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Abstract:

Global changes have increased the risk of emerging infectious diseases,
which can be prevented or mitigated by studying host-parasite
interactions, among other measures. Bats and their ectoparasitic flies of
the families Streblidae and Nycteribiidae are an excellent study model,
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but so far, our knowledge is restricted to fragmented records at a local
scale. To help boost research, we have assembled a data set of bat-fly
interactions from 174 studies published between 1904 and 2022, plus
three original data sets. Altogether, these studies were carried out at
650 sites in the Neotropics, mainly distributed in Mexico, Brazil,
Argentina, southern USA and Colombia, among other countries. In total,
our data set contains 3,984 interaction records between 237 bat species
and 255 fly species. The bat species with the largest number of recorded
interactions were Carollia perspicillata (357), Artibeus jamaicensis (263),
and Artibeus lituratus (228). The fly species with the largest number of
recorded interactions were Trichobius joblingi (256), Megistopoda aranea
(235), and Megistopoda proxima (215). The interaction data were
extracted, filtered, taxonomically harmonized, and made available in a
tidy format together with linked data on bat population, fly population,
study reference, sampling methods and geographic information from the
study sites. This interconnected structure enables the expansion of
information for each interaction record, encompassing where and how
each interaction occurred, as well as the number of bats and flies
involved. We expect BatFly to open new avenues for research focused on
different levels of ecological organization and spatial scales. It will help
consolidate knowledge about ecological specialization, resource
distribution, pathogen transmission, and the drivers of parasite
prevalence over a broad spatial range. It may also help answer key
questions, such as: are there differences in fly prevalence or mean
infestation across Neotropical ecoregions? What ecological drivers
explain those differences? Or how do specialization patterns vary among
fly species in the Neotropics? Furthermore, we expect BatFly to inspire
research aimed at understanding how climate and land-use changes may
impact host-parasite interactions and disease outbreaks. This kind of
research may help us reach Sustainable Development Goal 3, Good
Health and Wellbeing, outlined by the United Nations.

Note: The following files were submitted by the author for peer review, but cannot be converted to PDF.
You must view these files (e.g. movies) online.
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Abstract: Global changes have increased the risk of emerging infectious diseases,
which can be prevented or mitigated by studying host-parasite interactions, among
other measures. Bats and their ectoparasitic flies of the families Streblidae and
Nycteribiidae are an excellent study model, but so far, our knowledge is restricted to
fragmented records at a local scale. To help boost research, we have assembled a data
set of bat-fly interactions from 174 studies published between 1904 and 2022, plus
three original data sets. Altogether, these studies were carried out at 650 sites in the
Neotropics, mainly distributed in Mexico, Brazil, Argentina, southern USA and
Colombia, among other countries. In total, our data set contains 3,984 interaction
records between 237 bat species and 255 fly species. The bat species with the largest
number of recorded interactions were Carollia perspicillata (357), Artibeus
Jjamaicensis (263), and Artibeus lituratus (228). The fly species with the largest
number of recorded interactions were Trichobius joblingi (256), Megistopoda aranea
(235), and Megistopoda proxima (215). The interaction data were extracted, filtered,
taxonomically harmonized, and made available in a tidy format together with linked
data on bat population, fly population, study reference, sampling methods and
geographic information from the study sites. This interconnected structure enables
the expansion of information for each interaction record, encompassing where and
how each interaction occurred, as well as the number of bats and flies involved. We
expect BatFly to open new avenues for research focused on different levels of
ecological organization and spatial scales. It will help consolidate knowledge about
ecological specialization, resource distribution, pathogen transmission, and the

drivers of parasite prevalence over a broad spatial range. It may also help answer key
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questions, such as: are there differences in fly prevalence or mean infestation across
Neotropical ecoregions? What ecological drivers explain those differences? Or how
do specialization patterns vary among fly species in the Neotropics? Furthermore,
we expect BatFly to inspire research aimed at understanding how climate and land-
use changes may impact host-parasite interactions and disease outbreaks. This kind
of research may help us reach Sustainable Development Goal 3, Good Health and
Wellbeing, outlined by the United Nations.

Key words/phrases: Antagonism, bats, bat flies, Chiroptera, diseases, ectoparasites,

hematophagy, Nycteribiidae, Streblidae, specialization, species interactions, zoonosis.

Open Research: The complete data set is available as Supporting Information at: [to be

completed at proof stage]. Associated data is also available at: BatFly: A database of

Neotropical bat-fly interactions https.//doi.org/10.5281/zenodo.10019756

* Corresponding Author E-mail: zapatamesan@gmail.com
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METADATA

CLASS 1. DATA SET DESCRIPTOR
A. Data set identity

Title: BatFly: A database of Neotropical bat-fly interactions

B. Data set identification

Data set identity codes:

BatFly References.csv
BatFly Sites.csv
BatFly Sampling.csv
BatFly Bat Pop.csv
BatFly Fly Pop.csv

Batfly Species.csv

C. Data set description
Principal Investigator(s):
1. Natalya Zapata-Mesa. Programa de Pods-gradua¢do em Ecologia, Instituto de

Biociéncias, Universidade de Sdo Paulo, Sdo Paulo, SP, Brazil.

2. Marco A. R. Mello. Departamento de Ecologia, Instituto de Biociéncias,

Universidade de Sao Paulo, Sao Paulo, SP, Brazil.

Abstract:

Global changes have increased the risk of emerging infectious diseases, which can be
prevented or mitigated by studying host-parasite interactions, among other measures.
Bats and their ectoparasitic flies of the families Streblidae and Nycteribiidae are an

excellent study model, but so far, our knowledge is restricted to fragmented records at
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a local scale. To help boost research, we have assembled a data set of bat-fly
interactions from 174 studies published between 1904 and 2022, plus three original
data sets. Altogether, these studies were carried out at 650 sites in the Neotropics,
mainly distributed in Mexico, Brazil, Argentina, southern USA and Colombia, among
other countries. In total, our data set contains 3,984 interaction records between 237
bat species and 255 fly species. The bat species with the largest number of recorded
interactions were Carollia perspicillata (357), Artibeus jamaicensis (263), and
Artibeus lituratus (228). The fly species with the largest number of recorded
interactions were Trichobius joblingi (256), Megistopoda aranea (235), and
Megistopoda proxima (215). The interaction data were extracted, filtered,
taxonomically harmonized, and made available in a tidy format together with linked
data on bat population, fly population, study reference, sampling methods and
geographic information from the study sites. This interconnected structure enables the
expansion of information for each interaction record, encompassing where and how
each interaction occurred, as well as the number of bats and flies involved. We expect
BatFly to open new avenues for research focused on different levels of ecological
organization and spatial scales. It will help consolidate knowledge about ecological
specialization, resource distribution, pathogen transmission, and the drivers of parasite
prevalence over a broad spatial range. It may also help answer key questions, such as:
are there differences in fly prevalence or mean infestation across Neotropical
ecoregions? What ecological drivers explain those differences? Or how do
specialization patterns vary among fly species in the Neotropics? Furthermore, we
expect BatFly to inspire research aimed at understanding how climate and land-use

changes may impact host-parasite interactions and disease outbreaks. This kind of
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research may help us reach Sustainable Development Goal 3, Good Health and

Wellbeing, outlined by the United Nations.
D. Keywords
Antagonism, bats, bat flies, Chiroptera, diseases, ectoparasites, hematophagy, Nycteribiidae,
Streblidae, specialization, species interactions, zoonosis.
E. Description

Our world faces urgent problems related to global changes caused by human activities,

which we strive to solve by following the United Nation’s 17 Sustainable Development Goals
(UN 2015). Goal 3, “Good Health and Wellbeing”, is the focus of research by scientists from
many areas under a transdisciplinary approach known as One Health (OHITF 2008). Under
this approach, it is of paramount importance to understand the interactions between hosts and

their parasites to prevent disease transmission and spillover (Giraudoux et al. 2022).

Bats play a crucial role in the dynamics of emerging infectious diseases because of
their huge ecological diversity (Wilson and Reeder 2005), which includes a myriad of
interactions with endo and ectoparasites (Klimpel and Mehlhorn 2016) that carry pathogens
associated with zoonosis (Szentivanyi et al. 2018). The most important bat ectoparasites are
dipterans of the families Streblidae and Nycteribiidae, also known as bat flies (Dick and
Patterson 2006). Bat flies (hereafter just flies) share a tight evolutionary history with bats, as
they are found exclusively on them (Dick and Dittmar 2014). Consequently, both fly families
exhibit intricate morphological and ecological adaptations for living on bats (Dittmar et al.
2015). In addition, they are considered host-specific, with most fly species parasitizing from

one to three bat species[ | only (Pilosof et al. 2012).
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Host specificity has received large attention in the ecological literature, being used as
a model to study ecological specialization (Hiller et al. 2021), resource distribution (Hiller et
al. 2018), pathogen transmission (Szentivanyi et al. 2018), and the drivers of parasite
prevalence (Frank et al. 2016). Despite this remarkable effort to study the ecology of flies
(Patterson, Dick, and Dittmar 2007), so far knowledge is restricted to fragmented interaction
records at a local scale. Therefore, we need synthesis aimed at compiling information and
publishing it in data papers that filter, organize, and curate large data sets, opening avenues

for addressing a broader range of questions.

In the present data paper, we compiled information on bat-fly interactions derived
from 174 studies with multiple scopes, including taxonomic reviews, checklists, and
assessments of species interactions, and we have also included three original data sets. These
reference studies were published between 1904 and 2022, with most being published after
the year 2000 (Fig. 1A). Overall, our database contains information recorded at 650 sites
spanning from the northern limit of the Neotropics to southern South America (Fig. 1B).
Those sites are primarily located in Mexico (143 sites from published studies and 3 sites from
original datasets), Brazil (89), Argentina (62), southern USA (62), Peru (55), Cuba (32), the
Dominican Republic (32), Honduras (26), and Colombia (19 sites from published studies and
15 sites from original datasets), among other countries (Fig. 1B). For 95% of the sites, there
is information on entire assemblages of bats and flies. The remaining 5% report parasites

collected from a single bat species (Fig. 1B).
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Figure 1. Temporal and spatial distribution of the references included in BatFly. (A) Number

of studies published per year in the time range (1904 — 2022) included in BatFly. (B)

Distribution of the sampling sites included in BatFly. Triangles represent sampling sites.

Colors represent the taxonomic scope of sampling for bats, and triangle orientation (up/down)

represents the taxonomic scope of sampling for flies. “Single” represents studies focused on

a single fly species. “All” represents studies that assessed all fly species found at the site.

Our database comprises interactions made by bats of nine families, 76 genera, and

237 species. For flies, it comprises two families, 29 genera, and 255 species. The 15 most

Page 10 of 131



Page 11 of 131

119
120
121
122
123
124

125

126
127

128

129
130
131
132
133

134

Ecology

frequently recorded bat species made 57% of all interactions, with Carollia perspicillata as
the species with most records (357), followed by Artibeus jamaicensis (263) and Artibeus
lituratus (228) (Fig. 2A), all of which are members of the Phyllostomidae (Fleming et al.
2020). Over 57 bat species were shown to have only one interaction (singletons). Half of the
interactions were made by 15 fly species, with Trichobius joblingi having the highest number
of records (256), followed by Megistopoda aranea (235) and Megistopoda proxima (215)

(Fig. 2B).

.
)
=3

(b)

Carollia perspicillata _ Trichobius joblingi | |
Artibeus jamaicensis _ Megistopoda aranea | ‘
Artibeus lituratus _ Megistopoda proxima | [
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Figure 2. Relative frequency of interactions made by the top 15 (A) bat species and (B) fly

species with most records.

In summary, BatFly has a total of 3,984 interaction records between bat and fly
species. Among bats, the family Phyllostomidae shows the richest set of interactions (140 fly
species), followed by Vespertilionidae (48 fly species), and Mormoopidae (36 fly species).
Most bat families within our records interact more frequently with fly species of the family
Streblidae, except for Vespertilionidae and Thyropteridae, which interact more frequently

with the Nycteribiidae. Furthermore, in the bat families Furipteridae, Noctilionidae, and
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Natalidae no interaction with Nycteribiidae species was recorded (Fig. 3A). Those
interactions between bat and fly species form a densely connected network, in which a large
group of interconnected bat and fly species (giant component of the network) can be
observed. This kind of structure was unexpected due to the high specificity that these
interactions are assumed to have (Fig. 3B). However, this network was made with all
interactions included in BatFly, even uncommon interactions, which may mask the true host
specificity in the bat-fly interactions, so it should be interpreted with caution.
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Figure 3. Overview of bat-fly interactions included in BatFly. (A) Relative richness of fly
families (Nycteribiidae and Streblidae) per bat family. The number in front of the bars depicts
the total number of fly species found parasitizing each bat family. (B) Bat-fly network built
for the entire Neotropical region with all records included in our data set, even uncommon
associations. Lines depict interactions between bat species (purple circles) and fly species
(green squares). Most nodes belong to the giant component (largest subgroup of

interconnected species) and there are also ten minor components (dyads).
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BatFly represents the largest dataset of antagonistic interactions made by bats in both
geographical and taxonomic terms. All records were taxonomically harmonized, i.e., bat and
fly scientific names were checked and updated. In addition to interaction records, our
database includes information about references, study sites, sampling methods, and bat and
fly populations organized in six linked data sheets (Fig. 4): “references”, “sites”, “sampling”,
“bat population”, “fly population”, and “species interactions”. The “references” data sheet
(Fig. 4A) contains information on the original sources from which the data were obtained.
Each reference study was assigned a unique reference code (e.g., BFR001), enabling
identification of each reference study in all other data sheets. The data sheets “sites” (Fig.
4B) and “sampling” (Fig. 4C) contain information about where, when and how the data were
collected at each site, including study sites characteristics (e.g., mean annual temperature,
annual rainfall, and vegetation type) which are known to influence bat-fly interactions
(Pilosof et al. 2012). Each study site was assigned a unique site code (e.g., BFA001), with

which each study site can be identified in within “sites”, “sampling”, “bat population”, “fly

population” and “species interactions” data sheets.

The “bat population” (Fig. 4E) and “fly population” (Fig. 4F) data sheets contain
taxonomic identification and information about the populations of interacting species. Also,
we included bat species traits, such as the roost types used by bats, which are important
drivers of parasite dynamics (Patterson, Dick, and Dittmar 2007). Each population was
assigned a unique population code for bats (e.g., BFBPOP000) and flies (e.g., BFFPOP000),
allowing its identification of each population in the “species interactions” data sheets.
Finally, the “species interactions” data sheet (Fig. 4F) contains the species-species interaction

records, and information about number of infested bats, prevalence, mean fly intensity, and
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mean fly abundance. Each interaction record was assigned an interaction code (e.g,

BFSSI000) associated to bat population and fly population codes, and also associated to site,

and references codes shared between data sheets (foreign keys). This interconnected structure

enables the expansion of information for each interaction record encompassing where and

how the interaction was collected, as well as the number of bats and flies involved in a

specific record.
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Figure 4. Structure of the BatFly database. BatFly is integrated by six interconnected

datasheets. (a) References data sheet. (b) Site data sheet. (¢c) Sampling data sheet. (d) Bat

population data sheet. (¢) Fly population data sheet. (f) Species interaction data sheet. Each

interaction record has a unique interaction code (primary key) associated to reference, site,

bat and fly population codes shared between datasheets (foreign keys). In the graphical

representation, dashed ovals indicate the first appearance of a code within the database.
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Dashed lines illustrate the relationships between BatFly’s datasheets. Each code is designated
with a distinct color. For example, the reference code (colored orange), which first appears
on the reference datasheet (a), can be found on all other datasheets, denoted by five orange

lines.

BatFly was designed to boost the use of bat-fly interactions as a model for addressing
questions at different levels of ecological organization and spatial scales. We expect BatFly
to inspire researchers to continue consolidating knowledge about ecological specialization,
resource distribution, pathogen transmission, and the drivers of parasite prevalence over a
broader spatial range. It may also help answer key questions, such as: are there differences
in fly prevalence or mean infestation across Neotropical ecoregions? What ecological drivers
explain those differences? Or how do specialization patterns vary among fly species in the
Neotropics? We also expect to inspire research aimed at understanding how bat-fly
interactions can be affected by climate and landscape changes. Ultimately, we expect BatFly
to help understand host-parasite interactions, facilitate predicting zoonotic outbreaks, and

provide information to address the UN’s SDG 3 Good Health and Wellbeing.

CLASS I1. RESEARCH ORIGIN DESCRIPTORS

A. Overall project description

Identity: A compilation of bat-fly interactions.

Period of study: Data of publication reported in the references range from 1904 to
2022.

Objective: We aimed to summarize and make available all bat-fly interaction records

found in the literature plus three new data sets in a tidy format, to be used in studies on



208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

Ecology

community ecology, interaction networks, and macroecology, and disease spillover,
among other topics.

Abstract: Global changes have increased the risk of emerging infectious diseases,
which can be prevented or mitigated by studying host-parasite interactions, among
other measures. Bats and their ectoparasitic flies of the families Streblidae and
Nycteribiidae are an excellent study model, but so far, our knowledge is restricted to
fragmented records at a local scale. To help boost research, we have assembled a data
set of bat-fly interactions from 174 studies published between 1904 and 2022, plus
three original data sets. Altogether, these studies were carried out at 650 sites in the
Neotropics, mainly distributed in Mexico, Brazil, Argentina, southern USA and
Colombia, among other countries. In total, our data set contains 3,984 interaction
records between 237 bat species and 255 fly species. The bat species with the largest
number of recorded interactions were Carollia perspicillata (357), Artibeus
Jjamaicensis (263), and Artibeus lituratus (228). The fly species with the largest number
of recorded interactions were Trichobius joblingi (256), Megistopoda aranea (235),
and Megistopoda proxima (215). The interaction data were extracted, filtered,
taxonomically harmonized, and made available in a tidy format together with linked
data on bat population, fly population, study reference, sampling methods and
geographic information from the study sites. This interconnected structure enables the
expansion of information for each interaction record, encompassing where and how
each interaction occurred, as well as the number of bats and flies involved. We expect
BatFly to open new avenues for research focused on different levels of ecological
organization and spatial scales. It will help consolidate knowledge about ecological

specialization, resource distribution, pathogen transmission, and the drivers of parasite
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prevalence over a broad spatial range. It may also help answer key questions, such as:
are there differences in fly prevalence or mean infestation across Neotropical
ecoregions? What ecological drivers explain those differences? Or how do
specialization patterns vary among fly species in the Neotropics? Furthermore, we
expect BatFly to inspire research aimed at understanding how climate and land-use
changes may impact host-parasite interactions and disease outbreaks. This kind of
research may help us reach Sustainable Development Goal 3, Good Health and

Wellbeing, outlined by the United Nations.

Sources of funding: NZM, SMB, and JH were funded by Ministerio de Ciencia,
Tecnologia e Innovacion de Colombia (MinCiencias, Convocatoria Doctorados en el
Exterior 860 and 906). NZM and SMB were funded by the Brazilian Coordination for
the Improvement of Higher Education Personnel (CAPES, 88887.467879/2019-00 and
88887.388097/2019-00). GG was funded by National Council for Scientific and
Technological Development (CNPg# 308119/2022-3). MARM was funded by the
Alexander von Humboldt Foundation (AvH, 1134644), National Council for Scientific
and Technological Development (CNPq, 304498/2019-0), Sao Paulo Research
Foundation (FAPESP, 2018/20695-7 and 2023/02881-6), and Dean of Research of the

University of Sao Paulo (PRP-USP, 18.1.660.41.7).

B. Specific subproject descriptions

Data compilation: We performed a comprehensive systematic review of the literature,
following the Preferred Reporting Items for Systematic review and Meta-Analyses
(PRISMA) protocol designed as a guide to improve clarity and transparency in the

reporting of systematic reviews (Page et al. 2021). We also added information from
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papers that did not appear in our systematic search, but which we were aware of, and
invited authorities to contribute with their unpublished data (Fig. 5).

The systematic search was conducted utilizing the Web of Knowledge and
Scopus databases. There were no date restrictions, and the search was performed in
2021. The search utilized keywords in three languages: English, Portuguese, and
Spanish. The following keywords were employed: “bat*” OR “murciélago*” OR
“morcego™*” OR “chiroptera” OR “chiroptero” OR “quiroptera” OR “quiroptero” AND
“bat fly” OR “bat flies” OR “streblid*” OR “streblidae” OR “nycteribiid*” OR
“nycteribiidae” OR  “parasite*” OR “parasito*” OR “ectoparasite*” OR
“ectoparasito*” OR “ectoparasita®” OR “diptera*” OR “diptero” OR “mosca”. With
the results from this naive-term search we extracted potential keywords using the Rapid
Automatic Keyword Extraction (RAKE) algorithm (Grames et al. 2019). Those
automatic extracted keywords underwent manual verification, filtering, and sorting.
Subsequently, a search was performed using the following refined keywords: "tropical
bat" OR "tropical bats" OR "bat" OR "bats" OR "neotropical bats" OR "neotropical
bat" OR "chiroptera" OR "chiropteran hosts" OR "chiropteran species” AND "blood-
sucking flies" OR "blood-sucking fly" OR "diptera" OR "dipterans" OR "nycteribiidae"
OR "streblidae" OR "streblid*" OR "bat flies" OR "bat fly" OR "ectoparasite*" OR
"nycteribiid*" OR "bat parasite*" OR "bloodsucking diptera" OR "bloodsucking
dipterans" OR "batfly" OR "batflies" AND "parasitizing" OR "interaction*" OR
"interacted" OR "interact" OR "parasitological" OR "association*" OR "host-parasite"
OR "system*" OR "vertebrate-parasite" OR "network*" "parasite assemblage*" OR
"intensity" OR "infection" OR "infestation" OR "load*" "host potential" OR

"parasitism" OR '"prevalence" OR '"parasited" OR "hematophagous" OR
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"relationship*" OR "specificity" OR "specialization" OR "specialisation" OR
"inhabiting" OR "fly-host" OR "host-specific" OR "parasitology" OR "bat-parasite"
OR "specialized" OR "specialised" OR "specialize" OR "specialise" OR "host" OR
"hosted" OR "hosting" OR "hosts". We compiled information on bat fly interactions
from a total of 102 references, 99 studies found in this systematic search and 3
unpublished data sets collected by the authors. As we did our first systematic search in
2021, we did an update with additional search restricted to studies published in 2022,
with keywords: “streblid*” OR “streblidae” OR “nycteribiid*” OR “nycteribiidae”,
adding ten references for 2022 year. Finally, we included 65 references provided by
one of the authors, Gustavo Graciolli (Fig. 5). These 65 references did not come up in
the search due to most of them are not indexed in the databases used.

For a study to be included in our database, it had to meet the following inclusion
criteria: (1) be a primary study, so we discarded literature reviews or compilations of
interactions from other studies; (2) contain naturally occurring interactions, so we
ignored host preference studies carried out under controlled conditions; and (3) contain
spatial information of where the interactions were recorded, as coordinates, country
and locality. Finally, with the studies found in the first systematic search done in 2021
(99), the studies found in the second systematic search (update, 10) and 65 studies
provided by one of the authors, BatFly contains 174 published studies and 3 original

datasets (177 references in total; Fig. 5).
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Records identified from Records identified
Scopussc(igzg)eez:gﬁ\n;leb of from Scopus (22) and Duplicate records Records identified from expert knowledge:
% Web of Sci (28) » d (n=14) Personal compilation (n = 235)
Databases ( n=/20) Databases ( n =50)
Duplicate records remove
(n=109)
Records screened A Records excluded Records screened L, Records excluded
Records screened ( n =620) (n=36) " (n=15) (n =226) (n=11)
Records excluded (n=521)
l Reports excluded: A Reports excluded:
Reports assessed for Reports assessed Include before (n=0) Reports assessed Include before (n =49 )
eligibility for eligibility No interactions (n = 8) for eligibility —* No interactions (n= 82)
(n=99) (n=10) Out of range (n =3 ) (n=65) Out of range (n =30 )

v

New studies included in review
(n=75)

Studies included in
previous version of review

(n=99) !
Unpublished studies
included in previous version

of review (n= 3)

Total studies included in review (n = 174)
Unpublished datasets (n = 3)
Total References (177)

Figure 5. Workflow of the updated systematic review carried out to acquire data, which
included database searches, additional records, and other sources, following PRISMA
2020 (Page et al. 2021).
Research methods: We included only studies that reported bat-fly interactions
recorded from wild assemblages. Their scopes range from new fly records and
community ecology and endosymbiont diversity in bat flies (bacteria and fungi), along
with information on bat hosts. Information on sampling methods and host population
was also extracted. We also included geographical information from study sites
(latitude, longitude, locality, municipality, state, and country), and site characteristics
(ecoregion, type of vegetation, height, average annual temperature). Missing
information was coded as “NA”.

We compiled information on bat-fly interactions published between 1904 and

2022 from 174 references: Brues 1904; Curran 1935; Guimaraes 1937; 1966; 1972;
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1977; E. Dias et al. 1942; Augustson 1943; Fox and Stabler 1953; Hoffmann 1953;
Parmalee 1955; Zeve 1958; Peterson 1960; 1963; Bradshaw and Ross 1961; Tonn and
Arnold 1963; Uberlaker 1966; Maa 1968; Peterson and Maa 1970; Peterson and Hiirka
1974; Whitaker and Easterla 1975; Reisen, Kennedy, and Reisen 1976; Hoffmann,
Palacios-Vargas, and Morales-Malacara 1980; Overal 1980; Fritz 1983; Coimbra jr,
Guimaraes, and Mello 1984; Peterson and Lacey 1985; Capllonch et al. 1997; Komeno
and Linhares 1999; Claps, Autino, and Barquez 2000; 2005; Chavez 2001; Ritzi et al.
2001; Azevedo and Linardi 2002; Guzman-Cornejo et al. 2003; Moura, Bordignon, and
Graciolli 2003; Autino and Claps 2004; Gonzalez D., Santos M, and Miranda 2004; ter
Hofstede, Fenton, and Whitaker, Jr. 2004; Bertola et al. 2005; Villegas-Guzman,
Lopez-Gonzélez, and Vargas 2005; Dick and Gettinger 2005; Anderson and Ortencio
Filho 2006; Dick and Wenzel 2006; Oscherov, Chatellenaz, and Milano 2006;
Oscherov, Idoeta, and Milano 2012; Graciolli et al. 2006; Graciolli, Zortéa, and
Carvalho 2010; Graciolli, Guerrero, and Catzeflis 2019; Voigt and Kelm 2006;
Shockley and Murray 2006; Graciolli and Bianconi 2007; Dick, Gettinger, and Gardner
2007; Kurta et al. 2007; Rojas et al. 2008; Sebastian Tello, Stevens, and Dick 2008; P.
A. Dias et al. 2009; Autino et al. 2009; 2011; Autino, Claps, and Barquez 2014; Autino
et al. 2016; 2018; 2020; Dittmar et al. 2009; 2011; Valdez, Ritzi, and Whitaker 2009;
Santos et al. 2009; 2013; Graciolli and Dick 2009; 2012; Almeida et al. 2011; Camilotti
et al. 2010; Aguiar and Antonini 2011; Eriksson, Graciolli, and Fischer 2011; Mufoz-
Romo, Burgos, and Kunz 2011; J. R. R. da Silva and Orténcio Filho 2011; Lourenco
and Esbérard 2011; Esbérard et al. 2012; 2014; Morse et al. 2012; Dick 2013; Moras
et al. 2013; Saldana-Vazquez et al. 2013; Soares et al. 2013; 2016; 2017; Franca et al.

2013; Urbieta and Torres 2014; Moreno Valdéz 1998; Camacho et al. 2014; Lourenco
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et al. 2014; 2020; Velazco, Autino, and Claps 2014; Tarquino-Carbonell et al. 2015;
Tlapaya-Romero et al. 2015; Tlapaya-Romero, Ibafiez-Bernal, and Santos-Moreno
2019; Tlapaya-Romero, Garcia-Méndez, and Ramirez-Martinez 2022; Cuxim-Koyoc
et al. 2015; 2016; 2018; Judson, Frank, and Hadly 2015; Patricio and Lourengo 2016;
de Vasconcelos et al. 2016; Hernandez-Arciga, Herrera M., and Morales-Malacara
2016; Frank et al. 2016; Reeves et al. 2016; Barbier and Graciolli 2016; Bezerra, de
Vasconcelos, and Bocchiglieri 2016; Zaraztia-Carbajal et al. 2016; Barbier, Prado-
Neto, and Bernard 2016; Barbier et al. 2017; 2018; 2019; Barbier, Graciolli, and
Bernard 2019; Barbier et al. 2020; Barbier, Falcdo, and Bernard 2021; Fagundes,
Antonini, and Aguiar 2017; Dornelles and Graciolli 2017; Rivera-Garcia et al. 2017;
Cordero-Schmidt et al. 2017; Walker et al. 2018; Abundes-Gallegos et al. 2018;
Bolivar-Cimé et al. 2018; Colin-Martinez, Morales-Malacara, and Garcia-Estrada
2018; Salinas-Ramos et al. 2018; Calonge-Camargo and Pérez-Torres 2018; Estrada-
Villegas et al. 2018; do Amaral et al. 2018; Bezerra and Bocchiglieri 2018; 2022;
Hrycyna, Martins, and Graciolli 2019; S. S. P. da Silva, Guedes, et al. 2019; S. S. P. da
Silva et al. 2021; Torres et al. 2019; Hernandez-Martinez et al. 2019; Trujillo-Pahua
and Ibanez-Bernal 2019; 2020; Smit and Miller 2019; Duran et al. 2019; S. S. P. da
Silva, Neves, et al. 2019; Vieira et al. 2019; Liévano-Romero, Rodriguez-Posada, and
Cortés-Vecino 2019; Orta-Pineda et al. 2019; Ribas, Batista, and Aranha 2020;
Ascuntar-Osnas, Montoya-Bustamante, and Gonzalez-Chavez 2020; Bonifaz, Mena,
and Oporto 2020; Raigosa Alvarez et al. 2020; Zamora-Mejias et al. 2020; Ikeda et al.
2020; Palheta et al. 2020; de Groot et al. 2020; Oliveira et al. 2020; Menezes Junior et
al. 2021; Minaya, Mendoza, and [annacone 2021; Vidal, Bernardi, and Talamoni 2021;

Urbieta, Graciolli, and Vizentin-Bugoni 2021; Hiller et al. 2021; Lira-Olguin, Guzman-
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Cornejo, and Leon-Paniagua 2021; Mello et al. 2021; Ramalho, Diniz, and Aguiar
2021; Goémez-Corea et al. 2022; Alcantara et al. 2022; Speer et al. 2022; da Silva Biz
et al. 2021; Castillo-Urbina et al. 2022; Carvalho et al. 2022; Herrera and Jara 2008;
Gonzalez-Avalos et al. 2014; Bellizzi et al. 2022; Almeida et al. 2010; Dornelles et al.
2017; Ramirez-Martinez et al. 2016; Mello et al. 2022; da Silva Reis et al. 2022.

For already included references, if applicable, we accommodated studies that
partially or totally used the same data sets as “Associated References”, assuring not to
duplicate interaction records (see Table 1).

Taxonomic information: All records were taxonomically harmonized. Scientific
names were checked and updated. For bats, taxonomic harmonization was performed
by Marcelo Nogueira. The main reference for bat taxonomic arrangement and
nomenclature adopted here was Simmons and Cirranello (2023). However, when
considering the taxonomy of Glossophaga we followed Diaz et al. (2021). Also, in the
case of Dermanura, we followed Cirranello et al. (2016) in treating this taxon as a
subgenus of Artibeus. Diaz et al. (2021) and Gardner (2008) were the general
references for the geographic distribution of each species, but we also consulted
country-wide compilations (e.g., York et al. 2019; Martinez-Fonseca et al. 2020;
Turcios-Casco et al. 2020; Mora, Lopez, and Espinal 2021; Velazco et al. 2021;
Garbino et al. 2022) and primary references (e.g., species descriptions and systematic
revisionary works), and species accounts, including Solari and Baker (20006);
Genoways and Baker (1996); McDonough et al. (2008); Velazco, Gardner, and
Patterson (2010); Velazco and Simmons (2011); Moratelli et al. (2011); Mantilla-
Meluk (2014); Mantilla-Meluk and Mufioz-Garay (2014); Pavan and Marroig (2016);

Pavan, Bobrowiec, and Percequillo (2018); Velazco and Patterson (2019); Basantes et
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al. (2020); Loureiro, Engstrom, and Lim (2020); Rodriguez-Posada et al. (2021);
Velazco et al. (2021); Calahorra-Oliart, Lira-Noriega, and Ledn-Paniagua (2022);
Calderon-Acevedo, Bagley, and Muchhala (2022); Esquivel et al. (2022). When there
was a situation in which more than one species could be associated to a previous species
record within the same bat assembly, as Platyrrhinus helleri and Pteronotus parnellii—
please refer to Velazco, Gardner, and Patterson (2010) and Pavan, Bobrowiec, and
Percequillo (2018) for newly described taxa related to these species—the updated
identification was retained at genus level.

For flies, taxonomic harmonization was performed by Gustavo Graciolli.
Taxonomic changes in the current name of species were made following Alcantara,
Graciolli, and Nihei (2019); Hrycyna et al. (2022); Tlapaya-Romero, Garcia-Méndez,
and Ramirez-Martinez (2023); Graciolli and Dick (2012); Graciolli, Santos, and
Rebélo (2022). In the records that were not identified to the species level, whenever
possible, the taxonomic complex or group to which they belong was reported.

Bat roost information: We report the roost type used by each bat species included in
the database. Bat roost play an important role in fly species lifecycle due to fly species
pupal development is carried out in these places (Dittmar et al. 2009). All possible roost
types were classified into eight categories: cave (hot caves, caverns, and crevices), tree
cavity (hollow trees, fallen trees, and loose bark), human-made structure (buildings,
bridges, tunnels, and culverts), foliage (branches and leaves), tent, termite nest, rocky
cliff, and river cliff. We compiled this information from the literature (Kunz and

Lumsden 2003; Rodriguez-Duran 2020).[]
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C. Data limitations and potential enhancements

BatFly has limitations related to the scope of the studies used as data sources and how
information was reported in them. There are many gaps in information in the references
used, as unfortunately commonly observed in studies on species interactions (see
another paper with recommendations to solve this problem: Kita et al. 2022)

First, there are sampling information limitations. As several references are
checklists of fly species also reporting their hosts, most studies do not provide
information about the methods used for capturing bats, e.g., the number of sampling
hours or the number of mist nets used, hindering the estimation of sampling effort.
Only 117 study sites (18%) informed their sampling effort following the widely used
method of Straube and Bianconi (2002).

Second, there are geographical information limitations. Sixteen site studies
(2.5%) report interactions accumulated from several locations, hindering the use of
their data at smaller spatial scales. In those cases, we recorded all data available from
the locations of the study in the observation column (see Table 2). A single SiteCode
was assigned with the coordinates of the centroid of the polygon formed by the
coordinates reported in the study (see Table 2).

Third, there are interaction information limitations. Not all studies have
information that allows quantifying the interaction, 490 (12%) interactions were
recorded only as occurrence (binary information), hindering the use of their data in
studies that aim to analyze the interaction by incidence of fly species on bat species.
Furthermore, information provided by most studies is limited to the number of
individuals of a given fly species found on a given bat species, excluding other key

information useful to quantify the interaction such as prevalence, mean intensity, and
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mean abundance. Only 978 (25%) of the interaction records provide us with
information on prevalence.

Four, there are representativeness limitations. Our database is biased by the
method through which bats are sampled, since most studies were based on mist-netting,
and different bat species have different capturability (Francis 1989). Mist nets are much
more efficient for capturing phyllostomids than bats from other families (Tschapka
1998). So, potential users of BatFly should have this in mind, for example when
carrying out studies aimed at analyzing fly incidence in different bat families or species

from different bat families.

CLASS III. DATA SET STATUS AND ACCESSIBILITY

A. Status

Latest update: October 2023.

Latest archive date: October 2023.

Metadata status: Last updated in October 2023, version submitted.

Data verification: Data were compiled as presented in the sources. We corrected
transcription errors, checked the geographic coordinates of the study sites, and made

taxonomic harmonization of species names.

B. Accessibility

Storage location and medium: The complete data set (in .CSV format) and scripts to
replicate the figures of this metadata are available on

https://doi.org/10.5281/zenodo.10019756

Contact persons: Natalya Zapata-Mesa (zapatamesan@gmail.com) & Marco A. R.

Mello (marmello@usp.br).
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Copyright restrictions: Creative Commons Attribution 4.0 International License.
Proprietary restrictions: Please cite this data paper, if the data are used in any kind
of publication related to research, outreach, and teaching activities, such as papers,
books, book chapters, monographs, bibliographies, reports, patents, posters, talks,
keynotes, and lectures.

Costs: None.

CLASS IV. DATA STRUCTURAL DESCRIPTORS

A. Data set file

Identity and size:

BatFly References.csv 66KB

BatFly Sites.csv 142KB

BatFly Sampling.csv 46KB
BatFly Bat Pop.csv 334KB
BatFly Fly Pop.csv 303KB

Batfly Species Interactions.csv 585KB

Format and storage mode: Data frames with comma-separated values (.csv).
Header information: See variable description in Variable information section.
Alphanumeric attributes: Mixed.

Special characters/fields: Each table contains a column named “Observations”. This
column may have additional information or comments. For example, in Table 2,
Observations column may have additional information about the study site reported by
the reference, as a pool of coordinates from a study site. “NA” indicates no information

available for a given cell.
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B. Variable information

Table 1. BatFly References: Information of the references used as data sources in our

database.

Variable

Description

Levels

Example

RefCode

Identification code of each

reference

BFRO0O1 — BFR179

BFR002

Author

Short name of the author(s); if
there are three or more authors, we
use et al.

Graciolli ez al.

Year

Year of publication of each
reference

2010

Type

Type of reference

Article, Book,
Unpublished data

Article

Reference

Full bibliographic reference

Gracioli G,
Zortéa M.,
Carvalho L. F.
A. C. (2010)
Bat flies
(Diptera,
Streblidae and
Nycteribiidae)
in a Cerrado
area of Goias
state,  Brazil.
Revista
Brasileira  de
Entomologia
54:  511-514.

https://doi.org/
10.1590/S0085

562620100003
00025

BatVoucher
s

Name of the biological collection
where voucher bat specimens were
deposited

Chiroptera
Collection  of
“Universidade
Federal de
Goias, Campus
Jatai”

(CCUFG)
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Name of the biological collection
where voucher fly specimens were
deposited

Zoological
Collection of
“Universidade
Federal do
Mato Grosso do
Sul”

Associated
References

Full bibliographic reference of
studies that fully or partially uses
the same data of the Reference

Pedro, W.A.,
Passos F.C. &
B.K Lim. 2001.
Morcegos
(Chiroptera;
Mammalia) da
Estacao
Ecolégica dos
Caetetus,
Estado de Sao
Paulo.
Chiroptera
Neotropical,
Brasilia, 7: 136-
140
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482  Table 2. BatFly Sites: Information of the study sites from the references included in our

483  database.

Variable

Description

Levels

Example

SiteCode

Identification code of each
study site. A single
publication may contain
multiple study sites.
Different studies could share
the same study site and
consequently  the  same
SiteCode

BFAO001 —
BFA653

BFA002

RefCode

Identification code of each
reference

BFRO0OI —
BFR179

BFR002

Country

English name of the country
where the study was carried
out

Brazil

State

State, Province or
Department of the study site
as described in the source or
identified from its geographic
coordinates

Goias

Municipality

Municipality of the study site
as described in  the
reference or identified from
its geographic coordinates

Serranopolis

Locality

Local name of the study site
as described in the reference
or identified from its
geographic coordinates

Reserva  Particular
do Patrimoénio
Natural Pousada das
Araras

Latitude

Corrected and transformed
coordinates of the latitude in
decimal degrees (Datum
WGS84)

-20.772227

Longitude

Corrected and transformed
coordinates of the longitude
in decimal degrees (Datum
WGS84)

-54.785154

PrecisionClass

Coordinate precision classes
of the study site. Precise:
coordinates of the grid,
transect or vegetation patch
are reported in the reference.
Not precise: coordinates of

precise,
not precise

precise
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the municipality are reported,
or the coordinates do not
match  the information
provided in the reference

Vegetation

Vegetation type as described
in the reference

Tropical rainforest

VegType

Vegetation type according to
Oliveira-Filho (2017)

Rainforest

Ecoregion

Ecological region according
to Oliveira-Filho (2017)

Cauca Valley
montane forests

Domain

Tectonic domain according
to Oliveira-Filho (2017)

Northern Andean

Elevation

Flevation above sea level in
meters (m) reported in the
reference

700

DatasetElevation

Elevation above sea level in
meters (m), extracted from
the  GTOPO30  dataset
(United States Geological
Survey — USGS, 2001.
Global 30  arc-seconds
Elevation)

700

MeanAnnTemp

Mean annual temperature in
Celsius degrees (°C) from
WorldClim 2.1 with 30 arc
seconds resolution.

233

MeanAnnRain

Mean annual rainfall in
millimeters  (mm)  from
WorldClim 2.1 with 30 arc
seconds resolution.

1429

Observations

Additional information or
comments
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Table 3. BatFly Sampling: Information on the sampling methods used to record interactions

Variable

Description

Levels

Example

SiteCode

Identification code of each
study site from each
reference. A single
publication may contain
multiple study sites.

BFA001 -
BFA653

BFA002

RefCode

Identification code of each
reference

BFR001 —
BFRI179

BFR002

YearStart

Year of the beginning of
sampling

2000

YearFinish

Year of the end of sampling

2001

Duration

Unstandardized duration of
sampling (in months)

11

SamplingEffort

Sampling effort, accounting
for the area of the mist nets
used and the duration of the
survey, in hours*square
meters (following Straube
and Bianconi 2002). Since
many studies do not report
mist net size or model, this
standardized measure s
common for comparing bat
inventories

13608

BatEcologicalScale

Reported bat assemblage.
all: the whole bat species
captured was reported.
leafnosed: only leaf-nosed
bats (Phyllostomidae) were
reported. mormoopid: only
mormoopid bats
(Mormoopidae) were
reported. single: a single bat
species was reported

all,
leafnosed,
mormoopid,
single

all

FlyEcologicalScale

Reported fly assemblage. all:
the whole fly species capture
was reported. Single: a single
fly species was reported.

all, single

all

BatSamplingMetho
d

Method used to capture bats.
Direct refers to collection by
hand or devices such as hand
nets or harp traps.

direct, harp
traps, mist
nets, hand
net

mist nets
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SamplingNights

Total number of capture
nights

0to 36

10

SamplingHours

Duration of capture per night,
i.e., the number of hours the
mist nets were kept open each
night

1to12

SamplingMistnets

Number of mist nets used,
regardless of manufacturer,
type, size, mesh, or material

1 to 14

SamplingStrata

Vertical strata of the habitat
where bats were captured:
understory, from canopy to
understory, below canopy,
canopy

U, UC, BC,

SamplingSeason

Sampling season reported in
the reference

dry,
both

wet,

wet

Observations

Additional information or
comments
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488  Table 4. BatFly Bat Pop: Information on the bat populations sampled, which were involved

489 in the recorded interactions included in our database.

Variable

Description

Levels

Example

BatPopulationCode

Identification code of each
bat population

BFBPOP001 —
BFBPOP2187

BFBPOP001

RefCode

Identification code of each
reference

BFRO01 —
BFR179

BFRO01

SiteCode

Identification code of each
study site in each reference

BFA001 -
BFA653

BFA001

BatFamily

Current scientific name of
the bat family

Noctilionidae

BatGenus

Current scientific name of
the bat genus

Noctilio

BatSpecies

Scientific name of the bat
species as reported in the
reference

Noctilio
leporinus

CurrentBatSpecies

Current scientific name of
the bat species according to
Simmons and Cirranello

(2023)

Noctilio
leporinus

BatSubspecies

Scientific subspecies name
of the Bat as reported in the
reference (checked and
updated)

BatRoost

Roosting site of the bat
species reported in Kunz
and Lumsden (2003) and
Rodriguez-Duran (2020)

cave, tree cavity,
foliage, tent,
termite nest,
human-made
structure

caves

BatCaptureNumber

Total number of captured
bats of the population

1to 3173

25

BatMarks

Whether or not captured
bats were marked. For
studies where no marks
were used,
BatCaptureNumber might
include recaptured

yes, no

no
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individuals

BatFemales

Number of captured bats
that are females of the
population

0 to 235

11

BatMales

Number of captured bats
that are males of the
population

0to 182

21

BatJuvenile

Number of captured bats
that are juveniles of the
population

0to 290

41

BatAdult

Number of captured bats
that are adults of the
population

0to 127

BatLactatingFemales

Number of captured bats
that are lactating females of
the population. Bats can be
lactating and pregnant at
the same time

0to21

20

BatNonreproductiveFem
ales

Number of captured bats
that are nonreproductive
females of the population

0 to 34

BatPregnantFemales

Number of captured bats
that are pregnant females of
the population

0to18

BatNonreproductiveMale
S

Number of captured bats
that are nonreproductive
males of the population

0to37

BatScrotalTestesMales

Number of captured bats
that are males with scrotal
testes of the population

0to 32

30

Observations

Additional information or
comments
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in the recorded interactions included in our database.

Table 5. BatFly Fly Pop: Information on the fly populations sampled, which were involved

Variable Description Levels Example
. Identification code of each | BFFPOP00O1 —
FlyPopulationCode bat fly population BFFPOP2969 BFFPOP001
RefCode Identification code of each | prpgg; — gFR179 | BFROOI
reference
SiteCode Identification code of each | pr.\ 4 _ gpags3 | BFS001
study site in each reference
) Current scientific name of | Streblidae, )
FlyFamily the fly family Nycteribiidae Streblidac
Current scientific name of .
FlyGenus the fly genus Megistopoda
. Scientific name of the fly Megistopoda
FlySpecies as reported in the reference aranea
CurrentFlySpecies Current scientific name of Megistopoda
the fly aranea
Scientific subspecies name
. of the fly as reported in the
Flysubspecies reference (checked and
updated)
Total number of captured
FlyCaptureNumber flies of the population 1 to 2197 2
Total number of flies that
FlyFemales are females of the |0to 1105 20
population
FlyMales Total number of flies that 0 to 2042 4
are males of the population
FlyUndetermined Total number of flies that

were not sex identified
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494  Table 6. Batfly Species Interactions: Information on the bat-fly species-species interactions

495  recorded in our database.

Variable Description Levels Example
Identification code of each BFSSI00
InteractionSpeciesCode species-species  interaction 01 — | BFSSI00
BFSSI40 | 01
record
14
BFBPOP
BatPopulationCode Identiﬁcati(?n code of each | 001 — | BFBPOP
bat population BFBPOP | 0010
2187
BFFPOP
FlyPopulationCode Identiﬁcatipn code of each | 001 — | BFFPOP
fly population BFFPOP | 0015
2969
. . BFRO0O01
RefCode Egenrtérf;ls:tlon code of each | ~ BFR004
BFR179
. . BFA001
deton et o st | 22 s
% BFA653
Current scientific name of
CurrentBatSpecics the bat species acco.rding to Nocti{io
Simmons and Cirranello leporinus
(2023)
Scientific subspecies name
. of the bat as reported in the
BatSubspecies reference  (checked and
updated)
. Megistop
. Current scientific name of
CurrentFlySpecies oda
the fly
aranea
Scientific subspecies name
. of the fly as reported in the
Flysubspecies reference  (checked and
updated)
Uncommon association. It
may be an association that
. . will not last over time
TransientInteractionorError . yes, no no
(transient) or the
researcher’s error in the
collection or identification
NumberlInteractions Number of flies captured on | 0 to 2197 | 2197
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the bat species

NumberlInteractionsByFlyFemales

Number of female flies
captured on the bat species

0to 1105

291

NumberInteractionsByFlyMales

Number of male flies
captured on the bat species

0to 1091

351

NumberInteractionsByFlyUndeter
mined

Number of undetermined
flies captured on the bat
species

0 to 2042

781

BatInfested

Number of bats infested with
one or more individuals of
the fly species

0to 278

201

BatlnfestedFemales

Number of female bats
infested with one or more
individuals of the fly species

0 to 40

21

BatInfestedMales

Number of male Dbats
infested with one or more
individuals of the fly species

0 to 33

33

Prevalence

Prevalence (Number of bats
infested divided by the total
number of bat captures) as
reported in the reference

0to 100

80

PrevalenceOnBatFemales

Prevalence = (Number of
female bats infested divided
by the total number of bat
captures) as reported in the
reference

0to 100

50

PrevalenceOnBatMales

Prevalence (Number of male
bats infested divided by the
total number of bat captures)
as reported in the reference

0 to 100

20

MeanFlyIntensity

The total number of flies of
the species parasitizing the
bat species divided by the
number of individual bats
infested with the fly

1 to 4.66

MeanFlyIntensityOnBatFemales

The total number of flies of
the species parasitizing
females of the bat species
divided by the number of
individual  female  bats
infested with the fly

1to8

MeanFlyIntensityOnBatMales

The total number of flies of
the species parasitizing
males of the bat species
divided by the number of
individual male bats infested

1 to 2.53

2.1
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499

500
501

502
503

504
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with the fly

MeanFlyAbundance

The total number of flies of
the species parasitizing the
bat species divided by the
number of individual bats
(including non-infested
individuals)

0to24.1

24.1

MeanFlyAbundanceOnBatFemale
S

The total number of flies of
the species parasitizing
females of the bat species
divided by the number of
individual ~ female  bats
(including non-infested
individuals)

0to2.6

1.5

MeanFlyAbundanceOnBatMales

The total number of flies of
the species parasitizing
males of the bat species
divided by the number of
individual male bats
(including non-infested
individuals)

0to 1.6

Observations

Information about reference
or comments

C. Data anomalies: If there is no information available for a specific cell in a given

datasheet, it is indicated as “NA”.

CLASS V. SUPPLEMENTAL DESCRIPTORS

A. Data acquisition

Data entry/verification procedures: Screening and data extraction were always
performed by the same person. The information included in BatFly’s sheets, such as

codes and scientific names, was validated with logical and set tests implemented in R

to reduce typing errors.
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B. Publications and results

Partial data of unpublished reference BFR102 (see Table 1) was used in Pastrana-
Montiel, M. R., Ballesteros-Correa, J., & Chacon-Pacheco, J. (2019). First record of
the parasite bat fly Basilia mimoni Theodor & Peterson, 1964 (Diptera: Nycteribiidae)
in Colombia. Oecologia Australis, 23(3).): 685-689.

https://doi.org/10.4257/0ec0.2019.2303.27

ACKNOWLEDGMENTS

We are immensely grateful to all researchers who collected primary data in the field
and published their records, as without them it would be impossible to compile the
BatFly database. Naturalistic studies are vital to Biology and, thus, should be properly
funded and praised. We also thank Milton Ribeiro and Mauro Galetti, who inspired us
to compile BatFly, as they started an open data revolution in South America by
organizing the ATLANTIC and NEOTROPICAL data paper series. In addition, we
thank doctors Renata Muylaert, Tiago Quintal, Silvana Buzato, Elizabete Lourengo and
Eder Barbier for comments on early versions of metadata. We acknowledge the support
from Universidade de Sao Paulo, Brazil, for the work infrastructure and extend our
thanks to Consejo Comunitario del Alto y Medio Dagua (CC-AMDA), Colombia, and
Instituto de Ecologia (INECOL), Mexico, for allowing us to access their facilities. We
also thank other institutions, especially Albert-Ludwigs-Universitit Freiburg,

Germany, which provided us with work infrastructure during short research stays.

REFERENCES

Abundes-Gallegos, Judith, Monica Salas-Rojas, Guillermo Galvez-Romero, Leonardo Perea-
Martinez, Cirani Y. Obregdén-Morales, Juan B. Morales-Malacara, Bruno B. Chomel, et al. 2018.

Page 40 of 131


https://doi.org/10.4257/oeco.2019.2303.27

Page 41 of 131

528
529
530

531
532
533
534

535
536
537

538
539
540
541

542
543
544

545
546
547

548
549
550
551

552
553
554
555

556
557
558

559
560

561
562
563

564
565

566
567

Ecology

“Detection of Dengue Virus in Bat Flies (Diptera: Streblidae) of Common Vampire Bats, Desmodus
Rotundus , in Progreso, Hidalgo, Mexico.” Vector-Borne and Zoonotic Diseases 18 (1): 70-73.
https://doi.org/10.1089/vbz.2017.2163.

Aguiar, Ludmilla Moura de Souza, and Yasmine Antonini. 2011. “Descriptive Ecology of Bat Flies
(Diptera: Hippoboscoidea) Associated with Vampire Bats (Chiroptera: Phyllostomidae) in the
Cerrado of Central Brazil.” Memorias Do Instituto Oswaldo Cruz 106 (2): 170-76.
https://doi.org/10.1590/S0074-02762011000200009.

Alcantara, Daniel Maximo Correa, Gustavo Graciolli, and Silvio S. Nihei. 2019. “Revision of
Noctiliostrebla (Diptera: Streblidae), Parasites of Bulldog Bats (Chiroptera: Noctilionidae:
Noctilio).” Zootaxa 4560 (3): 483. https://doi.org/10.11646/zootaxa.4560.3.4.

Alcantara, Daniel Maximo Correa, Gustavo Graciolli, Ronaldo Toma, and Camila Silveira Souza.
2022. “Sex-Biased Parasitism, Host Mass and Mutualistic Bat Flies: An Antagonistic Individual-
Based Network of Bat-Bat Fly Interactions.” International Journal for Parasitology 52 (4): 217-24.
https://doi.org/10.1016/j.ijpara.2021.10.010.

Almeida, Juliana C., Shirley Seixas Pereira da Silva, Nicolau M. Serra-Freire, and Michel P. Valim.
2011. “Ectoparasites (Insecta and Acari) Associated with Bats in Southeastern Brazil.” Journal of
Medical Entomology 48 (4): 753-57. https://doi.org/10.1603/ME09133.

Almeida, Juliana C., Shirley Seixas Pereira da Silva, Nicolau Serra-Freire, and Adriano L. Peracchi.
2010. “Diversidade Ectoparasitologica em Morcegos na Fazenda Marambaia, Rio de Janeiro, RJ,
Brasil.” Chiroptera Neotropical 16 (118—121).

Amaral, Renan Bressianini do, Elizabete Captivo Lourengo, Katia Maria Famadas, Amanda
Barbosa Garcia, Rosangela Zacarias Machado, and Marcos Rogério André. 2018. “Molecular
Detection of Bartonella Spp. and Rickettsia Spp. in Bat Ectoparasites in Brazil.” Edited by Ulrike
Gertrud Munderloh. PLOS ONE 13 (6): €0198629. https://doi.org/10.1371/journal.pone.0198629.

Anderson, R, and H Ortencio Filho. 2006. “Dipteros Ectoparasitas (Diptera, Streblidae) de
Filostomideos (Chiroptera, Mammalia) Do Parque Municipal No Cinturdo Verde de Cianorte,
Parana, Brasil e Sua Incidéncia Ao Longo Das Esta¢cdes Do Ano.” Chiroptera Neotropical 12 (1):
238-43.

Ascuntar-Osnas, Oscar, Sebastian Montoya-Bustamante, and Baltazar Gonzalez-Chavez. 2020.
“Records of Streblidae (Diptera: Hippoboscoidea) in a Tropical Dry Forest Fragment in Colombia.”
Biota Colombiana 21 (1). https://doi.org/10.21068/c2020.v21n01a02.

Augustson, G.F. 1943. “A New Parasitic Fly from Bats (Diptera: Pupipara).” Bulletin of the
Southern California Academy of Sciences 42 (1): 52-53.

Autino, Analia G., and Guillermo L Claps. 2004. “Nuevos Registros de Insectos (Diptera y
Siphonaptera) Ectoparasitos de Murciélagos (Vespertilionidae) del Norte de Uruguay.”
Mastozoologia Neotropical 11 (1): 81-83.

Autino, Analia G., Guillermo L Claps, and Ruben M Barquez. 2014. “El Género Aspidoptera
(Diptera: Streblidae) En La Argentina” 73 (1-2): 75-79.

Autino, Analia G., Guillermo L Claps, Ruben M Barquez, and Moénica Diaz. 2011. “Ectoparasitic
Insects (Diptera: Streblidae and Siphonaptera: Ischnopsyllidae) of Bats from Iquitos and



568
569

570
571
572

573
574
575
576

577
578
579

580
581
582

583
584
585

586
587
588

589
590
591
592

593
594
595

596
597
598

599
600
601
602

603
604
605

606
607

Ecology

Surrounding Areas (Loreto, Peru).” Memorias Do Instituto Oswaldo Cruz 106 (8): 917-25.
https://doi.org/10.1590/S0074-02762011000800004.

Autino, Analia G., Guillermo L Claps, Mariano S Sanchez, and Rubén M Barquez. 2009. “New
Records of Bat Ectoparasites (Diptera, Hemiptera and Siphonaptera) from Northern Argentina.”
Neotropical Entomology 38 (2): 165—77. https://doi.org/10.1590/S1519-566X2009000200002.

Autino, Analia G., Ingrid M. Di Benedetto, Andrés Palmerio, and Guillermo L. Claps. 2018.
“Streblidae (Diptera) Ectoparasites of Bats from AICOM Osununt1 / Teyu Cuaré, San Ignacio,
Misiones, and First Record of Trichobius furmani in Argentina.” Revista de la Sociedad
Entomologica Argentina 77 (3): 30-35. https://doi.org/10.25085/rsea.770305.

Autino, Analia G., Fabricio Miguel Idoeta, Guillermo L Claps, and Ruben M Barquez. 2020.
“Ectoparasite Insects of Bats from the Fields and Weedlands Eco-Region of Argentina.” Papéis
Avulsos de Zoologia 60 (December): €20206064. https://doi.org/10.11606/1807-0205/2020.60.64.

Autino, Analia G., Felix Ortiz, Guillermo L. Claps, and J. César Bracamonte. 2016. “New Host and
Locality Records for Chiropteran Ectoparasites from Jujuy and Salta Provinces, Argentina.” Check
List 12 (3): 1895. https://doi.org/10.15560/12.3.1895.

Azevedo, Alexsander Aratijo, and Pedro Marcos Linardi. 2002. “Streblidae (Diptera) of
Phyllostomid Bats from Minas Gerais, Brazil.” Memorias Do Instituto Oswaldo Cruz 97 (3): 421—
22. https://doi.org/10.1590/S0074-02762002000300026.

Barbier, E, Fabio Falcao, and Enrico Bernard. 2021. “Bat-Ectoparasitic Fly Relationships in a
Seasonally Dry Tropical Forest in Brazil.” Parasitology Research 120 (10): 3507-17.
https://doi.org/10.1007/s00436-021-07301-w.

Barbier, E, and Gustavo Graciolli. 2016. “Community of Bat Flies (Streblidae and Nycteribiidae)
on Bats in the Cerrado of Central-West Brazil: Hosts, Aggregation, Prevalence, Infestation

Intensity, and Infracommunities.” Studies on Neotropical Fauna and Environment 51 (3): 176-87.
https://doi.org/10.1080/01650521.2016.1215042.

Barbier, E, Gustavo Graciolli, and Enrico Bernard. 2019. “Structure and Composition of
Nycteribiidae and Streblidae Flies on Bats along an Environmental Gradient in Northeastern
Brazil.” Canadian Journal of Zoology 97 (5): 409—18. https://doi.org/10.1139/¢jz-2018-0098.

Barbier, E, Frederico Hintze, Ana Claudia Jardelino, and Enrico Bernard. 2018. “First Record of the
Bat Ectoparasitic Fly Strebla Proxima Wenzel, 1976 (Diptera: Streblidae) from Brazil.”
Entomological News 127 (4): 369—74. https://doi.org/10.3157/021.127.04009.

Barbier, E, Hannah Nunes, Patricio Adriano da Rocha, Fabiana Lopes Rocha, and Pedro Cordeiro-
Estrela. 2019. “Updated Species List of the Bat Ectoparasitic Flies (Diptera: Nycteribiidae and
Streblidae) in the State of Paraiba, Northeastern Brazil.” Revista Mexicana de Biodiversidad 90 (0).
https://doi.org/10.22201/ib.20078706€.2019.90.2485.

Barbier, E, J G Prado-Neto, and E Bernard. 2016. “Records of Bat Flies (Diptera: Nycteribiidae and
Streblidae) in the Semi-Arid Caatinga in the State of Paraiba, Northeastern Brazil.” Neotropical
Entomology 45 (6): 740—45. https://doi.org/10.1007/s13744-016-0432-8.

Barbier, E, Albérico Queiroz S. de Souza, Juliana Pereira Bezerra, Juliana Oliveira Ferrdo dos
Santos, and Wallace Rodrigues Telino Junior. 2017. “New Record, New Host, and Geographic

Page 42 of 131



Page 43 of 131

608
609

610
611
612
613

614
615
616
617

618
619
620
621

622
623
624
625
626

627
628
629

630
631
632

633
634
635

636
637
638
639

640
641
642

643
644

645
646

647

Ecology

Distribution of Basilia Hughscotti Guimaraes, 1946 (Diptera: Nycteribiidae).” Entomological News
126 (5): 394-99. https://doi.org/10.3157/021.126.0507.

Barbier, E, Gustavo Lima Urbieta, Hannah Nunes, Saulo Santos Bomfim, and Patricio A. Da
Rocha. 2020. “High Specificity and Aggregation, But Low Prevalence in Bat-Fly Interactions in an
Environmental Protection Area in Brazil.” Acta Chiropterologica 21 (2): 443.
https://doi.org/10.3161/15081109ACC2019.21.2.018.

Basantes, Mateo, Nicolas Tinoco, Paul M. Velazco, Melinda J. Hofmann, Miguel E. Rodriguez-
Posada, and M. Alejandra Camacho. 2020. “Systematics and Taxonomy of Tonatia Saurophila
Koopman & Williams, 1951 (Chiroptera, Phyllostomidae).” ZooKeys 915 (February): 59—86.
https://doi.org/10.3897/zookeys.915.46995.

Bellizzi, Isabela Silva, Shirley Seixas Pereira da Silva, Patricia Gongalves Guedes, and Juliana C.
Almeida. 2022. “The Natural History of the Stenodermatinae Chiroderma Doriae Vizottoi Taddei
and Lim 2010 (Chiroptera, Phyllostomidae) in a Semiarid Region from Brazil.” Mammalia 86 (3):
247-51. https://doi.org/10.1515/mammalia-2021-0022.

Bertola, Patricia Beloto, Caroline Cotrim Aires, Sandra Elisa Favorito, Gustavo Graciolli, Marcos
Amaku, and Ricardo Pinto-da-Rocha. 2005. “Bat Flies (Diptera: Streblidae, Nycteribiidae) Parasitic
on Bats (Mammalia: Chiroptera) at Parque Estadual Da Cantareira, Sdo Paulo, Brazil: Parasitism
Rates and Host-Parasite Associations.” Memorias Do Instituto Oswaldo Cruz 100 (1): 25-32.
https://doi.org/10.1590/S0074-02762005000100005.

Bezerra, Rayanna Hellem Santos, and Adriana Bocchiglieri. 2018. “Association of Ectoparasites
(Diptera and Acari) on Bats (Mammalia) in a Restinga Habitat in Northeastern Brazil.”
Parasitology Research 117 (11): 3413-20. https://doi.org/10.1007/s00436-018-6034-0.

. 2022. “Ectoparasitic Flies of Bats (Mammalia: Chiroptera) in Urban Green Areas of
Northeastern Brazil.” Parasitology Research 122 (1): 117-26. https://doi.org/10.1007/s00436-022-
07703-4.

Bezerra, Rayanna Hellem Santos, Pedro Fonseca de Vasconcelos, and Adriana Bocchiglieri. 2016.
“Ectoparasites of Bats (Mammalia: Chiroptera) in Atlantic Forest Fragments in North-Eastern
Brazil.” Parasitology Research 115 (10): 3759—65. https://doi.org/10.1007/s00436-016-5137-8.

Bolivar-Cimé¢, Beatriz, Alan Cuxim-Koyoc, Enrique Reyes-Novelo, Juan B. Morales-Malacara,
Javier Laborde, and Rafael Flores-Peredo. 2018. “Habitat Fragmentation and the Prevalence of
Parasites (Diptera, Streblidae) on Three Phyllostomid Bat Species.” Biotropica 50 (1): 90-97.
https://doi.org/10.1111/btp.12489.

Bonifaz, Emilio, José Luis Mena, and Rosario Oporto. 2020. “Moscas de Murciélagos en Algunas
Localidades de la Costa Peruana.” Revista Peruana de Biologia 27 (2): 241-50.
https://doi.org/10.15381/rpb.v27i2.17881.

Bradshaw, Gordon V. R., and Anthony Ross. 1961. “Ectoparasites of Arizona Bats.” Journal of the
Arizona Academy of Science 1 (4): 109. https://doi.org/10.2307/40026556.

Brues, C.T. 1904. “Notes on Trichobius and the Systematic Position of the Streblidae.” Bulletin
American Museumn of Natural History. XX (1904): 131-34.

Calahorra-Oliart, Adriana, Andrés Lira-Noriega, and Livia Ledén-Paniagua. 2023. “Cranial



648
649
650

651
652
653
654

655
656
657

658
659
660

661
662
663

664
665
666

667
668
669
670

671
672
673
674

675
676
677
678

679
680
681

682
683

684
685

686
687

Ecology

Morphological Patterns Are Independent from Abiotic Ecological Requirements in Neotropical
Glossophaginae Bat Species.” Acta Chiropterologica 24 (2): 437-52.
https://doi.org/10.3161/15081109ACC2022.24.2.012.

Calderon-Acevedo, Camilo A., Justin C. Bagley, and Nathan Muchhala. 2022. “Genome-Wide
Ultraconserved Elements Resolve Phylogenetic Relationships and Biogeographic History among
Neotropical Leaf-Nosed Bats in the Genus Anoura (Phyllostomidae).” Molecular Phylogenetics and
Evolution 167 (February): 107356. https://doi.org/10.1016/j.ympev.2021.107356.

Calonge-Camargo, Berta, and Jairo Pérez-Torres. 2018. “Ectoparasites (Polyctenidae, Streblidae,
Nycteribiidae) of Bats (Mammalia: Chiroptera) from the Caribbean Region of Colombia.” Therya 9
(2): 171-78. https://doi.org/10.12933/therya-18-492.

Camacho, M. Alejandra, Diego G. Tirira, Carl W. Dick, and Santiago F. Burneo. 2014.
“Lophostoma Carrikeri (Allen, 1910) (Chiroptera: Phyllostomidae): First Confirmed Records in
Ecuador.” Check List 10 (1): 217. https://doi.org/10.15560/10.1.217.

Camilotti, Vagner, Gustavo Graciolli, Marcelo Weber, Jeferson Arruda, and Nilton Caceres. 2010.
“Bat Flies from the Deciduous Atlantic Forest in Southern Brazil: Host-Parasite Relationships and
Parasitism Rates.” Acta Parasitologica 55 (2). https://doi.org/10.2478/s11686-010-0026-2.

Capllonch, Patricia, Analia G. Autino, Monica Diaz, and Rubén M Barquez. 1997. “Los Mamiferos
del Parque Biologico Sierra de San Javier, Tucuman, Argentina: Observaciones Sobre su
Sistematica y Distribucidén.” Mastozoologia Neotropical 4 (1): 49-71.

Carvalho, Jodo L. V. R., Joenny M. S. Lima, E Barbier, Enrico Bernard, Jadson D. P. Bezerra, and
Cristina M. Souza-Motta. 2022. “Ticket to Ride: Fungi from Bat Ectoparasites in a Tropical Cave
and the Description of Two New Species.” Brazilian Journal of Microbiology 53 (4): 2077-91.
https://doi.org/10.1007/s42770-022-00841-y.

Castillo-Urbina, Sadania, Rosa Estrada Hernandez, Yuri Aguirre Obando, Oswaldo Rodriguez
Flores, and Josue Perez Soto. 2022. “Moscas Ectoparasitas (Diptera: Streblidae) en Murciélagos del
Parque Nacional Volcan Masaya.” Revista Nicaraguense de Entomologia 278 (September): 3—19.
https://doi.org/10.5281/ZENODQ.7212645.

Chavez, John, ed. 2001. “Ectoparasites of Small Mammals of the Lower Urubamba Region, Peru.”
In Urubamba: The Biodiversity of a Peruvian Rainforest, 195-204. SI/MAB Series, #7.
Washington, DC: Smithsonian Institution, National Zoological Park, Conservation and Research
Center, SI/MAB Biodiversity Program.

Cirranello, Andrea, Nancy Simmons, Sergio Solari, and Robert Baker. 2016. “Morphological
Diagnoses of Higher-Level Phyllostomid Taxa (Chiroptera: Phyllostomidae).” Acta
Chiropterologica 18 (June): 39-71. https://doi.org/10.3161/15081109ACC2016.18.1.002.

Claps, Guillermo L, Analia G. Autino, and Ruben M Barquez. 2000. “Nuevos Registros de
Streblidae (Diptera) Para La Argentina” 80 (2000): 241-43.

. 2005. “Streblidae de Murci¢lagos de Lima: Dos Citas Nuevas Para Peru.” Revista de La
Sociedad Entomologica Argentina 64 (1-2): 95-98.

Coimbra jr, C.E.A., Lindolpho R Guimarées, and D.A. Mello. 1984. “Ocorréncia de Streblidae
(Diptera: Pupipara) Em Morcegos Capturados Em Regides de Cerrado Do Brasil Central.” Revista

Page 44 of 131



Page 45 of 131

688

689
690
691
692

693
694
695
696

697
698

699
700
701

702
703
704
705

706
707
708
709

710
711
712

713
714
715
716

717
718
719

720
721

722
723
724
725
726

727

Ecology

Brasileira de Entomologia 28 (4): 547-50.

Colin-Martinez, Helisama, Juan B Morales-Malacara, and Carlos Garcia-Estrada. 2018. “Epizoic
Fauna Survey on Phyllostomid Bats (Chiroptera: Phyllostomidae) in a Shaded Coffee Plantation of
Southeastern Chiapas, Mexico.” Journal of Medical Entomology 55 (1): 172-82.
https://doi.org/10.1093/jme/tjx186.

Cordero-Schmidt, Eugenia, E Barbier, Juan C. Vargas-Mena, Paulino Pereira Oliveira, Francisco
De Assis R. Santos, Rodrigo A. Medellin, Bernal Rodriguez Herrera, and Eduardo M. Venticinque.
2017. “Natural History of the Caatinga Endemic Vieira’s Flower Bat, Xeronycteris Vieirai.” Acta
Chiropterologica 19 (2): 399—408. https://doi.org/10.3161/15081109ACC2017.19.2.016.

Curran, C.H. 1935. “New Species of Nycteribiidae and Streblidae (Diptera).” The American
Museum of Natural History New York City 765: 1-15.

Cuxim-Koyoc, Alan, Enrique Reyes-Novelo, M. Cristina Macswiney, and Pedro A. Aguilar-
Rodriguez. 2016. “Nuevos Registros de Streblidae (Diptera: Hippoboscoidea) para México.”
Revista Colombiana de Entomologia 42 (2): 192. https://doi.org/10.25100/socolen.v42i2.6692.

Cuxim-Koyoc, Alan, Enrique Reyes-Novelo, M. Cristina MacSwiney, and Juan Manuel Pech-
Canché. 2018. “Moscas ectoparasitas de murci¢lagos (Diptera: Streblidae y Nycteribiidae) del Valle
de Uxpanapa, Veracruz, México.” Revista Mexicana de Biodiversidad 89 (4): 1074—88.
https://doi.org/10.22201/ib.20078706¢.2018.4.2686.

Cuxim-Koyoc, Alan, Enrique Reyes-Novelo, Juan B. Morales-Malacara, Beatriz Bolivar-Cimé, and
Javier Laborde. 2015. “Streblidae (Diptera: Hippoboscoidea) from Yucatan and Updated Species
List for Mexico.” Journal of Medical Entomology 52 (5): 947-61.
https://doi.org/10.1093/jme/tjv117.

Dias, E., G.B. Mello, O. Costa, R.G. Damasceno, and M. Azevedo. 1942. “Investigacdes Sobre
Esquisotripanose de Morcegos No Estado Do Pard. Encontro Do Barbeiro Cavernicola Pilosa
Como Transmissor.” Revista Brasileira de Biologia, Rio de Janeiro 2 (1): 103-10.

Dias, Paulo Adriano, Cirio Santos, Fernanda Souto Rodrigues, Luciana C Rosa, Keliane S Lobato,
and José Manuel Macério Rebélo. 2009. “Espécies de Moscas Ectoparasitas (Diptera,
Hippoboscoidea) de Mor¢egos (Mammalia, Chiroptera) no Estado de Maranh@o.” Revista

Brasileira de Entomologia 53 (1): 128-33.

Diaz, Monica M, Sergio Solari, Renato Gregorin, Luis F Aguirre, and Ruben M Barquez. 2021.
Clave de Identificacion de Los Murciélagos Neotropicales. Tucuman, Argentina: Publicacion
Especial No.4 - PCMA (Programa de Conservacion de los Murciélagos de Argentina).

Dick, Carl W. 2013. “Review of the Bat Flies of Honduras, Central America (Diptera: Streblidae).”
Journal of Parasitology Research 2013: 1-17. https://doi.org/10.1155/2013/437696.

Dick, Carl W., and Katharina Dittmar. 2014. “Parasitic Bat Flies (Diptera: Streblidae and
Nycteribiidae): Host Specificity and Potential as Vectors.” In Bats (Chiroptera) as Vectors of
Diseases and Parasites, edited by Sven Klimpel and Heinz Mehlhorn, 5:131-55. Parasitology
Research Monographs. Berlin, Heidelberg: Springer Berlin Heidelberg. https://doi.org/10.1007/978-
3-642-39333-4 6.

Dick, Carl W., and Donald Gettinger. 2005. “A Faunal Survey of Streblid Flies (Diptera:



728
729

730
731
732

733
734
735

736
737
738

739
740
741
742

743
744
745
746
747

748
749
750
751

752
753
754

755
756
757
758

759
760
761
762

763
764
765

766
767
768

Ecology Page 46 of 131

Streblidae) Associated with Bats in Paraguay.” Journal of Parasitology 91 (5): 1015-24.
https://doi.org/10.1645/GE-536R.1.

Dick, Carl W., Donald Gettinger, and Scott L. Gardner. 2007. “Bolivian Ectoparasites: A Survey of
Bats (Mammalia Chiroptera).” Comparative Parasitology 74 (2): 372-717.
https://doi.org/10.1654/4264.1.

Dick, Carl W., and Bruce D. Patterson. 2006. “Bat Flies: Obligate Ectoparasites of Bats.” In
Micromammals and Macroparasites, edited by Serge Morand, Boris R. Krasnov, and Robert
Poulin, 179-94. Tokyo: Springer Japan. https://doi.org/10.1007/978-4-431-36025-4 11.

Dick, Carl W., and Rupert Wenzel. 2006. “A New Genus and Species of Trichobiine Bat Flies
(Diptera: Hippoboscoidea: Streblidae) from Costa Rica.” Insect Systematics & Evolution 37 (4):
433-42. https://doi.org/10.1163/187631206788831489.

Dittmar, Katharina, Carl W. Dick, Bruce D. Patterson, Michael F. Whiting, and Matthew E.
Gruwell. 2009. “Pupal Deposition and Ecology of Bat Flies (Diptera: Streblidae): Trichobius Sp.
(Caecus Group) in a Mexican Cave Habitat.” Journal of Parasitology 95 (2): 308—14.
https://doi.org/10.1645/GE-1664.1.

Dittmar, Katharina, Solon F. Morse, Carl W. Dick, and Bruce D. Patterson. 2015. “Bat Fly
Evolution from the Eocene to the Present (Hippoboscoidea,Streblidae andNycteribiidae).” In
Parasite Diversity and Diversification, edited by Serge Morand, Boris R. Krasnov, and D. Timothy
J. Littlewood, 1st ed., 246—64. Cambridge University Press.
https://doi.org/10.1017/CBO9781139794749.017.

Dittmar, Katharina, Solon Morse, Matthew Gruwell, Jason Mayberry, and Emily DiBlasi. 2011.
“Spatial and Temporal Complexities of Reproductive Behavior and Sex Ratios: A Case from
Parasitic Insects.” Edited by Mark Briffa. PLoS ONE 6 (5): €19438.
https://doi.org/10.1371/journal.pone.0019438.

Dornelles, Guilherme D. P., and Gustavo Graciolli. 2017. “Streblid Bat Flies on Phyllostomid Bats
from an Island off the Coast of Sdo Paulo, Brazil.” Papéis Avulsos de Zoologia (Sdo Paulo) 57 (4):
31. https://doi.org/10.11606/0031-1049.2017.57.04.

Dornelles, Guilherme D. P., Gustavo Graciolli, Anderson Odon, and Marcelo O. Bordignon. 2017.
“Infracommunities of Streblidae and Nycteribiidae (Diptera) on Bats in an Ecotone Area between
Cerrado and Atlantic Forest in the State of Mato Grosso Do Sul.” lheringia. Série Zoologia 107 (0).
https://doi.org/10.1590/1678-4766¢2017044.

Duran, Adrian A., Romeo A. Saldana-Vazquez, Gustavo Graciolli, and Laura C. Peinado. 2019.
“Specialization and Modularity of a Bat Fly Antagonistic Ecological Network in a Dry Tropical
Forest in Northern Colombia.” Acta Chiropterologica 20 (2): 503.
https://doi.org/10.3161/15081109ACC2018.20.2.020.

Eriksson, Alan, Gustavo Graciolli, and Erich Fischer. 2011. “Bat Flies on Phyllostomid Hosts in the
Cerrado Region: Component Community, Prevalence and Intensity of Parasitism.” Memdrias Do
Instituto Oswaldo Cruz 106 (3): 274-78. https://doi.org/10.1590/S0074-02762011000300004.

Esbérard, Carlos Eduardo Lustosa, D. Astta, L. Geise, Lm. Costa, and Lg. Pereira. 2012. “Do
Young Carollia Perspicillata (Chiroptera: Phyllostomidae) Present Higher Infestation Rates of
Streblidae (Diptera)?” Brazilian Journal of Biology 72 (3): 617-21. https://doi.org/10.1590/S1519-



Page 47 of 131

769

770
771
772
773
774

775
776
777
778

779
780
781
782

783
784
785

786
787

788
789
790
791

792
793

794
795
796

797
798

799
800
801
802

803
804

805
806
807

808

Ecology

69842012000300027.

Esbérard, Carlos Eduardo Lustosa, Theany Cecilia Biavatti, William Douglas Carvalho, Luciana de
Moraes Costa, Maira de Sant’ Ana Godoy, Luiz Antonio Costa Gomes, Julia Lins Luz, et al. 2014,
“Trichobius Longipes (Diptera, Streblidae) as a Parasite of Phyllostomus Hastatus (Chiroptera,
Phyllostomidae).” Revista Brasileira de Parasitologia Veterinaria 23 (3): 315-19.
https://doi.org/10.1590/S1984-29612014066.

Esquivel, Diego A., Maria Jodo Ramos Pereira, John D. Stuhler, Daniela M. Rossoni, Paul M.
Velazco, and Filipe Michels Bianchi. 2022. “Multiples Lines of Evidence Unveil Cryptic Diversity
in the Lophostoma Brasiliense (Chiroptera: Phyllostomidae) Complex.” Systematics and
Biodiversity 20 (1): 1-21. https://doi.org/10.1080/14772000.2022.2110172.

Estrada-Villegas, Sergio, Tanja K. Halczok, Marco Tschapka, Rachel A. Page, Stefan D. Bréindel,
and Thomas Hiller. 2018. “Bats and Their Bat Flies: Community Composition and Host Specificity
on a Pacific Island Archipelago.” Acta Chiropterologica 20 (1): 161-76.
https://doi.org/10.3161/15081109ACC2018.20.1.012.

Fagundes, Roberth, Yasmine Antonini, and Ludmilla M. S. Aguiar. 2017. “Overlap in Cave Usage
and Period of Activity as Factors Structuring the Interactions between Bats and Ectoparasites.”
Zoological Studies 56 (22): 1-11. https://doi.org/doi:10.6620/Z2S.2017.56-22.

Fox, R.M., and R.M. Stabler. 1953. “Basilia Calverti n. Sp. (Diptera: Nycteribiidae) from the
Interior Long-Legged Bat.” The Journal of Parasitology 39 (1): 22-27.

Franca, Ds, Sn Pereira, Acs Maas, Ma Martins, Dp Bolzan, Ip Lima, D Dias, and Al Peracchi. 2013.
“Ectoparasitic Flies (Diptera, Streblidae) of Bats (Chiroptera, Phyllostomidae) in an Atlantic Forest
Area, Southeastern Brazil.” Brazilian Journal of Biology 73 (4): 847-54.
https://doi.org/10.1590/S1519-69842013000400022.

Francis, Charles M. 1989. “A Comparison of Mist Nets and Two Designs of Harp Traps for
Capturing Bats.” Journal of Mammalogy 70 (4): 865—70. https://doi.org/10.2307/1381730.

Frank, Hannah K., Chase D. Mendenhall, Seth D. Judson, Gretchen C. Daily, and Elizabeth A.
Hadly. 2016. “Anthropogenic Impacts on Costa Rican Bat Parasitism Are Sex Specific.” Ecology
and Evolution 6 (14): 4898—4909. https://doi.org/10.1002/ece3.2245.

Fritz, Gary N. 1983. “Biology and Ecology of Bat Flies (Diptera: Streblidae) on Bats in the Genus
Carollia.” Journal of Medical Entomology 20 (1): 1-10. https://doi.org/10.1093/jmedent/20.1.1.

Garbino, G.S.T., R. Gregorin, Ip Lima, L. Loureiro, L. Moras, Ricardo Moratelli, M.R. Nogueira, et
al. 2022. “Updated checklist of Brazilian bats: versao 2020. Comité da Lista de Morcegos do
Brasil—CLMB.Sociedade Brasileira para o Estudo de Quirdpteros (Sbeq).” Sociedade Brasileira
para o Estudo de Quirdpteros (Sbeq). sbeq. 2022. https://www.sbeq.net/lista-de-especies.

Gardner, Alfred L. 2008. Mammals of South America, Volume 1: Marsupials, Xenarthrans, Shrews,
and Bats. University of Chicago Press. https://doi.org/10.7208/chicago/9780226282428.001.0001.

Genoways, Hugh H., and Robert J. Baker. 1996. “A New Species of the Genus Rhogeessa, with
Comments on Geographic Distribution and Speciation in the Genus.” Mammalogy Papers:
University of Nebraska State Museum 248.

Giraudoux, Patrick, Camille Besombes, Didier Bompangue, Jean-Francois Guégan, Frédéric



809
810
811

812
813
814
815
816

817
818
819

820
821
822
823

824
825
826
827

828
829
830

831
832

833
834
835

836
837
838
839

840
841
842

843
844
845

846
847
848
849

Ecology Page 48 of 131

Mauny, and Serge Morand. 2022. “One Health or ‘One Health Washing’? An Alternative to
Overcome Now More than Ever.” CABI One Health 2022 (April): cabionehealth.2022.0006.
https://doi.org/10.1079/cabionehealth.2022.0006.

Gomez-Corea, Wilson, Farlem G. Espafia, David Mejia-Quintanilla, and Martin R. del Valle
Alvarez. 2022. “Bat Fly (Diptera: Streblidae) and Common Vampire Bat (Chiroptera:
Phyllostomidae) Association in Honduras: Prevalence, Mean Intensity, Infracommunities and
Influence of the Biological Characteristics of the Host.” Zoologia (Curitiba) 39: €21018.
https://doi.org/10.1590/51984-4689.v39.e21018.

Gonzalez D., P.E., A. Santos M, and R.J. Miranda. 2004. “Streblidae (Diptera: Pupipara)
Ectoparasitos de Murciélagos, En Las Tierras Bajas Del Parque Nacional Darién, Provincia de
Darién, Panama.” Tecnociencia 6 (2): 161-71.

Gonzalez-Avalos, Carolina, David Alberto Macias-Diaz, Alejandra Macip-Castafieda, Alejandro
Mendez-Andrade, Paulina Ortiz-Garcia, and Karina Danely Rivera-Garcia. 2014. “Ectoparasitos
(Diptera: Streblidae) Asociados a Desmodus rotundus en el Sur del Estado de Puebla, México.”
Entomologia Mexicana 1: 973-77.

Graciolli, Gustavo, and Gledson V. Bianconi. 2007. “Moscas ectoparasitas (Diptera, Streblidae e
Nycteribiidae) em morcegos (Mammalia, Chiroptera) em area de Floresta com Araucaria no Estado
do Parana, sul do Brasil.” Revista Brasileira de Zoologia 24 (1): 246—49.
https://doi.org/10.1590/S0101-81752007000100033.

Graciolli, Gustavo, and Carl W. Dick. 2009. “A New Species of Basilia Miranda-Ribeiro (Diptera:
Nycteribiidae) from Honduras, Parasite of Bauerus Dubiaquercus (Van Gelder) (Chiroptera:
Vespertilionidae: Antrozoinae).” Zootaxa 1972: 59—64. https://doi.org/10.5281/ZENODO.185079.

. 2012. “Description of a Second Species of Joblingia Dybas & Wenzel, 1947 (Diptera:
Streblidae).” Systematic Parasitology 81 (3): 187-93. https://doi.org/10.1007/s11230-011-9338-3.

Graciolli, Gustavo, Ricardo Guerrero, and Francois Catzeflis. 2019. “Streblid Bat Flies (Diptera)
and Other Ectoparasites on Bats (Mammalia: Chiroptera) from French Guiana.” Biota Neotropica
19 (4): €20180724. https://doi.org/10.1590/1676-0611-bn-2018-0724.

Graciolli, Gustavo, Fernando C. Passos, Wagner A. Pedro, and Burton K. Lim. 2006. “Moscas
Ectoparasitas (Diptera, Streblidae) de Morcegos Filostomideos (Mammalia, Chiroptera) Na Estagdo
Ecologica Dos Caetetus, Sdo Paulo, Brasil.” Revista Brasileira de Zoologia 23 (1): 298-99.
https://doi.org/10.1590/S0101-81752006000100025.

Graciolli, Gustavo, Ciro Santos, and José Manuel Macario Rebélo. 2022. “Postgenal Ctenidum in
Bat Flies (Diptera, Streblidae): New Genus, with Description of Two Species, and Delimitation of
Streblinae.” Systematic Parasitology 99 (6): 727-39. https://doi.org/10.1007/s11230-022-10062-4.

Graciolli, Gustavo, Marlon Zortéa, and Luiz Felipe Alves da Cunha Carvalho. 2010. “Bat Flies
(Diptera, Streblidae and Nycteribiidae) in a Cerrado Area of Goias State, Brazil.” Revista Brasileira
de Entomologia 54 (3): 511-14. https://doi.org/10.1590/S0085-56262010000300025.

Grames, Eliza M., Andrew N. Stillman, Morgan W. Tingley, and Chris S. Elphick. 2019. “An
Automated Approach to Identifying Search Terms for Systematic Reviews Using Keyword Co-
Occurrence Networks.” Methods in Ecology and Evolution 10 (10): 1645-54.
https://doi.org/10.1111/2041-210X.13268.



Page 49 of 131

850
851
852
853

854
855

856
857

858
859

860

861
862
863
864

865
866
867

868
869
870
871
872

873
874

875
876
877
878

879
880
881
882

883
884

885
886

887
888
889

Ecology

Groot, Michiel D. de, Iris Dumolein, Thomas Hiller, Attila D. Sandor, Tamara Szentivanyi, Menno
Schilthuizen, M. Catherine Aime, Annemieke Verbeken, and Danny Haelewaters. 2020. “On the
Fly: Tritrophic Associations of Bats, Bat Flies, and Fungi.” Journal of Fungi 6 (4): 361.
https://doi.org/10.3390/j0f6040361.

Guimaraes, Lindolpho R. 1937. “Sobre as Especies Sul Americanas Do Genero Trichobius
(Diptera-Streblidae).” Revista Do Museu Paulista XXIII: 653—66.

. 1966. “Nyctebibiid Batflies from Panama (Diptera: Nycteribiidae).” Field Museum of
Natural History.

. 1972. “Venezuelan Nycteribiid Batflies (Diptera: Nycteribiidae).” Brigham Young
University Science Bulletin 17: 1-11.

. 1977. “Supplementary Note on Venezuelan Bat Flies.” Great Basin Naturalist 37 (2).

Guzman-Cornejo, Carmen, Luis Garcia-Prieto, Gerardo Pérez-Ponce de Ledn, and Juan B. Morales-
Malacara. 2003. “Parasites of Tadarida Brasiliensis Mexicana (Chiroptera: Molossidae) from Arid
Regions of Mexico.” Comparative Parasitology 70 (1): 11-25. https://doi.org/10.1654/1525-
2647(2003)070[0011:POTBMC]2.0.CO;2.

Hernandez-Arciga, Ulalume, L. Gerardo Herrera M., and Juan B. Morales-Malacara. 2016.
“Tracking Host Use by Bat Ectoparasites with Stable Isotope Analysis.” Canadian Journal of
Zoology 94 (5): 353-60. https://doi.org/10.1139/cjz-2015-0246.

Hernandez-Martinez, Jacqueline, Juan B. Morales-Malacara, Mariana Yolotl Alvarez-Afiorve,
Sergio Amador-Hernandez, Ken Oyama, and Luis Daniel Avila-Cabadilla. 2019. “Drivers
Potentially Influencing Host-Bat Fly Interactions in Anthropogenic Neotropical Landscapes at
Different Spatial Scales.” Parasitology 146 (1): 74-88.
https://doi.org/10.1017/S0031182018000732.

Herrera, Nicanor Ibafiez, and César A. Jara. 2008. “Registro de Trichobius (Diptera: Streblidae) en
Murciélagos del Amazonas, Pert.” REBIOL 28 (2): 87-89.

Hiller, Thomas, Benjamin Honner, Rachel A. Page, and Marco Tschapka. 2018. “Leg Structure
Explains Host Site Preference in Bat Flies (Diptera: Streblidae) Parasitizing Neotropical Bats
(Chiroptera: Phyllostomidae).” Parasitology 145 (11): 1475-82.
https://doi.org/10.1017/S0031182018000318.

Hiller, Thomas, Maximilian G. R. Vollstidt, Stefan D. Brindel, Rachel A. Page, and Marco
Tschapka. 2021. “Bat—Bat Fly Interactions in Central Panama: Host Traits Relate to Modularity in a
Highly Specialised Network.” Insect Conservation and Diversity 14 (5): 686—99.
https://doi.org/10.1111/icad.12508.

Hoffmann, Anita. 1953. “Estado Actual Del Conocimiento de Los Estreblidos Mexicanos
(Diptera:Pupipara).” Ciencias Biologicas:Zoologia, 175-93.

Hoffmann, Anita, José G. Palacios-Vargas, and Juan B Morales-Malacara. 1980. “Bioecologia de
La Cueva de Ocotitlan, Tepotzlan, Morelos,.” Folia Entomologica Mexicana, 21-22.

Hofstede, Hannah M ter, M Brock Fenton, and John O Whitaker, Jr. 2004. “Host and Host-Site
Specificity of Bat Flies (Diptera: Streblidae and Nycteribiidae) on Neotropical Bats (Chiroptera).”
Canadian Journal of Zoology 82 (4): 616-26. https://doi.org/10.1139/z04-030.



890
891
892
893

894
895
896

897
898
899
900
901

902
903
904

905
906
907
908

909
910

911
912
913

914
915
916

917
918
919

920
921
922
923

924
925
926
927

928
929
930

Ecology

Hrycyna, Gabriela, Ana Carolina Moreira Martins, and Gustavo Graciolli. 2019. “Infracommunities
of Bat Flies (Diptera: Streblidae and Nycteribiidae) of Bats (Mammalia: Chiroptera) in Three
Conservation Units in the State of Amap4d, Brazil.” Biota Neotropica 19 (4): €20180715.
https://doi.org/10.1590/1676-0611-bn-2018-0715.

Hrycyna, Gabriela, Ciro Santos, Jos¢é M.M. Rebélo, and Gustavo Graciolli. 2022. “A New Species
of Hershkovitzia (Diptera: Nycteribiidae) from Maranhao, Brazil.” Anais Da Academia Brasileira
de Ciéncias 94 (1): 1-7. https://doi.org/10.1590/0001-3765202120191161.

Ikeda, Priscila, Jaire Marinho Torres, Livia Perles, Elizabete Captivo Lourengo, Heitor Miraglia
Herrera, Carina Elisei de Oliveira, Rosangela Zacarias Machado, and Marcos Rogério André. 2020.
“Intra- and Inter-Host Assessment of Bartonella Diversity with Focus on Non-Hematophagous Bats
and Associated Ectoparasites from Brazil.” Microorganisms 8 (11): 1822.
https://doi.org/10.3390/microorganisms8111822.

Judson, S. D., H. K. Frank, and E. A. Hadly. 2015. “Bartonellac Are Prevalent and Diverse in Costa
Rican Bats and Bat Flies.” Zoonoses and Public Health 62 (8): 609—17.
https://doi.org/10.1111/zph.12188.

Kita, Cristina A., Guillermo Florez-Montero, Sebastidn Montoya-Bustamante, Renata L. Muylaert,
Natalya Zapata-Mesa, and Marco A. R. Mello. 2022. “Ten Simple Rules for Reporting Information
on Species Interactions.” PLOS Computational Biology 18 (8): €1010362.
https://doi.org/10.1371/journal.pcbi.1010362.

Klimpel, Sven, and Heinz Mehlhorn, eds. 2016. Bats (Chiroptera) as Vectors of Diseases and
Parasites: Facts and Myths: 5. Softcover reprint of the original 1st ed. 2014 edition. Springer.

Komeno, Carlos A, and Aricio X Linhares. 1999. “Batflies Parasitic on Some Phyllostomid Bats in
Southeastern Brazil: Parasitism Rates and Host-Parasite Relationships.” Memoarias Do Instituto
Oswaldo Cruz 94 (2): 151-56. https://doi.org/10.1590/S0074-02761999000200004.

Kunz, Thomas H., and Linda F. Lumsden. 2003. “Ecology of Cavity and Foliage Roosting Bats.” In
Bat Ecology, edited by Thomas H. Kunz and M Brock Fenton, 3—-87. Chicago, IL: University of
Chicago Press.

Kurta, Allen, John O Whitaker, William J Wrenn, and J Angel Soto-Centeno. 2007. “Ectoparasitic
Assemblages on Mormoopid Bats (Chiroptera: Mormoopidae) from Puerto Rico.” Journal of
Medical Entomology 44 (6): 953-58.

Liévano-Romero, Kevin S., Miguel E. Rodriguez-Posada, and Jestis A. Cortés-Vecino. 2019.
“Nuevos Registros de Ectoparasitos de Murciélagos en Sabanas Inundables de la Orinoquia
Colombiana.” Mastozoologia Neotropical 26 (2): 377-89.
https://doi.org/10.31687/saremMN.19.26.2.0.13.

Lira-Olguin, Ali Zeltzin, Carmen Guzman-Cornejo, and Livia Ledn-Paniagua. 2021. “Bat Flies
(Diptera: Streblidae) Associated with Phyllostomid Bats (Chiroptera: Phyllostomidae) in Caves in
Mexico.” Studies on Neotropical Fauna and Environment 56 (3): 163-75.
https://doi.org/10.1080/01650521.2020.1783478.

Loureiro, Livia O., Mark D. Engstrom, and Burton K. Lim. 2020. “Single Nucleotide
Polymorphisms (SNPs) Provide Unprecedented Resolution of Species Boundaries, Phylogenetic
Relationships, and Genetic Diversity in the Mastiff Bats (Molossus).” Molecular Phylogenetics and

Page 50 of 131



Page 51 of 131

931

932
933
934
935

936
937
938
939

940
941
942
943

944
945

946
947
948

949
950
951

952
953
954

955
956
957
958

959
960
961
962
963

964
965
966
967
968

969
970
971

Ecology

Evolution 143 (February): 2—13. https://doi.org/10.1016/j.ympev.2019.106690.

Lourenco, Elizabete Captivo, and Carlos Eduardo Lustosa Esbérard. 2011. “Reinfestation of
Streblidae Ectoparasites (Diptera) in Carollia Perspicillata (Linnacus, 1758) (Chiroptera).” Revista
Brasileira de Parasitologia Veterinaria 20 (4): 325-30. https://doi.org/10.1590/S1984-
29612011000400012.

Lourengo, Elizabete Captivo, Luiz Antonio Costa Gomes, Amanda de Oliveira Viana, and Katia
Maria Famadas. 2020. “Co-Occurrence of Ectoparasites (Insecta and Arachnida) on Bats
(Chiroptera) in an Atlantic Forest Remnant, Southeastern Brazil.” Acta Parasitologica 65 (3): 750—
59. https://doi.org/10.2478/s11686-020-00224-z.

Lourenco, Elizabete Captivo, Priscilla Maria Peixoto Patricio, Michele da Costa Pinheiro, Renan
Medeiros Dias, and Katia Maria Famadas. 2014. “Streblidae (Diptera) on Bats (Chiroptera) in an
Area of Atlantic Forest, State of Rio de Janeiro.” Revista Brasileira de Parasitologia Veterinaria 23
(2): 164-70. https://doi.org/10.1590/S1984-29612014029.

Maa, T. C. 1968. “New Basilia Species from Thailand, Mexico and Brazil (Diptera:
Nyecteribiidae).” Pacific Insects 10 (1): 25-32.

Mantilla-Meluk, Hugo. 2014. “Defining Species and Species Boundaries in Uroderma (Chiroptera:
Phyllostomidae) with a Description of a New Species.” Occasional Papers, Museum of Texas Tech
University 325: 2-25.

Mantilla-Meluk, Hugo, and Javier Mufioz-Garay. 2014. “Biogeography and Taxonomic Status of
Myotis Keaysi Pilosatibialis LaVal 1973 (Chiroptera: Vespertilionidae).” Zootaxa 3793 (1): 60.
https://doi.org/10.11646/zootaxa.3793.1.2.

Martinez-Fonseca, José Gabriel, Arnulfo Medina-Fitoria, Erin P Westeen, and Carol L Chambers.
2020. “Revised Checklist of the Bats (Mammalia: Chiroptera) of Nicaragua.” Occasional Papers
369: 2-33.

McDonough, Molly M., Loren K. Ammerman, Robert M. Timm, Hugh H. Genoways, Peter A.
Larsen, and Robert J. Baker. 2008. “Speciation within Bonneted Bats (Genus Eumops): The
Complexity of Morphological, Mitochondrial, and Nuclear Data Sets in Systematics.” Journal of
Mammalogy 89 (5): 1306—15. https://doi.org/10.1644/07-MAMM-A-349.1.

Mello, Rodrigo M., Rafael S. Laurindo, Lilith C. Silva, Marcela V. Pyles, Leopoldo F. O. Bernardi,
Matheus C. S. Mancini, Wesley Dattilo, and Renato Gregorin. 2022. “Configuration and
Composition of Human-Dominated Tropical Landscapes Affect the Prevalence and Average
Intensity of Mite and Fly Infestation in Phyllostomidae Bats.” Parasitology Research 122 (1): 127—
37. https://doi.org/10.1007/s00436-022-07704-3.

Mello, Rodrigo M., Rafael S. Laurindo, Lilith C. Silva, Marcela V. Pyles, Matheus C.S. Mancini,
Wesley Dattilo, and Renato Gregorin. 2021. “Landscape Configuration and Composition Shape
Mutualistic and Antagonistic Interactions among Plants, Bats, and Ectoparasites in Human-
Dominated Tropical Rainforests.” Acta Oecologica 112 (October): 103769.
https://doi.org/10.1016/j.actao.2021.103769.

Menezes Junior, Luis Fernando, Daniel Medina Corréa Santos, Ana Carolina Duarte Pinto
Menezes, and Adriano Lucio Peracchi. 2021. “Ectoparasitic Flies (Diptera: Streblidae) on Bats
(Mammalia: Chiroptera) from a Private Natural Heritage Reserve in Southeastern Brazil.” Papéis



972

973
974
975
976

977
978
979

980
981
982
983

984
985
986
987

988
989
990

991
992
993
994

995
996
997
998

999
1000
1001

1002
1003
1004

1005
1006
1007
1008
1009

1010
1011
1012

Ecology Page 52 of 131

Avulsos de Zoologia 61 (January): €20216102. https://doi.org/10.11606/1807-0205/2021.61.02.

Minaya, David, Jorge Mendoza, and Jos¢ lannacone. 2021. “Fauna de Ectoparasitos En El Vampiro
Comun Desmodus Rotundus (Geoffroy, 1810) (Chiroptera: Phyllostomidae) de Huarochiri, Lima, y
Una Lista de Los Ectoparasitos En Murciélagos Del Pera.” Graellsia 77 (1): e135.
https://doi.org/10.3989/graellsia.2021.v77.293.

Mora, José M., Lucia I. Lopez, and Mario R. Espinal. 2021. “Clave de Campo para la Identificacion
de los Murci¢lagos de Honduras.” Notas sobre Mamiferos Sudamericanos 03 (1): 001-033.
https://doi.org/10.31687/saremNMS.21.6.1.

Moras, Ligiane, Leopoldo Bernardi, Gustavo Graciolli, and Renato Gregorin. 2013. “Bat Flies
(Diptera: Streblidae, Nycteribiidae) and Mites (Acari) Associated with Bats (Mammalia:
Chiroptera) in a High-Altitude Region in Southern Minas Gerais, Brazil.” Acta Parasitologica 58
(4). https://doi.org/10.2478/s11686-013-0179-x.

Moratelli, Ricardo, Adriano L. Peracchi, Daniela Dias, and Jodo A. de Oliveira. 2011. “Geographic
Variation in South American Populations of Myotis Nigricans (Schinz,1821) (Chiroptera,
Vespertilionidae), with the Description of Two New Species.” Mammalian Biology 76 (5): 592—
607. https://doi.org/10.1016/j.mambio.2011.01.003.

Moreno Valdéz, Arnulfo. 1998. “Mamiferos del Cafion de Huajuco, Municipio de Santiago, Nuevo
Leon, México.” Revista Mexicana de Mastozoologia (Nueva Epoca) 3 (1): 5.
https://doi.org/10.22201/ie.20074484¢.1998.3.1.101.

Morse, Solon F., Carl W. Dick, Bruce D. Patterson, and Katharina Dittmar. 2012. “Some Like It
Hot: Evolution and Ecology of Novel Endosymbionts in Bat Flies of Cave-Roosting Bats
(Hippoboscoidea, Nycterophiliinae).” Applied and Environmental Microbiology 78 (24): 8639-49.
https://doi.org/10.1128/AEM.02455-12.

Moura, Mauricio O, Marcelo O Bordignon, and Gustavo Graciolli. 2003. “Host Characteristics Do
Not Affect Community Structure of Ectoparasites on the Fishing Bat Noctilio Leporinus (L., 1758)
(Mammalia: Chiroptera).” Memorias Do Instituto Oswaldo Cruz 98 (6): 811-15.
https://doi.org/10.1590/S0074-02762003000600017.

Muiioz-Romo, Mariana, Juan F. Burgos, and Thomas H. Kunz. 2011. “The Dorsal Patch of Males
of the Curagaoan Long-Nosed Bat, Leptonycteris Curasoae (Phyllostomidae: Glossophaginae) as a
Visual Signal.” Acta Chiropterologica 13 (1): 207—15. https://doi.org/10.3161/150811011X578769.

OHITF. 2008. “One Health: A New Professional Imperative One Health Initiative Task Force:Final
Report.” American Veterinary Medical Association. https://www.avma.org/resources-
tools/reports/one-health-ohitf-final-report-2008.

Oliveira, Raissa Da Silva Dias, Shirley Seixas Pereira da Silva, Patricia Gongalves Guedes, and
Juliana C. Almeida. 2020. “Biologia e Parasitologia do Morcego Insetivoro Aéreo Myotis nigricans
(Schinz, 1821) (Chiroptera, Vespertilionidae) no municipio do Rio de Janeiro, Rio de Janeiro,
Brasil.” Boletim do Museu Paraense Emilio Goeldi - Ciéncias Naturais 15 (3): 633-42.
https://doi.org/10.46357/benaturais.v15i3.247.

Oliveira-Filho, A.T. 2017. “NeoTropTree, Flora Arborea Da Regido Neotropical: Um Banco de
Dados Envolvendo Biogeografia, Diversidae e Conservacao. Universidade Federal de Minas
Gerais.” 2017. http://www.neotroptree.info/data.



Page 53 of 131

1013
1014
1015
1016
1017
1018

1019
1020
1021

1022
1023
1024

1025
1026

1027
1028
1029
1030

1031
1032
1033
1034
1035

1036
1037

1038
1039
1040

1041
1042

1043
1044
1045
1046

1047
1048
1049

1050
1051
1052

Ecology

Orta-Pineda, Guillermo, Victor Manuel Rodriguez-Valencia, Oscar Rico-Chavez, Diana Fabiola
Zamora-Barcenas, Angel Rodriguez-Moreno, Griselda Montiel-Parra, Melisa Arenas-Montafio,
Francisco Aurelio Galindo-Maldonado, Gerardo Suzan-Azpiri, and Rafael Ojeda-Flores. 2019.
“Composicion de Comunidades y Filoespecificidad de Ectoparasitos de Murciélagos en Paisajes
Agropecuarios de Veracruz, México.” Ecosistemas y Recursos Agropecuarios 7 (1).
https://doi.org/10.19136/era.a7n1.2059.

Oscherov, Elena B., Mario L. Chatellenaz, and Alicia M.F. Milano. 2006. “Basilia Carteri
(Diptera:Nycteribiidae) En Murcié¢lagos de La Reserva Provincial Ibera (Corrientes, Argentina).”
FACENA 22: 3—6.

Oscherov, Elena B., Fabricio Miguel Idoeta, and Alicia M.F. Milano. 2012. “Nuevos Registros de
Ectoparasitos (Insecta: Diptera) de Murciélagos (Chiroptera) Del Nordeste Argentino.” FACENA
28: 63—68.

Overal, William L. 1980. “Host-Relation of the BatFly Megistopoda Aranea (Diptera: Streblidae) in
Panama.” SCIENCE BULLETIN: The University of Kansas 52 (1): 1-20.

Page, Matthew J., Joanne E. McKenzie, Patrick M. Bossuyt, Isabelle Boutron, Tammy C.
Hoffmann, Cynthia D. Mulrow, Larissa Shamseer, et al. 2021. “The PRISMA 2020 Statement: An
Updated Guideline for Reporting Systematic Reviews.” BMJ (Clinical Research Ed.) 372 (March):
n71. https://doi.org/10.1136/bmj.n71.

Palheta, Leandra R., Gustavo Lima Urbieta, Leandro S. Brasil, Karina Dias-Silva, Jennifer B. Da
Silva, Gustavo Graciolli, Ludmilla M. S. Aguiar, and Thiago B. Vieira. 2020. “The Effect of
Urbanization on Bats and Communities of Bat Flies (Diptera: Nycteribiidae and Streblidae) in the
Amazon, Northern Brazil.” Acta Chiropterologica 22 (2).
https://doi.org/10.3161/15081109ACC2020.22.2.014.

Parmalee, Paul W. 1955. “A Nycteribiid Fly New to Illinois.” The Journal of Parasitology 41 (3):
322.

Patricio, Priscilla Maria Peixoto, and Elizabete Captivo Lourengo. 2016. “Artropodes Hematofagos
de Morcegos em Refugios Urbanos no Estado do Rio de Janeiro.” Rev. Bras. Med. Vet. 38 (3): 75—
86.

Patterson, Bruce D., Carl W. Dick, and Katharina Dittmar. 2007. “Roosting Habits of Bats Affect
Their Parasitism by Bat Flies (Diptera: Streblidae).” Journal of Tropical Ecology 23 (2): 177-89.

Pavan, Ana Carolina, Paulo E D Bobrowiec, and Alexandre R Percequillo. 2018. “Geographic
Variation in a South American Clade of Mormoopid Bats, Pteronotus (Phyllodia), with Description
of'a New Species.” Journal of Mammalogy 99 (3): 624-45.
https://doi.org/10.1093/jmammal/gyy048.

Pavan, Ana Carolina, and Gabriel Marroig. 2016. “Integrating Multiple Evidences in Taxonomy:
Species Diversity and Phylogeny of Mustached Bats (Mormoopidae: Pteronotus).” Molecular
Phylogenetics and Evolution 103 (October): 184-98. https://doi.org/10.1016/j.ympev.2016.07.011.

Peterson, B. V. 1960. “New Distribution and Host Records for Bat Flies, and a Key to the North
American Species of Basilia Ribeiro (Diptera: Nycteribiidae).” Proceedings of the Entomological
Society of Ontario 90 (1959).



1053
1054

1055
1056
1057

1058
1059
1060

1061
1062
1063

1064
1065
1066

1067
1068
1069
1070

1071
1072
1073

1074
1075
1076
1077

1078
1079
1080

1081
1082
1083

1084
1085
1086
1087

1088
1089
1090

1091
1092

Ecology Page 54 of 131

. 1963. “Additional Records of Some American Bat Flies (Diptera: Nycteribiidae).”
Proceedings of the Entomological Society of Ontario 93 (1962): 93-94.

Peterson, B. V., and K. Hirka. 1974. “Ten New Species of Bat Flies of the Genus Trichobius
(Diptera: Streblidae).” The Canadian Entomologist 106 (10): 1049—-66.
https://doi.org/10.4039/Ent1061049-10.

Peterson, B. V., and L.A. Lacey. 1985. “A New Species of Hershkovitzia (Diptera: Nycteribiidae)
from Brazil, with a Key to the Described Species of the Genus.” Proceedings of the Entomological
Society of Washington 87 (3): 578-82.

Peterson, B. V., and T. C. Maa. 1970. “A New Species of Basilia (Diptera: Nycteribiidae) from
Colombia.” The Canadian Entomologist 102 (12): 1519-23. https://doi.org/10.4039/Ent1021519-
12.

Pilosof, Shai, Carl W. Dick, Carmi Korine, Bruce D. Patterson, and Boris R. Krasnov. 2012.
“Effects of Anthropogenic Disturbance and Climate on Patterns of Bat Fly Parasitism.” PLoS ONE
7 (7): €41487. https://doi.org/10.1371/journal.pone.0041487.

Raigosa Alvarez, Jorge, Carolina Garcia Osorio, Analia G. Autino, and Lucimar Gomes Dias. 2020.
“First Records of Ectoparasitic Insects (Diptera: Hippoboscoidea) of Bats in the Department of
Caldas, Colombia.” Papéis Avulsos de Zoologia 60 (June): €20206018.
https://doi.org/10.11606/1807-0205/2020.60.18.

Ramalho, Daniel F., Ugo M. Diniz, and Ludmilla M. S. Aguiar. 2021. “Anthropization Affects the
Assembly of Bat-Bat Fly Interaction Networks.” Frontiers in Environmental Science 9 (October):
752412. https://doi.org/10.3389/fenvs.2021.752412.

Ramirez-Martinez, Maria M. Ramirez, M. Pilar Ibarra Lopez, Luis Ignacio Ifiguez-Davalos,
Thomas Yuill, Maria V. Orlova, and Will K. Reeves. 2016. “New Records of Ectoparasitic Acari
(Arachnida) and Streblidae (Diptera) from Bats in Jalisco, Mexico.” Journal of Vector Ecology 41
(2): 309—13. https://doi.org/10.1111/jvec.12228.

Reeves, Will K., Jason Beck, Maria V. Orlova, Jennifer L. Daly, Kristi Pippin, Floyd Revan, and
Amanda D. Loftis. 2016. “Ecology of Bats, Their Ectoparasites, and Associated Pathogens on Saint
Kitts Island.” Journal of Medical Entomology 53 (5): 1218-25. https://doi.org/10.1093/jme/tjw078.

Reisen, W. K., M. L. Kennedy, and N. T. Reisen. 1976. “Winter Ecology of Ectoparasites Collected
from Hibernating Myotis Velifer (Allen) in Southwestern Oklahoma (Chiroptera:
Vespertilionidae).” The Journal of Parasitology 62 (4): 628. https://doi.org/10.2307/3279431.

Ribas, Mateus R., Sara C. Batista, and José M. R. Aranha. 2020. “Occurrence and Infestation Rates
of Streblidae (Diptera, Hippoboscoidea) on Bats (Mammalia, Chiroptera) in a Semideciduous
Seasonal Forest Fragment in Western Parana, Brazil.” lheringia. Série Zoologia 110: €2020026.
https://doi.org/10.1590/1678-4766e2020026.

Ritzi, C. M., L. K. Ammerman, M. T. Dixon, and J. V. Richerson. 2001. “Bat Ectoparasites from
the Trans-Pecos Region of Texas, Including Notes from Big Bend National Park.” Journal of
Medical Entomology 38 (3): 400-404. https://doi.org/10.1603/0022-2585-38.3.400.

Rivera-Garcia, Karina D., César A. Sandoval-Ruiz, Romeo A. Saldafia-Vazquez, and Jorge E.
Schondube. 2017. “The Effects of Seasonality on Host-Bat Fly Ecological Networks in a



Page 55 of 131

1093
1094

1095
1096
1097
1098

1099
1100
1101
1102

1103
1104
1105

1106
1107
1108
1109
1110

1111
1112
1113
1114

1115
1116
1117
1118
1119

1120
1121
1122

1123
1124
1125

1126
1127
1128

1129
1130
1131
1132
1133

Ecology

Temperate Mountain Cave.” Parasitology 144 (5): 692-97.
https://doi.org/10.1017/S0031182016002390.

Rodriguez-Duran, Armando. 2020. “Roosting Ecology: The Importance of Detailed Description.”
In Phyllostomid Bats: A Unique Mammalian Radiation, edited by Theodore H Fleming, Liliana M.
Davalos, and Marco A. R. Mello, 311-24. University of Chicago Press.
https://doi.org/10.7208/chicago/9780226696263.003.0018.

Rodriguez-Posada, Miguel E., Darwin M. Morales-Martinez, Héctor E. Ramirez-Chaves, Daniela
Martinez-Medina, and Camilo A. Calderén-Acevedo. 2021. “A New Species of Long-Eared Brown
Bat of the Genus Histiotus (Chiroptera) and the Revalidation of Histiotus Colombiae.” Caldasia 43
(2): 221-34. https://doi.org/10.15446/caldasia.v43n2.85424.

Rojas, Andrés, Ana Jiménez, Mario Vargas, Manuel Zumbado, and Marco V Herrero. 2008.
“Ectoparasites of the Common Vampire Bat (Desmodus Rotundus) in Costa Rica: Parasitism Rates
and Biogeographic Trends.” Mastozoologia Neotropical 15 (2): 181-87.

Saldana-Vazquez, Romeo A., Alejandro A. Castro-Luna, Cesar A. Sandoval-Ruiz, Jesus R.
Hernandez-Montero, and Kathryn E. Stoner. 2013. “Population Composition and Ectoparasite
Prevalence on Bats ( Sturnira Ludovici ; Phyllostomidae) in Forest Fragments and Coffee
Plantations of Central Veracruz, Mexico.” Biotropica 45 (3): 351-56.
https://doi.org/10.1111/btp.12007.

Salinas-Ramos, Valeria B., Alejandro Zaldivar-Riveréon, Andrea Rebollo-Hernandez, and L.
Gerardo Herrera-M. 2018. “Seasonal Variation of Bat-Flies (Diptera: Streblidae) in Four Bat
Species from a Tropical Dry Forest.” Mammalia 82 (2): 133—43. https://doi.org/10.1515/mammalia-
2016-0176.

Santos, Ciro, Paulo A Dias, Fernanda S Rodrigues, Keliane S Lobato, Luciana C Rosa, Tadeu G
Oliveira, and José M M Rebélo. 2009. “Moscas Ectoparasitas (Diptera: Streblidae) de Morcegos
(Mammalia: Chiroptera) do Municipio de Sao Luis, MA: Taxas de Infestagdo e Associagdes
Parasito-Hospedeiro.” Neotropical Entomology 38 (5): 595—601. https://doi.org/10.1590/S1519-
566X2009000500006.

Santos, Ciro, Agostinho Pereira, Vagner Bastos, Gustavo Graciolli, and José Rebélo. 2013.
“Parasitism of Ectoparasitic Flies on Bats in the Northern Brazilian Cerrado.” Acta Parasitologica
58 (2). https://doi.org/10.2478/s11686-013-0135-9.

Sebastian Tello, J., Richard D. Stevens, and Carl W. Dick. 2008. “Patterns of Species Co-
Occurrence and Density Compensation: A Test for Interspecific Competition in Bat Ectoparasite
Infracommunities.” Oikos 117 (5): 693—-702. https://doi.org/10.1111/5.0030-1299.2008.16212 .

Shockley, Floyd W., and Kevin L. Murray. 2006. “Discovery of a Parasitoid and a Predator of Bat
Flies (Diptera: Streblidae) at La Selva, Costa Rica.” Biotropica 38 (6): 789-90.
https://doi.org/10.1111/j.1744-7429.2006.00207 .x.

Silva Biz, Luana da, Mainara Figueiredo Cascaes, Beatriz Fernandes Lima Luciano, Gabriel Preuss,
Daniela Aparecida Savariz Bolla, Gustavo Graciolli, and Fernando Carvalho. 2021. “Parasitic
Interactions between Bats (Mammalia: Chiroptera) and Flies (Insecta: Diptera) in the Intersection
Area of Temperate and Tropical Climates in Brazil.” Studies on Neotropical Fauna and
Environment 57 (3): 291-300. https://doi.org/10.1080/01650521.2020.1869490.



1134
1135
1136

1137
1138
1139
1140

1141
1142
1143

1144
1145
1146
1147

1148
1149
1150
1151
1152

1153
1154

1155
1156
1157

1158
1159
1160
1161

1162
1163
1164
1165
1166

1167
1168
1169
1170

1171
1172
1173
1174

Ecology Page 56 of 131

Silva, Josiane R. R. da, and Henrique Orténcio Filho. 2011. “Dipteros Ectoparasitas (Insecta,
Diptera) em Morcegos (Chiroptera, Mammalia) na Reserva Biologica das Perobas Parand, Brasil.”
Theringia. Série Zoologia 101 (3): 220-24. https://doi.org/10.1590/S0073-47212011000200009.

Silva Reis, Aline da, Robson de Almeida Zampaulo, Guilherme D. P. Dornelles, Gustavo Graciolli,
and Sonia A. Talamoni. 2022. “Variation of Dipteran Ectoparasites (Streblidae) on Anoura
Geoffroyi Gray, 1838 (Phyllostomidae) in Two Caves in Southeastern Brazil.” Parasitology
Research 121 (1): 255-65. https://doi.org/10.1007/s00436-021-07385-4.

Silva, Shirley Seixas Pereira da, Patricia Gongalves Guedes, Flavia Silva Severino, and Juliana C.
Almeida. 2021. “Biology and Parasites of Pteronotus Gymnonotus from the Caatinga Shrublands of
Ceara (Brazil).” Therya 12 (1): 131-37. https://doi.org/10.12933/therya-21-1078.

Silva, Shirley Seixas Pereira da, Patricia Gongalves Guedes, Juliana C. Almeida, and Alexandre
Pinhdo Cruz. 2019. “Bionomics and Biology of Bats (Mammalia - Chiroptera) in an Atlantic Forest
Remnant: Parque Estadual Da Pedra Branca (Rio de Janeiro, Brazil).” Natureza on Line 17 (2): 1—
15.

Silva, Shirley Seixas Pereira da, Quezia Fortunato Neves, Patricia Gongalves Guedes, Juliana C.
Almeida, and Marilia de Carvalho Brasil-Sato. 2019. “Diet and Parasites of Lonchophylia
Inexpectata Moratelli & Dias, 2015 (Chiroptera, Lonchophyllinae) in the Threatened Caatinga
Scrublands from Ceara (Northeastern Brazil).” Studies on Neotropical Fauna and Environment 54
(2): 107-13. https://doi.org/10.1080/01650521.2019.1587212.

Simmons, Nancy, and Andrea Cirranello. 2023. “Bats of the World: A Taxonomic and Geographic
Database. Version 1.3.” 2023. https://batnames.org/.

Smit, John T., and Jeremy Miller. 2019. “Bat Ectoparasites from Sint Eustatius, Lesser Antilles
(Diptera: Hippoboscidae: Streblinae; Hemiptera: Polyctenidae).” Journal of Parasitology 105 (1):
45. https://doi.org/10.1645/18-106.

Soares, Fabio Angelo Melo, Gustavo Graciolli, Daniel Maximo Corréa Alcantara, Carlos Eduardo
Borges Pinto Ribeiro, Gustavo Corréa Valenga, and Stephen Francis Ferrari. 2013. “Bat Flies
(Diptera: Streblidae) Ectoparasites of Bats at an Atlantic Rainforest Site in Northeastern Brazil.”
Biota Neotropica 13 (2): 242—46. https://doi.org/10.1590/S1676-06032013000200024.

Soares, Fabio Angelo Melo, Gustavo Graciolli, Carlos E.B.P. Ribeiro, Rafael S. Bandeira, José¢ A.T.
Moreno, and Stephen F. Ferrari. 2016. “Bat (Mammalia: Chiroptera) Diversity in an Area of
Mangrove Forest in Southern Pernambuco, Brazil, with a New Species Record and Notes on
Ectoparasites (Diptera: Streblidae).” Papéis Avulsos de Zoologia. https://doi.org/10.1590/0031-
1049.2016.56.06.

Soares, Fabio Angelo Melo, Patricio Adriano da Rocha, Jefferson Simanas Mikalauskas, Gustavo
Graciolli, and Stephen Francis Ferrari. 2017. “Ectoparasitic Bat Flies (Diptera, Streblidae) of Bats
(Chiroptera, Mammalia) from Mata Do Junco Wildlife Refuge, Sergipe, Northeastern Brazil.”
Oecologia Australis 21 (04): 385-95. https://doi.org/10.4257/0ec0.2017.2104.03.

Solari, Sergio, and Robert J Baker. 2006. “Mitochondrial DNA Sequence, Karyotipic, and
Morphological Variation in the Carollia Castanea Species Complex (Chiroptera: Phyllostomidae)
with Description of a New Species.” Occasional Papers, Museum of Texas Tech University 254: 1—
16.



Page 57 of 131

1175
1176
1177
1178

1179
1180
1181

1182
1183
1184
1185

1186
1187
1188

1189
1190
1191

1192
1193
1194
1195

1196
1197
1198

1199
1200

1201
1202
1203
1204
1205

1206
1207
1208
1209

1210
1211
1212

1213
1214

Ecology

Speer, Kelly A., Tiago Souto Martins Teixeira, Alexis M. Brown, Susan L. Perkins, Katharina
Dittmar, Melissa R. Ingala, Claudia Wultsch, et al. 2022. “Cascading Effects of Habitat Loss on
Ectoparasite-Associated Bacterial Microbiomes.” ISME Communications 2 (1): 67.
https://doi.org/10.1038/s43705-022-00153-0.

Straube, Fernando, and Gledson V. Bianconi. 2002. “Sobre a Grandeza e a Unidade Utilizada Para
Estimar Esfor¢co de Captura Com Utilizagdo de Redes-de-Neblina.” Chiroptera Neotropical 8 (1-2):
150-52.

Szentivanyi, Tamara, Danny Haelewaters, Walter P. Pfliegler, Laura Clément, Philippe Christe, and
Olivier Glaizot. 2018. “Laboulbeniales (Fungi: Ascomycota) Infection of Bat Flies (Diptera:
Nycteribiidae) from Miniopterus Schreibersii across Europe.” Parasites & Vectors 11 (1): 395.
https://doi.org/10.1186/s13071-018-2921-6.

Tarquino-Carbonell, A.D.P, K Gutiérrez-Diaz, E.Y Galindo-Espinosa, G Reinoso-Florez, Sergio
Solari, and Ricardo Guerrero. 2015. “Ectoparasites Associated with Bats in Northeastern Tolima,
Colombia” 22 (2): 349-58.

Tlapaya-Romero, Liliana, A. Garcia-Méndez, and M. M. Ramirez-Martinez. 2022. “A New Species
of Trichobius (Diptera: Streblidae) from Mexico and New Record of Paratrichobius Americanus.”
Systematic Parasitology 100 (1): 59—67. https://doi.org/10.1007/s11230-022-10070-4.

Tlapaya-Romero, Liliana, Anna Horvath, Sonia Gallina-Tessaro, Eduardo J. Naranjo, and Benigno
Gomez. 2015. “Prevalencia y abundancia de moscas parésitas asociadas a una comunidad de
murci¢lagos cavernicolas en La Trinitaria, Chiapas, México.” Revista Mexicana de Biodiversidad
86 (2): 377-85. https://doi.org/10.1016/j.rmb.2015.04.012.

Tlapaya-Romero, Liliana, Sergio Ibafiez-Bernal, and Antonio Santos-Moreno. 2019. “New Records
of Bat Flies (Diptera: Streblidae) in Oaxaca, Mexico.” Revista Mexicana de Biodiversidad 90 (0).
https://doi.org/10.22201/ib.20078706€.2019.90.2894.

Tonn, Robert J., and Keith Arnold. 1963. “Ectoparéasitos de Aves y Mamiferos de Costa Rica I.
Diptera.” Revista de Biologia Tropical 11 (2): 171-76.

Torres, Jaire M., Gustavo Lima Urbieta, Luciano B. M. de Almeida, Driele K. F. Soares, and Elaine
A. C. dos Anjos. 2019. “Moscas Ectoparasitas (Diptera, Streblidae) de Morcegos (Mammalia,
Chiroptera) em um Remanescente Periurbano de Cerrado: Composi¢do da Comunidade,
Prevaléncia, Intensidade de Infestacdo e Especificidade.” lheringia. Série Zoologia 109: €2019006.
https://doi.org/10.1590/1678-4766e2019006.

Trujillo-Pahua, Liliana, and S Ibafiez-Bernal. 2019. “New Geographical Records of Bat Flies
(Diptera: Streblidae) Associated With Phyllostomid Bats (Chiroptera: Phyllostomidae) in the West
Highlands of Mexico.” Journal of Medical Entomology 56 (1): 18-28.
https://doi.org/10.1093/jme/tjy166.

Trujillo-Pahua, Liliana, and Sergio Ibafiez-Bernal. 2020. “Bat Flies (Diptera: Streblidae) of
Phyllostomid Bats (Chiroptera: Phyllostomidae) from the Mountainous Central Region of Veracruz,
Mexico.” Systematic Parasitology 97 (6): 743—77. https://doi.org/10.1007/s11230-020-09951-3.

Tschapka, Marco. 1998. “A Compact and Flexible Method for Mist-Netting Bats in the Subcanopy
and Canopy.” Bat Research News 39 (3): 140-41.



1215
1216
1217
1218
1219

1220
1221

1222
1223

1224
1225
1226
1227

1228
1229
1230

1231
1232
1233

1234
1235
1236
1237

1238
1239
1240
1241

1242
1243
1244
1245

1246
1247
1248
1249

1250
1251
1252

1253
1254
1255

Ecology Page 58 of 131

Turcios-Casco, Manfredo Alejandro, Hefer Daniel Avila-Palma, Richard K. LaVal, Richard D.
Stevens, Eduardo Javier Ordofez-Trejo, José Alejandro Soler-Orellana, and Diego Ivan Ordofiez-
Mazier. 2020. “A Systematic Revision of the Bats (Chiroptera) of Honduras: An Updated Checklist
with Corroboration of Historical Specimens and New Records.” Zoosystematics and Evolution 96
(2): 411-29. https://doi.org/10.3897/zs¢.96.51059.

Uberlaker, John E. 1966. “Parasites of the Gray Bat, Myotis Grisesvens, in Kansas.” American
Midland Naturalist 75 (1): 199-204.

UN. 2015. “Transforming Our World: The 2030 Agenda for Sustainable Development.” 2015.
https://sdgs.un.org/goals.

Urbieta, Gustavo Lima, Gustavo Graciolli, and Jeferson Vizentin-Bugoni. 2021. “Modularity and
Specialization in Bat—Fly Interaction Networks Are Remarkably Consistent across Patches within
Urbanized Landscapes and Spatial Scales.” Current Zoology 67 (4): 403—10.
https://doi.org/10.1093/cz/zoaa072.

Urbieta, Gustavo Lima, and Jaire Marinho Torres. 2014. “Infestacdo de Morcegos (Mammalia,
Chiroptera) por Moscas do Género Megistopoda (Diptera, Streblidae) em um Fragmento Urbano de
Cerrado de Campo Grande, Mato Grosso do Sul.”

Valdez, Ernest W., Christopher M. Ritzi, and John O. Whitaker. 2009. “Ectoparasites of the Occult
Bat, Myotis Occultus (Chiroptera: Vespertilionidae).” Western North American Naturalist 69 (3):
364-70. https://doi.org/10.3398/064.069.0310.

Vasconcelos, Pedro Fonseca de, Luiz Alberto Dolabela Falcao, Gustavo Graciolli, and Magno
Augusto Zaza Borges. 2016. “Parasite-Host Interactions of Bat Flies (Diptera: Hippoboscoidea) in
Brazilian Tropical Dry Forests.” Parasitology Research 115 (1): 367-77.
https://doi.org/10.1007/s00436-015-4757-8.

Velazco, Patl M., Analia G. Autino, and Guillermo L. Claps. 2014. “New Record of the
Ectoparasite Insect Speiseria Ambigua Kessel, 1925 (Diptera: Streblidae) of Platalina Genovensium
Thomas, 1928 (Chiroptera: Phyllostomidae) from Peru.” Check List 10 (6): 1525.
https://doi.org/10.15560/10.6.1525.

Velazco, Patl M., Alfred L. Gardner, and Bruce D. Patterson. 2010. “Systematics of the
Platyrrhinus Helleri Species Complex (Chiroptera: Phyllostomidae), with Descriptions of Two
New Species: Systematics of Platyrrhinus Helleri.” Zoological Journal of the Linnean Society 159
(3): 785-812. https://doi.org/10.1111/§.1096-3642.2009.00610.x.

Velazco, Patl M., and Bruce D. Patterson. 2019. “Small Mammals of the Mayo River Basin in
Northern Peru, with the Description of a New Species of Sturnira (Chiroptera: Phyllostomidae).”
Bulletin of the American Museum of Natural History 2019 (429): 3—66.
https://doi.org/10.1206/0003-0090.429.1.1.

Velazco, Patl M., and Nancy B. Simmons. 2011. “Systematics and Taxonomy of Great Striped-
Faced Bats of the Genus Vampyrodes Thomas, 1900 (Chiroptera: Phyllostomidae).” American
Museum Novitates 3710 (3710): 1-35. https://doi.org/10.1206/3710.2.

Velazco, Patl M., Robert S. Voss, David W. Fleck, and Nancy B. Simmons. 2021. “Mammalian
Diversity and Matses Ethnomammalogy in Amazonian Peru Part 4: Bats.” Bulletin of the American
Museum of Natural History 451 (1). https://doi.org/10.1206/0003-0090.451.1.1.



Page 59 of 131

1256
1257
1258
1259

1260
1261
1262
1263

1264
1265
1266
1267

1268
1269
1270

1271
1272
1273
1274

1275
1276

1277
1278

1279
1280
1281

1282
1283
1284
1285

1286
1287
1288
1289

1290
1291

1292

Ecology

Vidal, Luisa Lauren Lima, Leopoldo Ferreira Oliveira Bernardi, and Sonia Aparecida Talamoni.
2021. “Host-Parasite Associations in a Population of the Nectarivorous Bat Anoura Geoffroyi
(Phyllostomidae) in a Cave in a Brazilian Ferruginous Geosystem.” Subterranean Biology 39
(June): 63—77. https://doi.org/10.3897/subtbiol.39.64552.

Vieira, Esther Gongalves Morimatsu, Erich Fischer, Gustavo Graciolli, Carolina Ferreira Santos,
George Camargo, Mauricio Silveira, and Alan Eriksson. 2019. “Bat Flies Aggregation on Artibeus
Planirostris Hosts in the Pantanal Floodplain and Surrounding Plateaus.” Parasitology 146 (11):
1462-66. https://doi.org/10.1017/S0031182019000702.

Villegas-Guzman, Gabriel A., Celia Lopez-Gonzalez, and Margarita Vargas. 2005. “Ectoparasites
Associated to Two Species of Corynorhinus (Chiroptera: Vespertilionidae) from the Guanacevi
Mining Region, Durango, Mexico.” Journal of Medical Entomology 42 (2): 125-27.
https://doi.org/10.1603/0022-2585(2005)042[0125:EATTS0]2.0.CO;2.

Voigt, Christian C, and Detlev H Kelm. 2006. “Host Preferences of Bat Flies: Following the Bloody
Path of Stable Isotopes in a Host—Parasite Food Chain.” Canadian Journal of Zoology 84 (3): 397—
403. https://doi.org/10.1139/z06-007.

Walker, Melissa J., Annabel Dorrestein, Jasmin J. Camacho, Lauren A. Meckler, Kirk A. Silas,
Thomas Hiller, and Danny Haelewaters. 2018. “A Tripartite Survey of Hyperparasitic Fungi
Associated with Ectoparasitic Flies on Bats (Mammalia: Chiroptera) in a Neotropical Cloud Forest
in Panama.” Parasite 25: 19. https://doi.org/10.1051/parasite/2018017.

Whitaker, John O., and David A. Easterla. 1975. “Ectoparasites of Bats from Big Bend National
Park, Texas.” The Southwestern Naturalist 20 (2): 241. https://doi.org/10.2307/3670442.

Wilson, Don E., and DeeAnn M. Reeder, eds. 2005. Mammal Species of the World : A Taxonomic
and Geographic Reference, 2-Volume Set. 3rd edition. Baltimore: Johns Hopkins University Press.

York, Heather A, Bernal Rodriguez-Herrera, Richard K Laval, Robert M Timm, and Kaitlin E
Lindsay. 2019. “Field Key to the Bats of Costa Rica and Nicaragua.” Edited by Roger Powell.
Journal of Mammalogy 100 (6): 1726—49. https://doi.org/10.1093/jmammal/gyz150.

Zamora-Megjias, Daniel, Juan B Morales-Malacara, Bernal Rodriguez-Herrera, Margarita Ojeda, and
Rodrigo A Medellin. 2020. “Does Latitudinal Migration Represent an Advantage in the Decrease of
Ectoparasitic Loads in Leptonycteris Yerbabuenae (Chiroptera)?” Journal of Mammalogy 101 (4):
979-89. https://doi.org/10.1093/jmammal/gyaa075.

Zarazua-Carbajal, Mariana, Romeo A. Saldafia-Vazquez, César A. Sandoval-Ruiz, Kathryn E.
Stoner, and Julieta Benitez-Malvido. 2016. “The Specificity of Host-Bat Fly Interaction Networks
across Vegetation and Seasonal Variation.” Parasitology Research 115 (10): 4037—44.
https://doi.org/10.1007/s00436-016-5176-1.

Zeve, Victor B. 1958. “Notes on the Biology and Distribution of Trichobius in Northwest
Oklahoma (Diptera, Streblidae).” Proc. of the Okla. Acad. of Sci. 1958: 45-49.



10

11

12

13

14

15

16

17

18

19

20

Ecology Page 60 of 131

BatFly: A database of Neotropical bat-fly interactions

Natalya Zapata-Mesa!-2*, Sebastidan Montoya-Bustamante!-2, Juliana Hoyos3, Daniela Pefia®,

Jorge Galindo-Gonzélez®, Julio J. Chacon-Pacheco®, Jesiis Ballesteros-Correa®, Maria

Raguel Pastrana-Montiel®, Gustavo Graciolli’, Marcelo R. Nogueira®, Marco A. R. Mello?

! Programa de Pds-graduacdo em Ecologia, Instituto de Biociéncias, Universidade de Sdo

Paulo, Sao Paulo, SP, Brazil.

2 Departamento de Ecologia, Instituto de Biociéncias, Universidade de Sdo Paulo, Sdo Paulo,

SP, Brarzil.

3 Odum School of Ecology, University of Georgia, Athens, GA 30602, USA

4 Universidad Veracruzana, Xalapa, Veracruz, Mexico.

> Instituto de Biotecnologia v Ecologia Aplicada, Universidad Veracruzana, Xalapa,

Veracruz, Mexico.

6 Departamento de Biologia, Grupo Investigacion Biodiversidad Unicdrdoba, Universidad

de Cordoba, Monteria, Colombia

7 Instituto de Biociéncias, Universidade Federal de Mato Grosso do Sul, Campo Grande,

MS, Brazil

8 Universidade Federal Rural do Rio de Janeiro. Instituto de Biologia, Laboratdrio de

Mastozoologia. Seropédica, RJ, Brazil.
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can be prevented or mitigated by studying host-parasite interactions, among other measures.
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Bats and their ectoparasitic flies of the families Streblidae and Nycteribiidae are an excellent
study model, but so far, our knowledge is restricted to fragmented records at a local scale. To
help boost research, we have assembled a data set of bat-fly interactions from 174 studies

published between 1904 and 2022, plus three original data sets. Altogether, theseFhose

studies were carried out at 650 sites in the Neotropical-regions, mainly distributed in Mexico
(+46), Brazil{89), Argentina(62), southern USA-62), and ColombiaPeru{55), among other
countries. In total, our data set contains 3,984 interaction records between 237 bat species
and 255 fly species. The bat species with the largest number of recorded interactions were
Carollia perspicillata (357), Artibeus jamaicensis (263), and Artibeus lituratus (228). The
fly species with the largest number of recorded interactions were Trichobius joblingi (256),

Megistopoda aranea (235), and Megistopoda proxima (215). The interaction data were

extracted, filtered, taxonomically harmonized, and made available in a tidy format together

with linked data on bat population, fly population, study reference, sampling methods and

geographic information from the study sites. This interconnected structure enables the

expansion of information for each interaction record, encompassing where and how each

interaction occurred, as well as the number of bats and flies involved. We expect BatFly to

open new avenues for research focused on different levels of ecological organization and

spatial scales. It will help consolidate knowledge about ecological specialization, resource

distribution, pathogen transmission, and the drivers of parasite prevalence over a broad

spatial range. It may also help answer key questions, such as: are there differences in fly

prevalence or mean infestation across Neotropical ecoregions? What ecological drivers

explain those differences? Or how do specialization patterns vary among fly species in the

Neotropics? Furthermore, we expect BatFly to inspire research aimed at understanding how

climate and land-use changes may impact host-parasite interactions and disease outbreaks.
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This kind of research may help us reach Sustainable Development Goal 3. Good Health and

Wellbeing, outlined by the United Nations.Fhe—data—were—organized,—taxonomically

Key words/phrases: Antagonism, bats, bat flies, Chiroptera, diseases, ectoparasites,

hematophagy, Nycteribiidae,—parasttism; Streblidae, specialization, species interactions,

ZOONOSIS.

Open Research: The complete data set is available as Supporting Information at: [to be
completed at proof stage]. Associated data is also available at: BatFly: A database of

Neotropical bat-fly interactions_https://doi.org/10.5281/zenodo.10019756
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BatFly Bat Pop.csv
BatFly Fly Pop.csv
Batfly Species.csv

C. Data set description

Principal Investigator(s):

1. Natalya Zapata-Mesa. Programa de Poés-graduagdao em Ecologia, Instituto de

Biociéncias, Universidade de Sdo Paulo, Sdo Paulo, SP, Brazil.

2. Marco A. R. Mello. Departamento de Ecologia, Instituto de Biociéncias,

Universidade de Sao Paulo, Sao Paulo, SP, Brazil.

Abstract:

Global changes have increased the risk of emerging infectious diseases, which can be

prevented or mitigated by studying host-parasite interactions, among other measures.

Bats and their ectoparasitic flies of the families Streblidae and Nycteribiidae are an

excellent study model, but so far, our knowledge is restricted to fragmented records at

a local scale. To help boost research, we have assembled a data set of bat-fly

interactions from 174 studies published between 1904 and 2022, plus three original

data sets. Altogether, these studies were carried out at 650 sites in the Neotropics,

mainly distributed in Mexico, Brazil, Argentina, southern USA and Colombia, among

other countries. In total, our data set contains 3,984 interaction records between 237

bat species and 255 fly species. The bat species with the largest number of recorded

interactions were Carollia perspicillata (357), Artibeus jamaicensis (263), and

Artibeus lituratus (228). The fly species with the largest number of recorded

interactions were Trichobius joblingi (256), Megistopoda aranea (235), and
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Megistopoda proxima (215). The interaction data were extracted, filtered,

taxonomically harmonized, and made available in a tidy format together with linked

data on bat population, fly population, study reference, sampling methods and

geographic information from the study sites. This interconnected structure enables the

expansion of information for each interaction record, encompassing where and how

each interaction occurred, as well as the number of bats and flies involved. We expect

BatFly to open new avenues for research focused on different levels of ecological

organization and spatial scales. It will help consolidate knowledge about ecological

specialization, resource distribution, pathogen transmission, and the drivers of parasite

prevalence over a broad spatial range. It may also help answer key questions, such as:

are there differences in fly prevalence or mean infestation across Neotropical

ecoregions? What ecological drivers explain those differences? Or how do

specialization patterns vary among fly species in the Neotropics? Furthermore, we

expect BatFly to inspire research aimed at understanding how climate and land-use

changes may impact host-parasite interactions and disease outbreaks. This kind of

research may help us reach Sustainable Development Goal 3. Good Health and

Wellbeing, outlined by the United Nations.Glebal-changes-have-inereased-therisk-of
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D. Keywords
Antagonism, bats, bat flies, Chiroptera, diseases, ectoparasites, hematophagy, ectoparasites;

Nycteribiidae;-parasitism, Streblidae, specialization, species interactions, zoonosis.

E. Description

Our world faces urgent problems related to global changes caused by human activities,

which we strive to solve by following the United Nation’s 17 Sustainable Development Goals

(UN 2015). Goal 3, “Good Health and Wellbeing”, is the focus of research by scientists from

many areas under a transdisciplinary approach known as One Health (OHITF 2008). Under

this approach, it is of paramount importance to understand the interactions between hosts and

their parasites to prevent disease transmission and spillover (Giraudoux et al. 2022).

Bats play a crucial role in the dynamics of emerging infectious diseases because of

their huge ecological diversity (Wilson and Reeder 2005)1[], which includes a myriad of

interactions with endo and ectoparasites [1[J(Klimpel and Mehlhorn 2016) that carry
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pathogens associated with zoonosis (Szentivanyi et al. 2018).[] The most important bat

ectoparasites are dipterans of the families Streblidae and Nycteribiidae, also known as bat

flies (Dick and Patterson 2006). Bat flies (hereafter just flies) share a tight evolutionary

history with bats, as they are found exclusively on them [I(Dick and Dittmar 2014).

Consequently, both fly families exhibit intricate morphological and ecological adaptations

for living on bats (Dittmar et al. 2015). In addition, they are considered host-specific, with

most fly species parasitizing from one to three bat species’] only (Pilosof et al. 2012).

Host specificity has received large attention in the ecological literature, being used as

a model to study ecological specialization [][](Hiller et al. 2021), resource distribution

(Hiller et al. 2018)[], pathogen transmission (Szentivanyi et al. 2018), and the drivers of

parasite prevalence (Frank et al. 2016). Despite this remarkable effort to study the ecology

of flies (Patterson, Dick, and Dittmar 2007), so far knowledge is restricted to fragmented

interaction records at a local scale. Therefore, we need synthesis aimed at compiling

information and publishing it in data papers that filter. organize, and curate large data sets,

opening avenues for addressing a broader range of questions.

In the present data paper, we compiled information on bat-fly interactions derived

from 174 studies with multiple scopes, including taxonomic reviews, checklists, and

assessments of species interactions, and we have also included three original data sets. Fhe

studies were published between 1904 and 2022, with most being published after the year

2000 (Fig. 1A). Overall, our database contains information recorded at 650 sites spanning

from the northern limit of the Neotropics to southern South America (Fig. 1B). Those sites

are primarily located in Mexico (143 sites from published studies and 3 sites from original

Page 70 of 131



Page 71 of 131

228
229
230
231
232
233
234
235
236
237

238

Ecology

datasets), Brazil (89), Argentina (62), southern USA (62), Peru (55), Cuba (32), the

Dominican Republic (32), Honduras (26), and Colombia (19 sites from published studies and

15 sites from original datasets), among other countries (Fig. 1B). For 95% of the sites

we-havethere is information on entire eemmunities—assemblages of bats and- flies. The

remaining 5% report parasites collected from a single bat species (Fig. 1B). Information
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Figure 1. Temporal and spatial distribution of the references included in BatFly. (A) Number

of studies published per vear in the time range (1904 — 2022) included in BatFly. (B)

Distribution of the sampling sites included in BatFly. Triangles represent sampling sites.

Colors represent the taxonomic scope of sampling for bats, and triangle orientation (up/down)

represents the taxonomic scope of sampling for flies. “Single” represents studies focused on

a single fly species. “All” represents studies that assessed all fly species found at the site.
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Our database comprises interactions made by bats belongingtoof nine families, 76

genera, and 237 species. For flies, it comprises two families, 29 genera, and 255 species.

The 15 most frequently recorded bat species made

57% of all interactions, with

Carollia perspicillata (357)-as the species with most records_(357), followed by Artibeus

Jjamaicensis (263) and Artibeus lituratus (228) (Fig. 24A), all of which are all-three-members

of-the the Phyllostomidae (Fleming et al. 2020)[]. Over 57 bat species were shown to have

only one interaction (singletons). Half of the interactions were made by 15 fly species, with

Trichobius joblingi having the highest number of records (256), followed by Megistopoda

aranea (235); and Megistopoda proxima (215) (Fig. -24B).

(a)
Carollia perspicillata _ Trichobius joblingi
Artibeus jamaicensis _ Megistopoda aranea
Artibeus lituratus _ Megistopoda proxima
Desmodus rotundus _ Paratrichobius longicrus
Artibeus planirostris _ Aspidoptera phyllostomatis
Sturnira lilium _ Strebla guajiro
Phyllostomus discolor _ Trichobius intermedius
Glossophaga mutica _ Aspidoptera falcata
Glossophaga soricina - Speiseria ambigua
Phyllostomus hastatus - Trichobius dugesi
Sturnira hondurensis - Trichobius parasiticus
Sturnira parvidens - Strebla wiedemanni
Anoura geoffroyi - Trichobius uniformis
Pteronotus mesoamericanus - Trichobius costalimai
Carollia sowelli - Metelasmus pseudopterus

o -
[
o

6 8 10

Relative frequency of recorded interactions (%)

(b)
I |
I J

I ¥
T
/

T

[

[

[

/T
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[

L]

L]

Relative frequency of recorded interactions (%)

Figure 2. Relative frequency of interactions made by the top

15 (A) bat species and (B) fly

species with most records.
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274 In summary, BatFly has a total of 3.984 interaction records between bat and fly

275  species.
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Among bats,Speetes—within_the family Phyllostomidae shows the richest set of

interactions (140 fly species), followed by Vespertilionidae (48 fly species), and

Mormoopidae (36 fly species). Most bat families within our records interact more frequently

with fly species beleng—teof the family Streblidae, except for Vespertilionidae and
Thyropteridae, which-that interact more frequently with the the-Nycteribiidae. Furthermore,
in the bat families Furipteridae, Noctilionidae, and Natalidae no interaction with speetes-of

Nycteribiidae species was recorded (Fig. 3A6é). Those interactions between bat and fly

species form a densely connected network, in which a large eroup of interconnected bat and

fly species (giant component of the network) can be observed. This kind of structure was

unexpected due to the high specificity that these interactions are assumed to have (Fig. 3B).

However, this network was made with all interactions included in BatFly, even uncommon

interactions, which may mask the true host specificity in the bat-fly interactions, so it should

be interpreted with caution.
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Figure 36. Overview of bat-fly interactions included in BatFly. (A) Relative richness of-bat

thesfly families (Nycteribiidae and Streblidae) per bat family. The number in front of the
bars depicts the total number of-bat fly species found parasitizing each bat family. (B) Bat-

fly network built for the entire Neotropical region with all records included in our data set,

even uncommon associations. Lines depict interactions between bat species (purple circles)

and fly species (green squares). Most nodes belong to the giant component (largest subgroup

of interconnected species) and there are also ten minor components (dyads).
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319 BatFly represents the largest dataset of antagonistic interactions made by bats in both

320 geographical and taxonomic terms. All records were taxonomically harmonized., i.e., bat and

321  fly scientific names were checked and updated. In addition to interaction records, our
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database includes information about references, study sites, sampling methods, and bat and

29 ¢ 2% ¢

fly populations organized in six linked data sheets (Fig. 4): “references”, “sites”, “sampling”.

“bat population”, “fly population”. and “species interactions”. The “references” data sheet

(Fig. 4A) contains information on the original sources from which the data were obtained.

Fach reference study was assigned a unique reference code (e.g., BFR0O1), enabling

identification of each reference study in all other data sheets. The data sheets “sites” (Fig.

4B) and “sampling” (Fig. 4C) contain information about where, when and how the data were

collected at each site, including study sites characteristics (e.g2.. mean annual temperature,

annual rainfall, and vegetation type) which are known to influence bat-fly interactions

(Pilosof et al. 2012). Each study site was assigned a unique site code (e.g., BFA0O1), with

9% ¢ 9% 46

which each study site can be identified in within “sites”, “sampling”. “bat population”, “fly

population” and “species interactions” data sheets.

The “bat population” (Fig. 4E) and “fly population” (Fig. 4F) data sheets contain

taxonomic identification and information about the populations of interacting species. Also,

we included bat species traits, such as the roost types used by bats, which are important

drivers of parasite dynamics [J(Patterson, Dick, and Dittmar 2007). Each population was

assigned a unique population code for bats (e.g., BEFBPOP000) and flies (e.g., BEFPOP000),

allowing its identification of each population in the “species interactions” data sheets.

Finally, the “species interactions’ data sheet (Fig. 4F) contains the species-species interaction

records, and information about number of infested bats, prevalence, mean fly intensity, and

mean fly abundance. Each interaction record was assigned an interaction code (e.g.

BFSSI000) associated to bat population and fly population codes, and also associated to site,

and references codes shared between data sheets (foreign keys). This interconnected structure
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enables the expansion of information for each interaction record encompassing where and

how the interaction was collected, as well as the number of bats and flies involved in a

specific record.

A

References.csv
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0ao

|~ - BFBPOPOO1)'BFRO01 |BFAODY [~

Y F

‘\\ Sampling.csv oOog ‘\‘ 5 N ' Species.csv OO0
. 1 e
x BFRO0T | BFAODT ! S ,4 | BFBPOPOD1 | | BFRO01 [BFAOO1
; . g . ‘ |
| : g } l
R | T A ¢
' i o Fly_pop.csv ooo
[ 4 ’ 5 ’
,: B * o * BFRO01 | BFAQD1 'A
“ Sites.csv oog b l'
L Y
‘\\ vfaf%tg; i ] I 7
~ N " o N ) , ,
Figure 4. Structure of the BatFly database. BatFly i1s integrated by six

interconeectedinterconnected datasheets. (a) References data sheet. (b) Site data sheet. (c)

Sampling data sheet. (d) Bat population data sheet. (e) Fly population data sheet. (f) Species

interaction data sheet. Each interaction record has a unique interaction code (primary key)

associated to reference, site, bat and fly population codes shared between datasheets (foreign

keys). In the eraphical representation, dashed ovals indicate the first appearance of a code

within the database. Dashed lines illustrate the relationships between BatFly’'s datasheets.

Each code is designated with a distinct color. For example, the reference code (colored
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orange), which first appears on the reference datasheet (a), can be found on all other

datasheets, denoted by five orange lines.

BatFly was designed to boost the use of bat-fly interactions as a model for addressing

questions at different levels of ecological organization and spatial scales. We expect BatFly

to inspire researchers to continue consolidating knowledge about ecological specialization,

resource distribution, pathogen transmission, and the drivers of parasite prevalence over a

broader spatial range. It may also help answer key questions, such as: are there differences

in fly prevalence or mean infestation across Neotropical ecoregions? What ecological drivers

explain those differences? Or how do specialization patterns vary among fly species in the

Neotropics? We also expect to inspire research aimed at understanding how bat-fly

interactions can be affected by climate and landscape changes. Ultimately, we expect BatFly

to help understand host-parasite interactions, facilitate predicting zoonotic outbreaks, and

provide information to address the UN’s SDG 3 Good Health and Wellbeing.
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CLASS II. RESEARCH ORIGIN DESCRIPTORS

A. Overall project description

Identity: A compilation of bat-fly interactions.
Period of study: Data of eeHeetionpublication reported ines the references range from

19044 to 2022.
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Objective: We aimed to summarize and make available all bat-fly interaction records
found in the literature plus three new data sets in a tidy format, to be used in studies on

community ecology, interaction networks, and macroecology, and disease spillover,

among other topics.

Abstract: Global changes have increased the risk of emerging infectious diseases,

which can be prevented or mitigated by studying host-parasite interactions, among

other measures. Bats and their ectoparasitic flies of the families Streblidae and

Nycteribiidae are an excellent study model, but so far, our knowledge is restricted to

fragmented records at a local scale. To help boost research, we have assembled a data

set of bat-fly interactions from 174 studies published between 1904 and 2022. plus

three original data sets. Altogether, these studies were carried out at 650 sites in the

Neotropics, mainly distributed in Mexico, Brazil, Argentina, southern USA and

Colombia, among other countries. In total, our data set contains 3.984 interaction

records between 237 bat species and 255 fly species. The bat species with the largest

number of recorded interactions were Carollia perspicillata (357), Artibeus

jamaicensis (263), and Artibeus lituratus (228). The fly species with the largest number

of recorded interactions were Trichobius joblingi (256), Megistopoda aranea (235),

and Megistopoda proxima (215). The interaction data were extracted, filtered,

taxonomically harmonized, and made available in a tidy format together with linked

data on bat population, fly population, study reference, sampling methods and

geographic information from the study sites. This interconnected structure enables the

expansion of information for each interaction record, encompassing where and how

each interaction occurred, as well as the number of bats and flies involved. We expect

BatFly to open new avenues for research focused on different levels of ecological
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organization and spatial scales. It will help consolidate knowledge about ecological

specialization, resource distribution, pathogen transmission, and the drivers of parasite

prevalence over a broad spatial range. It may also help answer key questions, such as:

are there differences in fly prevalence or mean infestation across Neotropical

ecoregions? What ecological drivers explain those differences? Or how do

specialization patterns vary among fly species in the Neotropics? Furthermore, we

expect BatFly to inspire research aimed at understanding how climate and land-use

changes may impact host-parasite interactions and disease outbreaks. This kind of

research may help us reach Sustainable Development Goal 3. Good Health and

Wellbeing, outlined by the United Nations.

Same-as-above:

Sources of funding: NZM, SMB, and JH were funded by Ministerio de Ciencia,
Tecnologia e Innovacién de Colombia (MinCiencias, Convocatoria Doctorados en el
Exterior 860 and 906). NZM and SMB were funded by the Brazilian Coordination for
the Improvement of Higher Education Personnel (CAPES, 88887.467879/2019-00 and

88887.388097/2019-00). GG was funded by National Council for Scientific and

Technological Development (CNPg# 308119/2022-3). MARM was funded by the

Alexander von Humboldt Foundation (AvH, ;3-2-BRA/1134644-and-3-4—1134644—
BRA-GA), National Council for Scientific and Technological Development (CNPq,
304498/2019-0), Sao Paulo Research Foundation (FAPESP, 2018/20695-7_and
2023/02881-6), and Dean of Research of the University of Sdo Paulo (PRP-USP,

18.1.660.41.7).
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B. Specific subproject descriptions

Data compilation: We performed a comprehensive systematic review of the literature,

following the Preferred Reporting Items for Systematic review and Meta-Analyses

(PRISMA) protocol designed as a guide to improve clarity and transparency in the

reporting of systematic reviews-protoecel (Page et al. 2021). We also added information

from artieles-papers that did not appear in our systematic search, but which we were
aware of, and invited authorities to contribute with their unpublished data (Fig. 58).

The systematic search was conducted in-threeJanesuases-Enslish—Portusuese;

and-Spanish—utilizing the Web of Knowledge and Scopus databases. There were no

date restrictions, and the search was performed in 2021TFhe-systematic—search—was

Knowledse-and-Scopus—databases. The search utilized keywords in three languages:

English, Portuguese, and Spanish. The following keywords were employed: The

following-search-terms—bat*” OR “murciélago*” OR “morcego*” OR “chiroptera”

OR “chiroptero” OR “quiroptera” OR “quiroptero” AND “bat fly” OR “bat flies” OR

“streblid*” OR “streblidae” OR “nycteribiid*” OR “nycteribiidae” OR “parasite*” OR
“parasito™” OR “ectoparasite®™” OR “ectoparasito*” OR “ectoparasita*”” OR “diptera*”
OR “diptero” OR “mosca”. With the results from thisese naive-term search we
extracted potential keywords using the Rapid Automatic Keyword Extraction (RAKE)

algorithm (Grames et al. 2019). We-performed-an-additional search-based-entThose

automatic extracted keywords underwent manual verification, filtering, and sorting.

Subsequently, a search was performed using the followingse refined keywords:

"tropical bat" OR "tropical bats" OR "bat" OR "bats" OR "neotropical bats" OR
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"neotropical bat" OR "chiroptera" OR "chiropteran hosts" OR "chiropteran species"

AND "blood-sucking flies" OR "blood-sucking fly" OR "diptera" OR "dipterans" OR

"nycteribiidae" OR "streblidae" OR '"streblid*" OR "bat flies" OR "bat fly" OR

"ectoparasite*" OR "nycteribiid*" OR "bat parasite*" OR "bloodsucking diptera" OR

"bloodsucking dipterans" OR "batfly" OR "batflies" AND '"parasitizing" OR

"interaction®*" OR "interacted" OR "interact" OR "parasitological" OR "association*"

OR "host-parasite”" OR "system*" OR "vertebrate-parasite" OR "network*" "parasite

assemblage*" OR "intensity" OR "infection" OR "infestation" OR "load*" "host

potential" OR "parasitism" OR "prevalence" OR "parasited" OR "hematophagous" OR

"relationship*" OR "specificity" OR "specialization" OR "specialisation" OR

"inhabiting" OR "fly-host" OR "host-specific" OR "parasitology" OR "bat-parasite"

OR "specialized" OR "specialised" OR "specialize" OR "specialise" OR "host" OR

"hosted" OR "hosting" OR "hosts"hese—automatically—extracted—keywords. We

compiled information on bat fly interactions from a total of 10277 references, {99174

papers—studies found and-3—unpublished-data—sets)—in this systematic search and 3

unpublished data sets collected by the authors-n-a—first-source-ofinformation. As we

did our first systematic search in 2021, we did an update with additional search
restricted to werks—studies published in 2022, with keywords: “streblid*” OR
“streblidae” OR “nycteribiid*” OR “nycteribiidae”, adding ten references for 2022
year. Finally, we included 65 references provided by one of the authors, Gustavo

Graciolli (Fig. 58)._These 65 references did not come up in the search due to most of

them are not indexed in the databases used.
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For a study to be included in our database, it had to meet the following inclusion
criteria: (1) be a primary study, so we discarded literature reviews or compilations of
interactions from other studies; (2) contain naturally occurring interactions, so we
ignored host preference studies carried out under controlled conditions; and (3) contain

spatial geegraphie-information of where the interactions were recorded, as coordinates,

country and locality. Finally, with the studies found in the first systematic search done

in 2021 (99), the studies found in the second systematic search (update, 10) and 65

studies provided by one of the authors, BatFly contains 174 published studies and 3

original datasets (177 references in total; Fig. 5).Einally—with-three-sourees{(previous

Records identified from
Scopus (573) and Web of
Science (156)
Databases ( n =729)
Duplicate records remove
(n=109)

Records identified
from Scopus (22) and
Web of Science (28)

Duplicate records

Databases ( n =50)

d (n=14)

Records identified from expert knowledge:
Personal compilation (n = 235)

v

l—l

Records screened Records excluded Records screened Records excluded
Records screened ( n =620) (n=36) (n=15) (n=226) (n=11)
Records excluded (n=521)
l A4 Reports excluded: Reports excluded:
Reports assessed for Reports assessed Include before (n=0) Reports assessed Include before (n =49 )
eligibility for eligibility No ir i (n=8) for eligibility > No interactions (n= 82)
(n=99) (n=10) Out of range (n =3 ) (n=65) Out of range (n =30 )

Studies included in
previous version of review
(n=99)
Unpublished studies
included in previous version
of review (n= 3)

New studies included in review

(n=75)

v

Total studies included in review (n = 174)
Unpublished datasets (n = 3)
Total References (177)
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Figure 58. Workflow of the updated systematic review carried out to acquire data,
which included database searches, additional records, and other sources, following
PRISMA 2020 (Page et al. 2021).
Research methods: We included only studies that reported bat-fly interactions
recorded from wild assemblages. Their scopes range from new fly records and
community ecology and endosymbiont diversity in bat flies (bacteria and fungi), along
with information on bat hosts. Information on sampling methods and host population
was also extracted. We also included geographical information from study sites
(latitude, longitude, locality, municipality, state, and country), and site characteristics
(ecoregion, type of vegetation, height, average annual temperature). Missing
information was coded as “NA”.

We compiled information on bat-fly interactions published between 1904 and
2022 from 174 references: (Brues 1904; Curran 1935; Guimaraes 1937; 1966; 1972;
1977; E. Dias et al. 1942; Augustson 1943; Fox and Stabler 1953; Hoffmann 1953;
Parmalee 1955; Zeve 1958; Peterson 1960; 1963; Bradshaw and Ross 1961; Tonn and
Arnold 1963; Uberlaker 1966; Maa 1968; Peterson and Maa 1970; Peterson and Hirka
1974; Whitaker and Easterla 1975; Reisen, Kennedy, and Reisen 1976; Hoffmann,
Palacios-Vargas, and Morales-Malacara 1980; Overal 1980; Fritz 1983; Coimbra jr,
Guimaraes, and Mello 1984; Peterson and Lacey 1985; Capllonch et al. 1997; Komeno
and Linhares 1999; Claps, Autino, and Barquez 2000; 2005; Chavez 2001; Ritzi et al.
2001; Azevedo and Linardi 2002; Guzman-Cornejo et al. 2003; Moura, Bordignon, and
Graciolli 2003; Autino and Claps 2004; Gonzalez D., Santos M, and Miranda 2004; ter
Hofstede, Fenton, and Whitaker, Jr. 2004; Bertola et al. 2005; Villegas-Guzman,

Loépez-Gonzélez, and Vargas 2005; Dick and Gettinger 2005; Anderson and Ortencio
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Filho 2006; Dick and Wenzel 2006; Oscherov, Chatellenaz, and Milano 2006;
Oscherov, Idoeta, and Milano 2012; Graciolli et al. 2006; Graciolli, Zortéa, and
Carvalho 2010; Graciolli, Guerrero, and Catzeflis 2019; Voigt and Kelm 2006;
Shockley and Murray 2006; Graciolli and Bianconi 2007; Dick, Gettinger, and Gardner
2007; Kurta et al._2007;#-€-; Rojas et al. 2008; Sebastian Tello, Stevens, and Dick
2008; P. A. Dias et al. 2009; Autino et al. 2009; 2011; Autino, Claps, and Barquez
2014; Autino et al. 2016; 2018; 2020; Dittmar et al. 2009; 2011; Valdez, Ritzi, and
Whitaker 2009; Santos et al. 2009; 2013; Graciolli and Dick 2009; 2012; Almeida et
al. 2011; Camilotti et al. 2010; Aguiar and Antonini 2011; Eriksson, Graciolli, and
Fischer 2011; Mufioz-Romo, Burgos, and Kunz 2011; J. R. R. da Silva and Orténcio
Filho 2011; Lourenco and Esbérard 2011; Esbérard et al. 2012;2014; Morse et al. 2012;
Dick 2013; Moras et al. 2013; Saldafia-Vazquez et al. 2013; Soares et al. 2013; 2016;
2017; Franga et al. 2013; Urbieta and Torres 2014; Moreno Valdéz 1998; Camacho et
al. 2014; Lourenco et al. 2014; 2020; Velazco, Autino, and Claps 2014; Tarquino-
Carbonell et al. 2015; Tlapaya-Romero et al. 2015; Tlapaya-Romero, Ibanez-Bernal,
and Santos-Moreno 2019; Tlapaya-Romero, Garcia-Méndez, and Ramirez-Martinez
2022; Cuxim-Koyoc et al. 2015; 2016; 2018; Judson, Frank, and Hadly 2015; Patricio
and Lourenco 2016; de Vasconcelos et al. 2016; Hernandez-Arciga, Herrera M., and
Morales-Malacara 2016; Frank et al. 2016; Reeves et al. 2016; Barbier and Graciolli
2016; Bezerra, de Vasconcelos, and Bocchiglieri 2016; Zarazia-Carbajal et al. 2016;
Barbier, Prado-Neto, and Bernard 2016; Barbier et al. 2017; 2018; 2019; Barbier,
Graciolli, and Bernard 2019; Barbier et al. 2020; Barbier, Falcao, and Bernard 2021;
Fagundes, Antonini, and Aguiar 2017; Dornelles and Graciolli 2017; Rivera-Garcia et

al. 2017; Cordero-Schmidt et al. 2017; Walker et al. 2018; Abundes-Gallegos et al.
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547 2018; Bolivar-Cim¢é et al. 2018; Colin-Martinez, Morales-Malacara, and Garcia-
548 Estrada 2018; Salinas-Ramos et al. 2018; Calonge-Camargo and Pérez-Torres 2018;
549 Estrada-Villegas et al. 2018; do Amaral et al. 2018; Bezerra and Bocchiglieri 2018;
550 2022; Hrycyna, Martins, and Graciolli 2019; S. S. P. da Silva, Guedes, et al. 2019; S.
551 S. P. da Silva et al. 2021; Torres et al. 2019; Herndndez-Martinez et al. 2019; Trujillo-
552 Pahua and Ibanez-Bernal 2019; 2020; Smit and Miller 2019; Duran et al. 2019; S. S.
553 P. da Silva, Neves, et al. 2019; Vieira et al. 2019; Liévano-Romero, Rodriguez-Posada,
554 and Cortés-Vecino 2019; Orta-Pineda et al. 2019; Ribas, Batista, and Aranha 2020;
555 Ascuntar-Osnas, Montoya-Bustamante, and Gonzalez-Chavez 2020; Bonifaz, Mena,
556 and Oporto 2020; Raigosa Alvarez et al. 2020; Zamora-Mejias et al. 2020; Ikeda et al.
557 2020; Palheta et al. 2020; de Groot et al. 2020; Oliveira et al. 2020; Menezes Junior et
558 al. 2021; Minaya, Mendoza, and Iannacone 2021; Vidal, Bernardi, and Talamoni 2021;
559 Urbieta, Graciolli, and Vizentin-Bugoni 2021; Hiller et al. 2021; Lira-Olguin, Guzman-
560 Cornejo, and Leon-Paniagua 2021; Mello et al. 2021; Ramalho, Diniz, and Aguiar
561 2021; Gomez-Corea et al. 2022; Alcantara et al. 2022; Speer et al. 2022; da Silva Biz
562 et al. 2021; Castillo-Urbina et al. 2022; Carvalho et al. 2022; Herrera and Jara 2008;
563 Gonzalez-Avalos et al. 2014; Bellizzi et al. 2022; Almeida et al. 2010; Dornelles et al.
564 2017; Ramirez-Martinez et al. 2016; Mello et al. 2022; da Silva Reis et al. 2022).

565 For already included references, if applicable, we accommodated studies that
566 partially or totally used the same data sets as “Associated References”, assuring not to
567 duplicate interaction records (see Table 1).

568 Taxonomic information: All records were taxonomically harmonized. Scientific
569 names were checked and updated. For bats, taxonomic harmonization was performed
570 by Marcelo Nogueira. The main reference for bat taxonomic arrangement and
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nomenclature adopted here was Simmons and Cirranello (2023). HWe-however, when

considering the taxonomy of Glossophaga we followed Diaz et al. (2021). Also, in the

case of Dermanura, we followed Cirranello et al. (2016) in treating this taxon as a

subgenus of Artibeus. foHowed-Biaz-et-ab-(202H-when-considerine-the-taxonomy-of

this-taxen-as-a-subgenus-of Artibens—Diaz et al. (2021) and Gardner (2008) were the

general references for the geographic distribution of each species, but we also consulted
country-wide compilations (e.g., York et al. 2019; Martinez-Fonseca et al. 2020;
Turcios-Casco et al. 2020; Mora, Lopez, and Espinal 2021; Velazco et al. 2021;
Garbino et al. 2022) and primary references (e.g., species descriptions and systematic
revisionary works), and species accounts, including Solari and Baker (2006);
Genoways and Baker (1996); McDonough et al. (2008); Velazco, Gardner, and
Patterson (2010); Velazco and Simmons (2011); Moratelli et al. (2011); Mantilla-
Meluk (2014); Mantilla-Meluk and Munoz-Garay (2014); Pavan and Marroig (2016);
Pavan, Bobrowiec, and Percequillo (2018); Velazco and Patterson (2019); Basantes et
al. (2020); Loureiro, Engstrom, and Lim (2020); Rodriguez-Posada et al. (2021);
Velazco et al. (2021); Calahorra-Oliart, Lira-Noriega, and Ledn-Paniagua (2022);
Calderon-Acevedo, Bagley, and Muchhala (2022); Esquivel et al. (2022). When there

was a situation in which more than one species could be associated to a previous species

record within the same bat eemmunityassembly, as Platvrrhinus helleri and Pteronotus

parnellii—please refer to Velazco, Gardner, and Patterson (2010) and Pavan,

Bobrowiec, and Percequillo (2018) for newly described taxa related to these species—
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E20H-and-Pavan-Beobrowieeand-PereeguiBo- 20 -tor-new-tna-related-to-these
speeies—the updated identification was retained at genus level.

For flies, taxonomic harmonization was performed by Gustavo Graciolli.

was-possible, the taxonomic complex or group to which they belong was reported.
Bat roost information: We report the roost type used by each bat species included in

the database. Bat roost play an important role in fly species lifecycle due to fly species

pupal development is carried out in these places (Dittmar et al. 2009). All possible roost

types were classified into eight categories: cave (hot caves, caverns, and crevices), tree
cavity (hollow trees, fallen trees, and loose bark), human-made structure (buildings,
bridges, tunnels, and culverts), foliage (branches and leaves), tent, termite nest, rocky
cliff, and river cliff. We compiled this information from the literature (Kunz and

Lumsden 2003; Rodriguez-Duran 2020). [

C. Data limitations and potential enhancements

BatFly has limitations related to the scope of the studies used as data sources and how

information was reported in them. There are many gaps in information in the references

used, as unfortunately commonly observed in studies on species interactions (see

First, there are sampling information limitations. aAs several references are checklists

of fly species also reporting their hosts, manylack—information—en—batsampling

Page 94 of 131



Page 95 of 131

619
620
621
622
623
624
625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

Ecology

methods-most studies do not provide information about the methods used for capturing

bats. e.g., the number of sampling hours or the number of mist nets used, hindering the

estimation of sampling effort. Only 117 study sites (18%) informed their sampling

effort following the widely used method of Straube and Bianconi (2002).

Second, there are geographical information limitations. Sixteen site studies
(2.5%) report interactions accumulated from several locations, hindering the use of
their data #-stadies-at smaller spatial scales. In those cases, we recorded all-the data
available data-from the locations of the study in the observation column (see Table 2).
A single SiteCode was assigned with the coordinates of the centroid of the polygon

formed by the coordinates reported in the study (see Table 2).

Third, there are samphng-interaction information limitations. Mest-studies-de

following(Straube-and Bianeoni2002)Feourth;-Nnot all studies have information that

allows quantifying theabeut interaction—weight,—and 490 (12%) interactions were

recorded only as inetdenee-occurrence (binary information), hindering the use of their

data in studies that aim to analyze the interaction by incidence of fly species on bat

species.— Furthermore, information provided by most studies is limited to the number
of individuals of a given fly species found on a given bat species, excluding other key

information_useful to quantify the interaction such as prevalence, mean intensity, and

mean abundance. Only 978 (25%) of the interaction records provide us with

information on prevalence.



642

643

644

645

646

647

648

649

650

651

Ecology

Fourifth, there are representativeness limitations. Our database is biased by the
method through which bats are sampled, since most studies were based on mist-netting,
and different bat species have different capturability (Francis 1989). Mist nets are much
more efficient for capturing phyllostomids than bats ef-from other families (Tschapka

1998). So. potential users of BatFly should have this in mind, for example when

carrying out studies aimed at analyzing fly incidence in different bat families or species

from different bat familics. Fhus--out-database-with-H023-unique-thteracHons-represents
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CLASS III. DATA SET STATUS AND ACCESSIBILITY

A. Status

Latest update: NoevemberOctober 20232.

Latest archive date: Nevember-October 20232.

Metadata status: Last updated in OctoNevember 20232, version submitted.

Data verification: Data were compiled as presented in the sources. We corrected
transcription errors, checked the geographic coordinates of the study sites, and made

taxonomic harmonization of species names.

B. Accessibility

Storage location and medium: The complete data set (in .CSV format) and scripts to
replicate the figures of  this metadata are available on

https://doi.org/10.5281/zenodo.10019756 hitps//detrors 10528/ zenodo-7814543-

Contact persons: Natalya Zapata-Mesa (zapatamesan@gmail.com) & Marco A. R.

Mello (marmello@usp.br).

Copyright restrictions: Creative Commons Attribution 4.0 International License.
Proprietary restrictions: Please cite this data paper, if the data are used in any kind
of publication related to research, outreach, and teaching activities, such as papers,
books, book chapters, monographs, bibliographies, reports, patents, posters, talks,
keynotes, and lectures.

Costs: None.

CLASS IV. DATA STRUCTURAL DESCRIPTORS

A. Data set file

Identity and s-and-size:

BatFly References.csv 66KB
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BatFly Sites.csv 1422KB

BatFly Sampling.csv 46KB

BatFly Bat Pop.csv 334KB

BatFly Fly Pop.csv 303KB

Batfly Species_Interactions.csv 5855KB

Format and storage mode: Data frames with comma-separated values (.csv).

Header information: See variable description in Variable information section.

Alphanumeric attributes: Mixed.

Special characters/fields: Each table contains a column efnamed “Oebservations”.

This column may have additional information or comments. For example, in Table 2.

Observations column may have additional information about the study site reported by

the reference, as a pool of coordinates from a study site. Fhis—eolumn—may—have

site: “NA” indicates no information available for a given cell.

B. Variable information

Table 1. BatFly References: Information abeut-of the references used as data sources in our

database.

Variable Description Levels Example
Identification code of each

RefCode BFR001 — BFR179 | BFR002
reference
Short name of the author(s); if

Author there are three or more authors, we Graciolli et al.
use et al.

Year Year of publication of each 2010
reference

Article, Book, .
Type Type of reference Unpublished data Article




Reference

Ecology

Full bibliographic reference

Graciolli G,

Zortéa M.,
Carvalho L. F.
A. C. (2010)
Bat flies
(Diptera,

Streblidae and
Nycteribiidae)

in a Cerrado
area of Goias
state,  Brazil.
Revista
Brasileira  de
Entomologia
54:  511-514.

https://doi.org/
10.1590/S0085

562620100003
00025

BatVoucher
S

Name of the biological collection
where voucher bat specimens were
deposited

Chiroptera
Collection  of
“Universidade
Federal de
Goias, Campus
Jatai”
(CCUFG)

FlyVoucher
S

Name of the biological collection
where voucher fly specimens were
deposited

Zoological
Collection  of
“Universidade
Federal do
Mato Grosso do
Sul”

Associated
References

Full bibliographic reference of
studies that fully or partially uses
the same data of the Reference

Pedro, W.A.,
Passos F.C. &
B.K Lim. 2001.
Morcegos
(Chiroptera;
Mammalia) da
Estacao
Ecolégica dos
Caetetus,
Estado de Sao
Paulo.
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Variable

Description

Levels

Example

SiteCode

Identification code of each
study site. A single
publication may contain
multiple study sites.
Different studies could share
the same study site and
consequently  the  same
SiteCode

BFA001 —
BFA653

BFA002

RefCode

Identification code of each
reference

BFROO1 —
BFR179

BFR002

Country

English name of the country
where the study was carried
out

Brazil

State

State, Province or
Department of the study site
as described in the source or
identified from its geographic
coordinates

Goias

Municipality

Municipality of the study site
as  described in  the
reference or identified from
its geographic coordinates

Serranopolis

Locality

Local name of the study site
as described in the reference
or identified from its
geographic coordinates

Reserva

Araras

Particular
do Patrimonio
Natural Pousada das

Latitude

Corrected and transformed
coordinates of the latitude in
decimal degrees (Datum
WGS84)

-20.772227

Longitude

Corrected and transformed
coordinates of the longitude
in decimal degrees (Datum
WGS84)

-54.785154

PrecisionClass

Coordinate precision_classes
of the study site. Precise:
coordinates of the grid,
transect or vegetation patch
are reported_in the reference.
Not precise: coordinates of

precise,
not precise

precise
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the municipality are reported,
or the coordinates do not
match  the information
provided in the reference

Vegetation

Vegetation type as described
in the reference

Tropical rainforest

VegType

Vegetation type according to
Oliveira-Filho (2017)

Rainforest

Ecoregion

Ecological region according
to Oliveira-Filho (2017)

Cauca Valley
montane forests

Domain

Tectonic domain according
to Oliveira-Filho (2017)

Northern Andean

Elevation

Flevation above sea level in
meters (m) reported in the
reference

700

DatasetElevationfre
mElevation

Meters—Elevation above sea
level in meters (m), extracted
from the GTOPO30 dataset
(United States Geological
Survey — USGS, 2001.
Global 30 arc-seconds
Elevation)

700

MeanAnnTemp

Mean annual temperature in
Celsius degrees (°C) from
WorldClim 2.1 with 30 arc
seconds resolution.

233

MeanAnnRain

Mean annual rainfall in
millimeters  (mm)  from
WorldClim 2.1 with 30 arc
seconds resolution.

1429

Observations

Additional information or
comments
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Table 3. BatFly Sampling: Information on the sampling methods used to record interactions

included in our databaseln

Variable

Description

Levels

Example

SiteCode

Identification code of each
study site from each
reference. A single
publication may contain
multiple study sites.

BFA001 -

BFA653

BFA002

RefCode

Identification code of each
reference

BFRO0I —

BFR179

BFR002

YearStart

Year of the beginning of
sampling

2000

YearFinish

Year of the end of sampling

2001

Duration

Unstandardized duration of
sampling (in months)

11

SamplingEffort

Sampling effort, accounting
for the area of the mist nets
used and the duration of the
survey, in  hours*square
meters (following Straube
and Bianconi 2002). Since
many studies do not report
mist net size or model, this
standardized measure s
common for comparing bat
inventories

13608

BatEcologicalScale

Reported bat assemblage.
all: the whole bat species
captured was reported.
leafnosed: only leaf-nosed
bats (Phyllostomidae) were
reported. mormoopid: only
mormoopid bats
(Mormoopidae) were
reported. single: a single bat
species was reported

all,
leafnosed,
mormoopid,
single

all

FlyEcologicalScale

Reported fly assemblage.
aAll: the whole fly species
capture was reported. Single:
a single fly species was
reported.

all, single

all

BatSamplingMetho
d

Method used to capture bats.
Direct refers to collection by

direct, harp
traps, mist

mist nets
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hand or devices such as hand | nets, hand
nets or harp traps. net
. . Total number of capture
SamplingNights nights 0to 36 10
Duration of capture per night,
. 1.e., the number of hours the
SamplingHours mist nets were kept open each lo 12 !
night
Number of mist nets used,
SamplingMistnets regardless of manufacturer, | 1to 14 |
type, size, mesh, or material
Vertical strata of the habitat
where bats were captured:
SamplingStrata understory, from canopy to ICJ’ UG, BG, U
understory, below canopy,
canopy
. Sampling season reported in | dry, wet,
SamplingSeason the reference both wet
. Additional information or
Observations

comments
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Table 4. BatFly Bat Pop: Information on the bat populations sampled, which were involved in the

recorded interactions included in our databaselrfermation-abeut-the-bat-pepulationssampled-in

Page 106 of 131

Variable

Description

Levels

Example

BatPopulationCode

Identification code of each
bat population

BFBPOP0O01 —
BFBPOP2187

BFBPOP001

RefCode

Identification code of each
reference

BFROO1 -
BFR179

BFRO001

SiteCode

Identification code of each
study site in each reference

BFA001 -
BFA653

BFAO001

BatFamily

Current scientific name of
the bat family

Noctilionidae

BatGenus

Current scientific name of
the bat genus

Noctilio

BatSpecies

Scientific name of the bat
species as reported in the
reference

Noctilio
leporinus

CurrentBatSpecies

Current scientific name of
the bat species according to
Simmons and Cirranello

Noctilio
leporinus

BatSubspecies

Scientific subspecies name
of the Bat as reported in the
reference (checked and
updated)

BatRoost

Roosting site of the bat
species reported in Kunz
and Lumsden (2003) and
Rodriguez-Duran (2020)

cave, tree cavity,
foliage, tent,
termite nest,
human-made
structure

caves

BatCaptureNumber

Total number of captured
bats of the population

1to 3173

25

BatMarks

Whether or not captured
bats were marked. For
studies where no marks
were used,

yes, no

no
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BatCaptureNumber might
include recaptured
individuals

BatFemales

Number of captured bats
that are females of the
population

0 to 235

11

BatMales

Number of captured bats
that are males of the
population

0to 182

21

BatJuvenile

Number of captured bats
that are juveniles of the
population

0to 290

41

BatAdult

Number of captured bats
that are adults of the
population

0to 127

BatLactatingFemales

Number of captured bats
that are lactating females of
the population. Bats can be
lactating and pregnant at
the same time

0to21

20

BatNonreproductiveFem
ales

Number of captured bats
that are nonreproductive
females of the population

0 to 34

BatPregnantFemales

Number of captured bats
that are pregnant females of
the population

0to18

BatNonreproductiveMale
S

Number of captured bats
that are nonreproductive
males of the population

0to37

BatScrotalTestesMales

Number of captured bats
that are males with scrotal
testes of the population

0to 32

30

Observations

Additional information or
comments
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714 Table 5. BatFly Fly Pop: Information on the fly populations sampled, which were involved in the

715 recorded interactions included in our database.trfermation-abeout-the-fly-populationssampled-in

716 thereferencesincluded-in-ourdatabase:

Variable Description Levels Example
. Identification code of each | BFFPOP00O1 -
FlyPopulationCode bat fly population BFFPOP2969 BFFPOPO001
RefCode Identification code of each | prpgg) BER179 | BFROOI
reference
SiteCode Identification code of each | g\ 51 BrA6s3 | BFS001
study site in each reference
. Current scientific name | Streblidae, .
‘ FlyFamily name of the fly family Nycteribiidae Streblidac
Current scientific name .
‘ FlyGenus name of the fly genus Megistopoda
. Scientific name of the fly Megistopoda
FlySpecies as reported in the reference aranea
. Current sScientific name of Megistopoda
‘ CurrentFlySpecies the batfly araned
Scientific subspecies name
. of the fly as reported in the
Flysubspecies reference (checked and
updated)
Total number of captured
FlyCaptureNumber flies of the population 1 to 2197 2
Total number of flies that
FlyFemales are females of the|0to1105 20
population
FlyMales Total number of flies that 0 to 2042 4
are males of the population
. Total number of flies that
FlyUndetermined were not sex identified

717
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718 Table 6. Batfly Species Interactions: Information abeut-on the bat-fly species-species interactions

719 recorded in our database.

Variable Description Levels Example
Identification code of each BESSI00
InteractionSpeciesCode species-species  interaction 01 — | BFSSI00
BFSSI40 | 01
record
14
BFBPOP
BatPopulationCode Identiﬁcati(?n code of each | 001 — | BFBPOP
bat population BFBPOP | 0010
2187
BFFPOP
FlyPopulationCode Identification F:ode of each | 001 — | BFFPOP
bat-fly population BFFPOP | 0015
2969
. . BFRO01
RefCode 1;1;;‘2£§:t10n code of each |~ BFRO04
BFR179
. . BFA001
deeton sode of x| o
/ BFA653
Current scientific name of
CurrentBatSpecies the bat species acco‘rding to Nocti{io
Simmons __and___Cirranello leporinus
(2023)
Scientific subspecies name
. of the bat as reported in the
BatSubspecies reference  (checked and
updated)
. Megistop
CurrentFlySpecies Current scientific name of oda
the bat-fly
aranea
Scientific subspecies name
. of the fly as reported in the
Flysubspecies referencg (chrécked and
updated)
Uncommon association. It
may be an association that
. . will not last over time
TransientInteractionorError . yes, no no
(transient) or the
researcher’’s error in the
collection or identification
NumberInteractions Number of ba{—'ﬂles captured 0to 2197 | 2197
on the bat species




NumberInteractionsByFlyFemales
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Number of female batflies
captured on the bat species

0to 1105

291

NumberlInteractionsByFlyMales

Number of male bat—flies
captured on the bat species

0 to 1091

351

NumberInteractionsByFlyUndeter
mined

Number of undetermined bat
flies captured on the bat
species

0 to 2042

781

BatInfested

Number of bats infested with
one or more individuals of
the fly species

0 to 278

201

BatInfestedFemales

Number of female bats
infested with one or more
individuals of the fly species

0 to 40

21

BatInfestedMales

Number of male Dbats
infested with one or more
individuals of the fly species

0 to 33

33

Prevalence

Prevalence (Number of bats
infested divided by the total
number of bat captures) as
reported in the reference

0to 100

80

PrevalenceOnBatFemales

Prevalence = (Number of
female bats infested divided
by the total number of bat
captures) as reported in the
reference

0to 100

50

PrevalenceOnBatMales

Prevalence (Number of male
bats infested divided by the
total number of bat captures)
as reported in the reference

0 to 100

20

MeanFlyIntensity

The total number of flies of
the species parasitizing the
bat species divided by the
number of individual bats
infested with the fly

1 to 4.66

MeanFlyIntensityOnBatFemales

The total number of flies of
the species parasitizing
females of the bat species
divided by the number of
individual  female  bats
infested with the fly

1to8

MeanFlyIntensityOnBatMales

The total number of flies of
the species parasitizing
males of the bat species
divided by the number of
individual male bats infested
with the fly

1 to 2.53

2.1
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The total number of flies of
the species parasitizing the
bat species divided by the

MeanFlyAbundance number of individual bats 0to24.1 |24.1
(including non-infested
individuals)

The total number of flies of
the species parasitizing
females of the bat species
divided by the number of | 0to 2.6 1.5
individual ~ female  bats
(including non-infested
individuals)

MeanFlyAbundanceOnBatFemale
S

The total number of flies of
the species parasitizing
males of the bat species
MeanFlyAbundanceOnBatMales | divided by the number of | 0to 1.6 1
individual male bats
(including non-infested
individuals)

Information about reference

Observations
or comments

720

721 C. Data anomalies: If there is no information available for a specific cell in a given

722 datasheet, itis indicated as Hthere-is-no-formation-avattable-fora-given-celthisis-indieated

723 as“‘NA”.

724

725  CLASS V. SUPPLEMENTAL DESCRIPTORS

726  A. Data acquisition
727

728

729

730

731




732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754
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Data entry/verification procedures: Screening and data extraction were always

performed by the same person. The information included in BatFly’s the-tablessheets,
such as codes and scientific names, was validated with logical and set tests

implemented in R to reduce typing errors.

B. Publications and results

Partial data of unpublished reference BFR102 (see Table 1) was used in Pastrana-
Montiel, M. R., Ballesteros-Correa, J., & Chacén-Pacheco, J. (2019). First record of
the parasite bat fly Basilia mimoni Theodor & Peterson, 1964 (Diptera: Nycteribiidae)
in Colombia. Oecologia Australis, 23(3).): 685-689.

https://doi.org/10.4257/0ec0.2019.2303.27

ACKNOWLEDGMENTS

We are immensely grateful to all researchers who collected primary data in the field
and published their records, as without them it would be impossible to compile the
BatFly database. Naturalistic studies are vital to Biology and, thus, should be properly
funded and praised. We also thank Milton Ribeiro and Mauro Galetti, who inspired us
to compile BatFly, as they started an open data revolution in South America by
organizing the ATLANTIC and NEOTROPICAL data paper series. In addition, we

thank doctors Renata Muylaert, Tiago Quintal, Silvana Buzato, Elizabete Lourenco and

Eder Barbier for comments on early versions of metadata. We acknowledge the support

Page 112 of 131


https://doi.org/10.4257/oeco.2019.2303.27

Page 113 of 131

755
756
757
758

759

760

761
762
763
764
765

766
767
768
769

770
771
772

773
774
775
776

777
778
779

780
781
782

783
784
785
786

787
788
789

Ecology

from thank-Universidade de Sao Paulo, Brazil, for the work infrastructure and extend
our thanks to Consejo Comunitario del Alto y Medio Dagua (CC-AMDA), Colombia,
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