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Bats are emblematic hosts of caves. These small flying mammals deserve special attention because their presence has a great
economic and ecological impact; they introduce organic matter, the guano, in the ecosystem they live in. Indeed, “guano” (a
Quechua word meaning “fertilizer”) is the accumulation of their fecal matter (excreta); its deposition can reach several meters. The
composition of guano is influenced by the bat’s food. In addition to its role within the caves, the bat guano is exploited for various
purposes; it is used as an effective fertilizer for the cultivation of plants because of having exceptionally high content of nitrogen,
phosphate, and potassium and also for the improvement of detergents and other products of great value for humans. The bat
guano hosts various classes of microorganisms (viruses, bacteria, algae, fungi, and protists), which are adapted to the cave
environment. Since guano is highly acidic, these microorganisms can be considered as extremophiles. They produce functional
organic compounds in extreme conditions that could be of interest not only in the drug industry but also in different bio-
technological areas. Here, we review already available information on the ecological and economic effects of bats and their guano.
We report their food preferences, foraging behaviors, and environmental impacts. Information on these aspects may be useful in

finding a solution about protection and preservation of bat populations.

1. Introduction

The order Chiroptera (of the bats) is the second most diverse
among all the orders of mammals, which presents a great
ecological and physiological diversity. Bats evolved 52
million years ago and enlarged into more than 1,232 existing
species [1]. They are an integral part of the environment and
have ecological and economic importance for humans [2].
Insectivorous bats help suppress the natural and anthro-
pogenic pathogenic insects, whereas frugivorous bats help
conserve forest diversity by dispersing seeds in different
ecosystems and often introduce new plant species [3]. The
guano of these small mammals can provide nutrients and
energy to the terrestrial and aquatic ecosystems. But, in
recent years, many anthropogenic activities, such as de-
struction of forests and other terrestrial ecosystems, the

disruption of caves, depletion of food resources, and overuse
of pesticides, contributed to the unintentional killing of bats
[4].

In the present article, we provide an overview about the
mode of life of bats, the direct or indirect benefits they bring
to the environment, and importance of preserving the bats.
We zoom in on the bat guano, which is characterized by its
rich mineral composition and having a diversity of mi-
croorganisms that can be exploited for use in various fields.

2. Bats

Bats are emblematic hosts of caves. They constitute a diverse
group of mammals belonging to the order Chiroptera, which
colonizes all the terrestrial ecosystems, except the polar
regions and some oceanic islands. They form a huge
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nonhuman aggregation and are the most abundant mam-
mals in terms of number of individuals. Nearly 1,232 species
of bats have been identified worldwide, which means that
one in five (21%) mammal species is a bat [1]. The bats have
variable weights ranging from 2 g of the smallest Craseo-
nycteris thonglongyia to 1.6kg of the largest Pteropus
giganteus [2].

Analysis of fecal matter of bats allows identification of
their great dietary diversity [5, 6]. There are insectivorous,
frugivorous, herbivorous, nectarivorous, and even san-
guivorous (blood eating) bats (vampires) [7].

Globally, about 70% of bats are insectivorous [8]. They
are among the biggest predators of flying insects (Figure 1)
and prove to be valuable pest management agents in natural
and man-made ecosystems. They eat large numbers of
lepidopterous (butterflies), coleopterous (beetle), dipterous
(flies), homopterous (cicadas and leathoppers), and he-
mipterous (true bugs) insects [10, 11].

The size of the prey can vary from 1 mm (midges and
mosquitoes) to 50mm long (beetles and large mites)
depending on the species of bat. Bats often eat all the night
and then return to their roosts to nurse and rest during
periods of low insect activity [12].

On the contrary, herbivorous bats feed on various
segments of plants, including flowers, pollen, nectar, leaves,
and fruits. Bats which feed on fruits are called frugivores, and
they are generally abundant in secondary forests [13, 14] due
to the high production of fruit plants characteristic of these
ecosystems (e.g., Piper and Cercopia) [15] (Figure 2).

Bats are nocturnal animals. Although they may see well,
yet many bats have a sonar system-based strategy called
echolocation to find their preys, avoid obstacles, and locate
their roosting in the dark [16, 17]. Echolocation in bats is
their capacity to release a series of acute cries (sonar) with
their mouth or nose (Figure 3). This enables them to locate,
move, and hunt their prey, having information on the di-
rection, distance, size, and even texture of the insect [18].

2.1. Lifestyle. Bats inhabit a wide range of roosts, such as
deserted mines, caves, and tree-related microhabitats such as
cavities, crevices in trunks, and branches, to rest and breed.
Caves are especially considered as an ideal habitat for
heterothermic bat species, mainly to breed and hibernate
[19, 20].

In winter, some bats migrate south to search for their
food, while others hibernate when insects are hard to find.
Bats travel generally less than 200 miles, following the same
itinerary and path as migratory birds do [21]. Bats can also
move from nursery caves adapted to the rapid growth of
their young to cooler caves with stable temperatures in
winter [22].

When a bat hibernates, its metabolism, body tempera-
ture, breathing, and heart rate decrease. The muscle tissue of
hibernating bats shows a significant decline in oxidative
potential, no change in glycolytic potential, and no alteration
in fibre composition. Throughout hibernation, bats do not
eat, rather they survive by slowly burning fat accumulated
during the summer [19].
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Figure 1: Insectivorous bat (photo by Bruce D Taubert, Bat
Conservation International, http://www.batcon.org) [9].

Bats live exceptionally longer than other mammals of
their size. Such comparison supports Rubner’s hypothesis
(1908) that asserts that the metabolic rate is a determinant of
longevity [23]. Although there is a positive correlation be-
tween mammalian species size and longevity, Chiroptera do
not initially appear to conform to this trend. This apparent
anomaly can be explained by considering that the metabolic
rate of the bat is often reduced to low levels. In fact, bats not
only reduce metabolic rates during hibernation but they are
also able to reduce their daily physiological/metabolic levels
when they are at rest [19, 21].

2.2. 'The Importance of Bats. Bats have since long played a
crucial role in several fields. They play a key role in agri-
culture [12]. They are major benefactors to crop pollination
and seed dispersal. They are also excellent ecological indi-
cators of good quality of habitat [24].

Their presence in the caves has a modifying impact that
was since long unknown. Bats mark their presence by
physical alterations of rocks which they cling to with their
claws, chemical alterations due to the large amounts of urine
they generate which is corrosive, and gaseous alterations by
breathing, leading to significant production of carbon di-
oxide (CO,) [25].

3. Bat Guano

The bat guano is defined as the excreta of bats. In the habitat
where bats aggregate, it is produced in large amounts, ac-
tually in tons (Figure 4). Importance of the bat guanos has
been studied from a mineralogical point of view. These are
the biowastes of the cave ecosystems and are rich in minerals
[27].

The bat guano is essentially composed of phosphates and
sulphates of potassium, ammonium, sodium, magnesium,
and calcium [28]. Phosphorus, aluminium, and iron are
generally found in the upper layers of the guano. Calcium
comes from carbonate rocks, cavity walls, or ceilings, while
iron and aluminium come from the interaction of phos-
phates and clays, causing their decomposition. However, its
composition also varies according to the diet of the bat
species. Earlier study on the environmental history of a bat
guano deposit showed the difference in appearance, color,
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FIGURE 2: Bats visiting plants (source: Bat Conservation International, http://www.batcon.org) [9].

FIGURE 3: Navigation and prey identification by a bat through
echolocation. Source: Rendall, BMC Biology 2013 [18].

and chemical composition of guano in different depths up to
150 cm (Figure 4) [26].

Knowing that the bat guano contains about 25% of
phosphate, the amount of phosphate salts generated can be
estimated. For a period of 1,000 years, 10 individuals of
Plecotus auratus and 10 individuals of Myotis daubentonii,
who would have occupied a cavity for four months per year,
can generate approximately 65kg of phosphate salts [27].
The bat guano also carries high levels of nitrogen, about
5-10% including 80% of uric acid.

The levels of phosphates contained in the bat guano of
insectivorous and frugivorous Chiroptera are very high [27]
and show important variations [28, 29]. Furthermore, the
pH of the bat guano varies not only with age and storage
conditions but also with the diet of bats (Table 1) [29].

All this makes the bat guano an acidic and/or extremely
saline environment, which determines many of its physi-
cochemical and microbiological characteristics.

The bat guano should be harvested under the right
conditions and must be sustainable [30, 31]. A poorly
managed harvest can disrupt bats and the latter may desert
caves. In this context, IUCN has set standards for the bat
guano harvest to minimize the negative impact on bats and
other organisms of caves [30]. A further study, based on the
IUCN guidelines, was able to demonstrate that if the harvest
rate does not exceed the deposit rate of guano, this does not
affect the population of bat [32].

3.1. The Role of the Bat Guano in Caves. The bat guano plays
significant roles in the caves. It contributes to the renewal of
the main organic resources of the caves and allows the
development of a varied biota (bacteria, fungi, protists, and
small arthropods (including insects, myriapods, and spiders)
[12, 33] (Figure 5). It is the main food resource for this
specific microcosm. In addition, the fermentation of this
biomass constitutes, with the presence of the bat colonies, a
source of heat production inside the caves [35].

Moreover, the bat guano is the sediment that records the
contemporary environmental parameters of its constituents
(pollen, insect remains, isotopes, etc.), just like speleothems.
The role of the guano acidity in corrosion has long been
suggested in earlier report [25].

When water drips through this guano, the ammonium is
released. However, orthophosphate (PO,’), which is less sol-
uble, remains in place. The leaching by percolation of water first
eliminates ammonia and later on nitrates. Eventually, this
phenomenon produces acid solutions that can reach a very low
pH, between 2 and 4 [36]. These corrosive solutions then react
with the calcium carbonate of the host substrate or speleothems
and form phosphate minerals, mainly hydroxyapatite
[Cas(PO,);(OH)]. Depending on the chemical elements
present in the guano or in the bedrock, various reactions can
take place and give birth to a whole mineralogy. This neo-
genesis can also reach the sediments under the guano [25].

3.2. Economic Importance. Bat guano has been extracted
from caves since a long time to be used as a fertilizer for
agricultural crops due to the presence of high concentration
of limiting nutrients such as nitrogen and phosphorus [37].
Prices for the organic bat guano fertilizer ranged from $1.25
to $12.00 per 0.5 kg. The guano of the Mexican free-tailed bat
has been extracted to produce fertilizer in thousands of tons
in the only cave in Bracken, Texas. Retail sales currently
range from $2.86 to $12.10 per kg [2]. It provides one of the
best natural fertilizers worldwide [37].

In Cambodia, growth trials were conducted on five
economically important plant species of the country:
horseradish (Moringa oleifera Lam.), Jack fruit (Artocarpus
heterophyllus Lam.), Longan (Dimocarpus longan Lour.),
Eggplant (Solanum melongena L.), and papaya (Carica


http://www.batcon.org/

International Journal of Ecology

Brown guano with thin black bands and small limestone fragments transformed in phosphate

Brown compact guano with limestone fragments transformed in phosphate
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FIGURE 4: Stratigraphy of the bat guano nucleus showing the radiocarbon samples (white rectangles) and their calibrated ages [26].

TaBLE 1: Phosphate and pH levels of guano from bats fed with
different diets [28].

Nutritional regimen Phosphate (%, w/w) pH
Frugivore 5.1-7.7 Neutral to alkaline
Insectivore 25-57 Acid

papaya L.), it was and reported that the bat guano appli-
cations notably improved plant growth [37]. Compared to
controls, all the guano-treated plant species exhibited higher
growth rates, most of which were statistically significant
compared to chemical fertilizer treatments [37].

It has also been reported that the bat guano can be
considered as an alternative source of chitin and chitosan [38].
The latter are obtained normally from the exoskeleton of
crustaceans, such as shrimps and crabs, and have a wide range
of applications in several fields, such as cosmetics, pharmacy,
medicine, bioengineering, agriculture, textile, and environ-
mental engineering, due to their nontoxic, ecological, bio-
compatible, and biodegradable properties [39].

3.3. Ecological Importance. The bat guano provides primary
organic input to cave ecosystems, which are intrinsically
devoid of primary productivity because of the absence of

light; the latter condition impedes the presence of photo-
autotrophic organisms [2]. It hosts a diversity of organisms
that differ depending on the species of bats and their diets.
For example, small metazoans such as mites, pseudoscor-
pions, beetles, thrips, mites, and flies inhabit the guano of
insectivorous bats, whereas the guano of frugivorous bats is
frequented by spiders, mites, isopods, millipedes, centipedes,
waders, barklice, and insects. Salamander and cavefish
populations and invertebrate communities also rely heavily
on nutrients from the bat guano [1].

The bat guano also constitutes a niche of several varieties
of microorganisms, including fungi, protists, lichens, vi-
ruses, and bacteria [40, 41].

4. Bacteria in the Bat Guano

Recent genomic studies have focused on the study of bacterial
taxa found in the specific bat tissues and isolated from the bat
guano. These bacterial communities may vary according to
several criteria, including the state and age of the guano and the
diet of the bat [42]. When decomposed, guano has greater
bacterial diversity than when it is fresh. This was demonstrated
by a study that aimed to identify potential bacterial functions
performed within the bat guano at different depths. Although
similar taxa occur in all the guano states, relative abundances
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FIGURE 5: Cave arthropods, cockroaches, and centipedes on bat guano (source: Robbie Shone) [34].

allow some taxa (mainly Proteobacteria and Actinobacteria) to
dominate the bacterial community at different depths. For
example, Pantoea vagans, Staphylococcus lugdunensis, Weissella
confusa, and Streptomyces cremeus were identified from fresh
guano; Lactococcus garvieae, Enterobacter asburiae, and Lac-
tococcus lactis were from superficial guano, while Micro-
bacterium oxydans, Enterococcus faecalis, Microbacterium
maritypicum, Bacillus safensis, and Bacillus velezensis are
abundant in all the states of guano [43]. On the contrary, De
Mandal et al. [44] studied the decomposition of guano and
reported a large abundance of bacterial communities involved
in the nitrogen biogeochemical cycle [44]. This bacterial
community variation in different guano samples may be ac-
companied by a difference in the composition of the major
elements and trace elements. As De Leon et al. [45] compared
the guano bacterial communities from two different regions,
one of these guanos presented high levels of Si, Fe, Mg, Al, Mn,
Ti, and Cu, which was dominated by Proteobacteria (61.7%),
Actinobacteria (19.4%), Bacteroidetes (4.2%), Firmicutes (2.7%),
Chloroflexi (2.5%), and phylum candidate TM7 (2.3%), while
the second guano showed high concentrations of Ca, P, S, Zn,
and Cr and was almost entirely dominated by Proteobacteria
(61.7%) and Actinobacteria (34.9%) [45].

Other studies have shown that the bat guano may
contain potentially pathogenic bacteria such as Bur-
kholderia, Corynebacterium, Francisella, Legionella, Myco-
bacterium, Pseudomonas, Yersinia, Campylobacter, and
Rickettsia [42]. This suggests that the bat guano could be a
source of potentially harmful pathogenic microorganisms
for humans and animals. Frequent intra- and interpopu-
lation movements and bat migrations over long distances
strengthen the potential for bacterial transmission between
individuals of different geographic areas and the possibility
of potential hazards to occur worldwide. The presence of
beneficial bacteria in bats, such as probiotics, can provide
vital benefits to their hosts, such as the treatment of skin
infections, the release of fatty acids to reduce the invasion of
transient microorganisms, and inhibition of pathogenic
microorganisms. These beneficial bacteria include lactic acid
bacteria, such as Leuconostocaceae, Enterococcaceae, and
Streptococcaceae [43].

In addition to the decomposition state of the guano, the
bat diet and some of their seasonal and behavioral activities
also affect the bacterial community. The guano of herbiv-
orous and reproductively active bats carries a more varied
microbiota than carnivorous bats and reproductively inac-
tive individuals [42].

Several studies of bacterial isolation and identification in
the bat guano suggest that it can constitute a considerable
number of bacterial species. Despite previous reports of
bacterial identification in the bat guano or their intestinal
contents, there remains an immense field of identification of
other possibly novel bacterial species. Therefore, there is a
serious need for study of guano-associated bacteria.

5. Eukaryotic Microbes in the Bat Guano

Although not as thoroughly studied as bacteria, phyloge-
netically diverse eukaryotic microorganisms (fungi and
protists) have been described and isolated from the bat
guano [43, 46, 47]. This fungal biodiversity is due to the very
specific and stable microclimate of the caves. These fungi
have attracted the attention of mycologists because of their
medical potential, as well as their important role as an es-
sential link in the trophic chain within the cave. The study of
these fungi is also important due to their ability to produce
mycotoxins [46].

Guanophilic zygomycetes fungi such as Circinella
umbellata (Mucorales) predominate in the bat guano, but
basidiomycetes species (e.g., Ganoderma sp., Geastrum sp.,
Lepiota sp., Polyporus sp., and Ramaria sp.) and ascomycetes
species (Hypoxylon sp., Xylaria anisospleura, and X
kegeliana) are also frequently found [48]. Heterotrophic
protists have been very poorly researched in caves. Sapro-
phytic amoebas and diatoms are found in substrates rich in
organic matter such as bat’s guano. The cosmopolitan
phycobiliprotein-containing microalgae of the order Cya-
nidiales, e.g., Cyanidium sp. and Galdieria sp., are acido-
philic unicellular Rhodophyta found in caves over the world
in places with dim light (near the cave entrances) and can
benefit from guano by their extremely versatile mixotrophic
metabolism [49].



6. Conclusion

Caves are underground chambers that can take hundreds of
thousands of years to form. They are considered as an ex-
treme ecosystem, which are inhabited by a wide range of
organisms and microorganisms. Bats are an integral part of
this ecosystem which provides an important role in different
fields directly and indirectly by the production of the guano.
The latter plays several roles within the cave by contributing
as an organic matter; it is also exploited in the improvement
of different products of great value for humans such as
detergents. At present, data on the economic and ecological
value of bats and the bat guano for the ecosystems and
humans are limited. Therefore, there is a need for more in-
depth assessments to enhance and fulfill our knowledge
about these mammals, especially to examine why the various
forms of this group of mammals deserve protection and
conservation. Taking into account its numerous benefits,
future research is needed to identify the extremophilic
microorganisms inhabited by the bat guano and their
possible application in biotechnology.
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