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Microplastic contamination in neotropical
frugivorous bats (Phyllostomidae:
Stenodermatinae, Carolliinae) shows

no biome-specific differences between
Cerrado and Amazon Forest
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Abstract: Microplastic contamination has become an urgent concern for global
ecosystems, especially for wildlife health in areas under intense anthropogenic
pressures. This study analyzes the presence of microplastics in fruit bats (Phyllostomidae:
Stenodermatinae and Carolliinae) in two Brazilian biomes: Cerrado and Amazon.
Surprisingly, bats from the Amazon presented higher levels of contamination than
those from the Cerrado, challenging the idea that more open and historically modified
landscapes, such as the Cerrado, would have higher contamination. Land use and land
cover classifications did not influence contamination levels, indicating that habitat-
specific factors play a more relevant role. Contamination varied by organ, with the
stomach presenting the highest concentrations in both biomes. Interestingly, bats from
the subfamily Carolliinae, with more varied diets, presented higher contamination,
probably due to dietary exposure and inhalation in anthropogenically altered areas.
This study is the first to record microplastics in Cerrado bats and in detoxifying organs
such as the liver. Our findings highlight the vulnerability of bats to microplastic pollution
and the need for further research into its impacts, as well as suggesting conservation
measures in regions of rapidly changing biodiversity.

Key words: Anthropogenic impact, Biodiversity conservation, Environmental pollution,
Land use and land cover, Microplastic contamination.

INTRODUCTION

As the only mammals capable of true flight, bats
(Order Chiroptera) comprise a globally diverse
group of 1,487 species (Simmons & Cirranello
2022), with 186 species documented in Brazil
(Garbino et al. 2024). Within this diversity,
frugivorous members of the Phyllostomidae
family, particularly the Stenodermatinae and
Carolliinae subfamilies, serve as keystone
species in tropical ecosystems through their
dual roles as pollinators and seed dispersers

(Ramirez-Francel et al. 2022). Species such as
Carollia perspicillata and Artibeus lituratus
demonstrate ecological importance, contributing
significantly to forest regeneration through their
seed dispersal activities (Muscarella & Fleming
2007). Their characteristic foraging behavior -
locating and collecting fruits during flight before
consuming them at roosts (Charles-Dominique
1991) - while crucial for ecosystem maintenance,
now poses potential risks due to increasing
environmental microplastic (MP) contamination.
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Microplastics (1-5 mm polymer particles)
originate either as primary manufactured
materials or secondary degradation products
of larger plastics (Tziourrou et al. 2021).
Their small size and diverse morphologies
(fibers, fragments, films) enable widespread
environmental dispersion (Xu et al. 2020) and
uptake by wildlife through both dietary and
respiratory pathways (Ribeiro-Brasil et al.
2020). For bats, this contamination likely occurs
through two primary routes: (1) ingestion of MPs
adhering to fruit skins and floral parts during
feeding (Correia et al. 2023), and (2) inhalation of
airborne MPs during flight, particularly in open
habitats where vegetation provides minimal
filtration (McLachlan & Horstmann 1998).

The ecological services provided by these
volant frugivores are increasingly threatened
by anthropogenic pollutants, particularly
microplastics (Tum-5mm polymer particles)
that accumulate in their food sources. Fruits
and floral parts become contaminated through
multiple pathways: airborne deposition of
atmospheric MPs, adhesion to sticky surfaces
like nectar and fruit skins, and uptake through
polluted soil and water systems (Conti et al.
2020, Jin et al. 2021). This contamination presents
two primary exposure routes for bats: (1) direct
ingestion during consumption of contaminated
fruits and floral resources, and (2) secondary
ingestion through grooming behaviors that
transfer MP-laden pollen and dust particles from
their fur (Correia et al. 2023). These exposure
mechanisms raise significant concerns about
MP bioaccumulation in bat populations and the
potential for trophic transfer through food webs,
particularly given bats’ central role in tropical
ecosystems.

The risk of MP exposure is further modulated
by species-specific foraging ecologies and
habitat characteristics. While all frugivorous
bats face dietary exposure, those inhabiting
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open vegetation formations may experience
additional respiratory exposure to airborne
MPs, contrasting with species in dense forests
where canopy cover may intercept atmospheric
particles (Dong et al. 2020). This biome-
dependent variation in exposure pathways
underscores the need to understand how
different landscape configurations influence
MP contamination risks for these ecologically
vital species. Current evidence suggests that MP
contamination may interfere with bats’ crucial
ecosystem services, potentially disrupting
seed dispersal patterns and plant-pollinator
networks, with cascading effects on tropical
forest regeneration and maintenance.

The risk of MP exposure varies due
to differences in vegetation structure and
anthropogenic pressure. In the Brazilian
Cerrado, characterized by open savanna
vegetation with sparse trees averaging just
3m in height (Coutinho 2006), minimal
canopy cover allows greater atmospheric MP
circulation and deposition. Conversely, the
dense Amazonian forest, with its multi-layered
canopy reaching 60m (Lenza et al. 2024), likely
intercepts and retains airborne MPs before they
reach understory levels where bats typically
forage (Dong et al. 2020). These structural
differences are further exacerbated by land-use
changes, as fragmented landscapes experience
increased edge effects that facilitate pollutant
influx (Rodrigues & Nascimento 2006), while
also reducing available food resources and
roosting sites (Carvalho et al. 2023). Despite
growing recognition of MP contamination in
terrestrial ecosystems, critical gaps remain
in understanding how biome characteristics
mediate exposure risks for volant fauna.

Ourstudyaimsto quantify MP contamination
in fruit bats of the Stenodermatinae and
Carolliinae subfamilies across two contrasting
Brazilian biomes—the open-vegetation Cerrado
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and the dense Amazon Forest—by comparing
MP loads in four organs (stomach, intestines,
trachea-lungs, and liver) and assessing the
influence of land-use intensity and vegetation
cover. We hypothesize that biome-specific
vegetation structures will drive distinct MP
exposure pathways. First, we expect higher
MP contamination in the trachea and lungs of
Cerrado bats due to the biome’s open savanna
physiognomy (Maracahipes-Santos et al. 2017)
where airborne MPs from agricultural activity
and dust resuspension are more likely to be
inhaled during flight. In contrast, the Amazon’s
dense canopy may intercept these particles, as
observed in temperate forests where tree
canopies reduce atmospheric MP deposition by
50-75% (Dong et al. 2020). Second, the stomach
is predicted to be the most contaminated organ
in both biomes, as bats ingest MPs adhered
to fruit skins and floral parts (Conti et al.
2020) during prolonged mastication at feeding
roosts (Charles-Dominique 1991) MP types (e.g,
fibers in lungs vs. fragments in stomach) may
further differentiate exposure sources (Lopes
et al. 2023). Finally, we anticipate a negative
association between primary vegetation cover
and MP contamination across all organs and
sexes, since intact forests likely reduce MP
deposition through canopy interception, limited
plastic fragmentation in shaded understories,
and greater distance from anthropogenic
sources. These hypotheses collectively suggest
that biome type mediates MP contamination
routes (respiratory vs. dietary) and levels in
bats, highlighting vegetation structure as a
critical factor in pollution interception, akin to
its role in particulate matter mitigation (Tong et
al. 2022).
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MATERIALS AND METHODS
Study Area

The Cerrado biome has a tropical savanna
climate with distinct dry and wet seasons,
classified as Aw (Cwa) in the Koppen system
(Sano et al. 2008). Its vegetation includes areas
of savanna, ombrophilous forest, and seasonal
forest (IBGE 2023). The Cerrado is considered
one of the most threatened biomes globally due
to rapid deforestation since the 1980s, largely
driven by conversion of natural vegetation to
pastureland and agricultural use (Caballero et
al. 2023).

The Amazon biome has a humid equatorial
climate with alternating dry and rainy seasons
year-round, classified as Af (Am, Aw) in the
Kdppen system (Sano et al. 2008). Known as the
largest tropical forest in the world, its dense
vegetation consists of large trees and can be
divided into floodplain forests, igapd, and terra
firme forests (IBGE 2023). The Amazon also
faces intense pressures from deforestation and
forest degradation, with significant impacts
from widespread burning and logging activities
(Botelho et al. 2022).

Bat Sampling

The sampled specimens consisted of voucher
material originally collected for other research
projects and subsequently deposited in
zoological collections. Our study included 25
bat specimens from 11 locations in the Brazilian
Amazon (collected June-November 2022) and
18 specimens from eight Cerrado locations
(collected February-November 2013) (Figure 1,
Table 1). These 43 specimens, representing 10
genera (five from each Stenodermatinae and
Carolliinae subfamilies; Table SI - Supplementary
Material). Collections in both biomes were
conducted in forest patches using mist nets, set
up at sunset and left in place for six consecutive
hours.
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In both locations, bats captured in the mist
nets were placed in cotton fabric bags and sorted
in the field. Specimens intended for collection
were euthanized, fixed in 10% formalin, and
stored in 70% alcohol. The bats collected in the
Cerrado were initially registered in the Zoological
Collection of the Federal University of Goias and
later transferred to the Chiroptera Collection of
LABEQ at the Federal University of Para (UFPA),
Altamira Campus. The bats collected in the
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Amazon were directly registered in the LABEQ
Chiroptera Collection.

The collections were conducted by the
ChiroXingu research group, the Center for Studies
in Ecology and Conservation of Chiropterans,
under authorization from the Brazilian Chico
Mendes Institute (SISBIO), via license number
57294-2, and approval from the Animal Ethics
Committee of the Federal University of Goias
(protocol no. 004/21).

Table L. List of species of fruit bats of the Phyllostomidae family collected in the Brazilian Amazon and Cerrado,
subfamily, genus, amount of microplastic found in each organ analyzed and total particles.

Biome Subfamily Species
Carollia brevicauda
Carolliinae ) o
Carollia perspicillata
Amazon

Artibeus gnomus

Artibeus lituratus

Artibeus obscurus

Stenodermatinae i i i
Artibeus planirostris

Chiroderma villosum

Platyrrhinus
brachycephalus

Vampyressa pusilla

Amount of Microplastics

. . Nu?;llger Point
Stomach | Intestine | Lung | Liver Total

32 8 5 10 55 CX313 P03
15 37 32 29 113 X280 P07
3 35 8 9 55 X281 P07
44 40 35 3 122 CX286 P05
18 14 9 8 49 CX295 P09
14 25 25 4 68 CX305 P03
37 38 18 7 100 (X320 P10
18 5 3 18 44 CX330 P02
15 29 26 16 86 CX347 P06
11 54 12 17 94 CX348 P06
17 40 5 12 Th (X349 P06
14 34 15 4 67 CX360 P08
16 32 4 13 65 CX361 P08
27 26 35 19 107 CX270 P11
5 41 22 15 83 (X288 P01
12 1 21 25 69 CX317 P10
18 23 0 5 46 CX309 P03
9 10 22 24 65 CX291 P05
26 21 4 3 54 (X326 P01
7 28 10 22 67 CX266 PO4
10 15 15 12 52 (X333 P02
13 19 5 10 47 CX267 PO4
6 8 7 17 38 CX268 PO4
8 12 28 27 75 CX272 P11
12 5 27 5 49 CX273 P11
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Table I. Continuation.

Carolliinae

Cerrado

Stenodermatinae

Microplastic Analysis

For everyone, we examined the digestive system
(stomach and intestine), the respiratory system
(from trachea to lungs), and the liver to assess
potential microplastic accumulation. The organs
were measured and weighed using a ruler and a
semi-analytical digital scale (accuracy of 0.0001
g). Each organ was stored separately in five-
milliliter glass vials containing 10% potassium
hydroxide (KOH) to liquefy the tissues. This
process was conducted in an oven at 50°C for
24 hours.

After digestion, the liquefied material was
filtered through a cellulose acetate filter with
a porosity of 0.22 uym. The filters were then
stored in petri dishes, placed in aluminum foil
envelopes, and dried in an oven at 50°C for one
hour. Visual analysis of the filters was performed
using a stereomicroscope at 100x magnification,
with some samples photographed and tested

GREATER PLASTIC CONTAMINATION IN THE AMAZON

30 26 8 6 70 CX363 P12
0 1 5 3 19 CX364 P12
0 4 9 0 13 CX388 P17

23 17 5 0 45 CX389 P17
1 1 2 1 15 (X392 P18
6 5 7 5 23 CX396 P19
6 15 10 0 31 CX365 P12

14 1 5 1 4 CX373 P13
6 5 4 3 18 CX377 P13

27 25 4 0 56 CX378 P13
8 6 0 0 14 CX379 P13

25 1 7 5 48 CX386 P15

21 20 5 7 53 CX387 P16
4 7 I 4 26 CX395 P18

10 0 8 8 26 CX374 P13

28 25 4 63 CX382 P14
6 13 16 4 39 CX391 P18
9 20 17 9 55 CX366 P12

with a hot needle to confirm the presence of
plastic residues (Devriese et al. 2015).

Quality Control (QA/QC)

We used non-plastic materials, such as glass
and aluminum, along with distilled and filtered
water, to prepare the potassium hydroxide
solution, wash glassware, and clean the filtration
apparatus. Cotton clothing and lab coats were
worn to minimize contamination from synthetic
fibersin clothing(Gaylarde etal.2021). An exhaust
hood was used during specimen dissection to
reduce environmental contamination.

Following the protocol of Nuelle et al. (2014),
a blank sample was maintained throughout
specimen handling to monitor potential
environmental contamination. This blank
sample involved exposing a Petri dish containing
potassium hydroxide (KOH) to the laboratory
environment during working hours to collect
ambient residues. To avoid overestimating
particle counts, the average number of particles
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Figure 1. Map of the study area with the location of the collection points and the type of land use and coverage in

the Cerrado and Amazon biomes.

detected in the blank sample was subtracted
from the total count for each organism if more
than one particle per organism was found.

Landscape Analysis

We used the classification of land use and land
cover (LULC) from Mapbiomas (Mapbiomas
Project - Collection 8), with data from 2013 for the
Cerrado and 2022 for the Amazon, corresponding
to the respective dates of bat collection in each
biome. The LULC classes considered were the
percentage of forest and savanna formation,
flooded forest, non-forest natural formation,
pasture, agriculture, non-vegetated area, and
water bodies. The percentage of each class was
calculated within a 3 km radius circular buffer
centered on each collection point. This buffer
size assessing landscape effects on Phyllostomid

bats where 3 km radius capture both shortrange
flights to nearby areas with longer (Aguiar et al.
2014, Voigt & Kingston 2016).

Data Analysis

To identify the relationship between LULC
patterns and biomes (Table SI), we conducted a
Permutational Multivariate Analysis of Variance
Using Distance Matrices (PERMANOVA), using the
Euclidean distance matrix based on LULC and
considering the biomes studied. We visualized
these patterns through a principal components
analysis (PCA) (Figure S1), categorizing the scores
by biome type. After observing the interaction
between LULC and biomes, we excluded LULC
from subsequent models and included only the
biome variable.
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To measure microplastic contamination
in fruit bats between the Cerrado and Amazon
biomes, we used generalized linear mixed
models (GLMM) to examine microplastic
quantity (dependent variable) as a function of
subfamily (Stenodermatinae and Carolliinae),
organ (stomach, intestine, trachea + lungs,
and liver), and biome (Cerrado and Amazon).
Microplastic quantity was analyzed in three
ways: as the total number of particles per organ,
and as values weighted by organ weight and by
organ length. Since the organs analyzed came
from the same individual, we included species
and individual bats as a random effect. For
count data, we used a Poisson distribution, and
for weighted microplastic values, we applied a
Gaussian distribution, selecting the best model
for each dependent variable using the Akaike
Information Criterion (AIC). All analyses were
conducted in R, version 4.31 (R Core Team 2023),
using the packages [me4 (Bates et al. 2015),
vegan (Oksanen et al. 2016), MuMIn (Brunham &
Anderson 2002), and car (Fox & Weisberg 2025).

RESULTS

Atotal of 43 individuals from the two subfamilies
of Phyllostomidae were analyzed (Table 1),
resulting in 172 membranes examined, four for
each individual (stomach, intestine, trachea +
lungs, and liver). Only fiber-type microplastics
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were detected, all of which were smaller than
five millimeters (Figure 2).

Regarding the total number of microplastics
(MPs), without considering size or weight, the
best model revealed interactions between organ
type (stomach, intestine, trachea + lungs, and
liver) and both biome and subfamily, as well
as between biome and subfamily (Table I1).
Generally, we found that the lungs + trachea and
liver of Stenodermatinae bats tended to have
a higher number of MPs compared to those of
Carolliinae (Figure 3a, Table Ill). Additionally, the
intestines and livers of bats from the Cerrado
exhibited lower numbers of MPs than those from
the Amazon (Figure 3b, Table I11), which did not
support our hypothesis that the Cerrado would
have higher MP contamination.

When examining MP contamination by
length, we observed an interaction between
organ and biome (Table I1), with the intestines of
Cerrado bats showing the lowest contamination
levels (Figure 3c, Table Ill). Furthermore, the
stomach had the highest concentrations of MPs
in both biomes (Figure 3¢, Table 1), supporting
our second hypothesis that the stomach would
be the most contaminated organ in both
environments.

Finally, when analyzing MPs by weight,
the most parsimonious model indicated an
interaction between organ and biome (Table
). This model demonstrated that the livers of

Figure 2. Plastic fibers found in the stomach of bat. Using the 100x magnification of the magnifying glass, two
squares of the membrane account for one millimeter, thus being able to measure the size of the particle.
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Table Il. Summary of the Generalized Linear Mixed Model (GLMM) configurations, where ‘+' denotes variable
inclusion and ‘NA’ indicates exclusion. The optimal model (bolded) was selected based on AAICc values and is
further characterized in Table lll. Three model specifications were evaluated: (1) raw microplastic (MP) particle
counts, (2) length-normalized MP abundance, and (3) weight-normalized MP abundance. Model fit statistics
included degrees of freedom (df), log-likelihood (logLik), corrected Akaike Information Criterion (AICc), difference
from top model (AAICc), and Akaike weights (weights).

Models
GLMM | Interce i i i Biome: i i
pt . . | Biome: = Biome: | Subfamily: . df | loglik | AICc | AAICc  weight
Biome @ Organ  Subfamily . Subfamily:
Organ | Subfamily Organ
Organ

2.92 + + + + + + NA 15 -72599 | 1485.06 0.00 0.69

2.81 + + + + NA + NA 14 -728.54 1487.75 2.69 0.18

. 2.93 + + + + + + + 18 -72395 | 1488.38 3.32 013
g 2.74 + + NA + NA NA NA 10 -749.29 1519.94 34.88 0.00
s 2.83 + + + + + NA NA 12 -747.40 | 1520.76 35.70 0.00
S 2.75 + + + + NA NA NA 1 -749.29 1522.22 37.16 0.00
=2 3.00 + + + NA + + NA 12 -759.28 | 1544.52 59.46 0.00
2 291 + + + NA NA + NA 1 -761.17 1545.98 60.92 0.00
] 2.67 NA + + NA NA + NA 10 -770.02 1561.41 76.35 0.00
g’- 2.88 + + NA NA NA NA NA 7 -774.27 1563.23 7817 0.00
S 2.97 + + + NA + NA NA 9 -772.38 | 1563.87 78.81 0.00
= 2.88 + + + NA NA NA NA 8 -774.27 1565.42 80.36 0.00
% 2.61 NA + NA NA NA NA NA 6 -783.18 1578.87 93.81 0.00
o 2.64 NA + + NA NA NA NA 7 -78313 | 1580.94 | 95.87 0.00
§ 2.81 + NA NA NA NA NA NA 4 -857.14 1722.52 | 23746 0.00
8 290 + NA + NA + NA NA 6 -855.25 | 1723.01 237.95 0.00
2.82 + NA + NA NA NA NA 5 -857.14 | 1724.64 | 239.58 0.00

2.55 NA NA NA NA NA NA NA 3 -866.05 173825 @ 25318 0.00

2.58 NA NA + NA NA NA NA 4 -866.00 | 1740.23 | 25517 0.00

215 + + NA + NA NA NA 5 -203.25 417.26 0.00 0.28

218 + + NA NA NA NA NA 4 -204.89 418.27 1.01 017

215 + + + + NA NA NA 6 -203.25 419.57 2.31 0.09

2.03 NA + NA NA NA NA NA 3 -206.65 419.60 2.34 0.09

9 2.24 + + + + + NA NA 7 -202.39 420.21 2.95 0.06
S 218 + + + NA NA NA NA 5 -204.89 420.52 3.26 0.06
2 213 + + + + NA + NA 7 -202.79 421.01 3.75 0.04
_5( 215 + + + NA NA + NA 6 -203.99 421.04 3.78 0.04
- 2.27 + + + NA + NA NA 6 -204.02 42110 3.84 0.04
g 2.07 NA + + NA NA NA NA 4 -206.58 421.66 4.40 0.03
%” 2.24 + + + NA + + NA 7 -203.12 421.68 442 0.03
§| 2.22 + + + + + + NA 8 -201.97 421.80 4.54 0.03
§n 2.04 NA + + NA NA + NA 5 -205.68 42212 4.86 0.02
S 2.22 + + + + + + + 9 -201.81 423.98 6.72 0.01
= 1.66 + NA NA NA NA NA NA 3 -320.21 646.71 229.45 0.00
1.50 NA NA NA NA NA NA NA 2 -321.98 64810 | 230.84 0.00

1.66 + NA + NA NA NA NA 4 -320.21 648.91 231.65 0.00

1.75 + NA + NA + NA NA 5 -319.34 649.43 23217 0.00

1.55 NA NA + NA NA NA NA 3 -321.90 650.10 232.84 0.00

98.67 + + + + NA + NA 14 | -1124.38 | 2279.44 0.00 0.25

100.74 + + NA + NA NA NA 10 | -1129.05 @ 2279.47 0.03 0.25

94.72 + + + + NA NA NA 11 | -1128.67 | 2280.98 1.55 012

113.05 + + NA NA NA NA NA 7 -1133.50 | 2281.69 2.25 0.08

g} 99.32 + + + + + + NA 15 | -1124.37 | 2281.82 2.39 0.08
@ 103.39 + + + + + + + 18 | -1120.89 | 2282.26 2.82 0.06
;, 107.04 + + + NA NA NA NA 8 -113312 | 228312 3.68 0.04
g 95.37 + + + + + NA NA 12 | -1128.66 | 2283.28 3.84 0.04
S 108.45 + + + NA NA + NA 11 -1130.31 | 2284.26 4.82 0.02
g 99.48 NA + NA NA NA NA NA 6 -1135.95 | 2284.42 498 0.02
2 107.68 + + + NA + NA NA 9 -113311 228533 5.90 0.01
e 96.06 NA + + NA NA NA NA 7 -1135.87 | 2286.42 6.99 0.01
E 109.10 + + + NA + + NA 12 | -1130.30 | 2286.56 712 0.01
-%” 97.48 NA + + NA NA + NA 10 | -1133.06 = 2287.48 8.05 0.00
= 7546 + NA NA NA NA NA NA 4 | -1148.83 | 230590 @ 2647 0.00
69.44 + NA + NA NA NA NA 5 -1148.45 | 2307.26 27.82 0.00

61.89 NA NA NA NA NA NA NA 3 -1151.28 | 2308.71 29.27 0.00

70.09 + NA + NA + NA NA 6 | -148.44 @ 2309.39 | 29.95 0.00

58.47 NA NA + NA NA NA NA 4 -1151.20 | 2310.64 31.20 0.00
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bats from the Cerrado had lower concentrations
of MPs than those from the Amazon, while the
stomach remained the most contaminated organ
in both biomes (Figure 3d, Table Il1). This finding
further corroborates our second hypothesis
regarding the stomach’s contamination levels.

30
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DISCUSSION

In our study, we identified differences in
microplastic contamination between fruit
bats in the Cerrado and Amazon biomes, with
unexpectedly lower levels of contamination
in the Cerrado. These findings challenges
assumptions that more open landscapes
would inherently accumulate higher levels of
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Figure 3. Generalized linear mixed model (GLMM) analysis graph comparing contamination between the organs,
stomach, intestine, lung+trachea and liver between the subfamilies Carollinae and Stenodermatinae (a) and the
total contamination of the organs between the Amazon and Cerrado biomes (b). Result of the comparison of the
level of contamination between the organs of the diversive system, stomach and intestine, in the different biomes
(c). Comparison of the total contamination of the four organs analyzed, weighted by weight, in the different
biomes (d). The points represent the mean (row data observed in the study) and the bars the 95% confidence

intervals.
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microplastics. The Cerrado and Amazon biomes
have distinct anthropogenic histories. While the
Cerrado has been under human pressure since
the 1920s, particularly due to the coffee industry’s
expansion (Sano et al. 2008), 26% of this biome
is now used for pasture, with 53% comprising
savanna formations (Projeto MapBiomas 2022).
In contrast, the Brazilian Amazon retains 84%
of its original distribution, covering 308 million
hectares (Mha), with a 13% reduction over the
past38years (Projeto MapBiomas 2022). However,
our bat samples from the Amazon were collected
in Para state, where significant anthropogenic
pressure has resulted in over 50% of the forest
area being converted to pasture (Adami et al.
2015). This context may explain why intestines
and livers of bats from the Cerrado showed
lower microplastic contamination compared to
those from the Amazon, contrary to our initial
hypothesis.

Contaminants, including mercury, toxic
metals, plastics, and microplastics, are often
higher in areas of intensive land use, such as
pastures, monocultures, urban zones, and mining
sites (Wright & Kelly 2017, Hoffman 2021). Thus,
our findings of greater contamination in the
Amazon suggest that the sampled areas exhibit
a higher intensity of land use than the Cerrado,
despite the Cerrado’s longer history of intense
usage. The historical and current intensity of
land use are key factors shaping bat community
structure (Dos Santos et al. 2016). Cerrado bat
communities tend to respond to modifications
over a three-year period (Dos Santos et al. 2016);
however, this response time remains unknown in
the Amazon, possibly differing from the Cerrado’s.
Land-use and cover changes significantly impact
both biomes in terms of community structure
(Alencastre-Santos et al. 2024, Bernardi Vieira
et al. 2024), ecosystem services, parasitic loads
(Bernardi Vieira et al. 2024, Franca et al. 2024), and
genotoxic effects (Freitas et. 2024). Moreover, the
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higher microplastic contamination observed in
the Amazon may be partly due to the non-forest
natural formations at sampling sites, such as
exposed rocks and varzea or campo vegetation
(Projeto MapBiomas 2022). These open areas
provide less edge protection, potentially leading
to higher microplastic deposition.

Analysis of microplastic contamination by
organ showed biome and subfamily effects,
with the lungs and trachea in Stenodermatinae
bats showing greater microplastic accumulation
than in Carolliinae. This suggests that particle
accumulation is not directly proportional to
organ size (with the intestine being the largest
organ studied) and may instead be influenced
by morphological variations between species.
For instance, Carolliinae stomachs and intestines
showed higher contamination. Carolliinae species
may consume a broader range of contaminated
food sources, often supplementing their diet
with arthropods and potentially acquiring
microplastics from contaminated plants and food
items (Li et al. 2020, 2021, Arias & Pacheco 2019).

Carolliinae primarily feed on pioneer plants,
such as Piperaceae (Bianconi et al. 2007), often
found in agricultural and pasture lands and
secondary vegetation, which play critical roles
in ecological succession (Galindo-Gonzalez et al.
2000). We propose that Carolliinae bats inhale
atmospheric particles from anthropogenic zones
and ingest microfibers in pioneer plants and
arthropods, as well as drink contaminated water
from sources like rivers, streams, or even caves
(Andrade et al. 2019, Balestra et al. 2023), resulting
in both bioaccumulation and biomagnification of
these contaminants.

This study presents the first record of
microplastic contamination in bats from the
Cerrado and the first report of microplastics
in detoxifying organs like the liver. Although
bats primarily respond to local fruit availability
and adapt well to fragmented, human-altered
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Table Ill. Interactions found from the models used in the Generalized Linear Mixed Model (GLMM) analysis: the
first with count data, total particles found, the second with microplastic abundance weighted by length, and the
third weighted by weight. Significant results are in bold. For each model, we report coefficients with their standard
errors (Std. Error), z-values, and associated p-values (Pr(>|z])).

GLMM Models

Cerrado
Liver
Intestine
Lung + Trachea
Steno
Cerrado:Liver

Cerrado:Intestine

Counting Data

Cerrado:Lung + Trachea
Cerrado:Steno
Liver:Steno
Intestine:Steno
Lung + Trachea:Steno
Cerrado

Intestine

length

Cerrado: Intestine
Cerrado
Liver
Intestine
Lung + Trachea
steno

Cerrado:Liver

weight

Cerrado:Intestine
Cerrado: Lung + Trachea
Liver:Steno
Intestine:Steno
Lung + Trachea:Steno

environments, such areas increase their exposure
to various contaminants, including microplastics.
Our findings contribute insights into the ingestion
and inhalation of microplastics by terrestrial
animals, confirming that fibers are prevalent
across habitats and have high contamination

Results

Estimate Std. Error zvalue Pr(>lz])
-0.4381 0.19047 2.3 0.02
-0.4613 0.09363 -4.927 0.00
0.39757 0.0743 5.351 0.00
-0.2042 0.08582 -2.38 0.02
-0.3813 017308 -2.203 0.03
-1132 0.15738 -7192 0.00
-0.4613 0.11502 -4.01 0.00
-0.6446 013268 -4.858 0.00
0.39975 0.24973 1.601 01
0.62417 01311 4.761 0.00
0.02014 010868 0.185 0.85
0.42508 0.12105 3.512 0.00
-0.2988 0.2017 -1.481 014
-1.521 01512 -10.057 0.00
-0.5159 0.2899 -1.779 0.08
-3.796 19154 -0.198 0.84
-41.973 16.646 -2.521 0.01
-29.856 16.644 -1.794 0.07
-45.091 16.624 -2.712 0.01
4.294 19.047 0.225 0.82
-71.985 20.922 -3.441 0.00
-21.571 20.918 -1.031 0.30
-30.29 20.93 -1.45 015
44,65 20.93 213 0.03
-14.20 20.92 -0.68 0.50
2.50 2091 0.12 0.90

potential. We stress the need for more targeted
analyses to understand the health impacts of
these accumulated microfibers. Given frugivorous
bats’ critical roles in seed dispersal and forest
regeneration—often more effective than other
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herbivores (Pefia-Domene et al. 2014) —investing
in their conservation is essential.

Our findings further indicate that Amazonian
bats experience higher microplastic levels
than those in the Cerrado, suggesting that
anthropogenic activity intensity in certain Amazon
areas leads to increased contaminant exposure
despite the biome's overall preservation. The
organ-specific contamination patterns observed
highlight complex interactions between bat
morphology, feeding behaviors, and habitat
use, with the stomachs consistently showing
the highest contamination levels, underscoring
dietary microplastic exposure pathways.
Frugivorous bats, particularly those in disturbed
environments, face significant microplastic
accumulation risks, which may negatively affect
their health and ecological roles.

Considering the essential roles bats play
in seed dispersal and forest regeneration, this
study underscores the urgent need for continued
research into the effects of microplastics on
wildlife health and ecosystem dynamics. Our
findings call for conservation efforts aimed at
reducing microplastic pollution and protecting
these vital species, especially in regions facing
escalating land-use pressures. Future studies
should investigate the physiological impacts of
microplastic exposure on bats and its broader
implications for biodiversity and ecosystem
function in both the Cerrado and Amazon biomes.
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