pointing the frame to

each of the other four points. The obstruction percentage was then measured only in the

3 m range between the frame and the stake (for more details, see Freitas et al. 2002).
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Forest structure was described using foliage density and stratification (Pardini et al.

2005), and was measured using a 5 m graduated stick settled in the center of the square to

help establish an imaginary vertical column until the canopy. Each foliage contact with the

stick was recorded by its inferior and superior heights. Cumulative height of foliage is an

indication of foliage density and was calculated for the following strata: (0–1, 1–5, 5–10,

10–15, [15 m) (Pardini et al. 2005).

In order to verify the aggregated distribution of A. fuscum in the population of

T. laurentius, a goodness of fit test was performed with ‘‘MASS’’ and ‘‘vcd’’ packages of

the R software (R Development Core Team 2009). The frequency distribution of this

parasite was analyzed by maximum likelihood for goodness of fit to negative binomial

distribution. The fit of the data to the negative binomial distribution was compared to the fit

to the Poisson distribution, in effect acting as null random distribution (Shaw et al. 1998),

using Akaike’s information criterion (AIC). Non-parametric correlation tests (Spearman

rank correlation—rs) were performed between microhabitat and vegetation structure

variables and presence/absence of T. laurentius on the 80 trapping stations using PAST

software (Hammer et al. 2001).

Results and discussion

Over the four capture sessions and 4,005 trap-nights of sampling effort, a total of 103

specimens of T. laurentius were captured and examined for the presence of ticks. Ticks

were found on 45 hosts (43.3%). Only immature stages (n = 342) of A. fuscum were

found. Of these, 48.5% were larvae (n = 166) and 51.8% were nymphs (n = 176).

T. laurentius trapped in the Estação Ecológica de Tapacurá was recently described as a

new host for A. fuscum (Martins et al. 2009). The overall mean intensity of infestation was

7.6 ticks per infested host. The highest infestation rate was 68 ticks on an adult male of

T. laurentius. Ticks were commonly found in groups attached to the ears of the hosts.

Ticks were highly aggregated on the host population. The 31% (n = 14) most heavily

infested T. laurentius (intensity of infestation higher than the mean, i.e., C8) harbored 79%

of the nymphs (n = 139) and 78.3% of the larvae (n = 130) collected. Two adult males of

T. laurentius were caught carrying respectively 43 and 29 nymphs suggesting that after

molting, the nymphs, like the larvae, may also display an aggregated distribution (Ostfeld

et al. 1996b).

In the case of T. laurentius, the negative binomial distribution provides a statistically

satisfactory fit (respectively v2 = 40.18; p \ 0.001) indicating that A. fuscum distribution

shows significant aggregation (Fig. 1). The estimated distribution parameters were

Table 1 Microhabitat variables
measured at the trap stations,
based on Freitas et al. (1980)

Variables Description

Plant Plant cover on the ground (%)

Litter Litter cover on the ground (%)

Rock Rock cover on the ground (%)

Canopy Canopy cover

OBSTR 1 Obstruction at 0–0.5 m high

OBSTR 2 Obstruction at 0.5–1.0 m high

OBSTR 3 Obstruction at 1.0–1.5 m high
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mu = 3.2571 and k = 0.1844. The value of k, smaller than 1, indicates a quite large degree

of aggregation. Moreover, when nymphs and larvae distribution are analyzed separately,

they can be fitted by negative binomial distribution either.

The negative binomial distribution and the Poisson distribution both provide statistically

satisfactory fits (respectively v2 = 40.18; p \ 0.001 and v2 = 900.18; p \ 0.001). But,

based on the AIC, the negative binomial distribution provides a better fit than the Poisson

distribution [AIC (negbin) = 395.01 and AIC (poisson) = 1253.02].

Aggregation is considered a general law of parasite ecology (Poulin 2007) and has been

demonstrated in many tick-small mammal associations worldwide (Brunner and Ostfeld

2008; Nava et al. 2011; Stanko et al. 2007). In South America, particularly in Argentina,

many Amblyomma ticks (e.g., A. parvum, A. tigrinum, A. triste) were found in aggregated

distribution on rodent hosts (Nava et al. 2006, 2009, 2011). In Brazil, tick aggregation has

not been commonly measured in studies of tick-small mammal relationship (Barros-Bat-

testi et al. 2000; Bittencourt and Rocha 2003; Bossi et al. 2002). But, as both prevalence

and the mean number of ticks per host, in overall, correlate negatively with aggregation

(Poulin 2007), the low prevalence of infestation of ticks observed in that studies may

indicate that this phenomenon is more widespread on small mammal hosts.

The proportion of infested hosts was significantly different between sex (v2 = 5.564,

df = 1, p \ 0.05) and for adults and juveniles (v2 = 8.979, df = 1, p \ 0.05) (Table 2).

Overall, there were more infested adults and males than juveniles and females, respec-

tively. Considering the ages separately, there were proportionally more infested adult

males than adult females (v2 = 8.574, df = 1, p \ 0.05), whereas there was no difference

between the number of infested juvenile males and females. In adults, the males were

4.15 times infested as much as females, and 2.6 times in juveniles (Table 2). Sexual bias in

tick infestation on rodents might be related to home range (Sonenshine and Stout 1968).

With a larger home range than females, males have more opportunities to be infested

(Ostfeld et al. 1996a). This pattern might be true for T. laurentius as males are documented

to cruise on a larger home range than females (Streilen 1982).

Fig. 1 Observed Amblyomma fuscum frequency distribution on the host population and expected negative
binomial distribution
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No differences were found between the number of captured and infested hosts, as well

as the prevalence rates, among trapping sessions (Table 3). However, the number of ticks

collected varied among trapping sessions (v2 = 23.8, df = 3, p \ 0.001). We can

hypothesize that host population being relatively constant, the variation of the number of

ticks collected was the result of either ticks demography or other environmental variables.

As far as tick population is concerned, the largest number of ticks (n = 129) was observed

in June and the lowest (n = 55) in September. The larval population increased from March

to June and decreased until December, reaching the lowest number of individuals (n = 11).

The population of nymphs followed the same pattern as larvae, but it increased in

December, with its greatest number of individuals (n = 62), eventually a result of syn-

chronization in molting. The v2 tests on the abundance of larvae and nymphs, in proportion

to the numbers of hosts captured, give us a clue on the seasonal variation of the tick

population (see Table 3). The tick abundance was higher than expected in June and

December due to larval abundance in June and nymphal abundance in December. A lower

tick abundance in March and September was the consequence of low larval population in

March and low larval and nymphal populations in September. In overall, larvae were

significantly more abundant in the wet season (v2 = 16.2, df = 1, p \ 0.001), whereas the

nymphs were proportionally more abundant in the dry season (v2 = 6.5, df = 1, p \ 0.01).

In the tropics, where there are no large variations in environmental conditions such as

average temperatures and photoperiod, all tick stages are active during the year in

Table 2 Tick-host infestation indices, according to sex and age classes of Thrichomys laurentius, in the
Estação Ecológica de Tapacurá, State of Pernambuco, 2008

Total Juveniles Adults

N INF (%) T (%) Ma N INF

(%)

T (%) Ma N INF (%) T (%) Ma

M 46 26 (56.5) 250 (73.1) 5.4 18 5 (27.7) 16 (80) 0.8 28 21 (75) 234 (72) 8.3

F 57 19 (33.3) 92 (26.9) 1.6 14 2 (14.3) 4 (20) 0.3 43 17 (39.5) 88 (27.3) 2.0

Total 103 45 (43.7) 342 32 7 (21.8) 20 71 38 (53.5) 322

N number of trapped individuals, INF (%) number and percentage of infested hosts, T (%) number and percentage

of collected ticks, Ma mean abundance, M males, F females

Table 3 Seasonality of captures of Thrichomys laurentius and number of ticks encountered at the Estação
Ecológica de Tapacurá, São Lourenço da Mata municipality, Pernambuco, Brazil

Missions Number of T. laurentius Number of A. fuscum

Infested Trapped Larvae Nymphs Larv ? nymph

March (1) 13 25 50 35 85

June (2) 14 31 75 54 129

September (3) 11 26 30 25 55

December (4) 7 21 11 62 73

p (v2) 0.82 (ns) 0.58 (ns) \0.01 \0.01 \0.01

Wet (1 ? 2) 27 56 125 89 214

Dry (3 ? 4) 18 47 41 87 128

p (v2) 0.45 (ns) 0.38 (ns) \0.01 0.01 0.33 (ns)

Total 45 103 166 176 342
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continuous overlapping generations. Decreases of the abundance of tick stages take place

generally during the dry season (Randolph 2004) which is consistent with our general

results. A long-term study with monthly captures is then needed to address more accurately

the seasonal population fluctuations of both ticks and hosts.

Thrichomys laurentius occurrence (without discrimination according to infestation) is

positively correlated to PLANT (rs = 0.25, p \ 0.05) and vegetation in the 1–5 m strata

(rs = 0.25, p \ 0.05), and negatively correlated with CANOPY (rs = -0.29, p \ 0.05),

and strata[15 m (rs = -0.301, p \ 0.05). As far as infested T. laurentius are concerned,

their presence is positively correlated with the 1–5 m strata (rs = 0.31, p \ 0.05) and

negatively with the strata [15 m (rs = -0.24, p \ 0.05).

As vegetation structure is crucial for tick survival and development (Estrada-Peña

2001), habitat quality for ticks might indirectly be estimated by infested host capture

(Boyard et al. 2008; Guerra et al. 2002). Despite the lack of information on life history

traits for A. fuscum we found that habitat preferences of T. laurentius are biologically

relevant for this tick’s biology. Abundance of ground vegetation helped to maintain lower

temperatures, protecting the litter layers from sun heat (Schulze and Jordan 2005) while the

trapped moisture in the litter prevents drying for immature stages and provides a stable

temperature for larval development (Sonenshine and Mather 1994).

The microhabitat selection by T. laurentius may indicate that this rodent species use

open habitat hiding in dense ground or shrubby vegetation. In dense canopy covering, the

understory is often clear which might explain the absence of T. laurentius. In Brazil, this

species is also known to be adapted to xeric rocky and bushy areas (Reis and Pessôa 2004).

Finding in Tapacurá fragment a large T. laurentius population suggests that this species

locally display a large ecological range. Because fields frequently used by cattle and horses

surround this area, T. laurentius might act as an epidemiological bridge (Boyard et al.

2008, Paziewska et al. 2010) between forested environments and open ones.

Shrubby and opened areas might also be the preferred habitat for boa snakes (Boa con-
strictor) (Pontes et al. 2008), one of the most important hosts of adult stages of A. fuscum in

Brazil and, particularly, in the Estação Ecológica de Tapacurá (Dantas-Torres et al. 2008).

Thereby, engorged female ticks would find ideal conditions to lay eggs and, consequently, the

hatched larvae would be more successful in finding small mammals, their primary hosts.

In conclusion, this study demonstrates that the aggregated burden of A. fuscum on T.
laurentius is related to host sex and age. Moreover, microhabitat selection by T. laurentius
probably increases contact opportunities between hosts and aggregated infesting stages of

A. fuscum. Due to the ease of T. laurentius capturing and to the high infestation rates

observed in the study area, A. fuscum–T. laurentius relationship can become a powerful

model for studying the ecology of species and population dynamics and for generating

testable predictions for further studies.
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MF, Silva JC, Labruna MB (2009) Host records for the immature stages of the South american tick,
Amblyomma fuscum (Acari: Ixodidae). Entomol News 120:370–374

Nava S, Mangold AJ, Guglielmone AA (2006) The natural hosts for larvae and nymphs of Amblyomma
neumanni and Amblyomma parvum (Acari: Ixodidae). Exp Appl Acarol 40:123–131

Nava S, Mangold AJ, Guglielmone AA (2009) Seasonal distribution of larvae and nymphs of Amblyomma
tigrinum Koch, 1844 (Acari: Ixodidae). Vet Parasitol 166:340–342

Nava S, Mangold AJ, Mastropaolo M, Venzal JM, Fracassi N, Guglielmone AA (2011) Seasonal dynamics
and hosts of Amblyomma triste (Acari: Ixodidae) in Argentina. Vet Parasitol 181:301–308

Ostfeld RS, Hasler KR, Cepeda OM (1996a) Temporal and spatial dynamics of Ixodes scapularis (Acari:
Ixodidae) in a rural landscape. J Med Entomol 33:90–95

Ostfeld RS, Miller MC, Hazler KR (1996b) Causes and consequences of ticks (Ixodes scapularis) burdens
on white-footed mice (Peromyscus leucopus). J Mammal 77:266–273

Pardini R, de Souza SM, Braga-Neto R, Metzger JP (2005) The role of forest structure, fragment size and
corridors in maintaining small mammal abundance and diversity in an Atlantic Forest landscape. Biol
Conserv 124:253–266

Paziewska A, Zwolinska L, Harris PD, Bajer A, Sinski E (2010) Utilization of rodent species by larvae and
nymphs of hard ticks (Ixodidae) in two habitats in NE Poland. Exp Appl Acarol 50:79–91

Pontes JAL, Figueiredo JP, Pontes RC, Rocha CFD (2008) Snakes from the Atlantic rain forest area of Serra
do Mendanha, in Rio de Janeiro state, southeastern Brazil: a first approximation to the taxocenosis
composition. Braz J Biol 68:601–608

Poulin R (2007) Evolutionary ecology of parasites, 2nd edn. Princeton University Press, Princeton
Randolph SE (2004) Tick ecology: processes and patterns behind the epidemiological risk posed by ixodid

ticks as vectors. Parasitology 129:S37–S65
Randolph SE, Storey K (1999) Impact of microclimate on immature tick-rodent host interactions (Acari:

Ixodidae): implications for parasite transmission. J Med Entomol 36:741–748
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