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Ectoparasitic insects
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Based on specimens collected from bats of different families, we add new species and extend the known ecologi-
cal distribution and host associations of insect ectoparasites of bats in Peru. New information is provided for the dis-
tribution of 26 species of parasites (25 Diptera and 1 Siphonaptera: Ischnopsyllidae). Four species (Neotrichobius
ectophyllae, Strebla galindoi, Strebla paramirabilis and Myodopsylla wolffsohni wolffsohni) are new for Peru and
16 represent new records for the department of Loreto. Also, we found 17 new host-ectoparasite relationships. Of
note, we found remarkable new association between Neotrichobius delicatus and bat species from the families Mo-
lossidae and Noctilionidae and a novel association between Paradyschiria parvula and a species of Vespertilionidae.
Host-ectoparasite specificity was recorded with 14 species as monoxenous, three oligoxenous, seven pleioxenous

and two polyxenous.
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The climatic and biotic diversity of Peru makes it an
ideal region for the development of mammalian species
(Pacheco 2002). With more than 150 species of bats, Peru
is considered one of the areas with the highest diversity
and abundance of bats in the Neotropical Region.

Although a number of important studies on bats have
originated in Peru, little is known about the ecology and
natural history of most Peruvian species and much less is
known about the interactions between bats and ectopar-
asites. This report presents the results from an extensive
survey of small mammals and their ectoparasites in the
region of Iquitos (department of Loreto) in the northeast
portion of the Peruvian Amazon. The survey revealed
several new bat ectoparasitic insects.

We found bat flies of the family Streblidae (Diptera),
that are primarily associated with bats of the family
Phyllostomidae (Dick & Patterson 2007a), and the si-
phonapterans (family Ischnopsyllidae), that are associ-
ated with bats of the family Vespertilionidae (Whiting
et al. 2008). We report 25 species of Streblidae, three of
them new to Peru and one flea (Ischnopsyllidae), also
new to the country. Several new host-parasite associa-
tions are reported and the known ecological ranges of
many species of ectoparasites are extended.
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Currently, 230 species, 33 genera and five subfami-
lies are recognised in the family Streblidae (Dick & Gra-
ciolli 2007). Three of these five subfamilies (Nyctero-
philiinae, Streblinae and Trichobiinae) are distributed
in the New World, including South America (Dick &
Graciolli 2007). Streblinae is an abundant and diverse
subfamily of neotropical distribution (Guerrero 1996a)
that contains 33 species in South America (Guerrero
1997, Graciolli 2003, Graciolli & Dick 2004). These
parasites occur with bats from the families Mormoopi-
dae, Emballonuridae, Phyllostomidae, Natalidae, Ves-
pertilionidaec and Molossidae (Autino & Claps 2008).
Trichobiinae includes 17 genera and 113 species (Guer-
rero 1996b, 1997, Graciolli 2003) that parasitize bats of
the families Noctilionidae, Phyllostomidae, Molossi-
dae, Mormoopidae, Natalidae, Vespertilionidae and Fu-
ripteridae (Autino & Claps 2008). The genus Trichobius
Gervais is the most diverse within this subfamily (68
species), but it is not analysed in the present paper be-
cause a future report is in preparation.

A species (Synthesiostrebla amorphochili) of bat
fly from the family Streblidae that is endemic to Peru
was first described by Townsend in 1913 and was
later re-described by Jobling (1947). Koepcke (1987)
also mentioned species of this family in reference to
bat parasites studied at Estacion Panguana, Huanuco.
Guerrero (1996a) did an ecological analysis of the spe-
cies parasitising bats in Pakitza, Manu National Park;
the next year, he published a catalog of New World spe-
cies, including 59 species from Peru (Guerrero 1997).
Recently, Claps et al. (2005) added two species [4nas-
trebla modestini Wenzel and Exastinion clovisi (Pessoa
& Guimaraes)], raising the number of currently known
Peruvian species to 61.
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Infestation by mites and bat flies is very common
in bats. Flea parasitism is not often observed, although
members of the family Ischnopsyllidae are exclusive
to bats (Marshall 1981a). Fleas primarily parasitize in-
sectivorous bats. This preference may be because the
bats live in caves and tree holes, which provide optimal
conditions for the development of flea larvae and pupae
(Johnson 1957). The family Ischnopsyllidae contains
two subfamilies, 20 genera and 122 species distributed
worldwide (Lewis 1998). The subfamily Ischnopsyllinae
includes five South American genera. From Peru, two
species of Hormopsylla (Hormopsylla egena Jordan and
Hormopsylla trux Jordan), one of Myodopsylla (Myo-
dopsylla setosa Johnson) and one of Sternopsylla (Ster-
nopsylla distincta speciosa Johnson) (Del Ponte 1977)
have been reported.

MATERIALS AND METHODS

Field research was conducted between December
2003-December 2006. Collecting sites were along the
Iquitos-Nauta Highway, in several districts of the prov-
inces of Maynas and Requena, in Loreto (Supplementary
data). These points included primary and secondary for-
est, as well as rural, suburban and urban areas. Bats were
captured with mist nets placed at different heights, from
0.2 m above the ground up to the sub-canopy (2-4 m) and
canopy levels (6-18 m). The nets were active from 06:00
pm-01:00 am and checked every hour. Some specimens
were found while searching diurnal roosts in tree cavi-
ties, foliage, culverts, buildings and so on. Each bat was
placed individually in a fabric bag in order to collect only
the parasites belonging to that particular specimen.

For the bats, we followed the nomenclature intro-
duced by Simmons (2005) and Gardner (2008) for most
taxa and that of Solari et al. (2009) for Dermanura. Ex-
ternal measurements, body mass, sex and reproductive
condition were all recorded in the field for each bat spec-
imen, following Diaz et al. (1998). Voucher specimens of
bats were prepared as skins and skeletons or preserved
in alcohol. Most of the specimens are still being cata-
logued for deposit in the Museo de Historia Natural de
San Marcos, Lima, Peru and the Coleccion Mamiferos
Lillo, Tucuman, Argentina. Meanwhile, host voucher
specimens are identified with the acronyms of the field
catalogue of Maria Ménica Diaz (MMD) and, for speci-
mens already catalogued there, with the acronyms of the
Coleccion Mamiferos Lillo (CML).

Ectoparasites were taken in the field from the pelage
of 129 specimens of bats and preserved in 70% ethyl al-
cohol. In the lab, the parasites were placed in a solution
of 70% ethylic alcohol, 5% glycerin and 25% distilled
water (Whitaker Jr. 1988, Autino 1996). The parasites
were identified at the laboratory with a stereoscopic mi-
croscope and some individuals were mounted in Canada
balsam to be observed with a compound microscope. All
parasite specimens mentioned in this report were depos-
ited at the Annexes section of the CML with the same
number of the host voucher specimen.

For the systematic arrangement of Diptera, we fol-
lowed Wenzel et al. (1966), Wenzel (1976) and Graci-
olli and Carvalho (2001), for Siphonaptera, we followed

Hopkins and Rothschild (1953, 1956) and Johnson
(1957). Host-ectoparasite specificity (Marshall 1981b)
and a comparison for each specimen with previous in-
formation available from Peru are shown in Table I.

Ectoparasites were classified according to the num-
ber and diversity of host species on which they were
found: monoxenous, found only on one host species; oli-
goxenous, found on more than one host species of the
same genus; pleioxenous, found on hosts from a single
family and polyxenous, found on host species of two or
more families (Marshall 1981b, Jameson 1985, ter Hofst-
ede et al. 2004).

All cited localities have been alphabetically arranged
and listed in the Supplementary data; geographical coor-
dinates were obtained with a Global Positioning System.
The specimens examined are included in Table II.

RESULTS AND DISCUSSION

Our intensive four-year study of the Peruvian Ama-
zon has increased knowledge about the ectoparasitic in-
sect fauna of bats. We studied parasitic species from the
families Diptera (Streblidae) and Siphonaptera (Ischnop-
syllidae) found on 35 species of bats (approximately 40%
of the total of species from Iquitos): 30 Phyllostomidae
(112 specimens), two Noctilionidae (5 specimens), one
Molossidae (1 specimen) and two Vespertilionidae (2
specimens) (Tables I, IT). We studied 246 ectoparasitic
dipterous belonging to 26 bat fly species (Streblidae) and
one species of flea (Ischnopsyllidae) represented by one
specimen (Table II).

Four new species of parasitic insects are added to
the fauna of Peru: Neotrochobius ectophyllae Wenzel,
Strebla galindoi Wenzel, Strebla paramirabilis Wenzel
(Diptera, Streblidae) and Myodopsylla wolffsohni wolff-
sohni (Rothschild) (Siphonaptera, Ischnopsyllidae).

Sixteen species of Streblidae (including 8 Streblinae
and 8 Trichobiinae) are here cited for the first time for
Loreto. With respect to the species of Streblinae, Me-
telasmus pseudopterus Coquillett and Strebla guajiro
(Garcia and Casal) were previously known from the de-
partments of Madre de Dios and Pasco (Guerrero 1996a,
b), Strebla curvata Wenzel, Strebla kohlsi Wenzel and
Strebla machadoi Wenzel were known from Madre de
Dios (Guerrero 1996a), Strebla hertigi Wenzel from
Huanuco and Piura (Wenzel 1970) and Strebla tonatie
(Kessel) from Cusco. On the other hand, Strebla obtusa
Wenzel, a rare species according to Guerrero (1996b),
was only known from three localities in Venezuela and
from one undetermined locality in Peru. With respect to
the species of Trichobiinae, Aspidoptera falcata Wenzel
was known from Cusco, Lima, Madre de Dios and Pasco
(Guerrero 1995, 1996a, Claps et al. 2005), Aspidoptera
phyllostomatis (Perty) from Madre de Dios and Pasco
(Guerrero 1996a), Megistopoda aranea (Coquillet) has
been cited in five departments of Peru (Lima, Huanu-
co, Lambayeque, Madre de Dios and Pasco), but exact
localities were known only in two of them, Lima and
Madre de Dios (Wenzel 1970, Guerrero 1994, 1996a,
Claps et al. 2005). Megistopoda proxima (Séguy) was
cited in only one precise locality within Madre de Dios
and from Pasco, but without a specific locality (Wenzel
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TABLE I
Host specificity of insects ectoparasitic on bats: observed associations from this study and previous records from Peru
Records in this study Previous records from Peru

Ectoparasite species Bat species HS Bat species HS
Diptera: Streblidae
Streblinae

Metelasmus pseudopterus Artibeus planirostris, (0] A. planirostris, o

Artibeus sp. (Phyll.) Artibeus lituratus (Phyll.)
Strebla consocia Lophostoma brasiliense, Lophostoma silvicolum, Pl P. hastatus, O
Phyllostomus hastatus, Phyllostomus elongatus, P. elongatus (Phyll.)
Platyrrhinus brachycephalus (Phyll.)

Strebla curvata Carollia brevicauda (Phyll.) M  Glosophaga commissarisi (Phyll.) M

Strebla galindoi Tonatia saurophila (Phyll.) M - -

Strebla guajiro Carollia perspicillata, Pl C. brevicauda, o

Carollia (castanea group), C. perspicillata (Phyll.)
Glossophaga soricina (Phyll.)
Strebla hertigi Phyllostomus discolor, P. elongatus, Pl Host unknown -
C. brevicauda (Phyll.)
Strebla kohlsi G. soricina (Phyll.) M L. silvicolum, Pl
Phylloderma stenops (Phyll.)

Complex kohlsi-mirabilis P. hastatus, Trachops cirrhosus (Phyll.) Pl - -

Strebla machadoi Mimon crenulatum (Phyll.) M Micronycteris minuta (Phyll.) M

Strebla obtusa Trinycteris nicefori (Phyll.) M Host unknown -

Strebla paramirabilis L. silvicolum (Phyll.) M - -

Strebla tonatie Micronycteris megalotis (Phyll.) M Host unknown -

Strebla wiedemanni Desmodus rotundus (Phyll.) M  D. rotundus, Sturnira tildae (Phyll.) Pl
Trichobiinae

Aspidoptera falcata Sturnira lilium, S. magna, Sturnira sp., Pl C. perspicillata, S. lilium, Pl

Rhinophylla pumilio (Phyll.) S. tildae (Phyll.)
Aspidoptera phyllostomatis A. planirostris (Phyll.) M A. planirostris, A. lituratus, O
A. obscurus (Phyll.)
Mastoptera minuta P. hastatus (Phyll.) M C. brevicauda, L. silvicolum, Pl
P. elongatus, P. hastatus (Phyll.)
Megistopoda aranea A. planirostris, B. P. brachycephalus (Phyll.) Pl D. rotundus, Artibeus jamaicensis, Pl
A. lituratus,
Uroderma bilobatum (Phyll.)
Megistopoda proxima S. lilum, S. tildae, Sturnira sp. (Phyll.) (0] S. lilium, S. tildae (Phyll.) o
Neotrichobius delicatus Noctilio albiventris (Noc.), Po R. pumilio (Phyll.) M
Molossus rufus (Mol.), Dermanura gnomus,
D. anderseni, Rhinophylla fischerae (Phyll.)

Neotrichobius ectophyllae Mesophylla macconnelli (Phyll.) M - -

Noctiliostrebla aitkeni Noctilio leporinus (Noc.) M N. leporinus (Noc.) M

Paradyschiria fusca N. albiventris, N. leporinus (Noc.) (6] Host unknown -

Paradyschiria parvula N. albiventris (Noc.), Myotis simus (Vesp.) Po N. albiventris, Noctilio sp. o

Paratrichobius dunni P.brachycephalus, U. bilobatum, Pl U. bilobatum (Phyll.) M

Vampyriscus bidens (Phyll.)

Paratrichobius longicrus A. lituratus, C. perspicillata (Phyll.) Pl A. lituratus (Phyll.) M

Pseudostrebla ribeiroi L. silvicolum (Phyll.) M L. silvicolum (Phyll.) M
Siphonaptera: Ischnopsyllidae

Myodopsylla w. wolffsohni Mpyotis albescens (Vesp.) M - -

HS: host specificity; M: monoxenous; Mol: Molossidae; Noc: Noctilionidae; O: oligoxenous; Pl: pleioxenous; Phyll: Phyllostomi-
dae; Po: polyxenous; Vesp: Vespertilionidae.
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TABLE 11

Species name, number of individuals examined by sex, collection number, host species, collecting date and collecting locality
of ectoparasites (flies and fleas) collected on bats at Iquitos, Loreto, Peru

Species Sex Collection Host Date Locality
Order Diptera
Family Streblidae
Subfamily Streblinae
Metelasmus pseudopterus® 1F MMD 1435 Artibeus planirostris 20 May 2003 31
1M MMD 3286 A. planirostris 7 May 2004 10
1F MMD 2344 Artibeus sp. 26 Sep 2003 23
Strebla consocia 2M,1F MMD 2287 Lophostoma brasiliense® 23 Sep 2003 24
1M MMD 2281 Lophostoma silvicolum ¢ 23 Sep 2003 24
M MMD 3403 L. silvicolum 15 Jun 2004 35
1F MMD 2600 Phyllostomus elongatus 24 Nov 2003 22
4 M MMD 4172 P. elongatus 28 Jan 2005 8
3M MMD 4916 P. elongatus 21 Jul 2005 43
1M MMD 2141 Phyllostomus hastatus 04 Sep 2003 12
M MMD 2507 P. hastatus 24 Oct 2003 30
1M MMD 4058 P. hastatus 6 Dec 2004 29
2M,1F MMD 4156 P. hastatus 26 Jan 2005 8
1M, 1F MMD 4160 P. hastatus 26 Jan 2005
1FE1U  MMD 4717 P. hastatus 18 May 2005 1
1F MMD 3363 Platyrrhinus brachycephalus? 27 May 2004 20
Strebla curvata* 1F MMD 4435 Carollia brevicauda 11 Mar 2005 14
Strebla galindoi® 2M,1F MMD 1375 Tonatia saurophila® 14 May 2003 32
3M,2F MMD 4015 T. saurophila 6 Dec 2004 29
2M,2F MMD 4028 T. saurophila 6 Dec 2004 29
2M MMD 4134 T. saurophila 26 Jan 2005 8
3M,1F MMD 4726 T. saurophila 18 May 2005
Strebla guajiro® 1F MMD 2759 Carollia perspicillata 21 Jan 2004 26
1M,2F MMD 3439 C. perspicillata 17 Jun 2004 35
2F MMD 3906 C. perspicillata 22 Nov 2004 2
1F MMD 3972 C. perspicillata 26 Nov 2004 2
1F MMD 4129 C. perspicillata 24 Jan 2005 8
1F MMD 4140 C. perspicillata 26 Jan 2005 8
1F MMD 4149 C. perspicillata 26 Jan 2005 8
IM,1F MMD 4678 C. perspicillata 26 May 2005 1
1F MMD 2083 Carollia sp. (castanea group) 25 Aug 2003 41
M MMD 4145 - 26 Jan 2005 8
1F MMD 2449 Glossophaga soricina 20 Oct 2003 31
Strebla hertigi 1F MMD 3632 Carollia brevicauda 02 Sep 2004 39
2M MMD 2375 Phyllostomus discolor 29 Sep 2003 25
1M MMD 2378 P. discolor 29 Sep 2003 25
M MMD 2544 P. discolor 28 Oct 2003 32
1M MMD 2646 P. discolor 26 Nov 2003 22
1F MMD 3553 P. discolor 16 Aug 2004 33
2F MMD 3660 P. discolor 06 Sep 2004 4
1F MMD 3661 P. discolor 06 Sep 2004 4
2M,7F MMD 3712 P. discolor 17 Sep 2004 7
IM,1F MMD 3725 P. discolor 22 Sep 2004 7
1F MMD 4937 P. discolor 25 Jul 2005 6
1M,1F MMD 4941 P. discolor 25 Jul 2005 6
1M MMD 5016 P. discolor 20 Sep 2004 38
1F MMD 959 P. discolor 04 Feb 2003 24
1M MMD 4243 P. elongatus® 03 Feb 2005 34
Strebla kohlsi“ 1F MMD 4009 G. soricina“ 2 Dec 2004 29
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Species Sex Collection Host Date Locality

Strebla kohlsi-mirabilis complex’ M MMD 2391 P. hastatus 01 Oct 2003 25
3M MMD 4011 P. hastatus 2 Dec 2004 29

1M MMD 4056 P. hastatus 6 Dec 2004 29
IM MMD 2042 Trachops cirrhosus 22 Aug 2003 40
Strebla machadoi® 1F MMD 2784 Mimon crenulatum® 21 Jan 2004 26
Strebla obtusa® 1F MMD 4672 Trinycteris nicefori 16 May 2005 1
Strebla paramirabilis® M MMD 901 L. silvicolum 31 Jan 2003 25
Strebla tonatie” IM,1F MMD 5135 Micronycteris megalotis? 23 Aug 2006 1
Strebla wiedemanni 1M MMD 2524 Desmodus rotundus 27 Oct 2003 32
2M MMD 2535 D. rotundus 27 Oct 2003 32

2M,1F MMD 5035 D. rotundus 18 Oct 2005 21

3IM MMD 990 D. rotundus 7 Feb 2003 23

Subfamily Trichobiinae

Aspidoptera falcata® 1M MMD 2120 Rhinophylla pumilio? 28 Aug 2003 42
3M,3F MMD 4201 Sturnira cf. lilium 1 Feb 2005 34

1F MMD 4596 S. cf. lilium 18 Apr 2005 3

2M,2F MMD 3962 S. lilium 16 Nov 2004 2

1F MMD 4150 S. lilium 26 Jan 2005 8
1U MMD 4211 S. lilium 1 Feb 2005 34

2F MMD 4421 S. lilium 11 Mar 2005 14

2F MMD 4436 S. lilium 11 Mar 2005 14

M MMD 4589 S. lilium 18 Apr 2005 3
1M,1U MMD 4246 Sturnira magna® 3 Feb 2005 34

2M,1F MMD 4701 S. magna 16 May 2005 1

1M MMD 2907 Sturnira sp. 12 Feb 2004 27

IM,1F MMD 3025 Sturnira sp. 11 Mar 2004 28

IM MMD 3026 Sturnira sp. 11 Mar 2004 28

5M,4F MMD 4441 Sturnira sp. 11 Mar 2005 14

1F MMD 4569 Sturnira sp. 15 Apr 2005 3

1F MMD 2329 Sturnira tildae 23 Sep 2003 23

Aspidoptera phyllostomatis® 1F MMD 1551 A. planirostris 3 Jun 2003 21
1F MMD 3614 A. planirostris 23 Aug 2004 13

Mastoptera minuta" 3M,3F MMD 2877 P. hastatus 11 Feb 2004 27
1F MMD 4011 P. hastatus 2 Dec 2004 29

4F,1U MMD 4079 P. hastatus 8 Dec 2004 29

Megistopoda aranea” IM,1F MMD 1136 A. planirostris 24 Mar 2003 37
2M,2F MMD 1235 A. planirostris 1 Apr 2003 36

1M MMD 1237 A. planirostris 1 Apr 2003 36

2M MMD 1315 A. planirostris 12 May 2003 32

1F MMD 1523 A. planirostris 30 May 2003 30

2M,1F MMD 3695 P. brachycephalus® 13 Sep 2004 9

Megistopoda proxima* 1M MMD 4209 S. lilium 1 Feb 2005 34
2M,1F  MMD 4211 S. lilium 1 Feb 2005 34

1F MMD 2140 Sturnira sp. 4 Sep 2003 12

2M,4F MMD 4436 Sturnira sp. 11 Mar 2005 14

M MMD 4443 Sturnira sp. 11 Mar 2005 14

I1M,2F MMD 4138 Sturnira tildae 26 Jan 2005 8

Neotrichobius delicatus® 1M CML 7662 Dermanura anderseni 4 Sep 2003 12
IM CML 7671 Dermanura gnomus 26 Jan 2005 8

1F MMD 4351 Molossus rufus* 4 Mar 2005 15

1M MMD 1718 Noctilio albiventris© 30 Jun 2003 16

1F MMD 4404 Rhinophylla fischerae® 9 Mar 2005 14

1F MMD 4414 R. fischerae 9 Mar 2005 14

Neotrichobius ectophyllae® I1M,1F MMD 4597 Mesophylla macconnelli 18 Apr 2005 3
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Species Sex Collection Host Date Locality
Noctiliostrebla aitkeni 3M,4F MMD 2809 Noctilio leporinus 22 Jan 2004 26
Paradyschiria fusca* 2M MMD 1718 Noctilio albiventris 30 Jun 2003 16

1M,1F MMD 2809 N. leporinus 22 Jan 2004 26

Paradyschiria parvula“ 1F MMD 3623 Myotis simus© 25 Aug 2005 5
3M,5F CML 7625 N. albiventris 22 Sep 2004 16

5M CML 7629 N. albiventris 8 Feb 2005 7
1M,1P MMD 1715 N. albiventris 30 Jun 2003 16
3iM MMD 1718 N. albiventris 30 Jun 2003 16

6M,4F MMD 4265 N. albiventris 8 Feb 2005 7

Paratrichobius dunni® 1M MMD 3695 P. brachycephalus? 13 Sep 2004 9
1F MMD 3909 Uroderma bilobatum 22 Nov 2004 2

1M MMD 4700 Vampyriscus bidens? 16 May 2005 1

Paratrichobius longicrus" 1M MMD 1618 Artibeus lituratus 13 Jun 2003 18
M MMD 2727 A. lituratus 9 Dec 2003 19

M MMD 3233 A. lituratus 6 May 2004 11
1M MMD 2527 C. perspicillata 27 Oct 2003 32

Pseudostrebla ribeiroi" 1M MMD 4739 L. silvicolum 20 May 2005 1

Order Siphonaptera

Family Ischnopsyllidae
Myodopsylla w. wolffsohni® 1F MMD 4870 Myotis albescens 5 Jul 2005 17

a: new record for the department of Loreto; b: new record for Peru. The new records of the parasites for the hosts are indicated
as follows: c¢: new for the family; d: new for the genus; e: new for the species of bat; f: as the males of the species S. kohlsi and S.
mirabilis are indistinguishable, they were all included under this complex; g: first known precise locality and identified host for
this species in Peru; 4: first known precise locality for this species in Loreto. The number of each locality corresponds to those
listed in the Supplementary data. CML: Coleccion Mamiferos Lillo; F: female; M: male; MMD: catalogue of Maria Moénica Diaz;

U: sex undetermined, specimen with damaged abdomen.

1970, Guerrero 1994, 1996a), Neotrochobius delicatus
(Machado Allison) and Paradyschiria fusca Speiser were
previously known from Pasco (Guerrero 1994, 1995),
Paradyschiria parvula Falcoz from Cusco and Madre de
Dios (Guerrero 1995, 1996a) and Paratrichobius dunni
(Curran) from Madre de Dios (Guerrero 1994, 1996a).

Paratrichobius longicrus (Miranda Ribeiro) and
Pseudostrebla ribeiroi Costa Lima were already cited
for Loreto, but without precise collecting sites (Wenzel
1970); thus, our data define localities for the distribution
of these species in Loreto.

The finding of N. delicatus on bats of the families
Molossidae (Molossus rufus E. Geoffroy St.-Hilaire)
and Noctilionidae (Noctilio albiventris Desmarest), as
well as the finding of P. parvula on a species of Ves-
pertilionidae (Myotis simus O. Thomas), are remark-
able. For Neotrichobius delicatus, we recorded a new
association with the Phyllostomid bat Rhinophylla fis-
cherae D.C. Carter and the association with species of
bats belonging to families where this parasite was not
previously recorded as are N. albiventris (family Noc-
tilionidae) and M. rufus (family Molossidae). As these
are very rare and previously unknown associations, it
is necessary to add that the specimens of Noctilio and
Molossus were the first collected each respective net-
ting night and that their parasites were removed and
fixed in alcohol prior to collecting other species of bats.

This makes it unlikely that there was accidental infec-
tion by manipulation.

P. parvula, known primarily as a parasite of bats of
the family Noctilionidae and only occasionally of Phyl-
lostomidae, Molossidae and Emballonuridae (Marin-
kelle & Grose 1981, Guerrero 1995, Graciolli & Carva-
lho 2001), was not previously observed on vespertilionid
bats. However, we collected a specimen P. parvula on a
specimen of the bat M. simus, representing the first re-
port of this parasite with the family Vespertilionidae.

Wenzel (1976) suggested that the presence of P. par-
vula on bats others than members of the family Noctil-
ionidae could be considered accidental or transitory in-
fections. However, we found P. parvula on a specimen
of M. simus, a member of the family Vespertilinidae,
which was not collected simultaneously with any speci-
mens of Noctilio, suggesting that it was not an accidental
infection. Also, we captured a specimen of N. albiven-
tris (MMD 1718) that was parasitised by three species of
Streblidae (P. parvula, P. fusca and N. delicatus).

We have found the following new host-parasite asso-
ciations: S. galindoi-Tonatia saurophila, Strebla kolshi-
Glossophaga soricina Pallas, A. falcata-Sturnira magna
de la Torre, A. falcata-Rhinophylla pumilio W. Peters, M.
aranea-Platyrrhinus brachycephalus (Rouk and Carter),
P. dunni-P. brachycephalus and P. dunni-Vampyriscus
bidens (Dobson).
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Although Strebla consocia Wenzel is considered typ-
ical for Phyllostomus hastatus (Pallas) and Phyllostomus
elongatus (E. Geoffroy St.-Hilaire), we report here its
association with P. brachycephalus, Lophostoma brasi-
liense W. Peters and L. silvicolum. None of these bats was
collected along with any Phyllostomus. Therefore, we
dismiss the possibility of accidental infection posited by
other authors (Dick 2006, Dick & Patterson 2007a).

S. machadoi was known only as a parasite of bats of
the genus Micronycteris, but we add here another genus
and species of bat, Mimon crenulatum (E. Geoffroy St.-
Hilaire), as a host of this species. S. hertigi is reported
herein for P. elongatus; this species was known as a typ-
ical parasite of the bats P. hastatus and Phyllostomus dis-
color (J.A. Wagner) (Guerrero 1996b). With respect to S.
tonatie, it was previously known as a common parasite of
the genus Tonatia (that now includes genus Lophostoma)
but also cited for Sturnira lilium (Guerrero 1996b). Here,
we add the bat Micronycteris megalotis (Gray), which rep-
resents a new genus and species of host for this parasite.

Coincident with what was observed by Guerrero
(19964a), our samples showed a male-biased sex ratio (54%
males, 46% females). Some authors suggest that this is
most likely due to the fact that the females leave the host
every ~10 days to make a prepupal deposition in the refuges
of the host (Overal 1980, Marshall 1982, Fritz 1983). How-
ever Dick and Patterson (2007b) mention that traditional
explanations for male-biased sex ratio, such as sampling
effects, unequal longevity between sexes and differential
dispersal capability are refuted in favour of an alternative
hypothesis. They suggest that the bias is due to selective
grooming by the hosts. Because females are larger than
males, host-grooming activity removes or kills more fe-
males than males. However, sex ratio can vary seasonally
(Marshall 1981b) and evaluations based on short-term or
limited surveys may provide an incomplete picture. Ac-
cording to Dittmar et al. (2011), specific data on bat fly
sex-ratios are rare and, at times, confounding.

With respect to fleas, only one specimen of the species,
M. wolffsohni wolffhsoni, was recorded on the bat Myotis
albescens (E. Geoffroy St.-Hilaire) (family Vespertilioni-
dae); thus, the proportion of sexes cannot be analysed.

Host-ectoparasite specificity - Host-ectoparasite
specificity can be influenced by several factors, includ-
ing host isolation, climate, competition, depredation,
morphological characteristics and physiological adapta-
tion (Marshall 1976). According to Dick and Patterson
(2007a), it relies on a set of intrinsic biologic proprieties
of the host and ectoparasite as well as ecological and
evolutionary relationships. The degree of specificity
among arthropod ectoparasites and the methodology
used to evaluate specificity are still disputed (Poulin
2007). Some studies conclude that the fleas do not pres-
ent a high degree of specificity to the hosts, most likely
because many species of bats usually roost together and
share a common pool of parasites (Theodor 1957). In
fact, the bat fleas of family Ischnopsyllidae are unique
in that all genera are pleioxenous (Jamerson 1985).

In this study, we found 14 (54%) monoxenous, seven
(27%) pleioxenous, three (11%) oligoxenous and two (8%)
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polyxenous species (Table I). However, when we com-
pared our observations to previous Peruvian records, we
found varied information (Table I), possibly due to ac-
cidental infections or lack of surveys. Thus, species re-
corded in this study as monoxenous, including S. kohlsi,
Strebla wiedemanni, A. phyllostomatis and Mastoptera
minuta (Costa Lima), were recorded by other authors
as oligoxenous (Guerrero 1995, 1996b) or pleioxenous
(Guerrero 1995, 1996b). N. delicatus, P. dunni and P.
longicrus (Guerrero 1994, 1996a) were recorded as mon-
oxenous in other studies, but we found them on different
species and even different families of bats. In this study,
S. consocia and S. guajiro were found to be pleioxenous
and P. parvula oligoxenous, though the two first spe-
cies have been recorded as oligoxenous (Guerrero 1996a)
and the last one as polyxenous (Guerrero 1995) in the
literature. Graciolli and Dick (2004) also considered M.
pseudopterus as oligoxenous, with the primary hosts
being Artibeus jamaicensis Leach, Artibeus fimbria-
tus Gray and Artibeus planirostris (Spix). S. curvata,
recorded as monoxenous, was usually found on bats of
the genus Glossophaga (Wenzel 1976, Dick & Gettinger
2005, Dick et al. 2007), but we collected this species on
a specimen of Carollia brevicauda (Schinz). S. wiede-
manni Kolenati was found parasitising several species of
bats (Marinkelle & Grose 1981, Guerrero 1996b, Graci-
olli & Carvalho 2001, Rios et al. 2008, Rojas et al. 2008),
but we only found it on Desmodus rotundus (E. Geof-
froy St.-Hilaire) (monoxenous), which is considered its
primary host (Aguiar & Antonini 2011). Noctiliostrebla
aitkeni Wenzel is known mainly as a parasite of Noctilio
leporinus (Linnaeus) and recorded as monoxenous, but
we found this species in sympatry with P. fusca on one
specimen of N. leporinus (MMD 2809), an association
also observed by Graciolli and Carvalho (2001).
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Supplementary data

List of localities in alphabetic order by provinces, district in brackets, geographic coordinates

Department of Loreto - Province of Maynas
1 km E of km 25.3 of Iquitos-Nauta Highway (Fundo San Martin) (District of San Juan) 3°57.954’S 73°24.259’W
13 de Febrero, Fundo Nemith, E km 33 of Iquitos-Nauta Highway (District of San Juan) 4°01.524°S 73°25.776’W
App. 500 m E km 28.8 of Iquitos-Nauta Highway (District of San Juan) 3°59.227°S 73°24.920°W
Asentamiento Bambu, Pasaje Los Cedros-Bambu (District of San Juan) 3°46.140°S 73°17.120°'W
Asentamiento Heroes de Cenepa, Fundo Gallo Giro (District of San Juan) 3°47.244’S 73°17.178° W
Asentamiento Pacaya Samiria “Complejo Deportivo SUTUNAP” (calle San Lorenzo) (District of San Juan) 3°45.744°S 73°16.392°W
Boulevar, Puerto Salaverry, Malecon Street, Tarapaca (District of Iquitos) 3°45.166°S 73°14.647°W
Comité La Corufia (District of San Juan) 3°46.521’S 73°17.904'W
Comunidad de Manacamiri, Nanay River, Fundo Morropon (District of Punchana) 3°42.497°S 73°18.046’W
Comunidad de Manacamiri, Nanay River, Fundo Morropon (District of Punchana) 3°42.594°S 73°18.170°'W
Comunidad Zona Centro Ex Petroleros, km 41 of Iquitos-Nauta Highway, app 5 km W (District of San Juan) 4°03.684’S 73°28.752’W
Estacion Experimental Agraria San Roque (District of San Juan) 3°47.217°S 73°17.695°W
Ex Petroleros, 300m W km 39.8 of Iquitos-Nauta Highway (District of San Juan) 4°04.740’S 73°27.180°’W
Iglesia Inmaculada (District of Punchana) 3°43.738’S 73°14.580°'W
Iquitos Oeste, CESM “Loreto” (District of Iquitos) 3°44.697°S 73°15.770°W
Iquitos, Edificio EsSalud (Raymoni-Napo streets) (District of Iquitos) 3°44.942°S 73°14.613°W
km 19 of Iquitos-Nauta Highway (District of San Juan) 3°55.429°S 73°22.505’W
km 22.7 of Iquitos-Nauta Highway (District of San Juan) 3°56.371°S 73°23.710°'W
Los Delfines, km 9 of Iquitos-Nauta Highway (District of San Juan) 3°50.849°S 73°20.384'W
Mazanillo (District of Belén) 3°49.685°S 73°13.171"'W2,5
Moena Caiio (District of Belén) 3°46.728’S 73°13.495°W
Moralillo, 1.5 km E 400 m S of km 15.2 of Iquitos-Nauta Highway (District of San Juan) 3°54.543°S 73°20.584'W
Moralillo, 1.5 km E 500 m S of km 15.2 of Iquitos-Nauta Highway (District of San Juan) 3°54.379°S 73°20.617°W
Moralillo, 2 km E of km 15.2 of Iquitos-Nauta Highway (District of San Juan) 3°54.568°S 73°20.278°W
Ninarumi, 7.4 km W of km 6 of Iquitos-Nauta Highway (District of San Juan) 3°50.503’S 73°22.847°'W
Ninarumi, 7.4 km W, 1 km SE of km 6 of Iquitos-Nauta Highway (District of San Juan) 3°50.990°S 73°22.436’W
Padrecocha (town) (District of Punchana) 3°41.795°S 73°16.987°W
Paujil, W km 37.45 of Iquitos-Nauta Highway (District of San Juan) 4°03.527°S 73°26.535°W
Pefia Negra, 200 m E of km 10.7 of Iquitos-Nauta Highway (District of San Juan) 3°51.969°S 73°19.977°W
Pefia Negra, 600 m W of km 10 of Iquitos-Nauta Highway (District of San Juan) 3°51.322°S 73°20.709°W
Peia Negra, 800 m E of km 11 of Iquitos-Nauta Highway (District of San Juan) 3°52.396’°S 73°20.133°W
Recreo, Begonias street (District of San Juan) 3°46.849’S 73°17.340°W
Road to El Paujil, 1.8 km W of km 35 of Iquitos-Nauta Highway (District of San Juan) 4°01.217°S 73°26.787"W
San Lucas, W km 43 of Iquitos-Nauta Highway (District of San Juan) 4°06.247’S 73°27.791"W
Santo Tomas, 6 km W of km 1 of Iquitos-Nauta Highway (District of San Juan) 3°48.581°S 73°20.288°W
Varillal, 2 km W of km 13.6 of Iquitos-Nauta Highway (District of San Juan) 3°52.802°S 73°22.011’'W
Varillal, 400 m W 200 m N of km 14 of Iquitos-Nauta Highway (District of San Juan) 3°52.949°S 73°21.288°W
Villa del Ejército (between 28 de Julio-Freyre Ave. and Piura Street) (District of Punchana) 3°43.658°S 73°14.608°W
Villa Victoria, INDECO (109 Pihuicho Street) (District of San Juan) 3° 5.894°S 73°16.645°W
Zungarococha, 5.2 km W of km 6 of Iquitos-Nauta Highway (District of San Juan) 3°50.074°S 73°22.097°W
Zungarococha, 5.4 km W of km 6 of Iquitos-Nauta Highway (District of San Juan) 3°49.825’S 73°22.288°W
Zungarococha, 6.5 km W of km 6 of Iquitos-Nauta Highway (District of San Juan) 3°50.039’S 73°22.633°W

Department of Loreto - Province of Requena
Iberia, Tapiche River (District of Tapiche) 5°40°S 74°9°W




