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Obligate freshwater stingrays of the Potamotrygoninae subfamily are endemic to
South America and confined to freshwater systems heavily impacted by
anthropogenic activities. These pressures often lead to habitat degradation, with
unknown impacts on these species’ physiology, behavior, ecology, and survival.
Given the increasing pollution of aquatic environments and potential lethal and
sublethal effects on exposed biota, this study aimed to review the state of knowledge
on the ecotoxicology of species within the Potamotrygoninae subfamily, which
includes four genera, namely Heliotrygon, Paratrygon, Plesiotrygon, and
Potamotrygon. A systematic review of peer-reviewed articles published in English
retrieved seven studies, all focused on Potamotrygon genus stingrays. To date, no
investigations have been conducted on species from the other three genera. Five of
the reviewed studies focused on the evaluation of metals and metalloids,
predominantly assessing mercury in muscle tissue. Additionally, two manually
included studies addressed other contaminants, one examined plastic
contamination in the intestinal tract of Potamotrygon leopoldi, and the other
analyzed morphological deformities in Potamotrygon marquesi, potentially linked
to chemical contamination. Some studies focused on human health risk
assessments, as freshwater stingrays are routinely consumed by humans in several
of their distribution areas. No biomarker assessments have been conducted to date,
further restricting evaluations of the species’ health and resilience to environmental
stressors. The recovered studies were conducted in four South American countries,
with most carried out in Brazil. Knowledge gaps and future research directions are
discussed, alongside details of the studies conducted to date.
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Introduction

Pollution poses an increasingly severe threat to freshwater
ecosystems, driven primarily by human activities such as industrial
discharge, agricultural runoff, and urban expansion (Mushtaq et al.,
2020). These pollutants, which include a wide range of chemicals
such as metals, pesticides, and plastics, are transported through the
atmosphere and river runoff, ultimately reaching freshwater systems
such as rivers, lakes, and wetlands. Once introduced into these
environments, pollutants can accumulate in sediments and water,
impacting the health of aquatic organisms (Amoatey and Baawain,
2019; Mushtaq et al,, 2020). The effects of chemical pollution in
freshwater systems are often more pronounced than in marine
environments due to the limited dilution capacity and slower
water exchange rates of many freshwater ecosystems (Andricevic
and Galesic, 2018; Pinheiro et al., 2021). Contaminants such as
metals, metalloids, and persistent organic pollutants (POPs) can
accumulate in the tissues of aquatic organisms, potentially
disrupting crucial biological processes, including alterations in
neurological functions, immune response, and reproductive health
(Olojo et al., 2005; Vitek et al., 2009; Jezierska et al., 2008). Among
the organisms exposed to these contaminants, elasmobranchs (i.e.,
sharks and rays) are particularly vulnerable to the accumulation and
effects of chemical pollutants (Tiktak et al., 2020; Alves et al., 2022).
Their susceptibility stems from biological and ecological traits
characteristic of K-strategists, such as slow growth, late sexual
maturation, and low reproductive rates (Dulvy et al., 2017).
However, despite pollution recently being recognized as one of the
four primary threats to elasmobranchs (Dulvy et al., 2021), alongside
overfishing, habitat loss and degradation and climate change, its
impacts remain poorly understood.

Both marine and freshwater rays play an important ecological
role through bioturbation during their foraging activities. This
behavior is essential for maintaining aquatic ecosystems, as
stirring up sediment increases dissolved oxygen concentrations
and enhances nutrient availability (D’Andrea et al,, 2002; Grew
et al., 2024; Nauta et al., 2024). These processes, in turn, promote
greater diversity and density of benthic fauna (Thrush, 1991;
D’Andrea et al., 2002; Glaspie and Seitz, 2018). Benthic rays are
in constant contact with sediment, making them particularly
susceptible to bioaccumulation of environmental pollutants as
sediments are the ultimate sink for many pollutants, especially
chemical ones (de Souza MaChado et al, 2016). This poses a
growing threat not only to individual species but also to the
overall health of freshwater ecosystems, declining overall
biodiversity and disrupting ecological processes such as nutrient
cycling and water filtration (Ogidi and Akpan, 2022).

The Potamotrygonidae family comprises a diverse and
distinctive lineage of stingrays primarily found in Central and
South America (Last et al., 2016). This family is divided into two
subfamilies: Styracurinae with one neotropical marine genus
(Styracura) and two species (Last et al., 2016), and
Potamotrygoninae encompassing a larger group of freshwater
stingrays known as potamotrygonins with 38 valid species to date
(Silva et al, 2021; Torres et al, 2022). The Potamotrygoninae
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subfamily is further divided into four genera: Heliotrygon,
Paratrygon, Plesiotrygon, and Potamotrygon. These stingrays have
evolved specialized physiological adaptations to thrive in freshwater
environments (Ballantyne and Robinson, 2010), including a
significant reduction in circulating urea levels, a decrease in the
size and function of the rectal gland, and renal changes consistent
with a more dilute environment (Treberg et al., 2006; Ballantyne
and Robinson, 2010).

While numerous studies have explored pollutant contamination
in marine elasmobranchs, freshwater species are substantially
underrepresented in the literature. This is particularly concerning
because freshwater elasmobranchs might be more vulnerable to
pollution than their marine counterparts, as the osmoregulatory
processes in freshwater environments could potentially enhance the
absorption and retention of contaminants (Tkejimba and Sakpa,
2014), among other aspects. In addition, some Potamotrygoninae
species are listed as Data Deficient (DD) by the IUCN, indicating lack
of sufficient information to make a direct assessment of their risk of
extinction, highlighting the need for further in-depth research to
effectively implement conservation efforts. Coupled with the more
pronounced negative effects of pollutants in freshwater systems, this
might increase the risk of adverse impacts on these species. However,
the effects of aquatic pollution on this group remain poorly
understood and are often underestimated. In this sense, only some
contaminant assessments are available for very scarce pollutants for
potamotrygonins, and no biochemical or physiological effects have
been studied so far.

This review aims to synthesize the current understanding of
freshwater pollution (i.e., chemical and plastic) and their potential
impacts on potamotrygonins. Additionally, it identifies key
knowledge gaps and suggests future research directions to
enhance the understanding of the vulnerability of this species
group to aquatic pollution. This is important to establish baseline
data for future research on this understudied group, highlight
critical knowledge gaps that require focus for future research
efforts and provide more comprehensive insights on freshwater
ecosystem health, relevant for the development of conservation and
environmental policies. Furthermore, human health risk
assessments are also discussed, as potamotrygonins are heavily
consumed in several of their distribution areas.

Methodology

A comprehensive literature search was performed across five
major databases: Web of Science, Scielo, PubMed, Scopus, and
Google Scholar. The search strategy employed a structured Boolean
approach (Greenhalgh and Peacock, 2005) using the terms “POP”,
“metal”, “plastic”, “microplastic”, “toxicity”, “freshwater stingray”,

» « » o«

“Heliotrygon,” “Paratrygon,” “Plesiotrygon,” and “Potamotrygon”.
The search terms were combined and temporal filters were not
applied, assessing all available literature with no range of
publication year. To expand the scope of the review, the snowball
method, as described by Greenhalgh and Peacock (2005), was also

applied. This method comprises a convenience sampling method
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routinely applied when a certain subject is difficult to access or
scarce data on a certain subject is available through specific search
strings. It consists in analyzing bibliographical references cited in
the retrieved reports and searching independently for data on the
specific subject of interest, continuing until data saturation (Burns
and Grove, 1993). This method helped identify additional relevant
publications cited within the initially retrieved studies, including
studies that, while not directly focused on pollutant assessments,
provided valuable context or supplementary insights related to
the topic.

Studies were included if peer-reviewed, concerning
Potamotrygoninae species pollution occurrence and levels and
published in English. They were excluded if reported in gray
literature, did not assess pollutants in Potamotrygoninae species
(as some other genera data were retrieved), and published in other
languages (e.g., Brazilian Portuguese and Spanish).

While we acknowledge that these filters may introduce potential
bias, we chose to apply them due to the inherent challenges in
systematically searching gray literature and publications in other
languages. To minimize bias in the selection process, three
independent authors examined each record for relevance based
on predefined criteria, including the study’s focus, freshwater
stingray species, and measurable ecological or toxicological
outcomes. For each included study, key data were extracted and
documented in a standardized spreadsheet. The spreadsheet
recorded essential information such as the full title of the study,
authors, year of publication, and the journal or source. It also
detailed the geographic location of the study, the specific
Potamotrygoninae species investigated, and the analyzed pollutants.

Results

A total of seven studies on stingrays belonging to the
Potamotrygon genus were identified, with five obtained through
systematic database searches and two additional studies
incorporated via the snowball method. An additional review
article was retrieved but excluded from the analysis as it did not

10.3389/fmars.2025.1582093

constitute original research. Among the included studies, five
investigated contamination by metals and metalloids, one
reported plastic ingestion, and another described morphological
deformities in a species, exploring potential associations between
these deformities and chemical contamination (Table 1). Notably,
no studies addressing persistent organic pollutants (POPs) in this
genus were identified.

The first toxicological study on the Potamotrygon genus was

published in 2006, while the most recent studies (n = 2) were

published in 2024. Between these dates, one study was published in
2012, another in 2020, and two in 2023. A total of four or five species
were examined across these studies: “Potamotrygon hystrix”
(Porcupine Freshwater Stingray), corresponding to either P.
orbignyi or P. humerosa, Potamotrygon leopoldi (Xingu Freshwater
Stingray), Potamotrygon marquesi (Marques Freshwater Stingray),
Potamotrygon motoro (Ocellate Freshwater Stingray), and
Potamotrygon orbignyi (Reticulate Freshwater Stingray) (Figure 1).
The studies were conducted in four South American countries: four
in Brazil (Cassiporé River, and Tapajés-Amazon rivers confluence),
one in French Guiana (Maroni River), one in Venezuela (Las Marias
River), and one in Ecuador (Pastaza, Napo, and Aguarico rivers).

A total of 35 Potamotrygon individuals were analyzed across the
reviewed studies. Mercury (Hg) emerged as the most extensively
studied element, reported in all five studies (100%). Zinc (Zn) and
lead (Pb) were also commonly investigated, alongside chromium
(Cr), copper (Cu), and cadmium (Cd), with each analyzed in 40% (n
= 2) of the studies. Less frequently analyzed metals and metalloids
included nickel (Ni), arsenic (As), and aluminum (Al), each

documented in 20% (n = 1) of the studies. In terms of tissue
analysis, metals were assessed in muscle tissue in three studies. Of
these, two studies identified a broad spectrum of elements,
including Al, As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn, and Hg.
Another study specifically focused on Hg concentrations in
muscle tissue. Notably, only one study conducted a
comprehensive analysis of Hg across multiple tissues, including
gills, liver, kidneys, muscle, stomach, and intestine.

One study addressed deformities in the pelvic fin and clasper
skeleton of a Potamotrygon marquesi specimen in the State of Acre,

TABLE 1 Publications on Potamotrygon spp. metal and metalloid contamination and transversally-related articles.

|D] Reference Authors Year Country
Mercury distribution in fish organs and food regimes: Significant relationships from twelve species collected in L French
1 i i K Regine et al. 2006 .
French Guiana (Amazonian basin) Guiana
2 Mercury biomagnification in the food web of a neotropical stream Kwon et al. 2012 Venezuela
Morphological deformities in the pelvic fin and clasper in speci £ Potamot i (Chondrichth Capretz Batista
orphological deformities in the pelvic fin and clasper in specimens of Potamotrygon marquesi (Chondrichthyes:
3 " ¢ ’ M liobatiforrrfl)eS' Potzmot oninae) % ! § da Silva and da 2020 Brazil
y! : Tye Silva Casas
4 First record of plastic ingestion by a freshwater stingray Trindade et al. 2023 Brazil
Levels of Total Mercury and Health Risk Assessment of Consuming Freshwater Stingrays (Chondrichthyes: . .
5 . . Oliveira et al. 2023 Brazil
Potamotrygoninae) of the Brazilian Amazon
6 Human exposure to elements through c'o?sumption of T’aw and cookEfl fish in an urban region of the central Meschede et al. 2024 Brazil
Brazilian Amazon biome: Health risks
7 Abiotic and biotic factors influencing heavy metals pollution in fisheries of the Western Amazon Echevarria et al. 2024 Ecuador
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FIGURE 1

Timeline of the studies with Potamotrygoninae analyzed over 18 years. Each box represents a study. Green arrows indicate values below permissible
levels, while red arrows indicate values above permissible levels. Note: Although one paper indicated “P. hystrix”, this species does not occur in the

study sampling site (this is discussed ahead).

Brazil. The authors hypothesized that the cause of these
deformations was exposure to chemical contaminants. Another
study reported the first record of plastic ingestion by
Potamotrygon leopoldi, in which a total of 81 plastic particles
were recorded. These consisted of microplastics (< 5 mm, n = 57)
and mesoplastics (5-25 mm, n = 24). Eight types of polymers were
identified, the most frequently comprised of artificial
cellulose fibers.

Discussion

This is the first comprehensive review of the toxicology of
potamotrygonins, highlighting a significant knowledge gap both
concerning potamotrygonin health and environmental
contamination of their habitats and human health risk
assessments due to the consumption of these freshwater stingrays.
Only studies focused on the genus Potamotrygon were retrieved
based on the selected filter criteria, highlighting the limited scope of
existing research.

Freshwater stingrays exhibit a high degree of endemism, which,
combined with habitat degradation, commercial and incidental
fishing (Araujo et al., 2004; Rincon, 2006; Charvet-Almeida, 2006;
Almeida et al,, 2008), and negative fishing practices, where
individuals are captured and mutilated for tail removal without
subsequent use of their meat (Compagno and Cook, 1995; Charvet-
Almeida, 2001), place these species at considerable risk.
Furthermore, some species, particularly within the genus
Potamotrygon, are highly sought after by the aquarium trade
(Ross and Schifer, 2000; Rincon and Charvet-Almeida, 2006;
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Lasso et al., 2016; Tribuzy-Neto et al., 2020), exacerbating
their vulnerability.

The first ecotoxicological assessment retrieved herein, carried
out by Regine et al. (2006), reported the distribution of Hg in
various “Potamotrygon hystrix” (n=4) tissues, along with other
freshwater fish species from French Guiana. However, the
potamotrygonin specimens identified as “P. hystrix” probably
corresponded to P. orbignyi, since P. histrix is endemic to the
southern river basins in South America (Rosa, 1985). The study
found Hg concentrations of 0.203 mg kg™ wet weight (w.w.) in
muscle tissue, 0.186 mg kg™" in the intestine, 0.095 mg kg™ in the
stomach, 0.558 mg kg™' in the liver, and 0.886 mg kg™ in the
kidneys. No mercury concentration data were reported for gills and
no human health risk assessments were conducted.

The second study, by Kwon et al. (2012), focused on Hg levels in
muscle tissue of P. orbignyi (n=2) as part of a larger assessment of
Hg biomagnification in the food chain of the Las Marias River in
Venezuela. The researchers reported a Hg concentration of 0.42 mg
kg™ wet weight (w.w.). One study did not meet the research criteria
(i.e., published in Brazilian Portuguese) but brought relevant
information on Potamotrygon spp. ecotoxicology by reporting
findings from areas near mining sites in the State of Amapa,
Brazil, where metal concentrations were assessed in the muscle
tissue of 55 species of freshwater fish (Lima et al., 2015). Among the
species, only one individual, identified as “P. hystrix” (again
probably corresponding to P. orbignyi, or even P. humerosa,
considering the study area, as P. histrix does not occur in the
State of Amapd) specimen was analyzed, and the concentrations of
metals were expressed as mg kg™' wet weight. The results were as
follows: Cd - 0.0055 mg kg™', Cr - 0.0001 mg kg™!, Cu - 0.0197 mg
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kg™, Pb - 0.0437 mg kg™', and Zn - 0.0652 mg kg~'. No human
health risk assessment was carried out.

Following the study by Kwon et al. (2012), a notable gap in
ecotoxicological research on Potamotrygon spp. is observed, with a
new study published only in 2020 by Capretz Batista da Silva and da
Silva Casas (2020). These authors reported pelvic fin and clasper
skeleton deformities in P. marquesi, analyzing four male specimens
(two juveniles and two adults) collected from the Liberdade and
Tarauaca rivers in Acre State, Brazil, and deposited in the
Ichthyology Center of the Alto Jurua Valley (NIVAJ) and the
Zoology Museum of the University of Sdo Paulo (MZUSP). The
deformities affected the pelvic girdle, and right clasper skeleton, and
led to severe skeletal and muscular abnormalities in the pelvic fin,
including the loss of its terminal components, and were suggested as
a result exposure to chemical contaminants. However, no metal
determinations or human health risk assessments were conducted.

In 2023, the first study on plastic ingestion in freshwater
stingrays and the first assessment of human consumption risks
for a Potamotrygon was published. Trindade et al. (2023)
documented plastic ingestion in P. leopoldi from the Xingu River
in Para State, Brazil. Among 24 specimens analyzed, 16 of them
contained plastic particles, totaling 81 particles in all in their
gastrointestinal tract, with 70.4% classified as microplastics and
29.6% as mesoplastics. Microplastics ranged from 0.8 to 4.7 mm,
while mesoplastics measured 5.2 to 13.7 mm. Most particles were
fibers (62.2%), followed by fragments (35.8%). Color analysis
revealed a predominance of blue (33.3%), followed by yellow
(18.5%), and other colors in smaller proportions. Eight polymer
types were identified, with artificial cellulose fiber being the most
common. The findings highlight the growing issue of plastic
pollution, even in remote freshwater areas, posing direct and
indirect risks to freshwater species through ingestion and
contaminated prey (Fossi et al, 2017). Again, no human health
risk assessments were performed.

Oliveira et al. (2023) conducted the first assessment of mercury-
related risks associated with P. motoro meat consumption. Sixteen
specimens (four neonates and 12 juveniles) were sampled from Lake
Andiroba, Manaquiri, Amazonas State, Brazil. Muscle analyses
revealed no differences in total mercury (THg) concentrations
between juveniles and neonates. The authors also conducted a
human health risk assessment, indicating that mercury values
were below the Brazilian consumption limit for non-predatory
fish (0.5 mg kg™') and piscivorous fish (1.0 mg kg™') as set by the
Brazilian Health Regulatory Agency (Agéncia Nacional de
Vigilancia Sanitdria, ANVISA, 2022). However, they did not
report exact Hg concentrations, limiting further interpretations.
They did, however, also carry out Estimated Monthly Intake (EMI)
assessments, used to estimate the amount of a contaminant that a
person would ingest through food consumption over the course of a
month, revealing that rural children were exposed to mercury over
three times as much than urban children, while young adults and
adults showed lower EMI values. Across all groups, EMI values
exceeded the provisional tolerated monthly intake (PMI) of 0.017
mg kg=' month™’, indicating that only urban youth and adults
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stayed within safe limits for consuming P. motoro, while the hazard
quotient was similar across age groups and genders.

In 2024, two papers were published evaluating metals and
metalloids in several freshwater fish species, including
Potamotrygon spp. focusing on human health risks. The first was
carried out by Meschede et al. (2024), who determined the
concentrations of Al, As, Cd, Cr, Cu, Hg, Ni, Pb and Zn in raw
and cooked muscle samples of eight fish species consumed in
Santarém, Para State, Brazil, which is located in the confluence of
the Tapajos and the Amazon rivers. The potential for non-
carcinogenic risks to human health associated with the
consumption of cooked fish was evaluated for adults and
children. The target species consisted of four carnivorous fish,
three omnivores and one detritivore, commercialized and
consumed by the population of Santarem, including
Potamotrygon spp. Elemental concentrations increased during the
cooking process compared to the raw samples but without
significant differences. The calculated risk assessment indicated
risks to children concerning Hg, for both raw and cooked fish
were evaluated. For adults, in one of the scenarios, there was a
health risk associated with Hg as a result of the consumption of
carnivorous fish. For Potamotrygon spp. (categorized in this study
as an omnivorous species), Hg concentrations ranged from 0.1 to
0.3 mg kg w.w. The mean concentrations of elements in raw and
cooked fish samples, respectively, in mg kg™ w.w., were as follows:
Al 1.2 and 1.4; Cr: 0.04 and 0.02; Cu 0.1 and 1.4; Hg 0.20 and 0.20;
Ni 0.02 and 0.02 and Zn 4.8 and 4.6. Lead presented values above
the limit detection, according to the authors, although no specific
values were reported. When exposure was combined for all
elements, children were at risk when consuming carnivorous and
omnivorous fish. For adults, the mixture of elements represented a
health risk only for the consumption of carnivorous fish.

The second study carried out in 2024 was conducted by
Echevarria et al. (2024), who analyzed the muscle tissue from
three Potamotrygon spp. specimens from the Ecuadorian
Amazon, reporting the following mean metal and metalloid
concentrations, expressed as mg kg w.w.: Al 9.57 + 7.91; As 0.02
+0.02, Cd 0.00 + 0.00; Cu 0.11 + 0.05; Fe 5.95 + 3.19; Mn 0.11 +
0.05, Ni 0.04 + 0.06, Pb 0.07 £ 0.02 and Zn 1.59 + 0.46, while Cr and
Hg were not detected. The authors calculated the daily intakes of
metals, referring to the estimated amount of a metal that an
individual would consume through food on a daily basis. for each
specimen. All were below the recommended upper limits for
humans by the Food and Agriculture Organization of the United
Nations (FAO) and World Health Organization (WHO) (USEPA,
1991; FAO, 1997; WHO/FAO, 2009; USEPA, 2023), both based on
fish daily intakes for the Ecuadorian Amazon and for the Brazilian
Amazon. The Target Hazard Quotient (TQH) or Hazard Index
(HI), indices used to estimate non-carcinogenic health risks from
long-term exposure to a single contaminant and the sum of THQs
for multiple contaminants, respectively, were calculated. All were
below 1, indicating no consumer risks.

A preliminary review of the literature on freshwater stingrays
reveals a disproportionate emphasis on physiological studies, even
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before applying exclusion criteria, with ecotoxicological
assessments remaining notably scarce. Most physiological
research has concentrated on osmoregulatory processes and
evolutionary adaptations that enable these species to thrive in
freshwater environments (Wood et al., 2002; Duncan et al., 2021).
Additionally, studies on reproductive physiology have sought to
advance knowledge for captive breeding efforts (Padilha et al., 2021;
Ramos et al., 2024), while investigations into stress physiology have
aimed to optimize transportation protocols (Brinn et al., 2012; de
Lima et al., 2021). Crucially, these studies predominantly focus on
stingrays from the genus Potamotrygon, leaving significant gaps in
our understanding of other genera within the Potamotrygoninae
subfamily. Notably, no studies have examined the physiological
impacts of pollutant assimilation and accumulation in these species,
creating a knowledge gap in understanding the negative effects of
contaminant exposure. Further compounding this knowledge gap is
the complete absence of biomarker assessments, essential for
evaluating the sub-lethal physiological and cellular effects of
environmental contamination. Biomarkers related to oxidative
stress, genotoxicity, and enzymatic activity are invaluable early
warning indicators of pollution impacts. They could provide key
insights into the responses of freshwater stingrays to pollution and
habitat degradation.

Freshwater stingrays are frequently subject to species taxonomy
and biological studies, yet ecotoxicological studies on this group
remain exceedingly limited. Currently, four or five species have
been evaluated for pollution, all through in situ studies, although
other genera within the Potamotrygoninae subfamily have not yet
been evaluated concerning ecotoxicological assessments to date.
From a toxicological perspective, species misidentification in
freshwater stingray studies can have important implications not
only for ecological risk assessments but also for human health. For
example, different species may vary significantly in their capacity to
bioaccumulate and metabolize pollutants due to differences in diet,
trophic level, physiology, and habitat use, leading to different
physiological and ecological effects. Misattributing contaminant
concentrations to the wrong species can, therefore, obscure true
exposure profiles and mask a certain species actual sensitivity or
tolerance to contaminants, skewing toxicological thresholds or
biomarker data and hinder effective conservation strategies. In
addition, mislabeling species can result in inadequate legal
protection or misallocated conservation resources, as
environmental protections efforts are often species-specific.
Furthermore, species misidentification may also lead to inaccurate
toxicological risk assessments; if contaminant levels are
underestimated in edible tissues due to species misidentification,
it may result in an underappreciation of potential human health
risks due to pollutants. It may also mask localized risks, as different
freshwater stingray species inhabit different river systems or
microhabitats, preventing targeted pollutant mitigation efforts.

The unique evolutionary adaptations to freshwater ecosystems
make freshwater stingrays (Wood et al., 2002; Duncan et al., 2010b)
particularly compelling subjects for further ecotoxicological studies.
For instance, they present distinct osmoregulatory strategies compared
to marine elasmobranchs. The latter are osmoconformers, retaining
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high concentrations of urea and trimethylamine N-oxide in their
tissues to maintain osmotic balance with seawater (Hammerschlag,
2006; Laxson et al., 2011), while freshwater stingrays are hyperosmotic
regulators, continuously excreting water and conserving ions, as their
internal osmolarity is much higher than their dilute freshwater
surroundings, and they do not retain urea as marine species
(Ballantyne and Robinson, 2010). This may lead to different
responses to the assimilation and accumulation of toxic compounds.
The same is noted for gill permeability and ion transport, as freshwater
species have more permeable gills and an increased reliance on active
ion transport to maintain homeostasis (Lee et al., 2022), which
increase the surface area and activity at the gill epithelium. This, in
turn, can enhance metal uptake through cation transporters (Goss
et al,, 1998), which would make freshwater rays more vulnerable to
waterborne contamination compared to marine elasmobranchs.

Other questions arise when comparing freshwater stingrays to
marine elasmobranchs. For example, does selenium, an essential
metalloid known for its protective effects against mercury and
potentially other elements in several marine elasmobranchs (Pantoja-
Echevarria et al,, 2021; Wang et al., 2023), confer similar benefits to
freshwater stingrays? Also, is oxidative stress, a physiological condition
that occurs when the production of reactive oxygen species exceeds the
body’s antioxidant defense capacity, leading to cellular damage, a
consistent response to pollutant exposure in these species, as
observed in various marine counterparts, including sedentary species
(Velez-Alavez et al., 2013; Wosnick et al., 2021; Bielmyer-Fraser et al.,
2023)? Finally, are the physiological and behavioral effects of pollutants
more pronounced in freshwater species due to their unique
adaptations? These critical questions remain unanswered,
emphasizing the urgent need for research to address these knowledge
gaps and to better understand the vulnerability of freshwater stingrays
to environmental contaminants.

Fishing in South American freshwater basins provides an
essential source of affordable, high-quality protein, with fish
playing a vital role in the diets of riverside and indigenous
communities. In this sense, Potamotrygoninae stingrays are
widely consumed in several regions, with reports documenting
species such as Potamotrygon orbignyi and P. scobina sold in
municipal markets in the State of Pard (Charvet-Almeida, 2001)
and P. motoro and Paratrygon aiereba consumed along the Amazon
and Rio Negro basins (Duncan et al., 2010a; Araujo, 2005), posing
potential health risks related to the intake of contaminated meat.
Despite this, few studies have investigated the risks associated with
consuming freshwater stingrays, resulting in a critical knowledge
gap. This gap is particularly concerning given that many people that
consume these stingrays are in socially vulnerable situations, facing
increased health risks due to chronic neglect of their communities’
needs. Riparian residents and fishers, in particular, exhibit a strong
dependence on fishing activities with a deep cultural and economic
connection to river dynamics (Scherer, 2004; Cabral and Almeida,
2006; Fraxe et al., 2007; Isaac and Almeida, 2011). They are, thus,
heavily reliant on fish for sustenance, and are among the most at-
risk groups, highlighting the urgent need for further research and
policy attention concerning contamination of fish resources.
Therefore, future studies should prioritize evaluating elemental
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concentrations in the most commonly consumed freshwater
stingray species across different regions.

It is also paramount to incorporate consumption calculations
tailored to specific demographic groups, as fish consumption
patterns vary across regions, influenced by local culture, regional
cuisine, and species availability (Alho et al., 2021). In Northern and
Southern South America, for example, where the Amazon and other
significant basins like the Orinoco and Parand-Paraguay provide
abundant fish resources, average fish consumption reaches
approximately 17.54 kg per capita annually, surpassing the WHO
recommended minimum of 12 kg per capita (Food and Agriculture
Organization, 2012; Alho et al.,, 2021). Thus, studies should also
include calculations for Target Hazard Quotient (THQ), Total
Cancer Risk (TCR), and Hazard Index (HI), considering regional
or local consumption rates wherever possible, as significant
differences exist between various locations and populations, also
including different age groups, i.e., infants, children, adolescents,
and adults of both sexes. These studies should also include
calculations for Target Hazard Quotient (THQ), Total Cancer
Risk (TCR), and Hazard Index (HI), the main human health risk
assessment indices employed in these type of assessments,
considering regional or local consumption rates wherever
possible, as significant differences exist between various locations
and populations.

Lastly, integrating pollution- and habitat-degradation driven health
impairments into species evaluations such as those considered in the
TUCN Red List criteria for assessing species’ risk categories can provide
a more comprehensive scenario of extinction risks. This allows the
recognition of chronic contaminant exposure as a key threat,
improving the reassessment of Data Deficient or Near Threatened
species, and informing evidence-based habitat protection and policy
interventions. The issue of data deficiency, in fact, comprises a critical
barrier to effective conservation planning, as it seems that a DD status
may mask a high risk of extinction (Howard and Bickfors, 2014). In
this sense, freshwater elasmobranchs often lack the ecological,
population, and toxicological data required for IUCN Red List
assessments, leading them to remain unassessed or be categorized as
DD, despite evidence of habitat degradation, overfishing, and pollution.
This hinders the integration of emerging threats such as contaminant
exposure, among others, into global conservation frameworks. Some
exceptions are noted, such as Potamotrygon boesemani (Suriname
Freshwater Stingray) and Potamotrygon magdalenae (Magdalena
Freshwater Stingray), both of which have recently been assessed for
the first time and reassessed, respectively (Rosa et al., 2024; Mejia-Falla
et al, 2024), being classified as Near Threatened (NT) due to
population declines linked to habitat degradation. Given this, future
ecotoxicological studies are necessary to generate data that can inform
assessments of these threats for other species. This need is particularly
urgent as, to date, only about 6% of chondrichthyan species have
sufficient pollution-related data to confirm its role in population
declines and increased extinction risk (Dulvy et al,, 2021). The JTUCN
Shark Specialist Group has just concluded a comprehensive review of
Neotropical freshwater stingray species assessments, focusing on those
not evaluated in over a decade, species never previously assessed and
recently described species, incorporating pollution aspects, among
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others. This effort is expected to result in more species being
classified as at risk of extinction due to habitat degradation and
pollution. Furthermore, species currently listed as Data Deficient are
likely to be reclassified into higher-risk categories as new data,
particularly regarding pollution, become available.

Conclusions

This literature review has made the significant knowledge gap
regarding the toxicology of freshwater stingrays extremely evident,
particularly for species within the Heliotrygon, Paratrygon, and
Plesiotrygon genera, for which no data are currently available. This
is especially concerning given the severe threats freshwater
ecosystems face due to habitat degradation and pollution. Such
conditions may lead to chronic stress in stingray populations caused
by contaminant exposure, with unknown effects on their biology,
ecology, behavior, and survival. Moreover, riverine community
consumption of freshwater stingrays poses additional risks, as
contaminant ingestion could exacerbate health issues in these
already vulnerable populations. It is also critical to consider the
physiological impacts of pollution, which could impair the stress
response of animals captured and transported for aquarium
purposes, potentially resulting in mortality that remains
unexplored. Many freshwater stingray species are at risk of
extinction and have just been reassessed or assessed for the first
time. For some, declining habitat quality is already a criterion for
their categorization into threatened categories, and ecotoxicological
assessments could provide additional evidence to further support
these classifications. Future studies must aim to generate data on a
broader range of species and evaluate a wider variety of pollutants,
particularly organic contaminants, which are a well-documented
threat in freshwater environments yet remain unstudied in the
context of this subfamily. This type of research is paramount for
improving conservation strategies and mitigating pollution impacts
on these threatened species.
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