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Abstract

Bat flies (Nycteribiidae and Streblidae) have been used to study co-evolutionary patterns 
between ectoparasites and bats. In the world, Nycteribiidae and Streblidae are represent-
ed by approximately 276 and 237 species, respectively. In regions such as the Orinoquia 
located in the north of South America (Colombia and Venezuela), the richness of bats is 
high (more than 100 documented species), but studies on Nycteribiidae and Streblidae 
are scarce and discontinuous. To contribute to the knowledge of ectoparasitic flies in the 
Orinoquia, records of flies and their interactions with bats were reviewed, including new 
records and associations using interaction networks. We documented 124 species of Stre-
blidae and only 12 of Nycteribiidae for the Orinoquia in approximately 102 bat species 
reported in Colombia and Venezuela. New records for six species of bat flies in Colom-
bia were found (Mastoptera guimaraesi, Noctiliostrebla maai, Paradyschiria parvuloides, 
Trichobius jubatus, Trichobius parasiticus, and Basilia ferrisi) associated with six species of 
bats (Cynomops planirostris, Desmodus rotundus, Myotis handleyi, Molossus rufus, Noctilio 
albiventris, and Phyllostomus hastatus). The bat-ectoparasite interaction networks in the 
Orinoquia revealed a pattern of antagonistic relationships, with high specialization, modu-
larity, and low connectivity and nesting. The identified networks are between bat fly species 
belonging to different ecomorphological groups with unique host species. This supports 
the idea of ecological niche partitioning among ectoparasitic bat flies and hosts. Our study 
expanded the knowledge of the distribution of some fly species and the associations with 
bat hosts in Colombia, by presenting morphological descriptions and new observations, 
which are key to understanding the ecology, diversity, and distribution of these species.

Key words: Bat flies, ecological networks, ecomorphology, Neotropics, Nycteribiidae, 
parasitism, Streblidae

Introduction

Bat flies (Diptera: Hippoboscoidea) are obligate blood-feeding ectopara-
sites of bats (Chiroptera) and an interesting evolutionary system for studying 
co-evolutionary patterns between hosts and ectoparasites (Porter et al. 2021). 
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Taxonomically bat flies are divided into two cosmopolitan families, Nycteribiidae 
and Streblidae (Wenzel et al. 1966; Dick and Patterson 2006; Patterson et al. 
2007), but the latter is considered paraphyletic with New World and Old-World lin-
eages (Dittmar et al. 2006; Petersen et al. 2007). Both families of bat flies show 
greater diversity in tropical latitudes and are less diverse in subtropical and tem-
perate regions (Dick and Dittmar 2014). However, Nycteribiids (three subfamilies, 
11 genera and ~ 276 species for 2018) are more numerous in the Eastern Hemi-
sphere, while, for the Streblids (five subfamilies, 33 genera, and ~ 237 species 
for 2018) the richness is greater in the Western Hemisphere (Dick and Patterson 
2006; Dick and Miller 2010; Soares et al. 2013; Graciolli and Dick 2018). Based on 
dispersion-vicariance analysis, Dittmar et al. (2006) suggested that the Neotrop-
ical region is the ancestral area for all New World Streblidae, while the Oriental 
region is considered the ancestral area of Nycteribidae and Old-World Streblidae.

Both Nycteribiidae and Streblidae present a wide variety of morphological 
and physiological adaptations for their ectoparasitic lifestyle, among which ad-
enotrophic viviparity stands out (Hagan 1951; Lehane 2005; Dick and Miller 
2010; Dick and Dittmar 2014). In this process, the larvae develop individually in 
the female oviduct until the third instar (called prepupa) (Hagan 1951). Later, 
when the development of the prepupa is complete, female bat flies of both fam-
ilies deposit a single prepupa on substrates in the roost (Petersen et al. 2007; 
Dick and Dittmar 2014). Once the prepupa is deposited, it immediately forms 
a puparium, which, after a pupal stage, emerges as an unfed adult fly (teneral) 
and must locate and colonize a host (Ching and Marshall 1968).

In general, the life strategy of bat flies reflects their association with bats, 
and it has been found that some Streblidae flies can form specific parasite 
assemblages for each bat species due to their high host specificity (Wenzel 
1976; Hiller et al. 2018). Each community can consist of two to five fly species, 
and each of them shows a preference for a specific part of the bat’s body (Wen-
zel 1976; Ter Hofstede et al. 2004; Dick and Gettinger 2005; Tello et al. 2008; 
Patterson et al. 2009). Dick (2005) defined three ecomorphological groups of 
bat flies based on behavioral observations and morphological traits: 1) “wing 
crawler” primarily live on wing membranes, with non-flattened bodies and legs 
of the same size, 2) “fur runners” that live on the hairy membranes of the body 
and move by running on the fur, with well-developed wings and long legs (espe-
cially the hind legs), and 3) “fur swimmers” that inhabit areas of long fur such 
as the neck and have compressed bodies and heads, and possessing Ctenidia. 
Hiller et al. (2018) supported this classification, focusing on differences in the 
morphology and size of the hind legs, and found evidence of density-dependent 
competition among species within the same ecomorphological group.

In Neotropical countries with a high number of bat species such as Colom-
bia (~ 217 species) and Venezuela (172 species) (Delgado-Jaramillo et al. 2016; 
Ramírez-Chaves et al. 2021), studies on Streblidae and Nycteribiidae are few and 
discontinuous (e.g., Tamsitt and Fox 1970; Marinkelle and Grose 1981; Guerrero 
1994). In recent years, new research has expanded the knowledge about these ec-
toparasites in both countries (Herrera-Sepúlveda 2013; Tarquino-Carbonell 2014; 
Tarquino-Carbonell et al. 2015; Dick et al. 2016; Durán et al. 2018; Calonge-Cam-
argo and Pérez-Torres 2018; Guerrero 2019; Liévano-Romero et al. 2019; Raigosa 
Álvarez et al. 2020; Cañizales and Guerrero 2022). Nonetheless, there are very 
few studies in the Orinoquia Region, a hydrographic basin that converges into the 
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Orinoco River, covering an area of almost 989,000 km2 (Domínguez 1998), and 
shared by both countries (Guimarães 1972; Wenzel 1976; Dick et al. 2016; Liéva-
no-Romero et al. 2019; López Rivera et al. 2022). Approximately 65% of this area 
is located in Venezuela, while the remaining 35% is in Colombia (León 2005). The 
Venezuelan portion extends from the Andes and the Cordillera de la Costa to the 
north-western bank of the Orinoco River, forming most of the Venezuelan plains 
and the delta Orinoco (Domínguez 1998; León 2005). The Orinoquia is one of the 
most diverse areas in terms of mammal diversity with 318 species, including 150 
species of Chiroptera (Ferrer Pérez et al. 2009; Pardo and Rangel-Ch. 2014).

Of the 125 Streblidae species reported in Colombia and Venezuela (81 and 
107 respectively; Wenzel 1976; Tarquino-Carbonell et al. 2015; Dick et al. 2016; 
Duran et al. 2017; Calonge-Camargo and Pérez-Torres 2018; Guerrero 2019; 
Liévano-Romero et al. 2019; Ascuntar-Osnas et al. 2020; Raigosa Álvarez et al. 
2020; López Rivera et al. 2022), 124 have been documented for the Orinoquia 
in ~ 96 bat species of the families Emballonuridae, Molossidae, Mormoopidae, 
Natalidae, Noctilionidae, Phyllostomidae, and Vespertilionidae (Wenzel 1976; 
Dick et al. 2016; Guerrero 2019; Liévano-Romero et al. 2019; López Rivera et 
al. 2022). Similarly, of the 16 Nycteribiidae reported in Colombia and Vene-
zuela (11 and 13, respectively; Wenzel and Tipton 1966; Graciolli et al. 2016; 
Pastrana-Montiel et al. 2019; Raigosa Álvarez et al. 2020; López Rivera et al. 
2022), 12 have been found in the Orinoquia (two in Colombia, 12 in Venezuela; 
Wenzel and Tipton 1966; Graciolli et al. 2016; López Rivera et al. 2022). Besides 
the high number of bats and bat flies documented in the Orinoquia, the inter-
action structure that might be evaluated using ecological or interaction net-
works (Dormann et al. 2009), has not been addressed. Interaction networks are 
formed by interactions (links) between species (nodes) that make up a commu-
nity (network); they are considered as a synthesis tool in the study of ecological 
interactions that allow understanding the functioning of megadiverse systems 
(Blüthgen et al. 2006). The study of the host-parasite specificity interactions is 
essential to understand the mechanisms behind parasitism and its relationship 
with biodiversity functioning (Frainer et al. 2018) since parasites play an im-
portant role in the regulation of populations of host species (Poulin et al. 2006). 
For those reasons, and to contribute to the knowledge of ectoparasitic flies of 
the Orinoquia, we present novel records (including morphological description 
of ectoparasitic flies) and new associations with bats from this region in Co-
lombia, and a review of records of ectoparasitic flies and the interactions with 
hosts bats in the whole Orinoquia (Colombia-Venezuela).

Materials and methods

Study Area

The Orinoquia Region shared by Colombia and Venezuela is a hydrographic ba-
sin, with waters that converge in the Orinoco River (Domínguez 1998). The Ori-
noco basin covers an area of almost 989,000 km2 of which 643,480 km2 (65%) 
are located in Venezuela and 35% in Colombia (Fig. 1). In Colombia, the Orino-
quia extends from the eastern slopes of the Cordillera Oriental of Colombia. In 
Venezuela, the Orinoquia extends from the Venezuelan Andes and the Cordillera 
de la Costa to the north-western bank of the Orinoco River, forming most of the 
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Venezuelan plains and the delta Orinoco (León 2005). The Orinoco basin features 
isothermal climates with minimal temperature fluctuations throughout the year. 
This is typical of the inter-tropical zone and is characterized by a mere 3 °C differ-
ence between the average temperatures of the warmer and cooler months. In the 
lowlands, which reach up to 800 m above sea level, there are five primary climate 
types, including jungle, savanna, semi-desert, and desert proper (León 2005).

Figure 1. Locality records of Nycteribiidae and Streblidae in the Orinoquia Region in South America A Orinoquia B South 
America highlighting Colombia (pink) and Venezuela (blue). The red line delimits the Orinoco basin according to Domín-
guez (1998); the yellow circles indicate 58 localities reported in the literature (Table 1) and the red star indicate the new 
records for the Department of Arauca, Colombia (Table 2). Detailed information is found in the Suppl. material 1: table S1.
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Richness of bats and ectoparasite flies in the Orinoco Region and new 
records from Colombia

To gather the information on ectoparasitic flies associated with bats from Orino-
quia Region (Fig. 1), we reviewed the information available in the literature retrieved 
from Science Direct, Web of Science, SciELO Scopus, and Google Scholar search 
engines using the keywords ((Fly*) OR (Flies*) AND ((Streblidae*) OR (Nycteribi-
idae*) AND (bat*) AND (Colombia*) OR (Venezuela*)), without temporal restric-
tions. We also analyzed the sources cited and referenced in the publications to ob-
tain more data and information for the compilation of the interaction networks. To 
update the bats taxonomy, we used recent check list and online resources (e.g., 
Ramírez-Chaves et al. 2021; Mammal Diversity Database 2022). To include an ar-
ticle in our study, we used the following criteria: bat species found in contact with 
ectoparasitic dipterans from a locality (including latitude and longitude) within the 
Orinoquia Region. It is relevant to highlight that when reviewing the associations, 
we consider previously reported bat fly species complexes (sensu Wenzel 1976), 
which are believed to have a generalist behavior. In publications lacking geograph-
ic coordinates we extrapolated this information using Google Earth (https://www.
google.com/intl/es/earth/), when possible. To assess the quality of the published 
bat flies-host associations, we collected information on the abundances of flies 
found on the hosts, as well as the specific location and date of each report. To 
identify possible non-primary associations due to contamination transfers, two 
important criteria were applied (Dick 2005): 1) non-primary associations that rep-
resented ≤ 5% of the total records, and 2) ectoparasitic flies had to be collected 
in the presence of the primary host at the same location and date (Table 1 and 
Suppl. material 1: table S2). Additionally, we reviewed the non-primary associa-
tions reported for the Department of Arauca in previous works (e.g., López Rivera 
et al. 2022), based on specimens deposited in the Collection of Ectoparasites (Ec) 
at the Museo de Historia Natural of the Universidad de Caldas (MHN-UCa).

We also included additional and noteworthy records of ectoparasitic bat flies 
collected from bats captured using four mist nets (12 × 2.5 m; with 36 mm mesh 
size) during November 2021 (8 days) in two localities of the Orinoquia Region. 
For this we performed field work in two localities of the municipality of Arauca 
in the Department of Arauca (Fig. 1), Colombia (1: Vereda El Socorro, Finca Los 
Trompillos, and 2: Vereda El Socorro, Finca Marsella; Table 2). The Department 
of Arauca is located in the Orinoquia Region bordering to the north and east 
with Venezuela, and occupies an area of 23,818 km2 dominated by herbaceous 
plains and chaparral (Mosquera Guerra et al. 2019). The region shows a typical 
savanna climate with a well-defined wet season between June and July and a 
very dry season between December and April (López Rivera et al. 2022). The 
mist nets were placed randomly in both localities and operated between 18:00 
and 22:30 hours. We examined each captured bat to search for ectoparasites 
by placing a clean white blanket on them and in some cases moistening the 
fur with 70% alcohol, to facilitate handling. We collected the flies and other ec-
toparasites using entomological tweezers and stored in Eppendorf tubes with 
96% ethanol. The flies were collected and handled under the permission grant-
ed by the Autoridad Nacional de Licencias Ambientales (ANLA) to the Univer-
sidad de Caldas (Resolution 02497 of 31 December 2018) and by approval of 
the bioethics committee of the Facultad de Ciencias Exactas y Naturales of the 
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Table 1. Records of flies in bats in Orinoquia from 1911 to June 2023. Localities respresents the number of localities in 
which the species has been documented. Letters in parentheses following the fly species indicate host-specificity (HS) 
behavior: M: monoxene (found in only one host species); O: oligoxene (found in different species of bat hosts, but of the 
same genus); Pl: pleioxene (found in different species and genera of bat hosts, but from the same family); Po: polyxene 
(found in different host bat species and genera and in different families). The hosts were arranged in descending order 
from primary hosts, transitional to incidental, the hosts marked with an asterisk are not primary (≤5% of the total records) 
and those followed by the letter (C) are possible associations resulting from contamination by manipulation when they 
are collected in the presence of the primary host in the same place and date (Dick 2005), however, as they are congeners 
of the primary host, this definition should be considered. The other associations are difficult to define if they are ecolog-
ical or contamination due to the low number of records.

Bat-flies taxa Bats Country (Department/State) Localities References

Family Streblidae

Subfamily Nycterophiliinae

Nycterophilia coxata (Pl) Pteronotus parnelli (probably P. fuscus), 
*Phyllostomus elongatus, *Artibeus planirostris, 
*Eumops glaucinus, *Pteronotus davyi (C) and 
*Pteronotus gymnonotus (C)

Venezuela (Amazonas, Bolívar, Guárico, 
Monagas, Trujillo and Yaracuy)

8 Wenzel 1976

Nycterophilia fairchildi (O) Pteronotus davyi, Pteronotus gymnonotus, 
*Pteronotus parnelli (probably P. fuscus) (C) and 
*Platyrrhinus helleri (C)

Venezuela (Yaracuy) 1 Wenzel 1976

Nycterophilia mormoopsis Mormoops megalophylla Venzuela (Yaracuy) 1 Wenzel 1976

Nycterophilia parnelli (M) Pteronotus parnelli (probably P. fuscus), 
*Lonchorhina orinocensis (C), *Lonchorhina 
aurita, *Pteronotus rubiginosus and *Sturnira 
tildae (C)

Colombia (Vichada) and Venezuela 
(Amazonas, Apure, Bolívar Carabobo 

and Yaracuy)

14 Wenzel 1976; Dick et 
al. 2016

Phalcophila puliciformes Lonchophylla robusta and Artibeus planirostris Venezuela (Barinas) 1 Wenzel 1976

Subfamily Trichobiinae

Anatrichobius scorzai (O) Myotis oxyotus, Myotis keaysi and 
*Lonchophylla robusta

Venezuela (Barinas, Bolívar and 
Carabobo)

4 Wenzel 1976

Aspidoptera falcata (O) Sturnira lilium (probably S. giannae), Sturnira 
ludovici, Sturnira tildae, *Dermanura cinerea (C), 
*Artibeus obscurus (C), *Artibeus planirostris 
(C), *Carollia perspicillata (C), *Phyllostomus 
hastatus (C), and *Uroderma bilobatum (C)

Venezuela (Amazonas, Apure, Barinas, 
Carabobo, Guárico, Monagas, Trujillo 

and Yaracuy)

22 Wenzel 1976

Aspidoptera phyllostomatis 
(O)

, Artibeus planirostris, *Artibeus lituratus, 
*Phyllostomus discolor (C) and *Sturnira 
giannae (C)

Colombia (Arauca, Meta, Vichada and 
Casanare) and Venezuela (Amazonas, 

Apure, Barinas, Bolivar, Carabobo, 
Guárico, Monagas, Trujillo, Yaracuy)

24 Wenzel 1976; Dick et al. 
2016; Liévano-Romero 

et al. 2019; López Rivera 
et al. 2022

Aspidoptera delatorrei (Pl) Sturnira giannae and Sturnira cf. parvidens and 
*Artibeus planirostris,

Colombia (Arauca and Meta) 2 Dick et al. 2016; López 
Rivera et al. 2022

Exastinion clovisi (O) Anoura caudifer, Anoura geoffroyi, Anoura 
latidens, *Artibeus planirostris (C) and 
*Peropteryx macrotis(C)

Venezuela (Amazonas, Barinas, Bolivar, 
Carabobo, Guarico, Monagas) and 

Colombia (Arauca)

14 Wenzel 1976; López 
Rivera et al. 2022

Exastinion oculatum (M) Anoura cultrata Venezuela (Aragua) 1 Wenzel 1976

Exastinion deceptivum (M) Anoura geoffroyi Venezuela (Merida and Monagas) 1 Wenzel 1976

Mastoptera guimaraesi 
(M)

Phyllostomus hastatus Colombia(Arauca) and Venezuela 
(Apure, Barinas, Trujillo and Yaracuy)

6 This study; Wenzel 1976

Mastoptera minuta (O) Lophostoma silvicola and Tonatia saurophila Colombia (Meta, Casanare and 
Vichada) and Venezuela (Amazonas 

and Trujillo)

7 Wenzel 1976; Dick et al. 
2016; Liévano-Romero 

et al. 2019

Mastoptera minuta s.l. (Pl) Lophostoma brasiliense, Lophostoma carrikeri, 
Lophostoma silvicola, Phyllostomus hastatus, 
Phyllostomus elongatus, *Anoura sp. (C), 
*Artibeus obscurus (C), Artibeus planirostris (C) 
and *Artibeus lituratus (C)

Venezuela (Amazonas, Trujillo and 
Yaracuy)

10 Wenzel et al. 1976

Megistopoda proxima (Po) Sturnira giannae, Sturnira parvidens, Sturnira sp., 
*Carollia perspicillata (C) and Noctilio albiventris

Colombia (Arauca) 2 López Rivera et al. 2022

Megistopoda aranea (O) Artibeus lituratus and Artibeus planirostris Colombia (Arauca and Casanare) and 
Venezuela (Amazonas, Apure, Barinas, 
Bolívar, Carabobo, Guarico, Monagas, 

Trujillo and Yaracuy).

28 Wenzel 1976; Liévano-
Romero et al. 2019; 

López López-Rivera et 
al. 2022
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Bat-flies taxa Bats Country (Department/State) Localities References

Neotrichobius bisetosus 
(O)

Artibeus obscurus and *Artibeus planirostris (C) Colombia (Meta) and Venezuela 
(Amazonas and Bolívar)

9 Wenzel 1976; Dick et 
al. 2016

Neotrichobius delicatus 
(M)

Vampyressa thyone Colombia (Meta) and Venezuela 
(Barinas, Carabobo and Yaracuy)

16 Wenzel 1976; Dick et 
al. 2016

Neotrichobius delicatus 
s.l. (Pl)

Dermanura cinerea, Rhinophylla pumilio, 
*Artibeus sp., *Artibeus planirostris, 
*Platyrrhinus helleri (C) and *Uroderma 
magnirostrum

Venezuela (Amazonas, Apure, Barinas, 
Bolívar, Carabobo and Guárico)

16 Wenzel 1976

Neotrichobius ectophyllae 
(M)

Mesophylla macconnelli Venezuela (Amazonas) 1 Wenzel 1976

Neotrichobius stenopterus 
(Po)

Dermanura cinerea Venezuela (Trujillo) 1 Wenzel 1976

Noctiliostrebla aitkeni (M) Noctilio leporinus and *Saccopteryx bilineata Colombia (Meta) and Venezuela 
(Amazonas, Bolivar, Monagas, Yaracuy)

6 Wenzel 1976; Dick et 
al. 2016

Noctiliostrebla maai (Po) Noctilio albiventris, *Molossus rufus (C), and 
Sturnira giannae

Colombia (Arauca) and Venezuela 
(Amazonas, Apure, Bolivar, Monagas, 

Yaracuy)

9 This study; Wenzel 
1976; López Rivera et 

al. 2022

Noctiliostrebla dubia (M) Unidentified host Colombia (Meta) 1 Dick et al. 2016

Noctiliostrebla traubi (M) Noctilio leporinus Venezuela (Guárico and Yaracuy) 2 Wenzel 1976

Paradyschiria curvata (M) Noctilio albiventris, *Desmodus rotundus (C), 
*Molossus rufus (C) and *Trachops cirrhosus 
(C)

Venezuela (Apure) 2 Wenzel 1976

Paradyschiria fusca (M) Noctilio leporinus Colombia (Meta and Casanare) 
and Venezuela (Amazonas, Bolivar, 

Monagas)

7 Wenzel 1976; Dick et 
al. 2016

Paradyschiria lineata (M) Noctilio leporinus, *Noctilio albiventris (C) and 
*Pteronotus parnelli (probably P. fuscus) (C)

Venezuela (Guarico and Yaracuy) 2 Wenzel 1976

Paradyschiria parvula (M) Noctilio albiventris, *Molossus aztecus (C) and 
*Molossus rufus (C)

Colombia (Vichada) and Venezuela 
(Amazonas, Apure, Monagas and 

Yaracuy)

5 Wenzel 1976; Dick et 
al. 2016

Paradyschiria parvuloides 
(M)

Noctilio albiventris and *Cynomops planirostris 
(C)

Colombia (Arauca) and Venezuela 
(Apure and Trujillo)

3 This study; Wenzel 
1976; López Rivera et 

al. 2022

Parastrebla handleyi (M) Trinycteris nicefori Venezuela (Bolivar) 1 Wenzel 1976

Paratrichobius dunni (O) Uroderma bilobatum, Uroderma magnirostrum 
and *Desmodus rotundus (C),

Venezuela (Amazonas, Apure, Barinas, 
Bolívar, Trujillo and Yaracuy)

12 Wenzel 1976

Paratrichobius longicrus 
(M)

Artibeus lituratus Colombia (Meta) and Venezuela 
(Amazonas, Apure, Aragua, 

Barinas,Bolívar, Carabobo, Trujillo and 
Yaracuy)

16 Wenzel 1976; Dick et 
al. 2016

Paratrichobius longicrus 
s.l.

Platyrrhinus aurarius, *Platyrrhinus umbratus, 
*Platyrrhinus vittatus, *Desmodus rotundus and 
*Carollia perspicillata

Venezuela (Amazonas, Apure, Barinas, 
Bolívar, Monagas)

5 Wenzel 1976

Paratrichobius lowei (O) Dermanura cinerea Venezuela (Bolívar) 1 Wenzel 1976

Paratrichobius sanchezi 
(M)

Enchisthenes hartii Venezuela (Carabobo, Guárico and 
Monagas)

3 Wenzel 1976

Paratrichobius salivini (M) Chiroderma salvini Venezuela (Carabobo and Monagas) 1 Wenzel 1976

Paratrichobius salivini 
s.l. (Pl)

Chiroderma trinitatum, Chiroderma villosum, 
Platyrrhinus helleri, Vampyriscus bidens and 
*Vampyrodes caraccioli

Venezuela (Amazonas, Apure, Barinas, 
Carabobo and Yaracuy)

9 Wenzel 1976

Pseudostrebla greenwelli Lophostoma brasiliense and Tonatia maresi Colombia (Casanare) and Venezuela 
(Amazonas)

2 Wenzel 1976; Liévano-
Romero et al. 2019

Pseudostrebla ribeiroi Lophostoma silvicola Venezuela (Amazonas) 2 Wenzel 1976

Pseudostrebla sparsisetis 
(M)

Lophostoma carrikeri Colombia (Meta) and Venezuela 
(Amazonas)

3 Wenzel 1976; Dick et 
al. 2016

Speiseria ambigua (O) Carollia perspicillata and *Carollia brevicauda 
(C)

Colombia (Arauca, Meta and Casanare) 
and Venezuela (Amazonas Apure, 
Barinas Bolivar, Carabobo, Guárico, 

Monagas, Trujillo and Yaracuy)

33 Wenzel 1976; Liévano-
Romero et al. 2019; 

López Rivera et al. 2022

Speiseria magnioculus (M) Trachops cirrhosus Venezuela (Amazonas and Bolivar) 5 Wenzel 1976

Speiseria peytoni (M) Carollia brevicauda Colombia (Meta) and Venezuela (Apure, 
Barinas, Bolivar and Carabobo)

7 Wenzel 1976; Dick et 
al. 2016

Stizostrebla longirostris Lophostoma carrikeri Colombia (Meta) and Venezuela 
(Amazonas)

2 Wenzel 1976; Dick et 
al. 2016
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Trichobius affinis (M) Lophostoma brasiliense Venezuela (Amazonas and Apure) 2 Wenzel 1976

Trichobius anducei (M) Carollia perspicillata Colombia (Arauca) 1 López Rivera et al. 2022

Trichobius angulatus (M) Platyrrhinus auraritus Colombia (Meta) and Venezuela 
(Amazonas and Bolívar)

3 Wenzel 1976; Dick et 
al. 2016

Trichobius assimilis (M) Artibeus planirostris and *Platyrrhinus auraritus 
(C)

Venezuela (Amazonas and Bolívar) 4 Wenzel 1976

Trichobius bilobus (M) Pteronotus gymnonotus Venezuela (Trujillo and Yaracuy) 2 Wenzel 1976

Trichobius caecus (M) Pteronotus parnellii (probably P. fuscus), 
Pteronotus rubiginosus, *Anoura geoffroyi 
(C), *Artibeus obscurus (C), *Artibeus lituratus 
(C), *Desmodus rotundus (C), *Macrophyllum 
macrophyllum (C), Myotis keaysi, *Pteronotus 
davyi (C), *Rhynchonycteris naso (C), *Trachops 
cirrhosus (C) and *Uroderma bilobatum (C)

Colombia (Vichada) and Venezuela 
(Amazonas, Apure, Aragua, Bolívar, 
Carabobo, Guárico, Monagas and 

Yaracuy)

26 Wenzel 1976; Dick et 
al. 2016

Trichobius costalimai (M) Phyllostomus discolor, *Phyllostomus elongatus 
and *Eptesicus orinocensis (C)

Colombia (Arauca and Meta) and 
Venezuela (Amazonas, Aragua, Barinas, 

Bolívar, Guárico, Carabobo, Monagas 
and Trujillo)

19 Wenzel 1976; Dick et al. 
2019; López Rivera et 

al. 2022

Trichobius diaemi (M) Diaemus youngii Colombia (Guainía) and Venezuela 
(Amazonas)

4 Wenzel 1976; Dick et 
al. 2016

Trichobius dybasi Unidentified host Colombia (Meta) 1 Dick et al. 2016

Trichobius diphyllae Diphylla ecaudata Colombia (Vaupes) and Venezuela 
(Aragua)

1 Wenzel 1976; Dick et 
al. 2016

Trichobius dugesii (O) Glossophaga longirostris, Glossophaga soricina, 
*Carollia brevicauda, *Trinycteris nicefori and 
*Platyrrhinus helleri (C)

Colombia (Meta and Vichada) and 
Venezuela (Amazonas, Apure, Barinas, 
Bolívar, Guárico, Monagas, Trujillo and 

Yaracuy)

25 Wenzel 1976; Dick et 
al. 2016

Trichobius dugesioides 
dugesioides (Pl)

Trachops cirrhosus, *Chrotopterus auritus 
(C), *Desmodus rotundus (C), *Macrophyllum 
macrophyllum (C), Phyllostomus discolor 
(C), *Sphaeronycteris toxophyllum (C) and 
*Lophostoma silvicola (C)

Colombia (Meta) and Venezuela 
(Amazonas, Apure, Barinas, Bolívar, 

Guárico, Trujillo and Yaracuy)

29 Wenzel 1976; Dick et 
al. 2016

Trichobius dugesioides 
phyllostomus

Phyllostomus elongatus and *Phyllostomus 
hastatus

Venezuela (Amazonas and Bolívar) 6 Wenzel 1976; Guerrero 
1998

T. dugesioides (probably 
Trichobius anducei) (O)

Carollia perspicillata and *Carollia brevicauda 
(C)

Venezuela (Amazonas, Apure, Barinas, 
Bolívar and Yaracuy

10 Wenzel 1976; Guerrero 
1998

Trichobius ethophallus (M) Lonchorhina orinocensis Venezuela (Amazonas and Apure) 5 Wenzel 1976

Trichobius flagellatus (O) Lonchorhina aurita and *Lonchorhina 
orinocensis

Venezuela (Amazonas, Barinas, Bolívar 
and Trujillo)

6 Wenzel 1976

Trichobius furmani Unidentified host Colombia (Meta) 1 Dick et al. 2016

Trichobius galei (M) Natalus tumidirostris Venezuela (Aragua and Bolívar) 2 Wenzel 1976

Trichobius handleyi (M) Micronycteris minuta* and *Phyllostomus 
elongatus (C)

Venezuela (Amazonas, Apure, Bolívar, 
Guárico, Monagas and Trujillo)

7 Wenzel 1976

Trichobius hispidus (M) Sturnira bidens Venezuela (Mérida) 1 Wenzel 1976

Trichobius imitator Anoura sp. Venezuela (Bolívar) 1 Wenzel 1976

Trichobius joblingi (Pl) Carollia perspicillata, Phyllostomus elongatus, 
Carollia brevicauda, *Desmodus rotundus (C), 
*Phyllostomus hastatus (C) and *Platyrrhinus 
fusciventris

Colombia (Arauca, Casanare, Meta and 
Vaupes) and Venezuela (Amazonas, 

Apure, Barinas, Bolívar, Guárico, 
Monagas, Trujillo and Yaracuy)

53 Wenzel 1976; Dick et al. 
2016; Liévano-Romero 

et al. 2019

Trichobius johnsonae (O) Pteronotus gymnonotus, Pteronotus davyi, 
Pteronotus personatus and *Noctilio albiventris 
(C)

Venezuela (Aragua, Bolívar and 
Yaracuy)

4 Wenzel 1976

Trichobius jubatus (M) Molossus rufus, Molossus pretiosus and 
*Molossus molossus

Colombia (Arauca) and Venezuela 
(Amazonas, Apure and Monagas)

8 This study; Wenzel 
1976; López Rivera et 

al. 2022

Trichobius keemani Micronycteris megalotis, Micronycteris microtis 
and Carollia perspicillata

Venezuela (Amazonas, Apure and 
Barinas)

4 Wenzel 1976

Trichobius leiomotus (M) Mormoops megalophylla Venezuela (Bolívar and Yaracuy) 2 Wenzel 1976

Trichobius lionycteris (M) Lionycteris spurrelli, *Carollia perspicillata (C), 
*Molossus aztecus (C), *Sturnira lilium (probably 
S. giannae) (C) and *Platyrrhinus helleri (C)

Colombia (Meta) and Venezuela 
(Amazonas, Apure and Bolívar)

11 Wenzel 1976; Dick et 
al. 2019

Trichobius lonchophyllae 
(O)

Lonchophylla robusta, Lonchophylla 
orienticollina, *Myotis handleyi, *Anoura latidens 
(C) and *Sturnira lilium (probably S. giannae) (C)

Colombia (Arauca) and Venezuela 
(Barinas)

5 Wenzel 1976; López 
Rivera et al. 2022
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Trichobius longipes (O) Phyllostomus hastatus, Phyllostomus elongatus, 
*Artibeus planirostris (C), *Desmodus rotundus 
(C), *Molossus rufus, *Rhynchonycteris naso (C) 
and *Uroderma bilobatum (C)

Colombia (Arauca) and Venezuela 
(Amazonas, Apure, Aragua, Barinas, 

Bolívar, Carabobo, Guárico, Monagas, 
Trujillo and Yaracuy)

23 Wenzel 1976; López 
Rivera et al. 2022

Trichobius longipilis (M) Pteropteryx macrotis Venezuela (Bolívar) 2 Wenzel 1976

Trichobius macrophylli (M) Macrophyllum macrophyllum Venezuela (Amazonas, Apure, Bolívar 
and Guárico)

6 Wenzel 1976

Trichobius pallidus Furipterus horrens Venezuela (Amazonas) 1 Wenzel 1976

Trichobius parasparsus 
(M)

Pteronotus parnelli (probably P. fuscus), 
*Carollia perspicillata (C), *Sturnira lilium 
(probably S. giannae) (C), *Sturnira tildae (C) 
and *Uroderma convexum (C)

Venezuela (Amazonas, Apure, Bolívar 
and Yaracuy) and Colombia (Vichada)

17 Wenzel 1976; Dick et 
al. 2016

Trichobius parasiticus (Pl) Desmodus rotundus, Carollia perspicillata, 
Chiroderma villosum and Platyrrhinus umbratus

Colombia (Meta and Arauca) and 
Venezuela (Amazonas, Apure, Barinas, 
Bolívar, Carabobo, Guárico, Monagas, 

Trujillo and Yaracuy)

39 This study; Wenzel 
1976; Dick et al. 2016

Trichobius permilis (O) Carollia brevicauda, Carollia perspicillata and 
*Phyllostomus elongatus

Venezuela (Apure, Barinas, Bolívar, 
Carabobo and Monagas)

10 Wenzel 1976

Trichobius petersoni (O) Sturnira erythromos and *Sturnira bogotensis Venezuela (Barinas, Mérida and 
Monagas)

4 Wenzel 1976

Trichobius propinquus (O) Anoura geoffroyi Venezuela (Bolívar) 1 Wenzel 1976

Trichobius silvicolae (M) Lophostoma silvicola and *Phyllostomus 
hastatus

Venezuela (Amazonas and Bolívar) 2 Wenzel 1976

Trichobius sparsus (M) Pteronotus parnellii and *Natalus tumidirostris 
(C)

Venezuela (Amazonas, Bolívar and 
Guárico)

10 Wenzel 1976

Trichobius strictisternus Lophostoma carrikeri* Venezuela (Amazonas) 1 Wenzel 1976

Trichobius tiptoni (M) Anoura caudifer, *Carollia perspicillata (C), 
*Desmodus rotundus (C), *Sturnira ludovici (C) 
and *Platyrrhinus helleri (C)

Venezuela (Barinas, Bolívar, Carabobo 
and Yaracuy)

4 Wenzel 1976

Trichobius tuttlei Lampronycteris brachyotis Venezuela (Amazonas) 1 Wenzel 1976

Trichobius uniformis (O) Glossophaga longirotris, Glossophaga soricina, 
*Artibeus lituratus (C), *Carollia perspicillata (C) 
and *Platyrrhinus helleri (C)

Venezuela (Amazonas, Apure, Barinas, 
Bolívar, Guárico, Monagas, Trujillo and 

Yaracuy)

21 Wenzel 1976

Trichobius urodermae (M) Uroderma bilobatum Venezuela (Amazonas and Trujillo) 5 Wenzel 1976

Trichobius vampyrops (O) Platyrrhinus vittatus Venezuela (Barinas) 1 Wenzel 1976

Trichobioides perspicillatus 
(M)

Phyllostomus discolor Colombia (Arauca, Meta) and 
Venezuela (Amazonas, Aragua, Barinas, 

Bolívar, Carabobo, Guárico, Monagas 
and Trujillo)

13 Wenzel 1976; Dick et al. 
2016; López Rivera et 

al. 2022

Xenotrichobius noctilionis Noctilio albiventris and Noctilio leporinus Venezuela (Amazonas and Apure) 2 Wenzel 1976

Subfamily Streblinae

Anastrebla caudiferae (M) Anoura caudifer Venezuela (Amazonas, Barinas and 
Bolívar)

3 Wenzel 1976

Anastrebla modestini (M) Anoura geoffroyi and Anoura sp. Venezuela (Amazonas, Barinas, 
Bolívar, Carabobo, Guárico, Mérida and 

Monagas)

12 Wenzel 1976

Anastrebla nycteridis (O) Lonchophylla robusta and Lonchophylla 
orienticollina

Colombia (Arauca) and Venezuela 
(Barinas)

2 Wenzel 1976; López 
Rivera et al. 2022

Anastrebla spurrelli (M) Lionycteris spurrelli and *Ametrida centurio (C) Venezuela (Amazonas and Bolivar) 7 Wenzel 1976

Metalasmus pseudopterus 
(Pl)

Artibeus planirostris, *Artibeus lituratus, 
*Chiroderma villosum, *Myotis nigricans, 
*Peropteryx macrotis, *Phyllostomus hastatus 
and *Uroderma magnirostrum

Colombia (Meta) and Venezuela 
(Amazonas, Apure, Barinas, Bolivar, 
Guarico, Lara, Monagas, Trujillo and 

Yaracuy)

18 Wenzel 1976; Dick et 
al. 2016

Metalasmus sp. Sturnira ludovici Venezuela (Barinas) 1 Wenzel 1976

Paraeuctenodes longipes 
(M)

Glossophaga soricina, *Artibeus lituratus and 
*Nyctinomops laticaudatus (C)

Venezuela (Amazonas, Bolivar and 
Yaracuy)

7 Wenzel 1976

Paraeuctenodes similis 
(M)

Carollia perspicillata Venezuela (Bolivar) 2 Wenzel 1976

Strebla altmani (O) Lonchorhina aurita, Lonchorhina orinocensis 
and *Macrophyllum macrophyllum

Colombia (Meta) and Venezuela 
(Amazonas, Aragua, Apure, Barinas, 

Bolivar, Trujillo and Yaracuy)

15 Wenzel 1976; Dick et 
al. 2016

Strebla alvarezi (O) Micronycteris microtis, Micronycteris megalotis, 
Carollia brevicauda, and Lonchophylla thomasi

Colombia (Meta) and Venezuela 
(Amazonas, Bolivar and Yaracuy)

5 Wenzel 1976; Dick et 
al. 2016
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Strebla asternalis (M) Saccopteryx bilineata and Saccopteryx sp. Venezuela (Amazonas) 2 Wenzel 1976

Strebla christinae (M) Phylloderma stenops, *Eumops glaucinus (C) 
and *Uroderma bilobatum (C)

Venezuela (Amazonas, Apure and 
Bolivar)

8 Wenzel 1976

Strebla choropteri (M) Chrotopterus auritus Venezuela (Amazonas and Bolivar) 4 Wenzel 1976

Strebla consocia (O) Phyllostomus elongatus, Phyllostomus hastatus, 
*Desmodus rotundus (C), *Trachops cirrhosus 
(C) and *Platyrrhinus helleri (C)

Colombia (Meta) and Venezuela 
(Amazonas, Apure, Barinas, Bolivar, 

Carabobo, Monagas, Trujillo, Yaracuy)

21 Wenzel 1976; Dick et 
al. 2016

Strebla cormurae Cormura brevirostris Venezuela (Amazonas) 1 Wenzel 1976

Strebla curvata (O) Glossophaga longirostris, Glossophaga soricina, 
*Carollia brevicauda, *Carollia perspicillata and 
*Noctilio albiventris (C)

Venezuela (Amazonas, Apure, Barinas, 
Bolivar and Monagas)

12 Wenzel 1976

Strebla diaemi (M) Diaemus youngii Colombia (Guainia) and Venezuela 
(Amazonas)

4 Wenzel 1976; Dick et 
al. 2016

Strebla diphyllae Diphylla ecaudata Colombia (Vaupes) and Venezuela 
(Aragua)

1 Wenzel 1976; Dick et 
al. 2016

Strebla galindoi (M) Tonatia bidens Venezuela (Amazonas, Apure and 
Bolivar)

4 Wenzel 1976

Strebla guajiro (O) Carollia brevicauda and Carollia perspicillata Colombia (Casanare, Meta and 
Vichada) and Venezuela (Amazonas, 

Apure, Aragua, Barinas, Bolívar, Guárico, 
Monagas, Trujillo and Yaracuy)

50 Wenzel 1976; Dick et 
al. 2016; Liévano et al. 

2019

Strebla harderi (M) Anoura geoffroyi and Anoura sp. Venezuela (Amazonas and Bolivar) 4 Wenzel 1976

Strebla hertigi (O) Phyllostomus discolor and *Phyllostomus 
elongatus (C)

Colombia (Arauca) and Venezuela 
(Amazonas, Barinas, Bolivar, Guarico, 

Monagas and Trujillo)

14 Wenzel 1976; López 
Rivera et al. 2022

Strebla kohlsi Lophostoma silvicola Venezuela (Amazonas) 2 Wenzel 1976

Strebla machadoi (M) Micronycteris minuta Venezuela (Amazonas, Apure, Bolivar 
and Monagas)

4 Wenzel 1976

Strebla matsoni (M) Macrophyllum macrophyllum and 
*Rhynchonycteris naso (C)

Venezuela (Amazonas, Apure and 
Bolivar)

5 Wenzel 1976

Strebla mirabilis (M) Trachops cirrhosus, *Phyllostomus hastatus 
C), *Phyllostomus elongatus (C), *Artibeus 
planirostris, *Chrotopterus auritus (C) and 
*Diphylla ecaudata

Colombia (Meta) and Venezuela 
(Amazonas, Apure, Aragua, Bolivar, 

Guarico and Yaracuy)

19 Wenzel 1976; Dick et 
al. 2016

Strebla obtusa (M) Trinycteris nicefori and *Phyllostomus elongatus 
(C)

Venezuela (Amazonas and Bolivar) 5 Wenzel 1976

Strebla paramirabilis (Pl) Artibeus planirostris, Platyrrhinus aurarius and 
*Anoura geoffroyi (C)

Colombia (Meta) and Venezuela 
(Amazonas and Bolivar)

5 Wenzel 1976; Dick et 
al. 2016

Strebla proxima (O) Peropteryx macrotis and Peropteryx trinitatis Venezuela (Amazonas and Yaracuy) 2 Wenzel 1976

Strebla tonatiae (O) Lophostoma brasiliense, *Tonatia saurophila, 
*Lophostoma carrikeri (C) and *Sturnira lilium 
“(probably S. giannae)” (C)

Colombia (Casanare) and Venezuela 
(Amazonas, Apure, Bolivar, Monagas, 

Trujillo and Yaracuy)

9 Wenzel 1976; Liévano-
Romero et al. 2019

Strebla wiedemanni (M) Desmodus rotundus Colombia (Meta) and Venezuela 
(Amazonas, Apure, Barinas, Bolivar, 
Guárico, Lara, Monagas, Trujillo and 

Yaracuy)

28 Wenzel 1976; Dick et 
al. 2016

Family Nycteribiidae

Basilia anceps Unidentified host Venezuela (Bolivar and Amazonas) 2 Graciolli et al. 2007

Basilia bequaerti Unidentified host Venezuela (Amazonas 1 Guimarães 1972

Basilia constricta Unidentified host Venezuela (Mérida) 1 Guimarães 1972

Basilia dunni Unidentified host Venezuela (Amazonas) 1 Graciolli et al. 2007

Basilia dubia (M) Myotis albescens and *Saccopteryx bilineata (C) Venezuela (Amazonas and Apure) 3 Guimarães 1972

Basilia ferrisi (O) Myotis albescens, Myotis handleyi, Myotis 
nigricans, Myotis riparius, *Molossus pretiosus 
(C), *Desmodus rotundus, *Noctilio albiventris 
(C), *Phyllostomus elongatus (C) and 
Platyrrhinus helleri(C)

Colombia (Arauca and Meta) and 
Venezuela (Amazonas, Apure, Aragua, 

Bolivar and Monagas)

8 Guimarães 1972; 
Graciolli et al. 2007; 

López Rivera et al. 2022

Basilia juquiensis (O) Myotis riparius Venezuela (Apure) 1 Guimarães 1972

Basilia ortizi (O) Eptesicus brasiliensis, Eptesicus furinalis, 
Eptesicus orinocensis and *Myotis riparius

Colombia (Arauca), Venezuela 
(Amazonas, Bolivar and Monagas)

8 Guimarães 1972
López Rivera et al. 2022

Basilia tiptoni (M) Gardnerycteris crenulatum Venezuela (Apure and Trujillo) 2 Guimarães 1972

Basilia typhlops Myotis oxyotus Venezuela (Bolivar) 1 Guimarães 1972

Basilia tuttlei Myotis nigricans Venezuela (Amazonas) 1 Guimarães 1972

Basilia wenzeli Eptesicus fuscus and Lonchorhina aurita Venezuela (Aragua) 1 Guimarães 1972
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Table 2. Ectoparasitic flies collected on bats during 2021 in the Department of Arauca, Colombia. * New records of bat 
fly species for Colombia. ** New association between bat flies and bats.

Taxon No individuals Host Prevalence Locality Coordinates Voucher

Streblidae

Mastoptera 
guimaraesi

7♀ and 5♂ Phyllostomus hastatus (1♂) 1.00 1 06°46'47"N, 70°42'59.3"W MHN-UCa-Ec 555

Noctiliostrebla maai 12♀ and 9♂ Noctilio albiventris 
(1♀ and 2♂)

0.26 1 06°46'46.4"N, 70°43'00"W; 
06°46'46.7"N, 70°43'02.1"W

MHN-UCa-Ec 555, 561 and 562

37♀ and 27♂ Noctilio albiventris (♀ and ♂) 0.26 2 06°46'43.2"N, 70°43'36.1"W MHN-UCa-Ec 565, 568, 570–
573, 580, 583, 586 and 588

Paradyschiria 
parvuloides

1♀ Cynomops planirostris (1♀)** 0.1 1 06°46'43.2"N, 70°43'36.1"W MHN-UCa-Ec 509

27♀ and 15♂ Noctilio albiventris 
(1♀ and 3♂)

0.32 1 06°46'46.4"N, 70°43'00"W; 
06°46'46.7"N, 70°43'02.1"W

MHN-UCa-Ec 557, 559, 560 
and 563

39♀ and 32♂ Noctilio albiventris (♀ and ♂) 0.32 2 06°46'43.2"N, 70°43'36.1"W MHN-UCa-Ec 566, 567, 569, 
572, 574–579, 581, 582, 585 

and 589

Trichobius jubatus* 1♂ Molossus rufus (♂) 0.05 2 06°46'43.2"N, 70°43'36.1"W MHN-UCa-Ec 564

Trichobius parasiticus 1♂ Desmodus rotundus (1♂) 1.00 1 06°46'46.3"N, 70°42'59.2"W

Nycteribiidae

Basilia ferrisi 6♀ and 5♂ Myotis handleyi (1♀ and 1♂) 0.25 1 06°46'47"N, 70°42'59.3"W MHN-UCa-Ec 552

Universidad de Caldas (2 June 2017). Bats and ectoparasites were deposited at 
the Mammals (M) and Ectoparasites (Ec) collections of the MHN-UCa. Of these 
records, we calculated the general prevalence for host species defined as the 
number of individuals of a host species infected with a particular parasite spe-
cies divided by the number of hosts examined (Margolis et al. 1982).

For the taxonomic identification of the captured bats, we took morphometric 
measurements including the total length, tail length, forearm length, ear length 
and foot length (Nagorsen and Peterson 1980) and used taxonomic keys (e.g., 
Gardner 2008). For the identification of the specimens of Streblidae and Nycteri-
biidae, we used the dichotomous keys of Wenzel et al. (1966), Wenzel (1976), 
Guerrero (1994, 1995, 1998), Autino et al. (1999), and Alcantara et al. (2019) 
using morphological features to distinguish between different species (Wenzel 
1976; Autino et al. 1999). These traits include the shape and size of the body, 
wing, mesonotum, head, eyes and female and male reproductive structures. 
Identifications were done with the help of a stereomicroscope and compared 
with additional specimens deposited in the MHN-UCa-Ec collection.

Bat-ectoparasite network structure and complex network metrics

We used the new records reported in the present study and the records collect-
ed in the literature to build bipartite interaction networks for the Streblidae and 
Nycteribiidae of the Orinoquia. In the networks, bat and ectoparasite species 
are represented by nodes and interacting species are linked by lines, with the 
width of the line proportional to the frequency of each interaction. We created 
a net that includes all raw records, as well as other nets that exclude records 
that could be the product of incidental transfer or contamination. In addition, 
we carried out an analysis of the Streblidae species present in the interaction 
networks, classifying them into the three ecomorphological groups proposed 
by Dick (2005): wing crawler, fur runners, and fur swimmers. This allowed us 
to infer possible niche partitioning between host species across the networks.
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To evaluate the properties of the network we used the index of specialization 
by communities (H2’), the quantitative modularity QuanBiMo (Q), the connec-
tance (C), and the nestedness (wNODF) (Dormann et al. 2009; Fortuna et al. 
2010; Mello et al. 2016). The standardized two-dimensional entropy index (H2’) 
measures both the degree of niche complementarity among species and the 
specialization at species level (Blüthgen et al. 2006). This index varies from 
0 (unspecialized network) to 1 (perfectly specialized network). We calculated 
Quantitative Modularity (QuanBiMo) that allows determining the existence of 
sets or groupings within the complete network, that is, when there are species 
that interact more closely, forming modules (Fortuna et al. 2010). The modu-
larity ranges from 0 (non-modular) to 100 (fully modular) and were estimated 
using the algorithm QuanBiMo (Dormann and Strauss 2014). The C index rep-
resents the number of interactions or links observed in the network, between 
bats and their ectoparasitic flies considering the total number of potential in-
teractions. It takes values from 0 to 1 where 0 indicates that there are no con-
nections and 1 which denotes that most of the nodes in the network interact 
with each other (Blüthgen et al. 2006). Then we calculated the Weighted Nest-
edness (wNODF) ranging from 0 (non-nested) to 100 (fully nested), to measure 
how strongly species interactions of seldom connected species were nested 
within those of highly connected species (Almeida-Neto and Ulrich 2011).

Also, we assessed the role of bat and fly species using one centrality met-
ric. The degree centrality (DC) measured the number of interactions of a given 
species, reflecting its degree of generalization versus specialization and the 
(González et al. 2010). All calculations were carried out using the R software (R 
Core Team 2022) and the vegan (diversity analysis), iNEXT (interaction accu-
mulation curve), network and bipartite (interaction networks and metrics) pack-
ages (Butts 2008; Dormann et al. 2008; Hsieh et al. 2016; Oksanen et al. 2020).

Results

Richness of bats and ectoparasite flies in the Orinoco Region

Our review showed 1046 records of 129 species of ectoparasitic flies asso-
ciated with 102 species of bats (Table 1) in the Orinoquia Region (Suppl. ma-
terial 1: table S1), and seven species (Basilia anceps, Basilia bequaerti, Basilia 
constricta, Basilia dunni, Noctiliostrebla dubia, Trichobius dybasi and Trichobius 
furmani) in which the associated host were not recorded (Table 1, Suppl. mate-
rial 1: table S2). The flies were mainly associated with bats of the families Phyl-
lostomidae (69 species, ~ 79% of the records), followed by Vespertilionidae (10 
species), Molossidae (seven species), Emballonuridae (six species), Mormoop-
idae (six species), Noctilionidae (two species), Furipteridae (one species), and 
Natalidae (one species) (Table 1). Species of Nycteribiidae were found asso-
ciated mainly with species of Vespertilionidae (27 records of seven species 
of flies associated with nine species of bats), followed by Phyllostomidae (six 
records of three species of flies associated with five species of bats) (Table 
1). 119 species of Streblidae were reported associated mainly with species of 
Phyllostomidae (821 records of 97 species of bat flies associated with 68 spe-
cies of bats) followed by Mormoopidae (89 records of 11 species of bat flies 
associated with six species of bats) (Table 1).
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The evaluation of the quality of the associations between flies and hosts 
showed that 9.8% of them could be the result of incidental transfers or con-
tamination (Table 1). For example, reported associations of Trichobius cae-
cus were found with 11 bat species, of which nine are considered non-prima-
ry associations and might represent incidental transfers or contamination. 
Similarly, reported associations of Aspidoptera falcata with nine bat species 
were recorded, of which six were identified as possible contaminations. We 
also detected unresolved non-primary associations where a significant num-
ber of individuals (> 5% of records) were found in the absence of the prima-
ry hosts. For example: Mastoptera minuta is primarily associated with Lo-
phostoma silvicola but Liévano-Romero et al. (2019) reported 16 individuals 
of this species parasitizing Tonatia maresi in Casanare, Colombia. Further-
more, Megistopoda proxima is primarily associated with Sturnira species, 
but López Rivera et al. (2022) found three individuals parasitizing Noctilio 
albiventris and seven individuals of Noctiliostrebla maai on a Sturnira gi-
annae in the absence of the primary host (N. albiventris) in Arauca, Colom-
bia (Table 1). Distinguishing non-primary associations due to contamination 
among ecological associations were also challenging for species complex-
es, given their taxonomic complexity. For instance, Mastoptera minuta s.l. 
were recorded associated with eight bat species belonging to four genera 
(Anoura, Artibeus, Lophostoma, Phyllostomus). Paratrichobius salvini s.l. 
were reported associated with five bat species from three genera (Chiroder-
ma, Platyrrhinus, and Vampyriscus). Neotrichobius delicatus s.l. were found 
associated with two bat species from different genera (Dermanura cinerea 
and Rhynophylla pumilio). Furthermore, the specificity of other ectoparasitic 
fly species could not be determined due to limited or unique records, such 
as Neotrichobius ectophyllae, Neotrichobius stenopterus, Strebla cormurae, 
Trichobius pallidus, and Trichobius tuttlei (Table 1). Regarding the morpho-
logical confirmation of some non-primary associations previously reported 
for the Department of Arauca, Colombia, we reidentified samples of Tricho-
bius mendezi found in association with Molossus molossus and Molossus 
pretiosus as Trichobius jubatus. Similarly, T. mendezi found in non-primary 
association with Phyllostomus hastatus were morphologically reidentified 
as Trichobius longipes.

New records for Colombia

We captured 141 bats of 16 species (Carollia brevicauda, Cynomops milleri, 
Cynomops planirostris, Desmodus rotundus, Eptesicus orinocensis, Eumops 
glaucinus, Eumops nanus, Molossops temminckii, Molossus coibensis, M. mo-
lossus, M. pretiosus, Molossus rufus, Myotis handleyi, N. albiventris, P. hasta-
tus and Uroderma magnirostrum) of which 24 individuals of six bat species 
had ectoparasitic flies (C. planirostris, D. rotundus, M. handleyi, M. rufus, N. 
albiventris, and P. hastatus). In total, we obtained 223 flies belonging to five 
species of Streblidae: Mastoptera guimaraesi (Fig. 2), N. maai (Fig. 3), Parady-
schiria parvuloides (Fig. 4), Trichobius jubatus (Fig. 5A–C), and T. parasiticus 
(Fig. 5D, F), and one species of Nycteribiidae: Basilia ferrisi (Fig. 6). Our study 
reports for the first time the presence T. jubatus in Colombia previously report-
ed in Venezuela (Table 2). The association between Paraduschiria parvuloides 
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and C. planirostris, although novel, could be related to possible contamination, 
since only one individual was collected in the presence of the primary host 
N. albiventris (see Table 2).

Bat-ectoparasite network structure and complex network metrics

The Streblidae-bat interaction network for the Orinoquia was made up of 121 
species of ectoparasitic flies and 91 species of bats (Suppl. material 2). The 
quantitative modularity QuanBiMo and specialization calculated for the interac-
tion network was high (H2’ = 0.94 and Q = 0.85, respectively), which indicates a 
high niche (bats) differentiation in the network. We observed low connectance 
(C = 0.02) and nestedness (wNODF = 2.39). The degree of centrality (DC) shows 
us 66 highly specialized bat flies interacting with a single bat species (Suppl. 
material 1: table S3), and ten relatively generalist species interacting with more 
than four species of bats: Aspidoptera delatorrei, Exastinion clovisi, M. proxima, 

Figure 2. Micrographs of Mastoptera guimaraesi: female A dorsal and B ventral views (minute specie, body 0.73–1.4 mm 
long, with short legs) C lateral lobes of tergum 1+2, these longer and heavier, dorsal view; male D dorsal and E ventral 
views F male genital apparatus, lateral view. Abbreviations: ae: aedeagus; gon: gonopods; mga: male genital apparatus; 
ms: mesonoto; St2: Sternum 2; t1+2: tergum l + 2, w: wings.
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Nycterophilia coxata, Nycterophilia parnelli, Strebla alvarezi, Strebla curvata, 
Trichobius dugesii, Trichobius johnsonae and Trichobius parasiticus (DC = 4) and 
one highly generalist species parasitizing eight bat species: Metalasmus pseu-
dopterus (DC = 8). In addition, as expected, the species complexes also proved 
to be the most general, with associations encompassing up to five host spe-
cies: M. minuta s.l., N. delicatus s.l., P. longicrus s.l., and Paratrichobius salvini 
s.l. (Suppl. material 1: table S3). We also observed that 39 of the 91 bat species 
were parasitized by a single fly species (Suppl. material 1: table S4) and 11 bat 
species were parasitized by more than five bat fly species: Anoura geoffroyi, Ar-
tibeus lituratus, Lophostoma silvicola, Noctilio leporinus and Pteronotus parnellii 

Figure 3. Micrographs of Noctiliostrebla maai: female A dorsal and B ventral views (body 3.0–3.2 mm long) C median and 
transverse mesonotal sutures united to form an inverted Y and median wing vein usually with 1 or 2 setae (arrowed), dor-
sal view D terminal cone, female abdomen, ventral view E male, ventral views F male genital apparatus, lateral view and 
G male and female copulating. Abbreviations: ae: aedeagus; gon: gonopods; mga: male genital apparatus; ms: mesonoto; 
St2: Sternum 2; sst: surstylus; t1+2: tergum l + 2; tc: termina cone.
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(probably P. fuscus) (DC = 5), C. brevicauda, N. albiventris, and P. hastatus (DC 
= 7), Phyllostomus elongatus (DC = 9), Artibeus planirostris (DC = 10), and Car-
ollia perspicillata (DC = 11) (Suppl. material 1: table S4). These bat species are 
key hosts, as they act as connectors between the different bat fly species that 
make up the web. This means that these species play a fundamental role in the 
interaction between different species of ectoparasites, therefore, their presence 
and characteristics can be determinant for the survival and dispersal of ectopar-
asites in the network.

The analysis of the interaction network between Streblidae and bats in the 
Orinoquia revealed a high modularity and specialization and three different mod-
ules. The first module or group was composed of nine species of flies belonging 
to four genera (Anastrebla, Exastinion, Trichobius, and Strebla) exclusive to bats of 
the genus Anoura (Fig. 7). In this group, E. clovisi were observed to be the most 
generalist species, associated with three Anoura species, but showing a stronger 
association with Anoura geoffroyi. Anoura geoffroyi was the bat species with the 

Figure 4. Micrographs of Paradyschiria parvuloides: male A dorsal view (body 2.5–3.0 mm long) B mesonotum usually with 
a short seta on each side anterior and lateral to the long posterior macroseta (arrow), dorsal view C male genital apparatus, 
lateral view; female D ventral view E seventh sternites each with 3 or -4, rarely 2, spine-like setae on distal margin (arrows), 
ventral view F supra-anal plate as wide as long, the basal (anterior) margin roundly angulate, dorsal view. Abbreviations: ae: ae-
deagus; gon: gonopods; ms: mesonoto; sap: supra-anal plate; St2: Sternum 2; St7: Sternum 7; sst: surstylus; t1+2: tergum l + 2.
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highest number of associated fly species (DC = 5). In module 1, two ecomorpho-
logical groups were mainly found: the “wing crawler” (represented by Exastinion 
and Trichobius) and the “fur swimmer” (represented by Anastrebla and Strebla). In 
general, the species of both groups were associated with the same hosts, indicat-
ing the possibility of a niche partition within the host bat species (Fig. 7).

The second module (the largest group) was composed of 91 species of flies 
of the three subfamilies (Nycterophiliinae, Strebliinae and Trichobiinae) asso-
ciated with 64 species of bats of the families Emballonuridae, Mormoopidae, 
Molossidae, Noctilionidae, Phyllostomidae, and Vespertilionidae, (Fig. 8). In this 
group, highly interconnected hosts are highlighted, hosting several species of ec-
toparasitic flies. Among them there are two species of Noctilionidae (N. leporinus 
and N. albiventris), one Mormoopidae (Pteronotus parnellii; probably P. fuscus), 
and seven of Phyllostomidae (A. planirostris, Trachops cirrhosus, Phyllostomus 
elongatus, P. hastatus, Phyllostomus discolor, C. brevicauda, and C. perspicillata). 

Figure 5. A–C Micrographs of Trichobius parasiticus male: A dorsal view (body 5.4 mm long) B head (latero vertices and 
occipital lobes well defined) and mesonotum (prescutum with very short discal setae immediately in front of the trans-
verse suture (black arrow) and scutum posteriorly with an irregular W-shaped row of short setae (white arrow)), dorsal 
view C gonopods, lateral view D–F micrographs of Trichobius jubatus male: D dorsal views (body 3.8 mm long) E head 
(occipital lobes of head densely setose, eyes multifaceted) and mesonotum (mesonotum essentially setose throughout, 
and median and transverse sutures not united), dorsal view F metasternal lobe united with metepimeron (arrows), ven-
tral view. Abbreviations: cx.2: mesocoxa; cx.3: metacoxa; e: eyes; epm: meteprmeron; gon: gonopods; mga: male genital 
apparatus; ms: mesonoto; mts: metasternum; mts.l.: metasternal lobe; St2: Sternum 2; t1+2: tergum l + 2; w: wings.
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Additionally, we confirmed primary associations supported by their abundances, 
such as Paradyschiria parvula with N. albiventris, T. caecus with P. parnellii (prob-
ably P. fuscus), Trichobius joblingi with C. perspicillata, Trichobius costalimai with 
Phyllostomus discolor, and T. parasiticus and Strebla wiedemanni with D. rotun-
dus. For the second module the three ecomorphological groups were identified. 
Wing crawlers were the most representative, comprising ~ 57% of the fly species, 
followed by fur swimmers, representing ~ 27.5% of the fly species, and finally, in 
smaller proportion, fur runners (Fig. 8). In general, in this module, species from 
different ecomorphological groups were associated with the same host species. 
In some cases, only two ecomorphological groups were present, while for more 
generalist host species such as A. planirostris and C. perspicillata, all three eco-
morphological groups were found together. Although the majority of the studies 
analyzed in this work do not specify which fly specimens were collected on the 
same hosts, these associations may indicate niche partitioning within the same 
host bat species (Fig. 8).

The third module of Streblidae interaction network is represented by the most 
specific species or unique associations. It consists of 25 species of bat flies and 
21 species of bats of the families Emballonuridae, Furipteridae, Mormoopidae, 
Natalidae, and Phyllostomidae (Fig. 9). We confirmed primary associations based 
on the abundance of records between Neotrichobius bisetosus and Artibeus ob-
scurus; Strebla diaemi and Trichobius diaemi with Diaemus youngii; Anastrebla 
spurrelli and Trichobius lionycteridis with Lionycteris spurrelli; Strebla christinae 
with Phylloderma stenops, and finally, A. falcata with three species of Sturnira 

Figure 6. Micrographs of Basilia ferrisi: female A ventral and B dorsal views: body 1.8–2.0 mm long, tibiae with three rows 
of setae (circle) C female with: tergal plate II transformed into two elongate lobes with short and long setae or with pos-
terior margin arcuate, dorsal view; male D ventral and E dorsal views F male genital apparatus, lateral view. Abbreviations: 
ae: aedeagus; gon: gonopods; mga: male genital apparatus; tpI: tergal plate I and tpII: tergal plate II. Circles A, D indicate 
tibiae with three rows of setae.
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(S. cf. lilum, S. ludovici, and S. tildae). Like modules 1 and 2 of this network, the 
incidence of different ecomorphological types within the same host bat species 
suggests niche partitioning pattern across the entire network (Fig. 9).

For Nycteribiidae, the interaction network was composed of eight species of 
flies of the genus Basilia and 17 species of bats mainly of the families Vesper-
tilionidae (nine species) and Phyllostomidae (five species), with additional re-

Figure 7. Bipartite bat-fly quantitative network (Module 1 - Streblidae). The size of the bar on the left (orange) represents 
the abundance (number of individuals) of bat flies per species observed and the size of the bar on the right (green) rep-
resents the abundance of bats for which the bat fly sample was obtained. The width of the black lines/bars indicates the 
frequency of interactions.
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Figure 8. Quantitative bipartite bat-fly network (Module 2 - Streblidae). The size of the left bar (orange) represents the abun-
dance (number of individuals) of bat flies per observed species and the size of the right bar (green) represents the abundance 
of bats for which the sample was obtained. Bat fly. The width of the black lines/bars indicates the frequency of interactions.
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Figure 9. Quantitative bipartite bat-fly network (Module 3 - Streblidae). The size of the left bar (orange) represents the abun-
dance (number of individuals) of bat flies per observed species and the size of the right bar (green) represents the abun-
dance of bats for which the sample was obtained. The width of the black lines/bars indicates the frequency of interactions.
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cords of unique species of the families Emballonuridae (Saccopteryx bilineata), 
Molossidae (M. pretiosus), and Noctilionidae (N. albiventris) (Fig. 10). The 
quantitative modularity QuanBiMo for the interaction network was also high 
but lower compared to the findings for Streblidae (Q = 0.67). The specialization 

Figure 10. Quantitative bipartite bat-fly network (Nycteribiidae). The size of the left bar (red) represents the abundance 
(number of individuals) of bat flies per observed species and the size of the right bar (blue) represents the abundance 
of bats for which the sample was obtained. The width of the black lines/bars indicates the frequency of interactions.
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(H2’ = 0.88) was higher, indicating a high niche differentiation among the bats 
in the network. Furthermore, we observed low connectivity (C = 0.15); however, 
nestedness (wNODF = 16.31) was higher compared to Streblidae. The degree 
of centrality (DC) was notable for B. ferrisi (DC = 9) and Basilia ortizi (DC = 4), 
which were found parasitizing multiple species of host bats. Particularly, Basil-
ia ortizi showed strong interaction with the genus Eptesicus, while Basilia ferrisi 
exhibited strong interaction with Myotis nigricans.

Discussion

Our study highlights the high diversity of bat flies that inhabit the Orinoco Re-
gion in northern South America. In other neotropical countries such as Brazil, 
Paraguay, and Panama, several studies have found a directly proportional rela-
tionship between the richness of Streblidae flies and bats (Dick and Gettinger 
2005; Graciolli and Bianconi 2007). Considering that Colombia and Venezuela, 
are among the countries with the greatest diversity of bats in the Neotropics 
(with 217 and 172 species, respectively; Delgado-Jaramillo et al. 2016; Ramírez-
Chaves et al. 2021), the finding of 136 species of bat flies in the Orinoquia Re-
gion was expected and will increase with additional studies in poorly sampled 
areas the Andean foothills of the Orinoco basin were endemic bat species such 
as Vampyressa voragine inhabit (Morales-Martínez et al. 2021). Besides the ele-
vated number of the species documented in the Orinoquia, there are still gaps of 
information about these flies confirming the need for greater sampling efforts, 
particularly in some states/departments and biomes such as Portuguesa, Co-
jedes and Delta Amaruco in Venezuela and Guaviare in Colombia. The richness 
of bat flies in Colombia and Venezuela is also higher and surpasses the number 
of species documented in countries like Brazil, which despite having the largest 
area in South America (48%), has 181 species of bats (Garbino et al. 2022) and 
> 100 species of Streblidae and 26 of Nycteribiidae (da Silva et al. 2023).

Although the high specialization of some species of Streblidae has been 
controversial and some researchers have previously described them as mostly 
host-nonspecific (Dittmar et al. 2006), the evaluation of the quality of the non-pri-
mary associations reported in the literature for Orinoquia showed that several of 
them (~ 10% of the records) were probably due to accidental transfers or contam-
ination of the samples during collection. These results support more recent stud-
ies suggesting that most species are host-specific (de Vasconcelos et al. 2016; 
Estrada-Villegas et al. 2018), a change attributable to methodological improve-
ments in sample collection and taxonomic updates of flies and hosts. In addition, 
we have found controversial non-primary associations that could not be classi-
fied as possible cases of contamination. Some of these associations occurred 
in congeneric species, as is the case of the reports of M. minuta (primary host: L. 
silvicola) on T. maresi in Casanare, Colombia (Liévano-Romero et al. 2019). Con-
sidering that some unusual interaction occurred in non-congeneric species of 
the primary hosts, explaining the reasons behind is complicated. This is the case 
of N. albiventris parasitized by M. proxima (primary host: Sturnira species), and 
S. giannae parasitized by N. maai (primary host: N. albiventris) (López Rivera et 
al. 2022). Furthermore, the nature of the specificity in some non-primary associa-
tions for certain fly species complexes could not be determined (Table 1). In this 
sense, we suggested that the determination of the true specificity of ectoparasitic 
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flies will only be achieved when: 1) large samples of hosts and parasites are avail-
able, 2) sampling protocols strictly control cross-contamination between hosts, 
and 3) association cases are evaluated statistically (Dick 2005).

Although most studies on the interaction between bats and ectoparasites have 
been descriptive, these are crucial for understanding host-parasite dynamics in dif-
ferent environments (Patterson et al. 2007; Fagundes et al. 2017; Salinas-Ramos 
et al. 2018). Previous studies focused on interactions networks only covered few 
localities in the Colombian Orinoquia (López Rivera et al. 2022) or were limited 
to enumerating species and abundances in specific locations in Colombia (de-
partments of Arauca, Casanare, and Meta) and Venezuela (states of Anzoátegui, 
Apure, Aragua, Barinas, Carabobo, Guárico, Lara, Mérida, Monagas, Trujillo and 
Yaracuy) (Wenzel and Tipton 1966; Wenzel 1976; Marinkelle and Grose 1981; Dick 
et al. 2016; Liévano-Romero et al. 2019; López Rivera et al. 2022). Considering that, 
our study represents the first attempt to define the ecological interactions between 
ectoparasitic flies and their host bats in the Orinoquia Region of Colombia and 
Venezuela. However, previously reported modularity and specialization values for 
the interaction networks in the Department of Arauca, in Colombia (Q = 0.61 and 
0.69; H2’=0.78 and 0.91) (López Rivera et al. 2022), were similar to the values found 
for Nycteribiidae in the network of the entire Orinoquia (Q = 0.67 and H2’=0.88), but 
lower compared to the values found in the Streblidae network of the entire Orino-
quia (Q = 0.85 and H2’=0.94). These findings match suggestions in the literature 
where the size of the network can influence the modularity values, being higher for 
larger networks (Júnior et al. 2020). This can be explained by the highly specialized 
nature of the interaction between bats and bat flies (Dick and Patterson 2007), 
where most fly species are associated with a single host (monoxenic), and even 
species that parasitize multiple bat species (oligoxenic and polyxenic) are restrict-
ed to phylogenetically close hosts, leading to the formation of groups with a similar 
composition of ectoparasitic fly species (Falcão 2015; López Rivera et al. 2022).

Ectoparasites typically display some host specificity, implying that some ecto-
parasitic fly species are adapted to parasitize only one or a few bat species (Wen-
zel 1976; Dick and Patterson 2007). The 11 bat species that were parasitized by 
more than five bat fly species might have characteristics or behaviors that make 
them prone to being parasitized by multiple bat fly species. Several studies have 
shown the common presence of various bat fly species on the same bat (Wenzel 
1976; Dick 2005; Hiller et al. 2018). According to Wenzel (1976), 63% of the in-
fested Venezuelan bat species harbored two to four species of bat flies. Several 
species of Streblidae coexist on the same hosts, most of these associations 
are negatively correlated in abundance, but competition is not strong enough 
to lead to local extinction (Dick 2005). In fact, some of the highly connected bat 
host species within the interaction network for the Orinoquia were reported to be 
involved in some of the previously documented cases of positive co-occurrence 
between bat flies (Dick 2005), such as: E. clovisi and Trichobius propinquus on 
Anoura geoffroyi (Fig. 7), Trichobius joblingi and Strebla guajiro on C. perspicillata 
(Fig. 8), and Trichobius lionycteridis with A. spurrelli on L. spurrelli (Fig. 9).

In a lesser extent, positive correlations have also been reported in abun-
dance, indicating mutualistic relationships (Dick 2005; Hiller et al. 2018; Alca-
ntara et al. 2022). It is possible that the presence and greater abundance of 
one species of parasite facilitates the presence and abundance of the other 
species, reciprocally eliminating the pressure of grooming (one of the main 
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causes of mortality of ectoparasites) in each population (Marshall 1981). Our 
interaction networks for the Orinoquia also revealed positive co-occurrences 
previously reported for ectoparasitic flies from Venezuela (Dick 2005). For ex-
ample, a relatively equivalent association in the size of links and nodes is ob-
served between T. parasiticus and Strebla wiedemanni, both associated with D. 
rotundus (Fig. 8). Similarly, an equivalent relationship between S. diaemi and 
T. diaemi is presented in its primary host D. youngii (Fig. 9). Cooccurrences of 
Neotropical Streblids have been reported mainly between species belonging to 
different genera (Dick 2005; Hiller et al. 2018) that differ in their general mor-
phology facilitating the coexistence of species by utilizing different regions on 
the host’s body surface (Wenzel 1976; ter Hofstede et al. 2004; Dick 2005; Hiller 
et al. 2018). Our interaction networks reveal the separation of the three ecomor-
phological groups (wing crawler – WC, fur runner – FR, and fur swimmer – FS), 
associated in a single bat species (Dick 2005; Hiller et al. 2018). Some notable 
examples of these associations include: i) Metalasmus pseudopterus (FS) with 
A. phyllostomatis (WC) or with M. aranea (FR), and Aspidoptera phyllostomatis 
(WC) with Megistopoda aranea (FR) in Artibeus planirostris; ii) the association 
of Speiseria ambigua (FR) with S. guajiro (FW) or with Trichobius joblingi (WC) 
on Carollia perspicillata, and the association of Strebla guajiro (FS) with Tricho-
bius joblingi (WC) on the same host; iii) the presence of T. parasiticus (WC) 
and Strebla wiedemanni (FS) on D. rotundus, and iv) the association of Strebla 
hertigi (FS) with Trichobius costalimai (WC) or with Trichobioides perspicillatus 
(WC) on Phyllostomus discolor (Fig. 8). Therefore, our results suggest ecolog-
ical niche partitioning of ectoparasitic flies on bat hosts in the Orinoco region. 
However, due to the lack of a detailed phylogeny of bat flies, it is unclear wheth-
er these morphological differences reflect the evolutionary history of bat flies 
or represent convergent adaptations to host habitat type (Hiller et al. 2018).

In this study, new records are presented that describe the co-occurrence of 
N. maai and P. parvuloides in N. albiventris in the Department of Arauca, Colom-
bia, an association previously reported by López Rivera et al. (2022) (Table 2). 
The positive interactions between Noctiliostrebla and Paradyschria species in 
Noctilio spp. are well known and documented (Wenzel 1976; Guerrero 1995; 
Guerrero 1998; Moura et al. 2003; Schad et al. 2012). For example, in the case 
of N. albiventris, N. maai coexists with Paradyschiria curvata or Paradyschiria 
parvula, and in the case of Noctilio leporinus, each individual host is infested 
with Noctiliostrebla aitkeni and Paradyschiria fusca or Noctiliostrebla traubi and 
Paradyschiria lineata (Wenzel 1976; Dick 2005). In this sense, Paradyschiria al-
most always presents the highest values of prevalence and abundance, while 
Noctiliostrebla occurs more commonly in the presence of Paradyschiria (Moura 
et al. 2003; Presley 2007; Schad et al. 2012; Guerrero 2019). Our results agree 
with this pattern since we observed a higher abundance of P. parvuloides com-
pared to N. maai in N. albiventris (Fig. 8, Table 2).

Paradyschiria species are fur runners, while Noctiliostrebla spp. are wing-crawl-
ers, again supporting the niche partitioning of these species on Noctilio spp. 
The ecomorphological classification for Paradyschiria has been controversial, 
as they had previously been classified as wing-crawlers (Dick 2005) for not hav-
ing longer hind legs, a morphological feature associated with the fur runner 
microhabitat (Ter Hofstede et al. 2004). However, Paradyschiria spp. Have an 
extremely strong forefemur compared to other streblid species, which allows 
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them greater agility to move in the fur and and hold on the host’s hair (Wenzel 
et al. 1966; Wenzel 1976; Alcantara et al. 2022). Noctilio bats are considered to 
be among the shortest-haired of Neotropical and Nearctic bats (Dick and Miller 
2010), so Paradyschiria flies may not need longer hind legs, otherwise a strong 
forefemur can be used to hold on to the host’s hair tightly if it cannot avoid 
grooming with rapid movements (Alcantara et al. 2022).

Finally, the analysis of ecological networks has been fundamental in the 
understanding of complex biological systems, providing information on how 
species are organized and connected in a community (Bascompte 2009; Butts 
2009; Thébault and Fontaine 2010). In this sense, the study of host-parasite 
specificity interactions is essential to understand the mechanisms behind par-
asitism and its relationship with the functioning of biodiversity (Frainer et al. 
2018), since parasites play an important role in the regulation of populations 
of host species (Poulin et al. 2006). Our results indicated that highly connected 
bat species in the Orinoquia interaction network act as hosts for a diversity 
of ectoparasitic fly species belonging to different ecomorphological groups. 
These groups differ in how they interact and are located on the bat’s body. 
Therefore, the presence of these bats is not only important for ectoparasitic fly 
species in general, but also for maintaining the coexistence and interaction of 
different ecomorphological groups of ectoparasitic flies in the network.

Conclusions

The Orinoco Region, located in northern South America, harbors a remarkable 
diversity of bat flies. This diversity is largely attributed to the rich bat fauna found 
in Colombia and Venezuela, two countries known for their high bat diversity in 
the Neotropical region. In the Orinoco Region, associations have been identified 
between bat fly species belonging to different ecomorphological groups and 
unique host species. This supports the idea of a potential niche partitioning 
among ectoparasitic bat flies on their bat hosts. However, due to the lack of a 
detailed phylogeny of bat flies, it is unclear whether the observed morphological 
differences are the result of evolutionary history or convergent adaptations to 
different host habitat types. In this study, we present new records of associa-
tions between bat flies and their bat hosts, thereby expanding our knowledge of 
these interactions in the Orinoco Region. Overall, this study contributes to our 
understanding of the diversity, specificity, and ecological interactions between 
bat flies and their host bats in this region. These findings underscore the need 
for further research and sampling efforts to fill knowledge gaps in this field.
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