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Abstract. Fleas associated with small mammals from seven localities from northern
and central Chile were assessed. We captured 352 small mammals belonging to 12
species from which we obtained 675 fleas belonging to 15 different species. The
most frequently captured flea species were Neotyphloceras crassispina crassispina
(n =198) and N. chilensis (n = 175). High values of flea species richness and diversity
were found in Fray Jorge National Park (NP), a north-central Chilean site, whereas
the highest values of mean abundance (MA) and prevalence were found in three
diverse sites that include Los Molles River, a high altitude site located in north-
central Chile, Fray Jorge NP and Dichato, in south-central Chile. On the other hand,
high values of flea richness and diversity were found on two rodent species, Abrothrix
olivacea and A. longipilis, whereas the highest values of MA and prevalence were
found on Oligoryzomys longicaudatus, A. longipilis and Phyllotis xanthopygus. A
total of three new host recordings, nine new localities and nine new host species and
locality recordings are reported. Also, this study represents the first known record
of Tetrapsyllus (Tetrapsyllus) comis in Chile and the first ecological analysis of
Neotyphloceras chilensis.
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Introduction

Parasites play important roles in the regulation of host
populations and communities (Poulin, 2007; Combes, 2001;
Koella & Turner, 2008), because they represent an important
mortality factor (Degen, 2008). Some previous studies have
showed that parasites have negative effects on life history
traits and reproduction of their hosts (Mgller, 1997; Fitze et al.,
2004), with relevant ecological and evolutionary consequences
(Anderson & May, 1991; Poulin, 2007).

Fleas are hematophagous parasites of several vertebrate
hosts (Marshall, 1981; see Fredes, 2008, for Chilean species).
Given their potential as vectors, fleas could transmit several
infectious diseases to birds, rodents and other mammal species,

including humans (Krasnov, 2008; see also Macchiavello,
1948, 1954, for Chilean species). Blanchard (1852) published
the first report of Siphonaptera species in Chile, but it was
not until the beginning of 1900s that the first species of
Chilean fleas were described (see Rothschild, 1904, 1906,
1909a, 1909b, 1910). Between 1920 and 1950, some studies
carried out in Chile focused on the epidemiological effects in
order to identify taxonomically the vectors of the bubonic pest
and murine typhus (Macchiavello, 1948, 1954). In the past
40years, around 30 species of fleas have been described in
Chile (see Smit & Rosicky, 1972; Jameson & Fulk, 1977;
Beaucournu & Gallardo, 1978, 1989, 1991; Beaucournu &
Torres-Mura, 1986; Beaucournu et al., 1986, 1988; Beaucournu
& Kelt, 1990; Hastriter, 2001). The majority of those species
were collected from rodents (Beaucournu & Gallardo, 1991,
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1992), in studies carried out in central and southern Chile,
with nil samples from northern Chile.

Thus, considering the potential medical importance of fleas
and the relevance of small mammals as the main substrate for
the investigation of these insects in Chile, the current study
presents new host and locality records of fleas from northern
and south-central Chile encompassing around 1700 km from
north to south, from the Loa River in northern Chile at 21°25’S
to Dichato in south central Chile at 36°31’S. Furthermore,
although the ecology of fleas in different biogeographic regions
has been studied (Krasnov etal., 2008, 2010), this knowledge
is still scarce in Chile. The present study shows an analysis
of the prevalence and abundance for flea species as well as
comparisons between localities and host species. The present
study constitutes the first analysis of prevalence, abundance
and diversity of fleas associated with small mammals in Chile.

Materials and methods
Study areas

Seven sites were sampled in order to assess the small
mammal communities, between December 2008 and March
2009 in northern and central Chile (Table 1, Fig. 1): (a) Loa
River (Region II of Antofagasta), located in northern Chile
comprises the desert vegetation type and it is characterized
by being the only estuary in the region with the presence
of some small wetlands surrounding the river’s mouth and a
few patches of shrubby vegetation in nearby areas (Direccion
General de Aguas, 2004; Luebert & Pliscoff, 2006); (b) Pan de
Azicar National Park (located on the border of the Region II
of Antofagasta and III of Atacama) belongs to the desert scrub
vegetation type. In this area there are two different vegetative
zones, one of them more extended and dominated by cactuses,
and another zone located near the coast, where there is greater
diversity of shrubs vegetation, owing to the presence of coastal
fog (Corporacién Nacional Forestal — CONAF, 2002; Luebert
& Pliscoff, 2006); (c) Llanos del Challe National Park (Region
III of Atacama), is characterized by a climate typical of
coastal desert with abundant cloudiness, causing a vegetation
cover mainly composed of xerophytic plants (CONAF, 1997;
Luebert & Pliscoff, 2006); (d) Los Molles River (Region IV of
Coquimbo), a high altitude site. Although this site is located
within the desert scrub vegetation type, it is characterized by
a rocky semiarid high altitude valley, located at 2500 m above
sea level (a.s.l.) (Luebert & Pliscoff, 2006); (e) Fray Jorge
National Park (Region IV of Coquimbo) is located within
the desert scrub vegetation type, and it presents a vegetation
characteristic of coastal scrub, plus a small particular area
characterized by Valdivian humid relict rainforest species
(CONAF, 1998; Luebert & Pliscoff, 2006); (f) Quebrada de
la Plata (Santiago Metropolitan Region) is located within
the sclerophyll scrub vegetation type of central Chile, which
corresponds to the sclerophyllous scrubland tree zone (Luebert
& Pliscoff, 2006); and (g) Dichato is located in the VIII Region
of Bio-Bio, south-central Chile. Although this locality is within
the sclerophyll deciduous forest vegetation type, the intense
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Table 1. Sites along north and central Chile where field captures were
carried out.

Locality S W Altitude (m)
Loa River 21°25"  70°2 28

Pan de Aziicar National Park 26°9 70°40° 11

Llanos del Challe National Park ~ 28°11"  71°9’ 56

Fray Jorge National Park 30°39  71°39° 187

Los Molles River 30°44"  70°25' 2518
Quebrada de La Plata 33°29"  70°53’ 585

Dichato 36°31 72°54' 71

Latitude, longitude and altitude are given (from north to south) for
each site.
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Fig. 1. Map of Chile with the localities studied. See Table 1 for exact
location of each study site.

deforestation of native forest shows a landscape almost covered
with pine (Pinus spp.) plantations (Luebert & Pliscoff, 2006).

Sampling and flea identification

In each locality, seven transects were built, located at
50-100m away between each other. Each transect had 25
trap stations at 10-m intervals. A modified mesh version of
the Sherman type live trap was installed on the floor in
each station. A total of 175 traps were activated per night.
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Table 2. Geographical distribution and hosts of fleas in Chile.

Distribution Host species ny Flea species ng
Pan de Azicar NP P. darwini 11 Delostichus phyllotis* 2
(Region IIT) Hectopsylla (Hectopsylla) cypha* 10
Llanos del Challe NP T. elegans 9 Neotyphloceras chilensis 1
(Region IIT) P. darwini 6 Neotyphloceras chilensis 1
Los Molles River A. bennetti 1 Tetrapsyllus (Tetrapsyllus) tantillus ¥ 3
(Region 1V) A. olivacea 12 Ectinorus (Ichyonus) angularist 1
Neotyphloceras chilensis* 23
Tetrapsyllus (Tetrapsyllus) tantillus™*
P. xathopgygus 7 Hectopsylla (Hectopsylla) cyphat 10
Neotyphloceras chilensis ¥ 11
Tetrapsyllus (Tetrapsyllus) tantillus* 2
Fray Jorge NP T. elegans 17 Neotyphloceras chilensis 16
(Region 1V) A. longipilis 16 Hectopsylla (Hectopsylla) cyphat 20
Neotyphloceras chilensis 74
Neotyphloceras crassispina crassispinaf 63
Plocopsylla wolffsohni 1
Sphinctopsylla ares 7
Tetrapsyllus (Tetrapsyllus) tantillus 10
Tetrapsyllus (Tetrapsyllus) simulans 13
A. olivacea 11 Hectopsylla (Hectopsylla) cypha*® 20
Neotyphloceras chilensis 22
Neotyphloceras crassispina crassispina™ 13
Tetrapsyllus (Tetrapsyllus) corfidii ¥ 1
Tetrapsyllus (Tetrapsyllus) tantillus 5
O. degus 1 Delostichus smiti 5
Neotyphloceras chilensis 1
O. longicaudatus 13 Hectopsylla (Hectopsylla) cyphat 2
Neotyphloceras chilensis 13
Neotyphloceras crassispina crassispina 7
P. darwini 7 Hectopsylla (Hectopsylla) cypha™ 36
Neotyphloceras chilensis 8
Quebrada de La Plata T. elegans 31 Neotyphloceras chilensis 3
(Santiago Metropolitan Polygenis (Polygenis) platensis{ 1
Region) Tetrapsyllus (Tetrapsyllus) sp.: 2
A. longipilis 1 Neotyphloceras chilensis 2
0. degus 8 Neotyphloceras crassispina crassispina 1
P. darwini 13 Neotyphloceras crassispina crassispina 1
Plocopsylla wolffsohni 1
Sphinctopsylla ares* 1

The traps were baited with a mix of oatmeal, tuna fish and
banana. The captured specimens were brushed during 5 min
with 70% ethanol in order to collect fleas. The collected
fleas were preserved in 70% ethanol. After processing each
specimen, they were released at the same location where they
were previously captured. The small mammals were identified
using descriptions given in Wilson and Reeder (2005), Mufioz-
Pedreros and Yanez (2000, 2009) and Iriarte (2008). In the
laboratory, fleas were cleared in potassium hydroxide, and
mounted in Canada balsam for taxonomic identification using
descriptions published by Hopkins and Rothschild (1966),
Johnson (1957) and Smit (1987). We follow the classification
proposed by Whiting etal. (2008) for the higher taxa. Voucher
specimens were deposited in the collections of the Ecologia
Terrestre laboratory at the Universidad de Chile, Chile, and in
the Departamento de Entomologia at the Museo de La Plata,
Argentina.

Data analysis

Flea diversity and abundance were estimated using the
following variables: flea specific richness (S=number of
species), Shannon specific diversity index (H=X [pi In pi],
where pi is the proportion of species i in the flea assemblage),
mean abundance (MA =total number of specimens of a
particular parasite species in a sample of a particular host
species or locality divided by the total number of hosts of that
species or locality, including both infested and non-infested
hosts), and prevalence (P =number of hosts infested with one
or more specimens of a particular parasite species divided by
the number of hosts examined for that parasite species x 100)
(Begon etal., 1988; Bush etal., 1997). In addition, we used
the most captured host species (n > 10) in order to calculate
the dependent variables of the flea community, considering all
localities in a single analysis (P =ratio of infested specimens
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Table 2. Continued
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Distribution Host species ny Flea species ng
Dichato location A. longipilis 29 Ctenoparia inopinata 19
(Region VIII) Ectinorus (Ectinorus) sp. 1
Neotyphloceras crassispina crassispina 56
Sphinctopsylla ares 18
Tetrapsyllus (Tetrapsyllus) rhombus 56
A. olivacea 38 Ctenoparia inopinata 8
Neotyphloceras crassispina crassispina 35
Sphinctopsylla ares 9
Tetrapsyllus (Tetrapsyllus) rhombus 19
O. bridgesi 1 Tetrapsyllus (Tetrapsyllus) comis § 1
O. longicaudatus 10 Ctenoparia inopinata 1
Neotyphloceras crassispina crassispina 10
Sphinctopsylla ares 5
Tetrapsyllus (Tetrapsyllus) rhombusq 2
P. darwini 14 Ctenoparia inopinata{ 1
Neotyphloceras crassispina crassispina 12
Sphinctopsylla ares 1
Tetrapsyllus (Tetrapsyllus) rhombusq 1

*New locality.

TNew host and locality.
+Unidentified species.
§New Chilean record.
{New host.

ny, number of individual hosts captured; ny, number of individual fleas collected. This table only includes host species and localities where fleas

were found.

by species of flea per host species) (Begon eral., 1988; Bush
etal., 1997).

Results

Three hundred fifty-two small mammals belonging to 12
species, 5 families and 2 orders, were captured during the study
period, encompassing the following (Order, family, species):
Order Didelphimorphia, Family Didelphidae, Thylamys ele-
gans (n=57) (Waterhouse, 1839); Order Rodentia, Family
Cricetidae, Abrothrix longipilis (n =46) (Waterhouse, 1837),
Abrothrix olivacea (n=127) (Waterhouse, 1837), Phyllo-
tis darwini (n =55) (Waterhouse, 1837), Phyllotis limatus
(n =4) (Thomas, 1912), Phyllotis magister (n =21) (Thomas,
1912), Phyllotis xanthopygus (n=7) (Waterhouse, 1837),
Oligoryzomys longicaudatus (n = 23) (Bennett, 1832); Family
Octodontidae, Octodon bridgesi (n =1) (Waterhouse, 1844),
Octodon degus (n=9) (Molina, 1782); Family Abrocomi-
dae, Abrocoma bennetti (n = 1) (Waterhouse, 1837); and Fam-
ily Muridae, Mus musculus (n =1) (Linné, 1758). The most
frequently captured species was A. olivacea (n =127), and the
less common were A. bennetti, M. musculus and O. bridgesi
(n =1, for each species).

A total of 675 fleas from 17 species and subspecies were col-
lected from the small mammals (see Table 3), which belong
to the following families, subfamilies, genus, (subgenus),
species and subspecies : Ctenophthalmidae, Ctenophthalmi-
nae: Neotyphloceras crassispina crassispina (Rothschild),

Neotyphloceras chilensis (Jordan, stat. nov.); Hystrichopsyl-
lidae, Hystrichopsyllinae: Ctenoparia inopinata (Rothschild);
Pulicidae, Tungidae: Hectopsylla (Hectopsylla) cypha (Jor-
dan); Stephanocircidae, Craneopsyllinae: Plocopsylla wolff-
sohni (Rothschild) and Sphinctopsylla ares (Rothschild);
Rhopalopsyllidae, Rhopalopsyllinae: Polygenis (Polygenis)
platensis (Jordan & Rothschild); Parapsyllinae: Delostichus
phyllotis  (Johnson), Delostichus smiti (Jameson & Fulk),
Ectinorus (Ichyonus) angularis (Smit & Rosicky), Tetrapsyl-
lus comis (Jordan), Tetrapsyllus (Tetrapsyllus) corfidii (Roth-
schild), Tetrapsyllus (Tetrapsyllus) rhombus (Smit), Tetrapsyl-
lus (Tetrapsyllus) simulans (Jameson & Fulk), and Tetrapsyl-
lus (Tetrapsyllus) tantillus (Jordan & Rothschild). The spec-
imens, Ectinorus (Ectinorus) sp. and Tetrapsyllus (Tetrapsyl-
lus) sp. could not be identified taxonomically by the poor
condition of the samples, and they were not included in
the analysis.

A total of three new host records, nine new localities and
nine new host and locality records are documented in this
study (Table 2). Moreover, Tetrapsyllus (Tetrapsyllus) comis
is reported for the first time in Chile (Table 2).

The most frequently captured species were Neotyphloceras
crassispina crassispina (n =198) and Neotyphloceras chilen-
sis (n=175), followed by Hectopsylla (Hectopsylla) cypha
(n =98), whereas the least common species were Delostichus
phyllotis and Plocopsylla wolffsohni (n =2, each species)
and Ectinorus (Ichyonus) angularis, Ectinorus (Ectinorus)
sp., Polygenis (Polygenis) platensis, Tetrapsyllus (Tetrapsyl-
lus) comis, Tetrapsyllus (Tetrapsyllus) corfidii and Tetrapsyllus
(Tetrapsyllus) sp. (n =1, each species) (Table 3).

© 2013 The Royal Entomological Society, Medical and Veterinary Entomology, 27, 450—-459
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High values of flea species richness and diversity were found
at Fray Jorge National Park (hereafter NP), whereas Los Molles
River, Fray Jorge NP and Dichato presented the highest values
of MA and prevalence. The number of individuals of each
flea species by site is shown in Table 3. Although, 83 small
mammals belonging to 3 species [A. olivacea (n=59), P.
magister (n= 20) and P. limatus (n =4)] were captured in
Loa River, no fleas were found on those animals at this site.
From a host perspective, when analysing all sites together,
we observed high values of flea richness and diversity in A.
olivacea, A. longipilis and P. darwini, and high values of
MA and prevalence in O. longicaudatus, A. longipilis and P.
xanthopygus (Table 4).

Six representative small mammal species that showed high
values of flea richness and diversity were selected (Table 4).
These host species, A. olivacea, A. longipilis, P. darwini, O.
longicaudatus and T. elegans, were captured in many sites
and showed a broad distribution, and showed high number
of captures (Table 2). Furthermore, we also included in this
analysis an additional rodent species, P. xanthopygus that,
although it was captured in smaller quantities, it was only
captured in the high altitude site, and, before this study, there
were no known records of fleas captures at high altitude in
southern South America (see Table 2). When the parameters
and community indices of these mammals were analysed, we
observed that more than 70% of the fleas collected come from
only two species of the genus Abrothrix. Moreover, these
species had higher values of richness and diversity of parasites
(see Table 4), with one exception, P. darwini, which showed
high values of richness (S=38), diversity (H =1.22) and
number of fleas collected (n =75; see Table 4). The number
of specimens for each flea species for six representative host
species is detailed in Table 4.

Discussion
New hosts and localities records

The majority of species and subspecies of fleas recorded
in this study were previously collected in Chile, with the
exception of 7. (T.) comis, previously reported in Ecuador
in 1942 (Johnson, 1957). The present study contributes to
extend the distributional range of several flea species. On the
one hand, D. phyllotis, previously recorded in Santiago and
in a site located at 50km E from Vallenar, in the Region
III (Jameson & Fulk, 1977), has been now captured in Pan
de Azicar NP, between regions II and III, whereas H. (H.)
cypha, previously recorded in Argentina as well as in Limar{
and Valparaiso, in the regions IV and V of Chile, respectively
(Alarcén, 2000), has now extended its distribution to Fray
Jorge NP and Pan de Azicar NP in the region IV and III,
respectively. Similarly, N. crassispina crassispina, previously
recorded from Concepcion in the region VIII to Valparaiso
in the V region (Alarcén, 2000, 2003) and T. (T.) corfidii,
recorded from Concepcién in the VIII region to Valparaiso in
the V region (Alarc6n, 2000, 2003), extends its distributional
range considerably to the north, to Fray Jorge NP in the region
IV. Furthermore, two subspecies of P. (P.) platensis, namely

P. (P.) p. platensis and P. (P.) p. cisandinus, were recorded in
Iquique and Antofagasta (regions XV and II) in Chile (Alarcén,
2000). Moreover, Lareschi and Linardi (2009) suggest the
absence of subspecies within P. (P.) platensis; therefore, the
distribution of this species is extended to Central Chile in the
Santiago metropolitan region.

Neotyphloceras chilensis was recently elevated to species
status based on characteristics of its modified abdominal seg-
ments in both sexes (Sanchez etal., 2012). The geographi-
cal distribution of this species shows a higher occurrence in
southwestern South America (Hastriter, 2001). This last author
also mentioned the occurrence of N. chilensis in sympatry
with N. crassispina crassispina, in Pefiuelas Lake National
Park, Valparaiso Province, central Chile, and previously, Beau-
cournu and Alcover (1990), recorded it in sympatry with N.
crassispina hemisus in Lake Curruhue, Neuquén Province,
Argentina. In the present study, we report that N. chilensis
lives in sympatry with N. c. crassispina in Fray Jorge NP and
Quebrada de la Plata. According to Alarcén (2000), the distri-
bution of N. chilensis in Chile extends from General Carrera,
in the region XI, to Antofagasta, in the region II. In the present
study, we expand its altitudinal distribution from sea level to
2500 m a.s.l. in Los Molles River (region 1V).

On the other hand, 7. (T.) tantillus (previously reported from
Ultima Esperanza in the region XII to Elqui in the region IV),
E. (1) angularis (reported in Magallanes in the region XII)
and H. (H.) cypha were recorded in places below 900 m a.s.l
(Alarcén, 2000). In the present study, we report those fleas
being captured over 2500 m a.s.l in Los Molles River (region
1V). As far as we know, this is the first record of fleas being
sampled at 2000m a.s.l. in Chile (see Alarcén, 2000, 2003;
Hastriter etal., 2001; Beaucournu et al., 2006).

Thirteen host-flea associations are mentioned for the first
time for 10 species and 2 subspecies of fleas (see Table 2).
Some of these fleas, such as T. (T.) corfidii, T. (T.) tantillus, T.
(T.) rhombus, N. chilensis, N. c. crassispina and C. inopinata,
have been previously reported for several species of rodents
in South America (see Alarcén, 2000, 2003; Hastriter, 2001;
Hastriter etral., 2001). However, the host-flea associations
shown in this study expand significantly the range of hosts used
by four species of fleas in Chile. We founded Hectopsylla (H.)
cypha on A. longipilis, P. xanthopygus and O. longicaudatus,
and previously it was reported only on A. olivacea and P.
darwini (see Alarcon, 2000). Similarly, A. olivacea (captured
in Los Molles River) is reported as new host record for E.
(I.) angularis, which had been previously reported for an
unidentified species of Abrothrix in Magallanes region XII
(Alarcon, 2000), where A. olivacea is not present (see Mufioz-
Pedreros & Yafiez, 2009). On the other hand, P. (P.) platensis
was previously recorded on Ctenomys fulvus and C. robustus in
Chile (Alarcén, 2000), and we now report for the first time this
flea on the endemic marsupial from Chile, Thylamys elegans
(Meynard etal., 2002). Moreover, P. xanthopygus (captured
in Los Molles River) is reported as new host record of N.
chilensis. Finally, T. (T.) comis, previously reported in Ecuador
in 1942 on Sigmodon sp. (Johnson, 1957), and to the best of
our knowledge, not reported since discovery, has been found
on the endemic rodent of central Chile, O. bridgesi, in Dichato
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in the region VIII, revealing a new record for this flea species
in Chile.

Flea-small mammal community analysis

All small mammal species captured in the present study
have been previously reported from Chile (see Iriarte, 2008;
Mufioz-Pedreros & Yaiiez, 2009). In agreement with Cofré and
Marquet (1999) and Iriarte (2008), we found that A. olivacea
has a wide distribution and it is abundant in Chile, whereas
A. bennetti and O. bridgesi, endemic species in Chile (Iriarte,
2008; Munoz-Pedreros & Yiiez, 2009), are rare.

The prevalences and MAs of fleas varied considerably by
location, where Llanos del Challe NP and Quebrada de La
Plata showed the lowest abundances and prevalences, whereas
Los Molles River, Fray Jorge NP and Dichato showed the
highest abundances and prevalences (Table 3). In contrast,
total prevalences tend to be lower in other localities situated
in other South American countries compared with the studied
Chilean sites. For example, small mammal-flea associations
in localities along the La Plata and Parand Rivers, Argentina
(Pampa biome) showed prevalences of 25% or less (Lareschi,
1996; Lareschi etal., 2003, 2007; Lareschi & Krasnov, 2010).
In two sites in Brazil, the total prevalence of fleas was 37.6%
in Belo Horizonte (Cerrado biome) (Linardi ezal., 1984) and
26.5% in Santa Catalina (Paranense rainforest) (Linardi efal.,
1991). By contrast, a study carried out in Nacufian Biosphere
Reserve, Argentina (Monte Desert biome), showed total
prevalences greater than 90% (Lareschi et al., 2004), providing
evidence of one of the areas with the highest prevalence
of fleas on small mammals recorded in South America, in
Argentina’s Patagonia, where ectoparasites of small mammals
are represented mainly by fleas (Sanchez & Lareschi, personal
observation). Because fleas are parasites only as adults and the
habitat of the fleas are the hosts in particular habitats (Marshall,
1981; Krasnov, 2008), the differences between community
variables assessed between the localities may be associated to a
host-parasite co-evolutionary process and/or to environmental
conditions. Therefore, population and community composition
of fleas is determined not only by the composition of the
host but also by the properties of their habitat (Morand
etal., 2008; Mize etal., 2011). Although there are several
previous studies showing that environmental conditions such
as temperature (e.g. Nunn et al., 2005; Lindenfors ez al., 2007),
humidity (e.g. Moreno, 2010) and soil type (e.g., Guerra
etal., 2002; Manangan etal., 2007) affect the distribution and
structure of parasite communities, a recent study by Bazdn-
Ledn (2011), focused on the two most abundant host species
of the present study, did not find any relationship between
environmental conditions (temperature, humidity and aridity
index) and geographical position (latitude and altitude) with
several parasite community variables (species richness and
diversity, abundance and prevalence).

By contrast, there is no convincing explanation for the
absence of fleas in host individuals caught at the Loa River,
northern Chile, whereas other haematophagous insects, such
as lice and flies, were collected during the study. Future
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studies should focus on assessing which factors would limit
flea abundance in this locality.
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