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Introduction
Healthy ecosystems deliver regulatory and supporting processes as well as pro-
visions and cultural benefits that sustain all life, including human beings. These
are considered ecosystem services (United Nations Millenium Ecosystem Assess-
ment, 2005). Regulatory processes include insect suppression, pollination, seed
dispersal, water, and air purification. These support nutrient cycling, soil forma-
tion, and primary production as well as providing food, fuel, and medicines. Cul-
tural benefits include any aesthetic, spiritual, educational, or recreational
contributions that improve human life (Kunz et al., 2011). Here, we focus on
the ecosystem services provided by bats, specifically through their foraging
behaviors.

Bats (Chiroptera) are the second largest order of mammals. The first fossils are
over 50 million years old (Rietbergen et al., 2023) The over 1400 extant species
(Simmons and Cirranello, 2023) are classified in two suborders, Yinpterochiroptera
and Yangochiroptera (Simmons and Cirranello, 2023), Insectivory is the most com-
mon diet, but other foods include other animals as well as plants (Kunz et al., 2011).
Within Yinpterochiroptera, most species feed primarily on fruit and nectar. Yango-
chiroptera include species that primarily eat nectar, fruits, frogs, fishes, birds, arthro-
pods, small mammals, and blood (Fleming and Muchhala, 2008; Hall et al., 2021;
Muscarella and Fleming, 2007; Rojas et al., 2012).

With this large variety of dietary guilds, combined with consuming large
amounts of food relative to their body size, bats contribute to insect suppression,
seed dispersal, and pollination. These important ecological processes translate
into ecosystem services (Fig. 15.1). About 2/3 of bat species eat mainly insects,
some of which are pests of plants and animals (Kunz et al., 2011). By their diet,
insectivorous bats may minimize pest damage to crops, leading to higher yields
and lower costs for pest control (Russo et al., 2018; Tuneu-Corral et al., 2023).
Frugivorous and nectarivorous bats pollinate over 500 species of angiosperms and
disperse the seeds of more than 500 plant species, many of which are economically
important and provide provisions such as fruit or timber (Fleming and Muchhala,
2008; Lobova et al., 2009). Frugivorous and nectarivorous bats also disperse pioneer
species, supporting forest regeneration. They may also be important in maintaining
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genetic diversity of plant populations through pollination and seed dispersal (Biscaia
de Lacerda et al., 2008; Law and Lean, 1999; Muscarella and Fleming, 2007).

Unfortunately, many anthropogenic activities threaten bats and the ecosystem
services they provide. Bats are too often perceived as vectors of diseases, such as
rabies, or even as supernatural vampire-like creatures, contributing to the intentional
killing of bats (Frick et al., 2020; Tuttle, 2013). Hunting bats for food has led to the
decline and local extinction of many species (Mickleburgh et al., 2009). Habitat
destruction and land-use change have led to greater bat mortality by removing
foraging and roosting habitats and causing declines in prey abundance (Frick
et al., 2020; Muylaert et al., 2016; Russo and Ancillotto, 2015). In Canada and
the United States, 12 bat species are declining due to white-nose syndrome, a fungal
infection that causes hibernating bats to arouse more frequently than normal, pro-
voking an often fatal physiological cascade (Hoyt et al., 2021). Here, we examine
the direct and indirect benefits that bats provide to ecosystems and humans by
consuming arthropods, fruits, and nectar. We briefly touch on ecosystem disservices
and conclude with conservation recommendations to maintain and protect the
ecosystem services provided by bats.

Arthropod suppression
Insectivorous bats have a significant impact in ecosystems, with more than half of
bat species eating mainly insects. These bats forage by gleaning insects from vege-
tation and water bodies or by hunting insects in open areas such as grasslands, agri-
cultural fields, and forest canopy. Below, we discuss the role of bats in pest
suppression in agricultural and natural systems.

FIGURE 15.1

Bats provide direct benefits by eating insects, fruits, and nectar. Insectivorous bats

consume crop pests, minimizing economic losses from crop damage and also feed blood-

sucking pests that are harmful to both livestock and humans. Frugivorous bats disperse

seeds, aiding in dispersal of forest regeneration and connectivity. Nectarivorous bats are

important pollinators for many flowering plants, facilitating plant mating and genetic

diversity.
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Although small, insectivorous bats consume a lot of insects in terms of total
biomass. In several species, individuals eat more than half of their body weight
each night (Kunz et al., 1995; Russo et al., 2018). There are estimates that the little
brown bat (Myotis lucifugus) daily can consume more than 100% of its body mass,
and the Brazilian free-tailed bat (Tadarida brasiliensis) may consume up to 70% of
its body mass each night (Kurta et al., 1989). A dietary analysis of the common big-
eared bat (Micronycteris microtis) shows that daily, it can eat up to 84% of its own
body mass of 5e7 g, with a population of 600 individuals in Barro-Colorado Island
eating at least 700 kg of insects per year (Kalka and Kalko, 2006). One colony of one
million female Brazilian free-tailed bats is estimated to consume at least eight
tonnes of insects in one night (Kalka and Kalko, 2006; Kunz et al., 2011).

As generalist predators, insectivorous bats eat a range of insects, largely of the
orders of Lepidoptera, Coleoptera, Diptera, Homoptera, and Hemiptera (Black,
1974; Kunz, 1974; Kunz et al., 1995; Kurta and Whitaker, 1998; Lee and
McCracken, 2002; Leelapaibul et al., 2005; Whitaker, 1972). These arthropod orders
include agricultural pests such as June beetles, click beetles, leafhoppers, plant hop-
pers, spotted cucumber beetles, Asiatic oak weevils, green stinkbugs, cotton boll-
worm, and pest moths (Baroja et al., 2021; Brown et al., 2015; Cohen et al.,
2020; Des Marais et al., 1980; Froidevaux et al., 2017; Jay et al., 2012; Kolkert
et al., 2021; Mizutani et al., 1992; Rodrı́guez-San Pedro et al., 2020; Taylor et al.,
2018; Whitaker, 1972; Williams-Guillén et al., 2008; Tuneu-Corral et al., 2023).

Insectivorous bats track arthropod abundance, as seen by the temporal correla-
tion between bat and prey activity on annual and daily bases (Charbonnier et al.,
2014; Maine and Boyles, 2015; McCracken et al., 2012). Other studies show spatial
correlations between bat and insect prey activity (Fukui et al., 2006; Müller et al.,
2012). The benefits of tracking are seen in Brazilian free-tailed bats that follow
corn earworm moths migrating north into the United States. Corn earworm moths
(Helicoverpa zea) will migrate to the United States and lay eggs in silking corn
(Zea mays) after which larvae emerge to infest surrounding crops, most notably cot-
ton (Gossypium spp), and continue migrating north (Lingren et al., 1993; Westbrook
et al., 1995; Wolf et al., 1990). By tracking the billions of corn earworm moths that
migrate to the United States, Brazilian free-tailed bats not only prevent them from
laying eggs but may avoid their migration to other agricultural settings in the coun-
try, ultimately preventing crop damage in areas far outside of their foraging range
(Kunz et al., 2011; McCracken et al., 2012).

Globally, insectivorous bats are estimated to prevent the loss of up to 50% of
crops by feeding on such pests (Pimentel et al., 1978) and thereby yield strong eco-
nomic benefits (Table 15.1). In an Indonesian cacao (Theobroma cacao) plantation,
bat exclusions lead to a decrease in the numbers of seeds produced and fruits har-
vested (Maas et al., 2013). When birds and bats are excluded, there is a 326 kg/ha
loss of cacao yield, which translates to a loss of 730 USD/ha (Maas et al., 2013).
For corn, pest suppression by bats is estimated to be worth more than 1 billion
USD per year (Maine and Boyles, 2015). In fact, bat exclusion in cornfields lead
to increased numbers of corn earworm larvae and a more than 50% increase in
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Table 15.1 Known economic evaluations of ecosystem services provided by
bats. For insectivorous bats, economic values are given for specific services
provided to crop plants. For nectarivorous bats, economic values are given for
the commercial sale of plants. Economic values are listed per hectare when
available.

Taxon Service

Economic
value
(USD)/year

Geographic
area Source

Cacao
Theobroma
cacao

Pest suppression $730/ha Napu Valley,
Sulawesi,
Indonesia

Maas et al. (2013)

Corn
Zea mays
(non-Bt)

Pest suppression $851 million Global Maine and Boyles
(2015)

Pest suppression
with pesticide
spray

$886/ha Winter Garden
Region, Texas,
USA

Federico et al.
(2008)

Corn
Zea mays
(Bt)

Pest suppression > $1 billion Global Maine and Boyles
(2015)

Pest suppression
with pesticide
spray

$214/ha Winter Garden
Region, Texas,
USA

Federico et al.
(2008)

Cotton
Gossypium

Reduced
pesticide use

$200,000 Winter Garden
Region, Texas,
USA

Cleveland et al.
(2006)

Cotton
Gossypium

Reduced public
health and
environmental
costs of pesticide
use

$6000 Winter Garden
Region, Texas,
USA

Cleveland et al.
(2006)

Cotton
Gossypium

Pest suppression $12.24
million

Southwestern
USA

López-Hoffman
et al. (2014)

All US
agriculture

Pest suppression
and reduced
pesticide use

$229 billion USA Boyles et al.
(2011)

Rice
Oryza

Pest suppression $1,213,997 Thailand Wanger et al.
(2014)

Reduced
pesticide use

$22/ha Buda Island,
Ebre Delta,
Iberia

Puig-Montserrat
et al. (2015)

Durian
Durio

Commercial fruit $117/ha Sulawesi,
Indonesia

Sheherazade
et al. (2019)

Commercial fruit $120 million Southeast Asia Myers (1985)
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the number of damaged kernels per ear of corn (Maine and Boyles, 2015). Bats also
suppress pests in pine (Pinus spp) plantations, where higher bat activity has been
correlated with a decrease in colonies of the pine processionary moth (Thaumeto-
poea pityocampa), a major defoliator of pines (Charbonnier et al., 2014).

By eating crop pests, bats help farmers reduce their expenditures on insecticides.
Insectivory by Brazilian free-tailed bats allows cotton growers to reduce the fre-
quency of insecticide applications (Federico et al., 2008), minimizing costs and
negative ecological impacts such as pollinator declines and pollution of aquatic eco-
systems (Potts et al., 2016; Stoler et al., 2017).

Bats can also reduce crop damage by pests even when not directly feeding on
them; some insects with bat-detecting ears avoid areas where bats are active,
creating a “soundscape of fear” (Russo et al., 2018). In the evolutionary arms race
between bats and moths, crop pest moths have evolved tympanic organs that allow
them to hear echolocation calls (ter Hofstede and Ratcliffe, 2016). When these tym-
panate moths are exposed to broadcast bat echolocation calls in agricultural land-
scapes, there is lower pest infestation and a disruption of moth mating behaviors
(Acharya and McNeil, 1998; Belton and Kempster, 1962; Huang et al., 2003; Huang
and Subramanyam, 2004).

Table 15.1 Known economic evaluations of ecosystem services provided by bats. For

insectivorous bats, economic values are given for specific services provided to crop

plants. For nectarivorous bats, economic values are given for the commercial sale of

plants. Economic values are listed per hectare when available.dcont’d

Taxon Service

Economic
value
(USD)/year

Geographic
area Source

Bitter bean
Parkia
speciosa
and tree
bean
P. javanica

Commercial fruit $15 million Peninsular
Malaysia

Ng (1980); Fujita
and Tuttle (1991)

Kapok tree
Ceiba
pentandra

Fiber $4.5million Indonesia Indonesian
Bureau of
Statistics (1986);
Fujita and Tuttle
(1991)

Seed oil $500,000 Indonesia Indonesian
Bureau of
Statistics (1986);
Fujita and Tuttle
(1991)

Palaguium Timber > $5 million Malaysia Fujita and Tuttle
(1991)
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As pests damage leaves of crop plants, fungal infections and their mycotoxins
and metabolic byproducts increase (Diekman and Green, 1992; Fennell et al.,
1975). In corn, fungi such as Aspergillus flavus and Fusarium graminear commonly
infect ears damaged by corn earworm moths (Fennell et al., 1975). Fumosin (a
fungal mycotoxin) can make livestock vomit and eat less feed, while other myco-
toxins can disrupt the reproduction of livestock (Diekman and Green, 1992). Myco-
toxin contamination has large economic costs, with one estimate of 197 million USD
in losses due to contaminated corn (Shane, 1984). By feeding on corn earworm
moths, bats indirectly suppress these fungal infections and mycotoxins (Maine
and Boyles, 2015), thereby rendering a critical ecosystem service to livestock pro-
ducers and crop farmers (Diekman and Green, 1992).

Bats also consume blood-sucking pests, with DNA analysis of fecal samples
show that bats eat mosquitos and biting midges, which can be harmful to human
and nonhuman animals (Cohen et al., 2020; Puig-Montserrat et al., 2020). Although
there is no study to our knowledge that has directly examined the effect of bat insec-
tivory on cattle, foraging on blood-sucking pests can potentially minimize weight
loss and reduction in milk production in cattle (Ancillotto et al., 2017). Although
we found no studies that directly examined the effect of bat insectivory on human
health, bats eating mosquitos may bring direct benefits, as half the world is at risk
of mosquito-borne diseases (Aguiar et al., 2021; World Health Organization, 2014).

Pollination and seed dispersal
All members of the family Pteropodidae are phytophagous, and most of them are
frugivorous (Muscarella and Fleming, 2007). Within Pteropodidae, 15 species are
morphologically adapted to drink nectar with elongated snouts and tongues. The
rest are mainly frugivorous with some opportunistically visiting flowers (Kunz
et al., 2011; Nogueira et al., 2009). Over half of phyllostomids are plant-visitors,
with 52 species specializing in nectar (Muchhala and Tschapka, 2020) and ca. 90
species primarily eating fruits (Kunz et al., 2011). Unlike insectivorous bats,
plant-visiting bats may provide ecosystem services through mutualistic interactions,
moving plant gametes and propagules in return for fruit and nectar.

These mutualistic interactions may provide benefits for humans as well since
many plants that are dispersed and pollinated by bats are eaten by humans
(Table 15.1). Bats frequently visit plants that are cultivated and traded for the pro-
duction of fruits, seeds, and nuts (Aziz et al., 2021). However, there has been limited
research evaluating the economic value of fruit crops dispersed by bats. This diffi-
culty arises from challenges in accurately identifying and quantifying the economic
values of locally sold crops (Kunz et al., 2011).

Other plants visited by bats have provisional values, such as having oil for scent-
ing items, being used as pulp or timber, or being cultivated as ornamentals (Gardner,
1977; Lobova et al., 2009). In the neotropics, the five plant families (Cactaceae, Are-
caceae, Sapotacea, Moraceae, Myrtaceae) dispersed by the greatest number of
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phyllostomid genera include 1.6% by volume of exported timber (Muscarella and
Fleming, 2007). In tropical Asia and Australia, the five plant families (Sapotaceae,
Anacardiaceae, Meliaceae, Arecacea, Rubiaceae) dispersed by the greatest number
of pteropodid genera includes 3.7% by volume of exported timber. In tropical Af-
rica, the five plant families dispersed by the greatest number of pteropodid species
include 34.3% by volume of exported timber (Muscarella and Fleming, 2007). Some
nectarivorous bats are the sole or major pollinators for plants with economic and
provisional benefits such as Agave (Rocha et al., 2005; Trejo-Salazar et al., 2016)
and two species of columnar cacti, Carnegiea gigantean and Stenocereus thurbei
(Fleming and Valiente-Banuet, 2002).

Pollination and seed dispersal by bats indirectly benefit humans as well through
the maintenance of healthy and biodiverse ecosystems. Many people value conser-
vation of certain habitats or species that are dependent on bats (Oguh et al., 2021).
Healthy ecosystems also allow recreational activities and benefit ecotourism and are
the foundation of regulating services humans depend on for clean air and water
(Oguh et al., 2021).

Nectarivorous bats are particularly effective at promoting genetic connectivity
between plant populations because they can fly long distances. For instance, in
the Brazilian Amazon, bat pollinators of West Indian locust (Hymenaea courbaril)
move pollen up to 18 km (Biscaia de Lacerda et al., 2008), while in the Australian
rain forest, the common blossom bat (Syconycteris australis) can fly 6 km when
foraging for nectar (Law and Lean, 1999). In Mexico, both Pallas’s long-tongued
bat (Glossopahaga soricina) and the southern long-nosed bat (Leptonycteris cura-
soae) visit flowers of isolated Ceiba grandiflora in agricultural fields and pastures
(Quesada et al., 2004).

In frugivorous bats, long distance seed dispersal is partially mediated by feeding
behaviors. Those that contribute to long distance seed dispersal are “fast feeders,”
and consume fruits within a few minutes, swallow most or all of the seeds, and defe-
cate them within 30 min (Dumont, 2003). These bats include the genus Carollia,
with some species traveling 1e2 km between foraging areas (Dumont, 2003).
“Slow feeders” will eat fibrous fruits, chewing on them and swallowing the juices
before spitting out the seeds (Dumont, 2003) but still swallow and defecate fig (Ficus
spp) seeds (Tang et al., 2007). The Jamaican fruit bat (Artibeus jamaicensis), a “slow
feeder,” can carry figs up to 250 m away before feeding again, and within a single
night will visit trees 1 km apart from each other (Morrison, 1978; Tang et al.,
2007). The Jamaican fruit bat and the great fruit-eating bat (A. lituratus) have
even been found to consume up to 200% of their body mass in pulp each day,
dispersing a large number of seeds daily (Charles-Dominique, 1991; Morrison,
1978). The Egyptian fruit bat (Rousettus aegyptiacus) facilitates asynchronous
germination, which increases the probability in unpredictable environments, by
either spitting out or digesting and passing seeds (Izhaki et al., 1995). Behaviors
also vary among individuals, as pregnant and lactating females have higher energy
requirements and will increase fruit consumption while foraging over shorter dis-
tances (Charles-Dominique, 1991; Korine et al., 2013; Morrison, 1978).
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Pteropodids are key seed dispersers in Old World tropical islands due to their
flying distances (Oleksy et al., 2015). The Mauritian flying fox (Pteropus niger) is
an important disperser on Mauritius, traveling 6e9 km between forest fragments
(Oleksy et al., 2019). In the case of the greater short-nosed fruit bad (Cynopterus
sphinx), they can digest fig seeds for more than 12 h, potentially aiding dispersal
across islands (Shilton et al., 1999). In fact, pteropodid-dispersed Ficus were early
colonists on islands, attracting other frugivores that sequentially brought seeds from
other species, leading to forest regeneration (Kunz et al., 2011; Muscarella and
Fleming, 2007; Shilton and Whittaker, 2009).

In the New World tropics, frugivorous bats are critical for tropical succession
because they are the most abundant seed-dispersers (Medellin and Gaona, 1999).
Volant vertebrates (bats and birds) are responsible for more than 80% of seed rain
in the neotropics (Galindo-González et al., 2000). Although not all phyllostomids
are primarily frugivorous, all species that do eat fruit include at least one of five
main neotropical plant genera in their diet (Cecropia, Ficus, Piper, Solanum, Vismia)
(Lobova et al., 2009), of which Cecropia, Solanum, and Vismia are dominant pioneer
species (Foster et al., 1986; Mesquita et al., 2001; Oleksy et al., 2017; Saldarriaga
et al., 1988; Toledo and Salick, 2006; Uhl, 1987). Bats also forage relatively
frequently in forest fragments in lowland tropics (Arteaga et al., 2006; Estrada
et al., 1993; Schulze et al., 2000), minimizing habitat fragmentation by dispersing
seeds under isolated trees in abandoned agricultural lands or defecating seeds
mid-flight in open areas (Duncan and Chapman, 1999; Galindo-González et al.,
2000; Muscarella and Fleming, 2007).

Long distance seed dispersal can be critical because seeds dispersed too close to
parent plants may suffer increased mortality from predation, pathogens, and intra-
specific competition (Harms et al., 2000). It is important to acknowledge that while
bats contribute to seed dispersal, the ecosystem services derived from frugivory rely
on the successful germination of dispersed seeds. This successful germination is
contingent not only upon seed viability but also habitat quality of the locations
where the seeds are deposited (Chan et al., 2021).

Plant pollinated and dispersed by bats are also important for community
structure and ecosystem function. One classic example is the dispersal of trop-
ical figs, which are considered keystone species (Shanahan et al., 2001). Bats
pollinate mangroves, which are involved in many ecosystem functions (Coupland
et al., 2006), providing habitats for diverse assemblages of plants and animals, as
well as reproductive habitats and shelter, and play important roles in nutrient
cycling and water purification (Barbier et al., 2011). Mangroves are crucially
important to humans, serving as a vital source of physical protection against
storms, flooding, and tsunamis (Barbier et al., 2011). These ecosystems play a
significant role in mitigating the destructive impacts of natural disasters,
providing valuable coastal defense and safeguarding coastal communities and
infrastructure.
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Ecosystem disservices
Although bats provide many benefits through foraging, their behaviors may also
adversely affect ecosystem services. For example, insectivorous bats also feed on
predatory arthropods, which may lead to a release of pest suppression at a lower tro-
phic level (Maas et al., 2013). Experimental bat exclusions in agriculture show an
increase in predatory spiders and ants in agriculture (Maas et al., 2013); however,
some evidence suggests this does not affect yield (Denmead et al., 2017). In the
case of frugivory, bats also consume commercial fruits, such as lychee (Litchi cin-
ensis), arecanut (Areca catechu), and sapota (Achrus zaptoa), leading to economic
losses (Chakravarthy and Girish, 2015; Oleksy et al., 2019). Finally, in some cases,
bats disperse and pollinate exotics plants, particularly in urban areas (Chan et al.,
2021; Corlett, 2005).

Conservation recommendations
A key tool for effective conservation is raising awareness about the economic advan-
tages that bats bring. However, the scarcity of studies focusing on the monetary
value of bats’ ecosystem services is apparent. To address this gap, this review pre-
sents a compilation of diverse valuations related to bat’s ecosystem services
(Table 15.1). Effective valuation of ecosystem services requires understanding not
only the structure and function of the natural system but also its link with human
systems, and how both affect consumptive (e.g., agriculture) and nonconsumptive
(e.g., recreation) uses (National Research Council, 2005). Despite the availability
of site-level analyses of economic contributions, there is difficulty in scaling those
up to a global level as the value of ecosystem services varies spatially (Plummer,
2009). Although it is difficult to estimate economic values from a comprehensive
analysis, effort should be directed to collecting detailed data on bats and the organ-
isms they interact with, as well as other factors that influence ecosystem services
(National Research Council, 2005).

In this review, we have shown that, through foraging, bats play critical roles in
ecosystem services, benefitting both natural processes and human well-being. Insec-
tivorous bats are important arthropod suppressors, especially in agricultural systems
where they minimize crop damage, saving millions in USD each year. Through seed
dispersal and pollination, frugivorous and nectarivorous bats not only maintain ge-
netic diversity of plant populations but also sustain ecologically and economically
important plant species.

The International Union for Conservation of Nature (IUCN) considers 80% of
bat species as threatened, data deficient, or suffering from decreased populations
(IUCN; Frick et al., 2020). Major threats include logging, agriculture, and the com-
bination of hunting and persecution, with some hunting driven by public fears and

Conservation recommendations 295



misconceptions of bats (Frick et al., 2020; Tuttle, 2013). In light of these threats,
addressing research gaps will aid in managing natural and altered environments to
support biodiversity and ecosystem processes. For many plant species, we do not
know the fate of seeds dropped and defecated by bats, and future work should inves-
tigate the germination and survival rates to determine bats’ true contributions to seed
dispersal (Chan et al., 2021). This can help devise strategies to prioritize which plant
species require conservation efforts. We also must understand how urbanization is
affecting bat communities and in turn the ecosystem services they provide. The
changes in habitat composition and food availability, introduction of nonnative plant
and animal species, as well as light, noise, and chemical pollution are all factors in
urban areas that can influence bat behaviors and their services. We can then better
support bats in urban areas by managing green spaces, pollutants, and the presence
of nonnative species.
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López-Hoffman, L., Wiederholt, R., Sansone, C., Bagstad, K.J., Cryan, P., Diffendorfer, J.E.,
Goldstein, J., LaSharr, K., Loomis, J., McCracken, G., Medellı́n, R.A., Russell, A.,
Semmens, D., 2014. Market forces and technological substitutes cause fluctuations in
the value of bat pest-control services for cotton. PLoS One 9 (2), e87912. https://
doi.org/10.1371/journal.pone.0087912.

Maas, B., Clough, Y., Tscharntke, T., 2013. Bats and birds increase crop yield in tropical agro-
forestry landscapes. Ecol. Lett. 16 (12), 1480e1487. https://doi.org/10.1111/ele.12194.

Maine, J.J., Boyles, J.G., 2015. Bats initiate vital agroecological interactions in corn. Proc.
Natl. Acad. Sci. U. S. A. 112 (40), 12438e12443. https://doi.org/10.1073/pnas.15054
13112.

McCracken, G.F., Westbrook, J.K., Brown, V.A., Eldridge, M., Federico, P., Kunz, T.H., 2012.
Bats track and exploit changes in insect pest populations. PLoS One 7 (8), e43839. https://
doi.org/10.1371/journal.pone.0043839.

Medellin, R.A., Gaona, O., 1999. Seed dispersal by bats and birds in forest and disturbed hab-
itats of Chiapas, Mexico. Biotropica 31 (3), 478e485. https://doi.org/10.1111/j.1744-
7429.1999.tb00390.x.

Mesquita, R.C.G., Ickes, K., Ganade, G., Bruce Williamson, G., 2001. Alternative succes-
sional pathways in the Amazon basin. J. Ecol. 89 (4), 528e537. https://doi.org/
10.1046/j.1365-2745.2001.00583.x.

Mickleburgh, S., Waylen, K., Racey, P., 2009. Bats as bushmeat: a global review. Oryx 43 (2),
217e234. https://doi.org/10.1017/S0030605308000938.

Mizutani, H., McFarlane, D.A., Kabaya, Y., 1992. Nitrogen and carbon isotope study of bat
guano core from Eagle Creek Cave, Arizona, U.S.A. J. Mass Spectrom. Soc. Jpn. 40
(1), 57e65.

Morrison, D.W., 1978. Foraging Ecology and Energetics of the frugivorous bat artibeus
jamaicensis. Ecology 59 (4), 716e723. https://doi.org/10.2307/1938775.

Muchhala, N., Tschapka, M., 2020. The ecology and evolution of nectar-feeding
phyllostomids. In: Fleming, H., Davalos, L., Mello, M. (Eds.), Phyllostomid Bats, a
Unique Mammalian Radiation. University of Chicago Press.
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