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ABSTRACT—The insectivorous Brazilian free-tailed bat (Tadarida brasiliensis) inhabits North, Central, and
South America. Since the 1920s the diet of these bats has interested scientists. The aim of this review is to
catalog the published studies that explore the diet of T. brasiliensis and speculate how modern methods of
analysis may be useful. The 19 studies reviewed reveal moths (Lepidoptera) and beetles (Coleoptera) as the
two most common food items. Eighteen other orders of insect are commonly identified.

RESUMEN—El murciélago de cola libre (Tadarida brasiliensis) habita el Norte, Centro y Sur de América. Desde
la década de 1920, la dieta insectı́vora de estos murciélagos ha interesado a los cientı́ficos. El objetivo de esta
revisión es catalogar los estudios publicados que exploran la dieta de Tadarida brasiliensis y examinar cómo los
métodos modernos de análisis pueden ser útiles. Los 19 estudios revisados revelan que las polillas
(Lepidoptera) y los escarabajos (Coleoptera) son los dos alimentos más comunes. Otros dieciocho órdenes de
insectos son comúnmente identificados.

The small, insectivorous, Brazilian free-tailed bat (Tadar-
ida brasiliensis) has engendered curiosity from scientists
worldwide. Inhabiting North, Central, and South Amer-
ica, T. brasiliensis is one of the most widely distributed
mammals in the western hemisphere (Wilkins, 1989;
McCracken et al., 2008). With northern limits extending
into Oregon, T. brasiliensis ranges southward to Argentina
and is the most abundant bat species in the southwestern
United States (Wilkins, 1989; Tuttle, 2005). During the
summer months, females form enormous maternal roosts
where they rear their pups (Tuttle, 2005; Ammerman et
al., 2012). Near nightfall, the bats emerge from their roost
and ascend to altitudes of nearly 3,000 m (McCracken et
al., 2008). Scientists have speculated that high-altitude
migration of various insects, including moths, could be
the attracting feature for the high-altitude flight of
Tadarida (McCracken et al., 2008; Krauel et al., 2017).

The sheer number of individuals and their potential
impact on insect populations is a popular subject of
interest, although most studies that document their diet
do so only as a secondary focus. The aim of this review is
to catalog the published studies that explore the diet of T.
brasiliensis and speculate on how modern methods of
analysis may be useful.

Current diet analyses show that T. brasiliensis feeds on a
diversity of insects that includes beetles, true bugs, flies,
and grasshoppers, but moths appear to be, by far, the
most common and abundant food (Whitaker and
Odegard, 2019). In all but one of the 19 studies reviewed,
moths (Lepidoptera) are a significant item in the diet of
these bats (Table 1), and since the 1920s scientists have
concluded that moths make up the majority of the diet of
T. brasiliensis (Storer, 1926). Additionally, in 13 of the 19
studies, Lepidoptera were the most abundant item in the
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diet of Tadarida. In 1919, fecal samples from the ‘‘First
Artificial Roost’’ at Mitchell Lake in Texas, USA, were sent
to the United States Bureau of Biological Survey, where
experts determined the samples consisted mainly of
Lepidoptera parts (Storer, 1926). Since then, scientists
have found remarkably similar results from roosts in
North, Central, and South America.

From 1995 to 2019, various studies have detailed the
abundance and frequency of Lepidoptera in Tadarida
diets. Three studies examined the diet of the bats from

Eckert James River Cave, Texas. Whitaker et al. (1996)
compared morning and evening feeding bouts and found
Lepidoptera to make up 96% of foraged prey during the
morning bouts. Lee and McCracken (2005) found
Lepidoptera to be the most abundant component in
the diet items during the summers of 1995, 1996, and
1997. Similarly, Kunz et al. (1995) showed both pregnant
and lactating females during the summer months (May–
July) foraged on Lepidoptera more than any other insect.
In Big Bend National Park in Texas, Matthews et al.

TABLE 1—Most common food items found in the diet of Tadarida brasiliensis and the corresponding studies detailing the year of
collection, location of collection, season/time of collection, and the method used to analyze the diet. — ¼ data not available.

Authors
Year of

publication
Year of

collection Location Season/time Method of study

Most
common
food item

Alurralde and
Dı́az

2018 2012–2015 Yungas Forest, Argentina Year round Visual identification Lepidoptera

Damián 2009 2005–2006 La Boca Cave and El
Salitre Cave, Mexico

April–September Visual identification Lepidoptera

Damián 2009 2004–2005 San Francisco Cave,
Mexico

November–May Visual identification Lepidoptera

Hernández 2005 2004–2005 La Boca Cave, Mexico May–October Visual identification Lepidoptera
Hernández-Vila 2018 2016–2017 Cuernavaca, Mexico March, April, August,

September, November,
December

Visual identification Coleoptera

Krauel et al. 2017 2010–2012 Frio Cave, USA August–November DNA analysis Lepidoptera
Kunz et al. 1995 1988 Eckert James River Cave,

USA
May–July Visual identification Lepidoptera

Lee and
McCracken

2005 1995 Bracken Cave and Eckert
James River Cave, USA

June–August Visual identification Lepidoptera

Lee and
McCracken

2005 1996–1997 Frio Cave, USA May–August Visual identification Lepidoptera

Lee and
McCracken

2002 1996–1997 Frio Cave, USA May–August Visual identification Lepidoptera

Long et al. 1998 1995 Sacramento Valley, USA April–September Visual identification —
Matthews et al. 2010 2000–2002 Big Bend National Park,

USA
March, June, July Visual identification Lepidoptera

McCracken
et al.

2012 2006 Seco Creek, USA April–September DNA analysis —

McWilliams 2005 1998 Carlsbad Cavern
National Park, USA

April–September Visual identification Lepidoptera

Olmedo et al. 2021 2019 Estancia and Paititi
Nature Reserve,
Argentina

March–December Visual identification Diptera

Ross 1961 1959 Madera Canyon, USA — Visual identification Lepidoptera
Ramirez and

Pardo
2010 2006 Regional Rancheria

Natural Park,
Colombia

March–December Visual identification Coleoptera

Storer 1926 1919 Mitchel Lake, USA — Visual identification Lepidoptera
Whitaker and

Odegard
2009 1991, 2012,

2013
Congress Avenue

Bridge, USA
October, February,

September
Visual identification Lepidoptera

Whitaker and
Rodriguez-
Duran

1999 1992–1993 Guajataca Canyon,
Puerto Rico

May–April Visual identification Diptera

Whitaker et al. 1996 1991 Eckert James River Cave,
USA

Morning Visual identification Lepidoptera

Whitaker et al. 1996 1991 Eckert James River Cave,
USA

Evening Visual identification Coleoptera
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(2010) found that in June, July, and March of 2000–2002,
Lepidoptera constituted the greatest percent volume of
prey in fecal samples. Bracken Cave in Texas houses more
than 20 million of these bats (Bat Conservation Interna-
tional, https://www.batcon.org/see-bats-live/visit-
bracken-cave-preserve/), and Lee and McCracken
(2005) found Lepidoptera to make up the greatest
percent frequency and percent volume of the diet of
bats from this location. Lee and McCracken (2002),
Krauel et al. (2017), and Lee and McCracken (2005) all
reported similar results from examination of bat feces
from Frio Cave, Texas. Whitaker and Odegard (2019)
compared the diet of bats from underneath the Congress
Avenue Bridge, Texas, during 1991, 2012, and 2013 and
found moths to be the dominant insect. McWilliams
(2005) reports that Lepidopteran occurred in 92.6% of
fecal pellets collected from Carlsbad Caverns National
Park, New Mexico. Olmedo et al. (2021) found Lepidop-
tera in 91% of the fecal samples examined from Estancia
and Paititi Nature Reserve, Argentina. Both Damián
(2009) and Hernández (2005) found Lepidoptera to
make up the greatest proportion of digested items in La
Boca Cave, Mexico. Lastly, according to Alurralde and
Dı́az (2018), Lepidoptera constitute the greatest volume
and frequency of the diet of T. brasiliensis year-round in
the Yungas Forest, Argentina.

Four additional studies have stated less-explicit results
regarding the abundance and frequency of Lepidoptera
found in the diets. McCracken et al. (2012) conducted a
study to specifically determine the species of Lepidoptera
eaten in Seco Creek, Texas and found 27 different
species. Long et al. (1998) found that moths made up a
significant proportion of the diet of the Mexican free tails
in the Sacramento Valley, California. Whitaker and
Rodriguez-Duran (1999) report moths being the third
most abundant food item in the diet of bats from Tunel
Negro, Puerto Rico. Finally, Ross (1961) found moths to
be the most abundant insect in the stomachs of Tadarida
from Madera Canyon, Arizona.

Beetles (Coleoptera) are the second most common
food found in Tadarida diets. Ramirez and Pardo (2010)
report that T. brasiliensis in Regional Rancheria Natural
Park, Colombia, exclusively feed on insects belonging to
Coleoptera. Similarly, Hernández-Vila (2018) report that
T. brasiliensis in Cuernavaca, Mexico, mainly feed on
Coleoptera. Lee and McCracken (2005) found Coleop-
tera to have the second-greatest frequency in the diet of
bats from Bracken Cave, Eckert James River Cave, and
Frio Cave in 1995–1997. Damián (2009) report Coleop-
tera as the second-greatest volume and frequency in the
diet of bats in La Boca Cave, El Salitre Cave, and San
Francisco Cave in Mexico. Whitaker et al. (1996) found
that lactating females in Eckert James River Cave fed
primarily on Coleoptera during their evening foraging
bouts, making up 63% by volume of their evening diets.
Kunz et al. (1995) deduce that Coleopterans constituted

26.4% (frequency) of the diet in females from Eckert
James River Cave. Olmedo et al. (2021) found Coleoptera
in 36% of the fecal samples from Estancia and Paititi
Nature Reserve. Whitaker and Odegard (2019) showed
Coleoptera to be the second most common prey item for
bats roosting under the Congress Avenue Bridge in 1991.
Matthews et al. (2010) identified Coleoptera as the third
most abundant item during June, July, and September of
2000 and March of 2002 in Big Bend National Park. Lee
and McCracken (2002) concluded that Coleoptera had
the second-greatest percent volume of diet items from
Frio Cave. Krauel et al. (2017) found Coleoptera to be the
third most frequent food item in the diets of bats in Frio
Cave. McCracken et al. (2012) found three different
species of Coleoptera in the diet of bats from Seco Creek,
Texas. Lastly, Whitaker and Rodriguez-Duran (1999),
Long et al. (1998), and Storer (1926) found remnants
of Coleoptera in their examinations, but other insects
were notably more abundant.

Other orders of insects found in the diet of these bats
include the following: Diptera (17 studies), Hemiptera
(15 studies), Hymenoptera (11 studies), Neuroptera (10
studies), Homoptera (9 studies), Trichoptera (9 studies),
Orthoptera (7 studies), Ephemeroptera (6 studies),
Aranea (5 studies), Odonata (4 studies), Isoptera (3
studies), Plecoptera (3 studies), Psocoptera (2 studies),
Ixodidae (1 study), Megaloptera (1 study), Mecoptera (1
study), Blattaria (1 study), and Actinotrichia (1 study).
Two of the studies, McCracken et al. (2012) and Krauel et
al. (2017), have identified the genus and species of items
found in the diet; however, the other 17 studies only
reported the order and sometimes family.

Bats are the second-largest order of mammals, distrib-
uted worldwide, and perhaps the most maligned and least
understood of any other mammal (Tuttle, 2005). One of
the more positive attributes of bats is their perceived role
in their environment as pest foragers. Of the identified
food items, pests include insects in the families Culicidae
(order Diptera), Pentatomidae, and Lygaeidae (order
Hemiptera), Crambidae, Erebidae, Noctuidae, and Pyr-
alidae (order Lepidoptera), and Gryllidae (order Or-
thoptera). Surprisingly, only four studies reviewed here
found mosquitoes to be part of the Tadarida diet;
Whitaker and Odegard (2019) found mosquitos to make
0.1% of volume and 1% frequency of fecal contents from
bats under the Congress Avenue Bridge. Whitaker and
Rodriguez-Duran (1999) also found less than 1% fre-
quency of mosquitoes in their diet analysis of T. brasiliensis
antillularum in Puerto Rico. Olmedo et al. (2021) found
mosquitos to make up ~12% of the relative frequency of
prey in the digestive tract of bats in Estancia and Paititi
Nature Reserve. The results of these three studies were
based on visual identification of fecal pellets. As discussed
by Rabinowitz and Tuttle (1982), the differential digest-
ibility of prey types greatly biases the conclusions of
manual fecal analysis. Storer (1926) concludes that there
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is no doubt that bats eat mosquitos, but because of how
digestible the body parts are, it is possible they went
undetected in all the other 15 studies reviewed. In
addition, sampling biases may lead to misconceptions
about the diet of these animals. Differences in the season
or time of night in which samples are collected might
influence prey availability. For example, Parajulee et al.
(2004) determined that moth abundance is positively
correlated with temperature and negatively correlated
with wind velocity; two conditions that frequently fluctu-
ate. Furthermore, the understanding of the impact these
bats have on pest control might be underestimated. If
bats consistently forage on insects carrying eggs, the
magnitude of their impact on their prey could be greater
than now thought. Perhaps with a more modern
approach to analyzing the diet of these animals, we can
determine the beneficial impact they might have on
humans, the ecosystem services they deliver, and how
conservation efforts need to be structured.

In the reviewed articles, 15 of the 19 studies relied on
morphological evidence of prey in dissected fecal samples
and two relied on examination of stomach contents. A
serious limitation of this method is that visual inspection
and microdissection of samples strongly bias the results
toward insects with hard shells such as beetles or large
scales such as moths. This technique is much less likely to
reveal remains of soft-bodied or fragile species such as
mayflies and mosquitoes (Rabinowitz and Tuttle, 1982).
Modern molecular techniques such as DNA barcoding
have been shown to drastically improve the validity and
certainty of diet studies in fish (Ward et al., 2005),
amphibians and reptiles (Vences et al., 2012), and
mammals (Borisenko et al., 2008). This approach has
been used to assess the diet of other bat species and has
yielded surprising results. For example, Jones et al. (2020)
used DNA barcoding to examine the diet of frog-eating
bats (Trachops cirrhosus) and discovered previously un-
known frog species and hummingbirds as part of their
diet. These results inspired follow-up behavioral studies
that showed that bats readily attacked a hummingbird
mount. Additionally, Zeale et al. (2011) used DNA
barcoding to identify over 6,000 species of arthropod
prey from fecal pellets of three species of insectivorous
bats. Two of the studies reviewed in this article, Krauel et
al. (2017) and McCracken et al. (2012), used DNA
extracted from fecal pellets to identify items in the diet of
Tadarida. In fact, the study by Krauel et al. (2017) is the
fourth of the reviewed articles to find evidence of
mosquitos. Using modern molecular approaches to study
diets can be leveraged to gain a more accurate assessment
of what these bats are eating, leading to fascinating new
questions.

We thank M. D. Tuttle for editorial assistance. We thank B.
Sealey and M. Weikel for assistance with data collection and
preparation.
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brasiliensis (Mammalia: Chiroptera) in northwestern Argenti-
na. Acta Chiropterologica 20:221–228. doi:10.3161/
15081109ACC2018.20.1.017.

AMMERMAN, L. K., C. L. HICE, AND D. J. SCHMIDLY. 2012. Bats of
Texas. Texas A&M University Press, College Station.

BORISENKO, A. V., B. K. LIM, N. V. IVANOVA, R. H. HANNER, AND P. D.
N. HEBERT. 2008. DNA barcoding in surveys of small mammal
communities: a field study in Suriname. Molecular Ecology
Resources 8:471–479. doi:10.1111/j.1471-8286.2007.01998.x.
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(Molossidae). Écoscience 9:306–313. doi:10.1080/11956860.
2002.11682717.

LEE, Y. F., AND G. F. MCCRACKEN. 2005. Dietary variation of
Brazilian free-tailed bats links to migratory populations of
pest insects. Journal of Mammalogy 86:67–76. doi:10.1644/
1545-1542(2005)086<0067:DVOBFB>2.0.CO;2.

LONG, R., T. SIMPSON, T. S. DING, S. HEYDON, AND W. REIL. 1998.
Bats feed on crop pests in Sacramento Valley. California
Agriculture 52:8–10. doi:10.3733/ca.v052n01p8.

MATTHEWS, A. K., S. A. NEISWENTER, AND L. K. AMMERMAN. 2010.
Trophic ecology of the free-tailed bats Nyctinomops femorasac-
cus and Tadarida brasiliensis (Chiroptera: Molossidae) in Big
Bend National Park, Texas. The Southwestern Naturalist
55:340–346. doi:10.1894/JKF-08.1.

MCCRACKEN, G. F., E. H. GILLAM, J. K. WESTBROOK, Y. F. LEE, M. L.
JENSEN, AND B. B. BALSLEY. 2008. Brazilian free-tailed bats
(Tadarida brasiliensis: Molossidae, Chiroptera) at high alti-
tude: links to migratory insect populations. Integrative and
Comparative Biology 48:07–118. doi:10.1093/icb/icn033.

MCCRACKEN, G. F., J. K. WESTBROOK, V. A. BROWN, M. ELDRIDGE, P.
FEDERICO, AND T. H. KUNZ. 2012. Bats track and exploit

June 2022 Notes 161

Downloaded From: https://bioone.org/journals/The-Southwestern-Naturalist on 03 Aug 2023
Terms of Use: https://bioone.org/terms-of-use	Access provided by Smithsonian Institution



changes in insect pest populations. PLoS ONE 7(8):e43839.
doi:10.1371/journal.pone.0043839.

MCWILLIAMS, L. A. 2005. Variation in diet of the Mexican free-
tailed bat (Tadarida brasiliensis mexicana). Journal of Mam-
malogy 86:599–605. doi:10.1644/1545-1542(2005)86[599:
VIDOTM]2.0.CO;2.

OLMEDO, M. L., C. G. NOSCHESE, D. ROMERO, AND J. PABLO. 2021.
Composition of the diet of Tadarida brasiliensis (Chiroptera:
Molossidae) in the southeast of the province of Buenos Aires,
Argentina. Journal of the Argentine Museum of Natural
Sciences 23:1–13.

PARAJULEE, M. N., D. R. RUMMEL, M. D. ARNOLD, AND S. C. CARROLL.
2004. Long-term seasonal abundance patterns of Helicoverpa
zea and Heliothis virescens (Lepidoptera: Noctuidae) in the
Texas High Plains. Journal of Economic Entomology 97:668–
677. doi:10.1093/jee/97.2.668.

RABINOWITZ, A. R., AND M. D. TUTTLE. 1982. A test of the validity of
two currently used methods of determining bat prey
preferences. Acta Theriologica 27:283–293. doi:10.4098/AT.
arch.82-25.

RAMIREZ, G., AND M. PARDO. 2010. Composition, diet and trophic
structure of the bat community present in the area of
influence of the park. Pages 221–265 in Ecological studies in
the Rancherı́a Municipal Natural Park, a contribution to its
conservation. Pedagogical and Technological University of
Colombia.

ROSS, A. 1961. Notes on food habits of bats. Journal of
Mammalogy 42:66–71. doi:10.2307/1377243.

STORER, T. I. 1926. Bats, bat towers and mosquitoes. Journal of
Mammalogy 7:85–90. doi:10.2307/1373673.

TUTTLE, M. D. 2005. America’s neighborhood bats: understand-

ing and learning to live in harmony with them. Second
edition. University of Texas Press, Austin.

VENCES, M., Z. T. NAGY, G. SONET, AND E. VERHEYEN. 2012. DNA
barcoding amphibians and reptiles. Pages 79–107 in DNA
barcodes (W. Kress and D. Erickson, editors). Humana Press,
Totowa, New Jersey.

WARD, R. D., T. S. ZEMLAK, B. H. INNES, P. R. LAST, AND P. D. HEBERT.
2005. DNA barcoding Australia’s fish species. Philosophical
Transactions of the Royal Society B: Biological Sciences
360:1847–1857. doi:10.1098/rstb.2005.1716.

WHITAKER, J. O., AND D. ODEGARD. 2019. Food of the free-tailed
bat, Tadarida brasiliensis, from Congress Avenue Bridge,
Austin Texas. The Southwestern Naturalist 64:20–22. doi:10.
1894/0038-4909-64-1-20.

WHITAKER, J. O., AND A. RODRIGUEZ-DURAN. 1999. Seasonal
variation in the diet of Mexican free-tailed bats, Tadarida
brasiliensis antillularum (Miller) from a colony in Puerto Rico.
Caribbean Journal of Science 35:23–28.

WHITAKER, J. O., C. NEEFUS, AND T. H. KUNZ. 1996. Dietary variation
in the Mexican free-tailed bat (Tadarida brasiliensis mexicana).
Journal of Mammalogy 77:716–724. doi:10.2307/1382676.

WILKINS, K. T. 1989. Tadarida brasiliensis. Mammalian Species
331:1. doi:10.2307/3504148.

ZEALE, M. R. K., R. K. BUTLIN, G. L. A. BARKER, D. C. LEES, AND G.
JONES. 2011. Taxon-specific PCR for DNA barcoding arthro-
pod prey in bat faeces. Molecular Ecology Resources 11:236–
244. doi:10.1111/j.1755-0998.2010.02920.x.

Submitted 16 February 2022. Accepted 10 February 2023.
Associate Editor was Jesus A. Fernandez.

162 vol. 67, no. 2The Southwestern Naturalist

Downloaded From: https://bioone.org/journals/The-Southwestern-Naturalist on 03 Aug 2023
Terms of Use: https://bioone.org/terms-of-use	Access provided by Smithsonian Institution

AP Proofreader
Text Box
bmi and bmii = BLANK




