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Abstract  Microplastic (MP) pollution is ubiqui-
tous in aquatic ecosystems, but comparative analyses 
across wetland types and fish life histories are still 
rare. This study compares microplastic contamination 
in killifishes (Cyprinodontiformes: Rivulidae) with 
contrasting life histories: annual (Notholebias mini-
mus, Leptopanchax opalescens) vs. perennial (Kryp-
tolebias ocellatus; Kryptolebias hermaphroditus), 
across two wetland types (temporary ponds vs. man-
groves) on the coastal plain of Rio de Janeiro (Bra-
zil). The tested hypothesis is that small annual fishes 
in temporary wetlands exhibit lower microplastic con-
tamination than perennial mangrove species, due to 

lower hydrological connectivity and shorter exposure 
time. Fishes were digested (KOH solution), vacuum 
filtered, and analysed using microscopy and µ-FTIR. 
Microplastics were detected in all species and 60.5% 
of individuals (1.58 ± 1.84 items fish⁻1). Most parti-
cles were small (< 1,000  µm), blue/black fragments 
or microfibers, with polymers dominated by poly-
propylene and poly(4-methyl-1-pentene). Contrary 
to H1, MP loads did not differ between mangroves 
and temporary ponds (GLMM: χ2 = 0.18, p = 0.671), 
nor with body size (χ2 = 0.44, p = 0.507). Conver-
gent functional traits of rivulids: small gape, gener-
alist foraging, and routine use of shallow microhabi-
tats where fibers and fragments accumulate, likely 
equalize ingestion probabilities across life histories. 
Collectively, these findings show that temporary wet-
lands are not refuges from plastic contamination and 
should be explicitly included in monitoring and miti-
gation strategies that target diffuse, landscape-scale 
MP inputs.

Keywords  Killifish · Pollution · Rivulidae · Rio 
de Janeiro · Bioaccumulation · Micro-FTIR · Plastic 
debris

Introduction

Microplastics are particles of synthetic polymers 
smaller than five millimeters that have become a 
ubiquitous contaminant on a planetary scale (Karak 
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et al. 2025). They originate either from the degrada-
tion of larger plastic debris (“secondary sources”) or 
are intentionally manufactured at small sizes for use 
in products such as cosmetics and textiles (“primary 
sources”), and constitute a significant environmen-
tal threat (Hartz et al. 2025). Their persistence, cou-
pled with efficient transport by oceanic circulation 
and aeolian processes, has led to their detection in 
the most remote ecosystems, from the deepest ocean 
trenches (Peng et  al. 2020) to the summit of Mount 
Everest (Napper et  al. 2020). This widespread dis-
persal underscores the transboundary nature of the 
problem, highlighting failures in global plastic-waste 
management and the consequent contamination of 
soils, water bodies, and the atmosphere (Geyer et al. 
2017). The massive presence of microplastics across 
ecosystems entails toxicological risks arising both 
from their intrinsic chemical composition, which 
induces inducing oxidative stress, inflammation, and 
mitochondrial dysfunction, and from their capacity 
to adsorb and transport other hazardous pollutants 
(Wang et al. 2020; Leslie et al. 2022), consolidating 
them as a worldwide environmental and public-health 
challenge.

There has been a marked global expansion of 
research on microplastics across environmental com-
partments, driven by heightened public, regulatory, 
and academic attention to plastic pollution and its 
ecological and human-health impacts. Nevertheless, 
important biases persist in the literature: a geographic 
concentration of studies in high-income regions (e.g., 
China, United States), a taxonomic focus biased 
toward charismatic or economically important fish 
groups (e.g., Danio rerio  (Hamilton 1822), Cypri-
nus carpio  Linnaeus 1758), and a disproportionate 
emphasis on marine–coastal environments (Amparo 
et al. 2023; Sacco et al. 2024; Hartz et al. 2025; Jola-
osho et  al. 2025). Within the marine literature, over 
80% focuses on sandy beaches (Browne et al. 2015), 
whereas brackish habitats such as mangroves remain 
understudied (Deakin et al. 2025). In freshwater sys-
tems, this bias is even more pronounced, with most 
studies targeting lotic environments, particularly 
large rivers (Moreira et  al. 2025; Semensatto et  al. 
2025), while freshwater wetlands and their biota have 
received limited attention (Qian et al. 2021; Dalvand 
and Hamidian 2023; Li et  al. 2024). Consequently, 
a critical knowledge gap persists regarding the mag-
nitude, exposure pathways, and ecological effects of 

plastic contamination in wetlands, constraining cross-
ecosystem comparisons and the design of effective 
mitigation strategies.

Wetlands, as broadly defined by the Ramsar Con-
vention (1971), encompassing areas of marsh, fen, 
peatland, or water, whether natural or artificial, per-
manent or temporary, with water that is static or flow-
ing; fresh, brackish, or salt; and including areas of 
marine water whose depth at low tide does not exceed 
six meters. These environments function as hydro-
logical and biogeochemical interfaces where multi-
ple microplastic (MP) input pathways converge (riv-
ers, tides, urban/agricultural runoff, rainfall, winds), 
and are therefore particularly susceptible to the con-
tamination and retention of these emerging pollut-
ants (Dalvand and Hamidian 2023; Elnahas et  al. 
2024; Qiao and Wang 2024). The low flow velocity, 
high lateral connectivity, and long residence times, 
favor the deposition and accumulation of plastic par-
ticles (Li et  al. 2024). Dense vegetation (e.g., aerial 
roots and canopies in mangroves) acts as a physical 
“sieve” that retains MPs, although high-energy events 
(storm surges, floods) can remobilize them, character-
izing these environments not only as sinks but also, 
at times, as secondary sources through in  situ frag-
mentation and the export of MPs to adjacent aquatic 
systems (Paduani 2020; Qiao and Wang 2024; Boyer 
et al. 2024; Deakin et al. 2025). This export is medi-
ated not only by hydrodynamic processes but also by 
biological pathways, as aquatic organisms can ingest 
and transfer microplastics across trophic levels and 
ecosystem boundaries (Zhao et al. 2026).

Neotropical inland wetlands provide habitat for a 
diverse fish family (Rivulidae), comprising approxi-
mately 490 valid species (Fricke et al. 2025). Rivulid 
fishes are commonly subdivided into two main life-
history groups: annual and perennial (Furness et  al. 
2018; Guedes et  al. 2025). This dichotomy reflects 
striking evolutionary adaptations to extreme environ-
mental pressures, including high temperatures, low 
oxygen concentrations, acidic waters, and extreme 
hydrological fluctuations that approach the limits of 
vertebrate tolerance (Polačik and Podrabsky 2015; 
Podrabsky et al. 2016). Annual species are specialized 
colonizers of temporary wetlands, which are ephem-
eral, often isolated systems with low hydrological 
connectivity and predominantly rain-fed hydrology 
(Loureiro et al. 2018; Lanés et al. 2021; Guedes and 
Araújo 2026). To survive periodic desiccation, these 
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fishes produce eggs that enter a dormant state known 
as embryonic diapause (Furness 2016). This trait ena-
bles embryos to persist for months within dry soil, 
awaiting the return of rains for hatching (Abrantes 
et  al. 2020; Guedes et  al. 2023a; Costa et  al. 2024; 
Hinncands et  al. 2025). Synchrony between the life 
cycle and the hydrological regime yields one of the 
shortest lifespans among vertebrates, with individuals 
living only a few months, which in turn has selected 
for extremely rapid growth and sexual maturation (Hu 
et al. 2020; Žák et al. 2021).

By contrast, perennial rivulid species inhabit more 
stable aquatic environments such as streams, perma-
nent wetlands, and mangroves. Their development 
follows the typical teleost pattern, without the three 
obligatory phases of embryonic diapause (Furness 
et  al. 2018). Within the perennial group, a notable 
case is the genus Kryptolebias Costa, 2004, three 
species of which are known to occur strictly in man-
groves: K. ocellatus (Hensel, 1868), K. marmoratus 
(Poey, 1880), and K. hermaphroditus Costa, 2011. 
Living in the dynamic and challenging mangrove 
environment, these species have evolved a suite of 
extraordinary traits. They are capable of cutaneous 
respiration, which enables direct oxygen uptake from 
air, and they can remain out of water for extended 
periods, sheltering in fallen logs and crab burrows 
during low tide (Wright 2012; Turko and Wright 
2015). In addition, the genus Kryptolebias includes 
the only vertebrates known to exhibit simultaneous 
hermaphroditism with natural self-fertilization (K. 
marmoratus and K. hermaphroditus), allowing a sin-
gle individual to found new clonal populations (Avise 
and Tatarenkov 2015; Rhee et al. 2017; Berbel-Filho 
et al. 2022).

Rivulids exhibit an opportunistic diet, shaped by 
prey availability and capture ability, exploiting both 
autochthonous resources (e.g., polychaetes, micro-
crustaceans, and copepods) and allochthonous inputs 
(such as dipterans, terrestrial insects). They forage 
across different strata of the water column, from the 
bottom to the surface, reflecting a flexible feeding 
behavior (Taylor 2012; Contente and Stefanoni 2010). 
In annual fishes inhabiting ephemeral environments, 
as well as in non-annual species from mangroves, a 
generalist feeding strategy tends to be more advan-
tageous than specialization, which may impose high 
costs under spatiotemporal variability in prey avail-
ability (Gonçalves et al. 2011; Taylor 2012).

Given the diversity of species’ life histories and 
the heterogeneous distribution of microplastics (MPs) 
across wetlands, vulnerability to MP contamination 
among rivulid fishes is unlikely to be uniform. There-
fore, the main objective of this study is to compare 
microplastic (MP) contamination between fish with 
contrasting life-history (annual vs. perennial) across 
two wetland types (temporary ponds vs. mangroves) 
on the coastal plain of Rio de Janeiro State, south-
eastern Brazil. We test the hypothesis that annual 
species inhabiting temporary wetlands exhibit lower 
MP contamination than perennial species inhabiting 
mangrove systems with higher hydrological connec-
tivity. This hypothesis is supported by evidence that 
mangroves act as filters and sinks for MPs due to 
continuous inputs from rivers and wastewater and to 
tidal resuspension, which together increase environ-
mental MP availability (Deakin et al. 2025). In addi-
tion, field data, reviews, and modeling indicate that 
age and body size, which serve as proxies for lifespan 
and exposure time, are positively associated with MP 
occurrence and loads in fishes (Roch et al. 2020; Yagi 
et al. 2022; Ding et al. 2023).

Material and methods

Study area

The study area encompasses temporary wetlands 
in the municipalities of Seropédica (Code T1 in 
Fig.  1, 22°42′19.5"S – 43°41′36.1"W) and Rio de 
Janeiro (T2, 22°59′23.8"S – 43°25′03.0"W), as well 
as mangrove forests in Magé (M1, 22°42′36.9"S 
– 43°13′05.9"W; M2, 22°39′44.5"S – 43°05′09.7"W), 
which drain into the Jacarepaguá Lagoon System, and 
into Sepetiba and Guanabara bays, in the state of Rio 
de Janeiro, southeastern Brazil (Fig. 1). The sampled 
wetlands were shallow, with temporary ponds reach-
ing maximum depths of 35 cm at T1 and 50 cm at T2, 
and located in open vegetation areas with the pres-
ence of aquatic macrophytes. In contrast, mangrove 
sites exhibited even shallower depths (25  cm at M1 
and 15  cm at M2) and were associated with dense 
arboreal vegetation dominated by Rhizophora mangle 
and Acrostichum aureum. The distance to the near-
est perennial water body varied among sites, being 
1000 m at T1 and 83 m at T2, whereas in mangroves 
it was 270 m at M2 and only 15 m at M1. Rivers and 
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the biota comprising these drainage systems exhibit 
high levels of microplastic contamination (Alves and 
Figueiredo 2023; Drabinski et  al. 2023; Cordeiro 
et  al. 2026). The climate in the region ranges from 
tropical monsoon (Am) in Magé and Rio de Janeiro, 
and tropical savanna (Aw) in Seropédica, according 
to the Köppen classification. Mean annual tempera-
tures vary from 21.7 °C to 22.6 °C, and total annual 
rainfall ranges from 1,332 to 1,806 mm. All localities 
are situated within the Atlantic Forest biome, a region 
recognized as a global biodiversity hotspot due to its 
exceptional species richness and high levels of end-
emism (Myers et al. 2000).

Fish collection

Fish were collected in June 2025 using immersion 
nets (oval-shaped hand nets, 50 × 40 cm, 1 mm mesh 
size). Sampling was conducted by actively sweep-
ing the nets through the water column and along the 
substrate, covering both marginal and central areas 

of each site. After capture, specimens were anes-
thetized with benzocaine hydrochloride (50 mg/L), 
euthanized, and fixed in 10% formalin in  situ. In 
the laboratory, fish were measured to the near-
est 0.01  cm, weighed to the nearest 0.001  g, and, 
after 48 h, preserved in 70% ethanol. A total of 200 
specimens belonging to four rivulid species from 
four localities (Fig. 1) were analyzed: 100 individu-
als from temporary wetlands (Notholebias minimus- 
annual specie, n = 50, from the municipality of Rio 
de Janeiro; Leptopanchax opalescens—annual spe-
cie, n = 50, from Seropédica) and 100 individuals of 
the perennial species Kryptolebias ocellatus and K. 
hermaphroditus from two mangrove sites in Magé 
(M1 = 50 and M2 = 50; Table 1). Fish were collected 
under permits issued by the Instituto Chico Mendes 
de Conservação da Biodiversidade (ICMBio per-
mits #10,707 and #87,082) and the Ethics Council 
for Animal Use (CEUA/ICBS/UFRRJ; authoriza-
tion #12.28.01.00.00.00.45, February 2023).

Fig. 1   Map showing the sampling sites of rivulid fishes on the 
coastal plain of the state of Rio de Janeiro, Brazil. Black cir-
cle: Leptopanchax opalescens – temporary wetland (T1); trian-

gle: Notholebias minimus – temporary wetland (T2); squares: 
Kryptolebias ocellatus and Kryptolebias hermaphroditus – 
mangroves (M1 and M2)
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Laboratory analysis

Microplastic extraction

Due to the small body size of the analyzed species 
(mean ± SD = 1.99 ± 0.6  cm TL; range: 1.1–4.0  cm), 
whole fish were submerged in a 10% KOH solution 
(10 mL per gram of tissue) to digest organic matter. 
Therefore, the microplastic load reported in this study 
corresponds to the total present in all tissues and 
organs of each individual. Samples were then heated 
on a TEC NAL hot plate at 40 °C for four hours, fol-
lowing the protocol adapted from NOAA (Herring 
et al., 2015). Subsequently, each digest was vacuum-
filtered through glass-fiber membrane filters. Filters 
were examined under a LEICA M205 C stereomi-
croscope, and all visible microplastics were counted, 
measured (µm), and classified into four categories: 
microfibers, fragments, spheres (beads), or pellets 
according to Dekiff et  al. (2014) and Hidalgo-Ruz 
et al. (2012).

Microplastics characterization

After visual inspection, a subsample corresponding to 
10% of the total microplastics observed was randomly 
selected following Hanke et  al. (2013) and sub-
jected to infrared microspectroscopy using a µ-FTIR 
Spectrum 3 equipped with a Spotlight 200 module 
(PerkinElmer) for polymer chemical characteriza-
tion. The material retained during filtration was trans-
ferred, under an Olympus SZX10 stereomicroscope, 
to a polished KBr disk cell (13 × 2 mm) for µ-FTIR 
analysis in transmission mode. Particle screening 
was performed using halogen illumination (Olym-
pus LG-PS2-5); for occasional visual enhancement 

of selected particles, a UV flashlight (A.F-535A) 
was used. The µ-FTIR was operated in transmittance 
mode with a spectral resolution of 1 cm⁻1 over a range 
of 4000–600  cm⁻1. Aperture size and shape were 
adjusted for each particle, with dimensions varying 
between 25 and 150  µm. The obtained spectra were 
compared against the PerkinElmer “Polymers” refer-
ence library using Spectrum IR software (v. 10.7.2), 
and particles were classified as microplastics when 
their spectral match exceeded 75%.

Quality assurance and control

Recovery tests were performed to assess the effi-
ciency of the extraction procedures. Samples were 
spiked with two microfibers of each polymer type: 
PET (polyethylene terephthalate), PVC (polyvinyl 
chloride), PS (polystyrene), and PA (polyamide). 
Procedural blanks consisted of Petri dishes contain-
ing filtered distilled water, which were placed along-
side the samples throughout processing to monitor 
potential airborne contamination; any microplastics 
detected in these blanks were subsequently quanti-
fied. To minimize external contamination, all equip-
ment (Petri dishes, scissors, tweezers) was thoroughly 
cleaned with distilled water followed by 70% ethanol, 
and laboratory personnel wore latex gloves and lab 
coats at all times.

Data analysis

Microplastics were quantified and categorized by man-
ually counting each particle in the samples, recording 
both their morphotype, color and size. We then calcu-
lated the relative frequency of each morphology type 
(microfibers, fragments, spheres, pellets) and each color 

Table 1   Summary of fish morphometrics (TL = total length—
cm, Weight = wet mass—g) and microplastic load by wetland 
type, site, and specie on the coastal plain of the state of Rio de 

Janeiro, Brazil. Values are mean ± SD; sample size per species 
in parentheses

Wetland Site Specie (N) TL (cm) Weight (g) MP per ind

Mangrove M1 K. ocellatus (37) 1.99 ± 0.51 0.08 ± 0.05 1.84 ± 1.92
K. hermaphroditus (13) 2.22 ± 0.51 0.11 ± 0.06 1.46 ± 1.81

M2 K. ocellatus (39) 2.69 ± 0.71 0.24 ± 0.14 1.28 ± 1.61
K. hermaphroditus (11) 2.82 ± 0.66 0.25 ± 0.16 1.18 ± 1.47

Temporary pond T1 Leptopanchax opalescens (50) 1.44 ± 0.2 0.03 ± 0.02 1.7 ± 1.93
T2 Notholebias minimus (50) 1.77 ± 0.35 0.06 ± 0.04 1.64 ± 1.98
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category separately for each environment (mangrove 
and temporary ponds), expressing all values as percent-
ages to provide a comprehensive, comparative overview 
of microplastic distribution across the analyzed fish.

To test the hypothesis (H1) that annual fish species 
inhabiting temporary wetlands exhibit lower micro-
plastic contamination than perennial species inhabit-
ing mangroves, a Generalized Linear Mixed Model 
(GLMM) framework was employed. The response 
variable, microplastic abundance per fish (MP), showed 
clear overdispersion (variance/mean = 2.14), moderate 
positive skewness (1.30), and high kurtosis (7.39), con-
sistent with a long-tailed, sharply peaked distribution. 
Zeros accounted for 39.5% of observations (79/200), 
nearly double the proportion expected under a Poisson 
process with the same mean (20.5%), indicating sub-
stantial zero inflation, a common pattern in microplastic 
contamination datasets (e.g., Hou et al. 2021; Cordeiro 
et al. 2026).

Given the data structure, we fitted zero-inflated neg-
ative binomial GLMMs (ZINB) with a log link using 
the glmmTMB package (Brooks et  al., 2017). Fixed 
effects included wetland type (mangrove vs. tempo-
rary ponds), fish body total length (proxies for lifes-
pan and exposure time), and their interaction (wetland 
type × total body length), with sampling localities spec-
ified as random factors. These predictors were included 
in both the conditional and zero-inflation components 
of the models. Model significance for main effects 
and interactions was assessed using Type II Wald χ2 
ANOVA via the car package, with α = 0.05. Model 
assumptions and adequacy were checked using the 
simulateResiduals function from the DHARMa pack-
age (Hartig 2024). Diagnostic plots were used to verify 
distributional assumptions, check for overdispersion, 
and identify potential outliers. No significant violations 
were detected (Fig. S1—Supplemental Material 1). All 
statistical analyses were performed in R version 4.3.1 
(R Core Team, 2024). Data used in the analyses are 
available in Supplemental Material 2.

Results

Microplastic profiles: morphotype, color, length, 
polymer composition

Microplastic contamination was detected in all 
four rivulid fish species, occurring in 121(60.5%) 

of the 200 specimens analyzed (mean ± SD = 1.58 
± 1.84 MP particles per individual; Table  1, Fig-
ure  2). Rates were similar across habitats: 62% in 
mangroves (1.50 ± 1.84 MP) and 59% in temporary 
wetlands (1.67 ± 1.97 MP; Table  1). Particle com-
position was dominated by fragments (Overall: N = 
188; 59.3%; mangroves: N = 98; 65.3%; temporary 
ponds: N = 90; 50.3%) and microfibers (Overall: 
N = 122; 38.4%; mangroves: N = 48; 32%; tempo-
rary ponds: N = 74; 44.3%) in both environments; 
spheres and pellets were rare (N = 7; < 2%; Figure 2 
and 3; Table S1 - Supplemental Material 1). In terms 
of color, blue (65.3%) and black (23.3%) particles 
predominated, together accounting for 88.6% of all 
items recovered (Figure  3; Table  S2 - Supplemental 
Material 1). Regarding size, particle lengths spanned 
22–4,192 µm. Smaller particles (<1,000 µm) were the 
most prevalent across samples from both mangroves 
and temporary ponds (Figure  3). No microplastics 
were detected in the Petri dish blanks, indicating the 
absence of procedural contamination during labora-
tory analyses.

µ-FTIR analysis showed that the identified parti-
cles were mainly polypropylene (PP, 39.5%) and poly 
(4-methyl-1-pentene) (PMP/TPX, 23.3%), followed 
by α-cellulose (16.3%), poly(ethylene terephthalate) 
(PET, 14.0%), cellulose (2.3%), and other polymers 
(4.7%) (Figure  3). By environment, mangrove was 
dominated by PP (43.8%), with contributions from 
PMP (18.8%), α-cellulose (18.8%), PET (12.5%), and 
cellulose (6.3%). In temporary ponds, PP (37.0%) and 
PMP (25.9%) predominated, with PET (14.8%) and 
α-cellulose (14.8%) at intermediate frequencies, plus 
other polymers (7.4%).

Effects of wetland type and body length on 
microplastic contamination

Microplastic abundance per fish were modeled 
with a zero-inflated negative binomial GLMM 
(AIC = 697.1). The zero-inflation component indi-
cated a significant excess of structural zeros (logit 
intercept =  − 1.09 ± 0.36, p = 0.0026), corresponding 
to an average structural-zero probability of ~ 0.25. In 
the count component, neither wetland type (χ2 = 0.18, 
p = 0.671) nor fish total length (χ2 = 0.44, p = 0.507), 
nor their interaction (χ2 = 0.18, p = 0.669) was associ-
ated with MP abundance; therefore rejecting H1.
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Discussion

Effects of wetland type and body length on 
microplastic contamination

Contrary to H1, microplastic (MP) burdens were 
similar in annual fishes from temporary wetlands 
and perennial fishes from mangroves, despite the 
expectation of higher contamination in mangroves 
owing to stronger hydrological connectivity and 
longer life spans (and thus greater cumulative expo-
sure). Reviews show that mangrove root structure 
and tidal regimes promote the retention and enrich-
ment of microplastics in mangroves (e.g., Qiao and 
Wang 2024; Deakin et al. 2025), and that body size, 
used as a proxy for lifespan and exposure time, is 
positively associated with MP occurrence and 
loads in fishes (Roch et  al. 2020; Yagi et  al. 2022; 
Ding et al. 2023), which would, a priori, justify the 
expectation of higher loads in mangrove fishes. This 
finding suggests that efficient pathways of MP input 
and ingestion also operate in fishes from temporary 

wetlands, offsetting the effects of lower connectivity 
and shorter life cycles.

A key mechanism underlying MP contamination 
of fish in the temporary wetlands examined here may 
be atmospheric, pluvial, and overland runoff inputs. 
Owing to their small size and low density, MPs 
become airborne and can be transported over long 
distances by wind before being redeposited on ter-
restrial and aquatic surfaces (Allen et al. 2019; Elna-
has et al. 2024). Precipitation also plays a crucial role 
by scavenging suspended MPs from the atmosphere 
and depositing them in concentrated fluxes, effec-
tively acting as a “concentration funnel” (Brahney 
et  al. 2020; Dong et  al. 2024). In addition, overland 
runoff from roads transports urban waste into tem-
porary wetlands, while traffic-derived dust, particu-
larly tire- and brake-wear particles, constitutes an 
important MP source (e.g., Jaiswal et al. 2026). This 
is consistent with the study’s sampling sites: the tem-
porary pond of Leptopanchax opalescens is located 
in an industrial/agricultural zone near a state high-
way (Guedes et  al. 2020), whereas the Notholebias 

Fig. 2   Photographs of 
microplastics detected 
in rivulid fishes from the 
coastal plain of Rio de 
Janeiro State (Brazil). Frag-
ments (a–b), microfibers 
(c), and spheres (d) 
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minimus site lies within an urban area of the city 
of Rio de Janeiro (Guedes et  al. 2023b), one of the 
most densely populated regions of Brazil. The central 
issue in Rio de Janeiro, as well as in much of Brazil, 
remains the inadequate disposal and management of 
solid waste and low wastewater treatment rates (Alves 
and Figueiredo 2023; Drabinski et al. 2023; Andrade 
and Araujo 2025), factors that contribute to the accu-
mulation of pollutants in temporary wetlands where 
rivulid fishes occur. The hydrological “isolation” of a 
temporary wetland from perennial waters is therefore 
illusory from the standpoint of plastic pollution.

The observed similarity in ingestion among spe-
cies may stem from functional traits shared by riv-
ulids. Small body size and reduced gape impose size-
selective filtering, favoring ingestion of fine particles 
(< 1  mm), the fraction that tends to predominate in 
MP records (Siddique et  al. 2024; Lim et  al. 2022). 

In addition, a generalist trophic habit and recurrent 
use of shallow benthos, periphyton/detritus, and the 
air–water interface (Contente and Stefanoni 2010; 
Gonçalves et  al. 2011; Taylor 2012) where fibers 
and fragments accumulate via flotation, settling, and 
resuspension, may create similar opportunities for 
incidental ingestion in both annual and perennial spe-
cies. Microplastic ingestion by fish occurs predomi-
nantly in a passive or incidental manner, reflecting 
their availability in the aquatic environment, since 
particles can be mistaken for food or ingested dur-
ing feeding (Hartz et al. 2025; Jolaosho et al. 2025). 
Despite shorter lifespans, annual species exhibit high 
growth and foraging rates to complete a rapid life 
cycle (Furness 2016; Žák et  al. 2021), which may 
compensate for reduced exposure time and bring 
MP loads closer to those of perennial species. Taken 
together, (i) shared morphological traits (small body/

Fig. 3   Comparison of microplastic contamination in rivulid fishes between two wetland types (mangroves and temporary ponds) in 
southeastern Brazil by: morphology (a), size (b), color (c), and polymer chemical composition (d) 
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reduced gape), (ii) convergent use of microhabitats 
with potential high MP availability, and (iii) elevated 
foraging rates tend to homogenize the spectrum of 
particle sizes ingested and, consequently, the individ-
ual MP burdens observed in this study.

Microplastic profiles: morphotype, color, length, 
polymer composition

Fragments (60%) and microfibers (38%) dominated 
the particles recovered from fish in both mangroves 
and temporary ponds, whereas spheres and pellets 
contributed only marginally. This profile contrasts 
with the meta-analysis (Lim et al. 2022; Dalvand and 
Hamidian 2023), which reported fibers as the domi-
nant morphotype (70–98%) and fragments as sec-
ondary (8–19%) in fish globally. The observed inver-
sion for species in the present study may be linked 
to the absence of temporary wetlands in the studies 
reviewed and may also reflect a combination of non-
exclusive mechanisms: (i) habitat-specific sources 
and transformations—in mangroves, tidal energy, 
vessel traffic, and wear of fishing gear favor the sec-
ondary fragmentation of macroplastics, while root 
architecture and fine sediments act as sinks that mod-
ulate the relative availability of fibers in the water col-
umn (Paduani 2020; Qiao and Wang 2024); and (ii) 
in temporary ponds, UV radiation, elevated tempera-
tures, and wet–dry cycles accelerate photo-oxidation 
and abrasion, increasing the proportion of fragments 
(Qian et  al. 2021; Li et  al. 2024), while low hydro-
logical connectivity reduces exposure to continuous 
inputs of textile microfibers from domestic/industrial 
effluents.

In addition, the present study has methodological 
particularities that distinguish it from the majority 
of studies on microplastics in fish. Here, total micro-
plastic burden was assessed at the organism-level 
exposure, considering the whole fish. This approach 
is particularly appropriate due to the small body size 
of the species analyzed, which, like most Neotropical 
rivulids, exhibit reduced size (Guedes et  al. 2023b), 
with total body mass below 0.5  g. In contrast, most 
studies on microplastics in fish focus on specific com-
partments, with a strong predominance of gastrointes-
tinal tract analyses (65%) and a low representation of 
integrated approaches, with only about 5.3% of stud-
ies assessing the organism more comprehensively 
(Sequeira et al. 2020). This methodological limitation 

may lead to an underestimation of organism-level 
exposure, as it does not account for other pathways 
and compartments of contamination, such as retention 
and filtering by the gills, as well as possible redistri-
bution to muscle and neural tissues (Lim et al. 2022). 
Studies exclusively focused on the intestine tend to 
reflect ingestion patterns associated with feeding 
behavior, whereas gill-based analyses may capture a 
more direct and continuous exposure to the aquatic 
environment, often more heterogeneous in terms of 
particle availability (Yin et al. 2022). Thus, ecologi-
cal, hydrological, and methodological particularities 
may have influenced the predominance of fragments 
over microfibers observed in the present study.

Blue and black microplastic particles predominated 
in fish from both wetland types, together accounting 
for 88.6% of all items recovered. This pattern aligns 
with scientometric and global meta-analyses in fishes 
showing that blue and black particles are most fre-
quently reported in field investigations (Lim et  al. 
2022; Sacco et  al. 2024). Ecological and methodo-
logical processes likely act in concert across brackish 
and freshwater habitats: (i) shared inputs from urban 
effluents, surface run-off, and atmospheric deposi-
tion deliver a similar “color mix,” with blue plastics 
incidentally ingested due to high environmental avail-
ability (Lim et al. 2022); (ii) visual selection by fish 
may favor blue particles that resemble zooplankton 
prey, while black particles commonly reflect tire-wear 
debris and ropes/fishing gear (Ory et  al. 2017); and 
(iii) visual sorting can overestimate vivid/dark colors 
and undercount transparent particles (Lusher et  al. 
2020).

Particles < 1,000  µm were the most prevalent in 
this study, consistent with syntheses in fishes indicat-
ing that the 0–1 mm class is the most common among 
ingested items (Oza et  al. 2024). Biologically, the 
small body size of rivulids imposes gape limitations 
and favors selection of proportionally small natural 
prey; such morphological constraints likely render 
smaller microplastics more susceptible to incidental 
ingestion during foraging (e.g., Siddique et al. 2024). 
The high frequency of polypropylene observed in this 
study is consistent with syntheses and meta-analyses 
reporting polyolefins (PE/PP) as the most common 
polymers in fishes, owing to their widespread use in 
packaging materials, plastic bags, containers, and 
synthetic fibers (Lim et al. 2022). This pattern reflects 
their high production, low density, and persistence, 
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which favor surface transport and stranding in physi-
cal retention zones such as mangrove roots and emer-
gent macrophytes (Amparo et  al. 2023; Oza et  al. 
2024).

Implications, limitations, and future directions

Among the four rivulid species analyzed in this 
study, two are globally threatened with extinction 
(N. minimus and L. opalescens; IUCN 2025), and 
one is locally threatened (Kryptolebias ocellatus; 
SMAC Resolution No. 073–2022). The detection 
of microplastics in all evaluated species represents 
a relevant warning signal for conservation, not only 
for these taxa, but also for the more than 130 rivulid 
species threatened with extinction in Brazil (ICMBio 
2026). Furthermore, runoff from agricultural areas 
can transport mixtures of pesticides into water bod-
ies inhabited by rivulids (Zebral et  al. 2018; Godoy 
et  al. 2025), together with microplastics (MPs), cre-
ating co-exposure scenarios. Exposure to microplas-
tics in fish has been associated with sublethal effects 
such as oxidative stress, tissue inflammation, reduced 
physiological performance, and behavioral alterations 
(Wang et al. 2024; Jo et al. 2025). In addition, there is 
potential for bioaccumulation and trophic transfer of 
microplastics to higher levels of the food chain, espe-
cially to piscivorous birds and other predators that use 
these environments as foraging areas (e.g., Carrillo 
et  al. 2025), which broadens the ecological implica-
tions of these findings to the entire local food web.

In Brazil, the main challenge related to plastic pol-
lution remains the inadequate management of solid 
waste and the low coverage of sewage treatment, fac-
tors that favor the continuous entry of contaminants 
into aquatic environments (Andrade and Araujo 
2025). Therefore, conservation strategies should 
include specific environmental management measures 
aimed at reducing local sources of microplastics, such 
as controlling waste disposal, mitigating surface run-
off from roads and urban areas, and improving basic 
sanitation infrastructure.

Despite its contributions, this study has inherent 
limitations. First, the absence of microplastic data 
from environmental matrices (soil and water) in both 
mangroves and temporary wetlands prevents a direct 
assessment of the relationship between the contami-
nation observed in rivulid fishes and the environmen-
tal availability of particles in these habitats. Second, 

the analysis includes only four species and four local-
ities, which limits the extrapolation of the results to 
other systems and regions. Third, the sampling design 
has limited temporal resolution, as microplastic con-
tamination can vary significantly across seasons (e.g., 
Cordeiro et al. 2026). Future studies encompassing a 
broader environmental, spatial, temporal, and taxo-
nomic scope, including multiple environmental matri-
ces, are needed to better contextualize the patterns 
observed in wetland fishes.

Conclusions

This first quantification of microplastics in Rivuli-
dae fishes reveals widespread contamination—par-
ticles occurred in all four species and in 60.5% of 
individuals (1.58 ± 1.84 items fish⁻1)—with profiles 
dominated by < 1,000  µm blue/black fragments and 
microfibers, chiefly polypropylene, poly(4-methyl-
1-pentene) and PET. Contrary to H1, MP loads did 
not differ between mangroves and temporary ponds, 
nor with body size. Convergent functional traits of 
rivulids—small body and gape, generalist foraging, 
and routine use of shallow microhabitats where fibers 
and fragments accumulate—likely equalize ingestion 
probabilities across life histories. Collectively, these 
findings show that temporary wetlands are not refuges 
from plastic contamination, and should be explicitly 
included in monitoring and mitigation strategies that 
target diffuse, landscape-scale MP inputs.
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