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Abstract The life cycle of Ixodes luciae was evaluated for
five consecutive generations in the laboratory. Wild mice
Calomys callosus and laboratory rats Rattus norvegicus
were used as hosts for larvae and nymphs. For adult ticks,
opossums Didelphis aurita were used as hosts. Off-host
developmental periods were observed in an incubator at
27°C and 95% RH. The life cycle of I. luciae lasted 95–
97 days, excluding prefeeding periods. C. callosus, one of
the natural host species for I. luciae immature stages, was
shown to be much more suitable than the artificial host R.
norvegicus. Significantly (P<0.05), more larvae and
nymphs successfully fed on C. callosus than on R.
norvegicus. When tick-naïve C. callosus were exposed to
three consecutive larval infestations at 24-day intervals,
recovery of engorged larvae were greater in the second and
third infestations, indicating that previous infestations did
not induce acquired resistance to ticks. Larval feeding
period typically varied from 5 to 10 days on R. norvegicus,
but was significantly (P<0.05), longer on C. callosus
(range, 7–34 days). The majority (71.7%) of I. luciae adult

females successfully fed and oviposited after exposed to D.
aurita. Mean engorged weight (581.9 mg; range, 237.1–
796.0 mg) of these females were much higher than those
previously reported for other New World Ixodes species.
Our results are in accordance to the current literature that
appoints opossums Didelphidae and small rodents (e.g., C.
callosus) natural hosts for I. luciae immature and adult
stages, respectively.

Introduction

The Brazilian tick fauna is currently represented by 61
species, of which only eight belong to the genus Ixodes
(Dantas-Torres et al. 2009). At least four of these species,
namely Ixodes amarali Fonseca, Ixodes schulzei Aragão
and Fonseca, Ixodes loricatus Neumann, and Ixodes luciae
Sénevet are morphologically close-related and have
several ecological similarities; for this reason, they have
been referred as the loricatus group (Barros-Battesti et al.
2007). Generally, immature stages of these four species
feed primarily on small rodents (Sigmodontinae) and
mouse opossums (Didelphidae), whereas the adult stage
(except for I. schulzei) feed primarily on large opossums
(Didelphidae; Labruna et al. 2005; Barros-Battesti et al.
2007).

I. luciae has been reported from Argentina to southern
Mexico, with records in Argentina, Belize, Bolivia, Brazil,
Colombia, Costa Rica, Ecuador, French Guiana, Guate-
mala, Mexico, Nicaragua, Panama, Peru, Surinam, Trinidad
and Tobago, and Venezuela (Jones et al. 1972; Guglielmone
et al. 2003). The vast majority of host records for I. luciae
refer to adult ticks from large opossums, including species
of the genera Didelphis and Philander. Host records for
immature stages include the small rodents Calomys callosus
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(Rengger), Hylaeamys spp., Oecomys bicolor (Tomes),
Oligorysomys spp., Orysomys spp., Zygodontomys micro-
tinus (Lund), and the mouse opossums Marmosa sp.,
Micoureus spp., and Thylamys spp. (Fairchild et al. 1966;
Labruna et al. 2005; Autino et al. 2006; Mónica-Díaz et al.
2007).

Among the eight Ixodes species occurring in Brazil, life
cycle studies have been reported only for I. loricatus
(Schumaker et al. 2000) and partially for I. schulzei
(Labruna et al. 2003) and I. amarali (Faccini et al. 1999).
Here, we evaluated the life cycle of I. luciae in the
laboratory. For this purpose, we used both C. callosus and
Rattus norvegicus Berkenhout as hosts for tick immature
stages. For adult ticks, opossums Didelphis aurita Wied-
Neuwied were used as hosts.

Materials and methods

Ticks used in this study were the progeny of two I. luciae-
engorged females collected from an opossum Didelphis
marsupialis Linnaeus in the headwaters of the Jamari River,
Monte Negro, state of Rondônia, northern Brazil, during a
previous study (Labruna et al. 2005). The engorged females
were taken to the laboratory and maintained in an incubator
at 27°C and 95% RH for egg laying. Egg masses of the two
females were pooled, and the resultant hatched larvae were
used to start laboratory infestations. We performed infesta-
tions with larvae, nymphs, and adults, approximately
30 days old, from five consecutive generations of the I.
luciae population in the laboratory. Larval infestations were
performed with 150 to 300 larvae per host, whereas
nymphal infestations consisted of 12 to 50 ticks per host.
Grouping the five generations, infestations by larvae were
performed on 16 naive wild mice (C. callosus) and six
naive wistar rats (R. norvegicus), and infestations by
nymphs were performed on 11 naïve C. callosus and 11
naïve R. norvegicus. For each tick generation, 1 or 2

opossums (D. aurita) with previous natural contact (2 to
6 weeks before) with ticks I. loricatus were used.
Infestations by adult ticks were performed with four to ten
couples per opossum. Feeding periods of larvae, nymphs,
and adults were observed by brushing ticks onto the host's
nape around mid-day. All hosts were kept in individual wire
cages large enough to allow for host grooming, and nothing
was done to prevent selfgrooming. Water and commercial
appropriate food were offered ad libitum. Each cage was
kept over an aluminum table at least two times longer than
the cage, with a double face-foam adhesive tape (19 mm
wide, 3 M) attached to the borders to prevent engorged
ticks from escaping. Detached engorged ticks were collect-
ed and counted daily. The duration of the feeding period
was determined by the number of days from placement of
the ticks on the hosts to the detachment. During tick
feeding the hosts were maintained at a 12:12 photoperiod,
using artificial cold light from 7:00a.m. to 7:00p.m.
Detached ticks were immediately transferred to the incuba-
tor and kept in darkness at 27°C and RH 95%. Lengths of
premolt period (number of days from detachment to
ecdysis), preoviposition period (number of days from
detachment to the beginning of oviposition), and incubation
period (number of days from the beginning of oviposition
to the hatching of the first larva) were observed daily. Each
engorged female and its total egg mass were weighed on
the day of detachment and on the day of the end of
oviposition, respectively. For the measurement of the
metabolic activity of females for the oviposition process,
the index of egg production efficiency was determined
using the formula: weight of eggs/weight of the engorged
female×100 (Bennett 1974). Percentage of hatching for
each female egg mass was visually estimated according to
Labruna et al. (2000).

Part of the forth laboratory generation of unfed larvae
were used in a parallel trial that evaluated the possible
occurrence of acquired resistance by C. callosus. For this
purpose, three tick-naïve C. callosus (A, B, and C) were

Table 1 Biological data of Ixodes luciae larvae and nymphs in the laboratory

Factor Tick stage

Larvae Larvae Nymphs Nymphs

Host (No. of individuals) C. callosus (16) R. norvegicus (6) C. callosus (11) R. norvegicus (11)

No. exposed ticks 4,970 1,470 339 339

No. ticks that engorged (%) 1,554 (31.3)a 29 (2.0)b 106 (31.3)A 68 (20.1)B

Feeding period (days)+ 14.5±3.8 (7–34)a 8.0±1.1 (5–10)b 9.1±1.2 (7–14)A 9.5±1.2 (5–13)A

Percent engorged ticks that molted 86.1a 78.6a 88.1A 28.8B

Premolt period (days)+ 9.8±1.8 (7–25)a 10.4±1.2 (9–12)a 18.8±1.2 (16–22)A 22.1±4.1 (16–31)B

Values on the same line followed by different letters are significantly different (P<0.05). Lower-case letters, larvae; capital letters, nymphs
+Mean±SE (range in parentheses)
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submitted to three consecutive infestations at 24-day
intervals on days0, 24, and 48. A second group of three
tick-naïve C. callosus (D, E, and F) were infested on days
24 and 48; and a third group of three tick-naïve C. callosus
(G, H, and I) were infested on day48. In each infestation
day (0, 24, or 48), care was taken to use the same batch of
larvae to infest all C. callosus of that day. All infestations
consisted of 300 larvae per animal. Procedures to perform
infestations and recovery of engorged larvae were done as
described earlier.

Immature feeding and premolt data were compared using
the Student's t test between ticks fed on different host
species, and between nymphs that molted to males or
females. The numbers of ticks that engorged or successfully
molted, after exposed to different host species, were
analyzed by the chi-square distribution.

Results and discussion

Feeding and premolt periods of larvae and nymphs as well
as feeding and reproductive data of females from five
consecutive generations of I. luciae were grouped and
presented in Tables 1 and 2. Under laboratory conditions,
the life cycle of I. luciae lasted 97 days, considering mean
feeding periods of immature stages on C. callosus and
adults on D. aurita, and excluding prefeeding periods.

Using R. norvegicus as hosts for immature stages, life cycle
length was 95 days. These values were very similar to
previously reported data for I. loricatus under laboratory
conditions, for which the life cycle was completed in 98 to
102 days (without prefeeding periods), considering feeding
of immature ticks on C. callosus or R. norvegicus, adults
on Didelphis spp, and off-host development at 27°C
(Schumaker et al. 2000). Grouping the five generations, sex
ratio of adult ticks was 1:1.3 (males/females). No significant
difference (P>0.05) was observed between premolt periods
of male (mean, 18.9±2.4 days; range, 16–30 days) and
female (19.7±2.3 days; range, 17–31 days) nymphs.

C. callosus, one of the natural host species for I. luciae
immature stages (Autino et al. 2006), was shown to be
much more suitable than the artificial host R. norvegicus.
Significantly (P<0.05), more larvae and nymphs success-
fully fed on C. callosus than on R. norvegicus. In addition,
molting success was significantly (P<0.05) greater for C.
callosus- than R. norvegicus-exposed nymphs (Table 1).
When tick-naïve C. callosus were exposed to three
consecutive larval infestations at 24-day intervals, recovery
of engorged larvae were greater in the second and third
infestations (Table 3), indicating that previous infestations
did not induce acquired resistance to ticks. Moreover,
reinfested C. callosus became more susceptible to I. luciae
larvae than tick-naïve animals, since in each set of
infestations on days 24 and 48, significantly (P<0.05)

Biological data Values

Number of exposed females to seven opossums 53

Number of females that engorged (%) 43 (81.1)

Feeding period (days)a 9.3±1.7 (6–14)

Engorged female weight (mg)a 581.9±119.3 (237.1–796.0)

No. females that oviposited (%) 38 (71.7)

Pre-oviposition period (days)a 6.6±0.9 (5–9)

Egg mass weight per female (mg)a 244.0±113.1 (10.3–435.2)

Egg incubation period (days)a 28.8 ±2.7 (26–35)

Percent egg mass hatchinga 67.1±35.1 (0–100)

Egg production efficiency (EPE)a 41.0±16.9 (1.8–58.2)

Table 2 Feeding periods of
female ticks on opossums
(Didelphis aurita) and repro-
ductive data under 27°C and
95% RH for Ixodes luciae in the
laboratory

aMean±SE (Range in
parentheses)

Table 3 Recovery of engorged larvae from Calomys callosus exposed to one, two, or three consecutive infestations

Animals+ Mean percent recovery of engorged larvae according to the infestation day

Day 0 Day 24 Day 48

A, B, C 36.4a 81.2b,A 58.9c,A

D, E, F – 12.0a,B 50.5b,B

G, H, I – – 43.9C

Values on the same line (lower-case letters) or same column (capital letters) followed by different letters are significantly different (P<0.05)
+ In each infestation day, each animal (A–I) was infested with 300 larvae
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more engorged larvae were recovered from previously
infested animals than to tick-naïve ones (Table 3). These
findings reinforce the role of C. callosus as a natural host
for I. luciae immature stages, and agree with several works
reporting ticks to feed more successfully on their natural
hosts than on unnatural hosts, even during successive
infestations (Randolph 1979; Fielden et al. 1992; Rechav
1992; Labruna et al. 2000).

Many other studies related to biology of Ixodidae ticks,
including the genus Ixodes, showed that larvae typically
feed for 3 to 13 days on different host species (Neitz et al.
1971; Yonow 1995; Banks et al. 1998a, b; Jacobs et al.
2004; Labruna et al. 2000, 2004; Pinter et al. 2004). In the
present study, larval feeding period typically varied from 5
to 10 days on R. norvegicus, but was significantly (P<0.05)
longer on C. callosus (Table 1). On this later host species,
nearly 10% of the larvae took ≥20 days to complete feeding
during five consecutive generations. Interestingly, longer
feeding periods (up to 19 days) were previously observed
for I. loricatus larvae exposed to C. callosus than those
exposed to R. norvegicus (up to 9 days) (Schumaker et al.
2000). The mechanism and biological significance of such
an unusual prolonged larval feeding period remain un-
known. However, since C. callosus is one of the natural
hosts for both I. luciae and I. loricatus (Nava et al. 2004;
Autino et al. 2006), long feeding periods for some larvae on
this host species is likely to have biological advantage for
the tick. In addition, the longer the ticks remain feeding on
a host, the longer they are exposed to pathogens that could
potentially infect the vertebrate host.

After being exposed to I. loricatus-previously infested
opossums, the majority (71.7%) of I. luciae adult females
successfully fed and oviposited (Table 2). Mean engorged
weight (581.9 mg) of these females were much higher than
those previously reported for I. loricatus (<330 mg) after
feeding on Didelphis spp. In fact, at least 14% of the I.
luciae-engorged females weighed more than 700 mg, the
heaviest female reaching 796 mg. To the best of our
knowledge, this is the heaviest weight reported for a New
World Ixodes species. Even though we cannot predict how
the immune status of the previously infested D. aurita
affected our results, indeed our results are in accordance
with the current literature that appoints opossums Didel-
phidae natural hosts for adults of I. luciae (Fairchild et al.
1966; Jones et al. 1972; Labruna et al. 2005; Autino et al.
2006).

I. luciae has been reported to be morphologically and
genetically close-related to I. loricatus. Our results bring
biological evidence for this relatedness, since larvae,
nymphs, and adults behaviored very similar to I. loricatus
under laboratory conditions, notably by their similar
feeding periods on C. callosus and Didelphis spp, and
developmental periods at 27°C and 95% RH. While both

species are ecologically similar regarding hosts usage
(generally, small rodents for immature stages and opossums
for adult ticks), they clearly differ in geographical distribu-
tion. For example, I. luciae prevails in the Amazonia (moist
and warm throughout the year), whereas, I. loricatus
prevails in the Brazilian Atlantic rainforest (moist and cool
throughout the year; Labruna et al. 2005). In addition, I.
luciae-engorged females are generally much heavier than I.
loricatus.
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