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ECOSYSTEMS

Nematodes as indicators of environmental
changes in a river with different
levels of anthropogenic impact

ATSLER LUANA LEHUN, GISELE S.C. DUARTE & RICARDO M. TAKEMOTO

Abstract: Considering that changes in the biodiversity of parasite communities can be
used as indicators of ecosystem health, the aim of this study was to investigate the
potential use of Geophagus brasiliensis parasites as bioindicators of environmental
changes. We established three sample points in the Iguacu River, each presenting
different degrees of environmental impact. Out of the 69 G. brasiliensis specimens
analyzed, 32 (46.3%) were parasitized by at least one parasite. We collected a total of
56 specimens of endoparasites belonging to the phylum Nematoda. Fishes collected in
point 3 presented a significantly higher abundance of nematode species (moderately
degraded) (Kruskal-Wallis,, = 8.62; p = 0.01) and species compositions between points
were significantly different (F = 6.95, p = 0.002). No significant difference in relative
condition factor (Kn) among the points (F,
abundance of nematodes (rs = 01; p = 0.4) were indicated. The results presented in this

= 2.54; p = 0.08) or correlation in Kn and

study indicate that the parasitic community of G. brasiliensis is characterized by low
diversity in polluted locations, which explains the absence of certain parasite species
and the occurrence of nematode species with varied responses to the pollution gradient.
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INTRODUCTION

In the context of the serious, growing problem
of pollution of aquatic ecosystems (Dalzochio
et al. 2016), urbanization, industrialization,
disordered use of fertilizers, pesticides and the
transport of allochthonous substances to rivers
are anthropic actions that contribute to higher
pollution and degradation of water quality in
aquatic ecosystems (Silva-Souza et al. 2006,
Silva et al. 2022). In natural systems affected by
such disturbance, the intensity of the impacts is
directly proportional to the degree of diversity
of the environment and the vulnerability of the
species involved (Bastos & Abilhoa 2004, Alimba
& Bakare 2016).

Aquatic organisms are often exposed to a
variety of natural and artificial environmental

stressors, such as variations and/or changes in
physical and chemical parameters, alterations
in diet and habitat availability (Adams & Greeley
2000, Reid et al. 20). Therefore, pollution, as
well as the stress suffered by the aquatic
environment, reflects directly in organisms,
populations, communities, and food chain
structure (Tundisi & Tundisi 2008). In this
sense, the use of fish parasites as indicators of
environmental changes or disturbances allows
to assess the effect of stressors on hosts and
aquatic ecosystems (Marcogliese 2005, Madi &
Ueta 2009, Timi & Poulin 2020).

Studies have demonstrated the close
relationship between parasitism and ecological
conditions in a given environment for reflecting
environmental impacts through their responses
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to changes in populational structure, such as
changes in prevalence and intensity. In addition,
their occurrence or abundance can describe the
situation of the environment (Vidal-Martinez
et al. 2010, Madi & Ueta 2012, Vidal-Martinez &
Wunderlich 2017, Negreiros et al. 2018). Some
groups of parasites are more sensitive to
environmental disturbances than host species,
which makes them efficient indicators for
various contaminants and anthropic changes
(Marcogliese 2005, Duarte et al. 2020).

Responses from hosts and parasitic
communities vary according to the type and
intensity of the stressor, parasite life cycle,
and time of exposure, however, in general,
pollution and stress are often associated with
lower parasite species richness (Marcogliese
2004, Falkenberg et al. 2019). Parasite life
cycle can include a definitive host and several
intermediate hosts, and for the parasite to
survive, all hosts must co-occur in a stable
community structure (Marcogliese & Cone 1997).
Changes in environmental conditions affect
hosts, either directly or indirectly, and have a
significant effect on the prevalence and intensity
of infection and diversity of parasites present in
fish (Marcogliese & Cone 1997, MacKenzie 1999).
Therefore, such diversity of endoparasites can
decrease since the stages of free living can be
directly affected or certain intermediate hosts
can be reduced, hampering the transmission of
the parasite (MacKenzie 1999).

The endoparasitic fauna of Geophagus
brasiliensis (Quoy & Gaimard 1824) includes
digeneans, nematodes, and acanthocephalans
(Fernandes & Kohn 2001, Azevedo et al. 2006,
Bellay et al. 2008, 2012, Carvalho et al. 2010). Since
parasites indicate environmental contaminants,
their presence is an indication of environmental
quality (Chubb 1980, 1982, Overstreet 1997).
Good indicators can be exceptionally sensitive
to pollution, and significant changes in the
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number of individuals in the populations can be
considered an alert of changes in environmental
conditions (Mackenzie et al. 1995, Sures & Streit
2001).

Considering the increasing urbanization and
the presence or absence of these parasites, this
study aimed at investigating the potential use
of parasites of G. brasiliensis as indicators of
environmental changes in a pollution gradient
for the Iguacu River.

MATERIALS AND METHODS

Sampling area

lguacu River basin is located mostly in the
southern portion of the state of Parana, Brazil,
and presents geomorphological characteristics
related to its hydrography. Thus, rivers and
waterfalls influence its geographic distribution
of species, and Iguazu falls act as an important
geographical barrier generating a high
endemism degree for ichthyofauna (Zawadzki
et al. 1999, Baumgartner et al. 2012). However,
due to the influence of several anthropic factors,
such as the construction of hydroelectric plants,
pollution, and species introduction, the risk of
extinction of these fish species has increased
significantly (Daga & Gubiani 2012). Currently,
Iguacu River is considered the second most
polluted river in Brazil because of massive
load of pollutants released at the source of the
river, resulting from the anthropic activity in the
Metropolitan Region of Curitiba (IBGE 2010).

We established three sampling points along
thelguacuRiver(Figure1). Thefirst pointislocated
in the upper Iguacu (25°36'171"S 49°30'35.9"W),
in the metropolitan region of Curitiba and
Araucaria and characterized by large population
concentration, industrial, commercial and
service activities, classified by the responsible
environmental agency as critically degraded to
polluted (Superintendéncia de Desenvolvimento
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Figure 1. Map of the location of the Iguagu River and the three sampling points. (Jaime Luiz Lopes Pereira

- Nupélia/UEM).

e Recursos Hidricos e Saneamento Ambiental
1997, Carneiro et al. 2014, IAP 2017). Despite the
degraded condition reported by the Instituto
Ambiental do Parana (2017), its water supplies
the population of the city of Curitiba and its
metropolitan region.

The second point is situated in the
region of the middle Iguacu (26°1502.1"S
51°06'13.4"W), where agriculture predominates
and the classification is moderately degraded
(Superintendéncia de Desenvolvimento e
Recursos Hidricos e Saneamento Ambiental 1997,
IAP 2017). The third point is located in the region
of the lower Iguacgu (26°02'51.9"S 51°36'041"W)
and characterized by the beginning of the
cascade of reservoirs in the river and use of
water for public supply to cities. It is categorized
as moderately degraded (Baumgartner et al.
2012, IAP 2017).

We collected specimens of G. brasiliensis
in January 2019 by measuring the following
limnological variables of water: pH, conductivity,
temperature, and dissolved oxygen. Water
samples were also collected and quantification
of total phosphorus was carried out at the
Basic Limnology laboratory of the Universidade
Estadual de Maringa. The collections had been
authorized by Ibama (SISBIO/64382-4) and
Ethics Committee (CEUA N2 2887071118).
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Collection, fixation, and conservation of
endoparasites

After collecting the fish, we conducted the
taxonomic identification and determination
of host biometric, followed by a longitudinal
incision on the ventral surface of each fish, as
well as removal and separation of all organs.
The visceral cavity and each organ were
examined under a stereomicroscope to collect
endoparasites. The methodology for setting
endoparasites differed according to the parasite
group, following the recommendations of Eiras
et al. (2006). Species of endoparasites were
identified according Moravec (1998), Vicente &
Pinto (1999), and Thatcher (2006).

Statistical analysis

To describe the structure and quantitative
analysis of the parasites found, we used the
parasitic indices described by Bush et al. (1997).
Five descriptors based on the structure of the
infracommunitieswere calculated:(1)abundance,
(2) richness, (3) diversity, representing the
average of the diversity of infracommunities in
each fish calculated through Brillouin index, (4)
equitability, representing the average species
equitability in each fish, and (5) Simpson’s
dominance. We performed a non-parametric
analysis of variance (Kruskal-Wallis) to verify
significant differences in the abundance of
parasites among the sampling points.
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A (dis)similarity in parasites species
composition appeared between the sampling
points through a Principal Coordinate Analysis
(PCoA) (Legendre & Legendre 1998) using a
presence/absence matrix and the Jaccard index.
A Multivariate Permutational Variance Analysis
(PERMANOVA) assessed changes in parasites
species composition according to the sampling
point (Anderson 2005). We carried out 999
permutations to verify significance and applied
a pair-wise PERMANOVA to assess significant
differences between the sampling points.

The values of standard length (Ls) and
weight (Wt) of each host were fitted to the curve
of the Wt/Ls ratio (Wt = a.Lt”) and the values
of the regression coefficients a and b were
estimated. The values of a and b were used to
estimate the expected weight values (We) using
the following equation: We = a.Lt". Therefore,
we calculated the relative condition factor (Kn),
which corresponds to the quotient between
observed weight and expected weight for a
given length (Kn = Wt/We) (Le Cren 1957).

We conducted an analysis of variance
(ANOVA) to assess the differences between the
relative condition factor of the hosts between the
points. Spearman’s rank correlation coefficients
(rs) were calculated to determine possible
association between the relative condition factor
(Kn) of hosts and the abundance of infection for
the hosts (zar 2010).

Statistical analyses were performed using
the R 3.2.4 software (R Development Core Team

PARASITES AS ENVIRONMENTAL INDICATORS

2020) on the vegan (Oksanen et al. 2020) and
barter (Simpson 2018) packages for PCoA and
according to the “adonis2” function of the vegan
package (Oksanen et al. 2016) for PERMANOVA.
The level of statistical significance adopted was
p < 0.05.

RESULTS

Table | presents the values for water quality
parameters measured in the field and in the
laboratory.

We collected 69 specimens of G. brasiliensis
from the Iguacu River: 20 at point 1, 24 at point
2, and 25 at point 3. The average fish length was
12.5 + 3.35 cm (8.2-331 cm) and average weight
was 41.37 + 38.95 g (11.5-301.3 g). Among the fish
examined, 32 (46.3%) were parasitized by at least
one parasite species of parasite, with a total of
56 specimens of endoparasites belonging to the
phylum Nematoda. The fish from point 3 had a
higher prevalence of infection (Table I1). Table II
indicates the parasite species, sites of infection/
infestation, and respective parasitological
indices.

The values of the infracommunity
descriptors were similar for points 2 and 3 (Table
[11). The abundance and richness of nematode
species were slightly higher in fish collected in
point 3. Point 1 showed the highest values for
the indices (diversity and equitability), but its
abundance was lower comparing with points 2
and 3.

Table I. Mean values of abiotic variables and nutrient concentration in water samples from the Iguacu River,

Parana.
Point WT pH
Point 1 29.4+1.2 8.5+0.2
Point 2 27.3+11 7.84+0.03
Point 3 2711 7.4+0.2

DO (o Total-p
13.08x0.4 1541+6.1 283.5
15.5£0.7 65.6+6.1 96.5
14.46+0.1 58+4 78.8

* WT - Water temperature (°C); DO - dissolved oxygen (mg/1); C - conductivity (uS/cm); Total-p (ug/l). Point 1: critically degraded
to polluted; Point 2: moderately degraded; and Point 3: moderately degraded.
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Acomparison oftheabundance of nematode
species revealed a significant difference
between the sampling points (Kruskal-Wallis,
= 8.62; p = 0.01) (Figure 2), swith points 2 and
3 presenting the highest mean abundance in
relation to point 1.

The result of the Principal Coordinates
Analysis (PCoA) applied to assess the (dis)
similarity between sampling points (Figure 3)
pointed out to significant differences in species
composition (F = 6.95, p = 0.002). The pairwise
PERMANOVA showed distinct nematode species

PARASITES AS ENVIRONMENTAL INDICATORS

compositions between point 1 and points 2 and
3 (Table IV).

The relative condition factor of the hosts
demonstrated that the Kn values did not differ
between the sampling points (Fz;66 =254 p =
0.08), but when analyzed separately, points
2 and 3 had a higher average comparing with
point 1 (Figure 4).

When verifying the correlation between
relative condition factor (Kn) and abundance of
nematode infestation for the hosts, the results
did not indicate any significant correlation (rs =
0.102; p = 0.402) (Figure 5).

Table Il. Species of parasites, sites of infestation/infection, point of collection and their parasitological indices
found in the host Geophagus brasiliensis in the Iguagu River, Parana.

Prevalence (%)

Parasites Point = Point
1 2
Contracaecum larvae type 2
described by Moravec, Kohn and
Fernandes, 1993 5 0
Mesentery
Procamallanus (Procamallanus)
peraccuratus 10 40
Intestine
Procamallanus sp. 1 0 4
Intestine
Procamallanus sp. 2 0 0
Intestine
Procamallanus (Spirocamallanus)
Sp. 0 0
Intestine

Mean intensity (tSD) | Mean abundance (+SD)

Table Ill. Attributes of the parasites infracommunities of Geophagus brasiliensis.

Descriptors Point 1
Total abundance (N) 4
Richness (S) 2
Diversity 034
Equitability 0.81
Simpson’s dominance 0.62

Contracaecum larvae

Dominant specie type 2

An Acad Bras Cienc (2023) 95(4)

Point = Point @ Point | Point @ Point @ Point @ Point
3 1 2 3 1 2 3
015
0 ! - - +037 | -
2.3 1.64 0.92 112
68 ! +1.4 +1.11 01 +1.33 +1.2
0 i 1 - - 0.04 -
4 - - 1 - - 0.04
4 - - 1 - - 0.04
Point 2 Point 3
22 30
2 4
014 0.22
0.26 0.26
091 0.87

Procamallanus
(Procamallanus)
peraccuratus

Procamallanus
(Procamallanus)
peraccuratus
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Figure 2. Mean values of nematode abundance in
Geophagus brasiliensis between the sampling points
of the Iguacu River, Parana.

DISCUSSION

The results obtained in this study indicate that
the parasitic community of G. brasiliensis is
characterized by the absence of certain species
of parasites registered for this host in Iguacu
River. The abundance of nematode species
showed varied responses to the pollution
gradient, with the lowest abundance for point 1
(critically degraded to polluted), and the highest
abundance for point 3 (moderately degraded).

Water quality parameters, such as
temperature, pH, and dissolved oxygen, did not
vary in values between the sampling points;
however, for point 1, the electrical conductivity
and phosphorus showed relatively high values
comparing with points 2 and 3. These results
indicate that altered parameters of water quality
may be related to the large supply of organic
waste and domestic and industrial sewage
released in the region (Carneiro et al. 2014,
Mizukawa et al. 2017, De Andrade Brito et al. 2018,
Lehun et al. 2021).

Electrical conductivity measurements
can be used as a proxy to identify wastes as
pollution (Ouedraogo et al. 2016) for its close
relationship with the content of dissolved salts
present in the water column, which is generally
associated with organic matter supply, thus
representing a well-established water quality
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Figure 3. Principal Coordinates Analysis (PCoA),
showing the variability in the composition of
nematode species in Geophagus brasiliensis between
the sampling points of the Iguagu River, Parana. Some
points are overlapping, as the values of the scores are
the same.

parameter (Thompson et al. 2010, Chalupova et
al. 2012). High conductivity values are associated
with high contamination risks (Rahman 2008),
therefore, rivers contaminated by industrial
and domestic effluents have higher values of
electrical conductivity, the case of point 1in this
study. In turn, environments with low amount
of particles in suspension generally have low
values of electrical conductivity, as observed for
points 2 and 3.

Freshwater ecosystems receive phosphorus
leached from the earth and anthropic discharges
(Smil 2000, Vitousek et al. 2010), consequently
generating high levels of phosphates to cause
eutrophication (Esteves 2011). The factor of
eutrophication has been found to influence the
Table IV. PERMANOVA pairwise to compare the

composition of nematodes between the sampling
points. In bold: significant value (p <0.05).

Pseudo-F P
Point 1vs Point 2 8.74 0.01
Point 1vs Point 3 14.23 0.005
Point 2 vs Point 3 0.60 1.0

An Acad Bras Cienc (2023) 95(4) 20200307 6 | 12



ATSLER LUANA LEHUN, GISELE S.C. DUARTE & RICARDO M. TAKEMOTO

composition of parasite species in fish (Valtonen
et al. 1997, Zagar et al. 2012) and can increase
or decrease the properties of the infection
depending on the parasite and the taxon life
history. This means that it depends on the
presence, absence, and density of intermediate
and definitive hosts, as well as the sensitivity
of both hosts and parasites to environmental
changes (Sures 2004).

Environments that were altered by
pollution, as demonstrated in the phosphorus
concentration and high level of conductivity,
can present changes in the community
structure and abundance of species in
response to environmental and pollutant
conditions. Environmental changes affect
parasites in different manners: pollution can
increase parasitism as contaminants can act
as immunosuppressants of the host's immune
system, or can be fatal to certain species,
especially with parasites from complex life cycles,
leading to lower parasitism (Lafferty & Kuris
2005). Generally, infections by ectoparasites tend
to increase, while infections by endoparasites
tend to decrease with higher levels of pollution
(Lafferty 1997, Sures 2005, Gilbert & Avenant-
Oldewage 2021).

The sampling points showed similar values
of richness, diversity, and equitability, however,

1.6 Kw-H(2:66) = 2.54: p = 0.08
1.4 4

124

Condition factor (Kn)

0.8+ ‘ 8

Point 1 Point 2 Point 3

Figure 4. Mean values of the relative condition factor
(Kn) of Geophagus brasiliensis between the sampling
points of the Iguacu River, Parana.

PARASITES AS ENVIRONMENTAL INDICATORS

the abundance of species was relatively higherin
points 2 and 3. The species of nematodes found
in this study had been registered for this host in
lguacu River, but due to the absence of species
from other groups (for example, digeneans, and
acanthocephalans), a low diversity of parasite
species was recorded. The low values of diversity
can be explained by the dominance of the
larvae Contracaecum sp. at point 1and the adult
Procamallanus (Procamallanus) peraccuratus at
points 2 and 3. In fact, the dominance of these
species may be the most appropriate way to
infer the possible effects of anthropogenic stress
because of their higher infectious potential (in
terms of prevalence), but it also suggests that in
terms of population structure, they can change
according to the environment.

The prevalence of larvae Contracaecum sp.
in point 1 and the use of fish as intermediate
host indicate that environmental conditions are
somehow adequate to complete their life cycle
through planktonic copepods and piscivorous
birds (Szalai & Dick 1990). However, the record of
low abundance suggests that levels of pollution
or anthropogenic stress occurring in the
location could have had negative impacts on its
intermediate hosts, thus reducing the nematode
infectious potential (Fajer-Avila et al. 2006).
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Figure 5. Correlation between the relative condition
factor (Kn) and the abundance of nematodes in
Geophagus brasiliensis.
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Among other factors, the diversity of
parasites results from interactions between the
evolutionary history and ecology of hosts, also
associated with the diversity of intermediate
and definitive hosts (Von Zuben 1997). Thus,
the low abundance of adult nematode species
in point 1 can be explained by the absence of
possible intermediate hosts, indicating that
the environment directly affects the life cycle
of these parasites. Landsberg et al. (1998)
demonstrated that nematodes that typically use
crustaceans as intermediate hosts are directly
affected by contaminants, as these crustaceans
are particularly sensitive to these compounds.
Regarding the parasitic community, Nachev &
Sures (2009), Chapman et al. (2015) and Blanar
et al. (2016) reported higher diversity in less
polluted sampling sites, while fauna composition
and abundance of some parasites showed to be
related to the pollution gradient.

At first, environmental conditions are
important for the survival and well-being
of the host, but the well-being of the host is
also extremely important for the survival of
the parasites, although their effects may differ
depending on the life cycle (Sures 2008). The
presence of larval stage at point1that parasitizing
G. brasiliensis indicated that the fish occupies
an intermediate position in the trophic web and
must be consumed by a definitive host (other
fish, piscivorous birds or mammals) (Lacerda et
al. 2018). This abundance of nematodes may be
related to the omnivorous host, which allows
the ingestion of several organisms that act as
intermediate hosts, facilitating the infection
(Santos & Brasil-Sato 2006).

The lowest values of condition factor
appeared in the hosts collected in point 1,
despite the absence of statistically significant
difference between the points. Changes in the
condition factor values can occur due to the
quality or the state of the environment in which

PARASITES AS ENVIRONMENTAL INDICATORS

the fish is inserted, in addition to parasitism on
the hosts (Ranzani-Paiva et al. 2000). Although
there was no correlation between Kn and the
abundance of parasites, points 2 and 3, with the
highest values in the condition factor, showed
a higher prevalence of infection. Lizama et al.
(2006) demonstrated that parasitized fish had
higher values for the condition factor than
non-parasitized fish, identifying that larger
individuals who also had higher values for Kn
tolerated higher levels of parasitism.

A healthy system that does not suffer
from anthropogenic changes is rich in parasite
species, therefore, parasites are essential to
biodiversity and production of ecosystems
(Hudson et al. 2006). Pollution induces a shift
in community structure towards dominance by
tolerant species (Holt & Miller 2011, Parmar et al.
2016), thus, richness decreases as a result of the
disappearance of taxa as the level of pollution
increases, as well as the abundance of sensitive
species is reduced, while the abundance of
tolerant species is unaffected or increase
(Lafferty 1997, Sures 2005, Adewole et al. 2019).
In this study, the absence of parasites already
reported for the host G. brasiliensis in Iguacu
River demonstrates that the environment can
alter species diversity, therefore, pollution of
the aquatic environment reflects directly in the
organisms. Thus, the use of fish parasites as
indicators proved a relevant tool to identify the
impact caused by changes in the environment.
Thus, parasites can be used to indicate
anthropogenic impacts in aquatic environments.

Acknowledgments

We would like to thank the Research Group in
Limnology, Ichthyology and Aquaculture (Nupélia) of the
Universidade Estadual de Maringa (UEM) for logistical
support; and the Coordenacao de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) for the supply of
scholarship during the course of postgraduate research.
And we would thank Ana Carolina de Deus Bueno

An Acad Bras Cienc (2023) 95(4) 20200307 8| 12



ATSLER LUANA LEHUN, GISELE S.C. DUARTE & RICARDO M. TAKEMOTO

Krawczyk and Universidade Estadual do Parana for
support in the sampling.

REFERENCES

ADAMS SM & GREELEY MS. 2000. Ecotoxicological indicators
of water quality: using multi-response indicators to
assess the health of aquatic ecosystems. Water Air Soil
Pollut 123: 103-115.

ADEWOLE SO, ODEYEMI DF, FATUNWASE OP, CHRISTOPHER VN,
OMOYENI TE & DADA AO. 2019. Parasites as bioindicator for
health status and environmental quality of freshwater
fish species in Ekiti State, Nigeria. ) Biomed Eng Med
Imag 6: 01-07.

ALIMBA CG & BAKARE AA. 2016. In vivo micronucleus test in
the assessment of cytogenotoxicity of landfill leachates
in three animal models from various ecological habitats.
Ecotoxicol 25: 310-319.

ANDERSON MJ. 2005. PERMANOVA: a FORTRAN computer
program for permutational multivariate analysis
of variance. Department of Statistics, University of
Auckland.

BASTOS LP & ABILHOA V. 2004. A utilizacao do indice de
integridade biotica para avaliacao da qualidade de
agua: um estudo de caso para riachos urbanos da bacia
hidrografica do rio Belém, Curitiba, Parana. Rev Est Biol
26: 33-44.

BAUMGARTNER G, PAVANELLI CS, BAUMGARTNER D, BIFI AG,
DEBONA & FRANA VA. 2012. Peixes do baixo rio Iguacu,
Maringa: Eduem, 225 p.

BELLAY S, TAKEMOTO RM, YAMADA FH & PAVANELLI GC.
2008. A new species of Sciadicleithrum (Monogenea:
Ancyrocephalinae), gill parasite of Geophagus
brasiliensis (Quoy and Gaimard) (Teleostei: Cichlidae)
from reservoirs in the State of Parana, Brazil. Zootaxa
1700: 63-68.

BELLAY S, UEDA BH, TAKEMOTO RM, LIZAMA MDLAP & PAVANELLI
GC. 2012. Fauna parasitaria de Geophagus brasiliensis
(Perciformes: Cichlidae) em reservatorios do estado do
Parana, Brasil. Rev Bras Biocienc 10: 74-78.

BLANAR CA, HEWITT M, MCMASTER M, KIRK J, WANG Z,
NORWOOD W & MARCOGLIESE DJ. 2016. Parasite community
similarity in Athabasca River trout-perch (Percopsis
omiscomaycus) varies with local-scale land use and
sediment hydrocarbons, but not distance or linear
gradients. Parasitol Res 115: 3853-3866.

PARASITES AS ENVIRONMENTAL INDICATORS

BUSH AO, LAFFERTY KD, LOTZ JM & SHOSTAK AW. 1997.
Parasitology meets ecology on its own terms: Margolis et
al. revisited. ) Parasitol 83: 575-583.

CARNEIRO C, ANDREOLI CV, DA NOBREGA CUNHA CDL & GOBBI EF.
2014. Reservoir eutrophication: Preventive management,
IWA Publishing, 480 p.

CARVALHO AR, TAVARES LER & LUQUEJL. 2010. Variagao sazonal
dos metazoarios parasitos de Geophagus brasiliensis
(Perciformes: Cichlidae) no rio Guandu, Estado do Rio de
Janeiro, Brasil. Acta Sci Biol Sci 32: 159-167.

CHALUPOVA D, HAVLIKOVA P & JANSKY B. 2012. Water quality
of selected fluvial lakes in the context of the Elbe River
pollution and anthropogenic activities in the floodplain.
Environ Monit Assess 184: 6283-6295.

CHAPMAN JM, MARCOGLIESE DJ, SUSKI CD & COOKE SJ. 2015.
Variation in parasite communities and health indices
of juvenile Lepomis gibbosus across a gradient of
watershed land-use and habitat quality. Ecol Indic 57:
564-572.

DAGA VS & GUBIANI EA. 2012. Variations in the endemic
fish assemblage of a global freshwater ecoregion:
associations with introduced species in cascading
reservoirs. Acta Oecol 41: 95-105.

DALZOCHIO T, RODRIGUES GZP, PETRY IE, GEHLEN G & DA SILVA
LB. 2016. The use of biomarkers to assess the health of
aquatic ecosystems in Brazil: a review. Int Aqua Res 8:
283-298.

DE ANDRADE BRITO I, GARCIA JRE, SALAROLI AB, FIGUEIRA RCL, DE
CASTRO MARTINS C, NETO AC, GUSSO-CHOUERI PK, CHOUERI RB,
ARAUJO SBL & DE OLIVEIRA RIBEIRO CA. 2018. Embryo toxicity
assay in the fish species Rhamdia quelen (Teleostei,
Heptapteridae) to assess water quality in the Upper
lguacu basin (Parana, Brazil). Chemosphere 208: 207-218.

DUARTE GSC, LEHUN AL, LEITE LAR, CONSOLIN-FILHO N, BELLAY
S & TAKEMOTO RM. 2020. Acanthocephalans parasites of
two Characiformes fishes as bioindicators of cadmium
contamination in two neotropical rivers in Brazil. Sci
Total Environ 738: 140339.

EIRAS JC, TAKEMOTO RM & PAVANELLI GC. 2006. Métodos de
estudo e técnicas laboratoriais em parasitologia de
peixes, 22 ed., Maringa: Eduem, 199 p.

ESTEVES FA. 2011. Fundamentos de Limnologia, 32 ed., Rio
de Janeiro: Interciéncia, 790 p.

FAJER-AVILA EJ, GARCIA-VASQUEZ A, PLASCENCIA-GONZALEZ
H, RIOS-SICAIROS J, GARCIA-DE LA PARRA LM & BETANCOURT-
LOZANO M. 2006. Copepods and larvae of nematodes
parasiting the white mullet Mugil curema (Valenciennes,

An Acad Bras Cienc (2023) 95(4) €20200307 9|12



ATSLER LUANA LEHUN, GISELE S.C. DUARTE & RICARDO M. TAKEMOTO

1836): Indicators of anthropogenic impacts in tropical
coastal lagoons? Environ Monit Assess 122: 221-237.

FALKENBERG JM, GOLZIO JES, PESSANHA A, PATRICIO J, VENDEL AL
& LACERDA AC. 2019. Gill parasites of fish and their relation
to host and environmental factors in two estuaries in
northeastern Brazil. Aquat Ecol 53: 109-118.

FERNANDES BMM & KOHN A. 2001. On some trematodes
parasites of fishes from Parana river. Braz J Biol 61:
461-466.

GILBERT BM & AVENANT-OLDEWAGE A. 2021. Monogeneans
as bioindicators: A meta-analysis of effect size
of contaminant exposure toward Monogenea
(Platyhelminthes). Ecol Indic 130:108062.

HOLT EA & MILLER SW. 2011. Bioindicators: using organisms
to measure environmental impacts. Nat Educ Knowl 3: 8.

HUDSON PJ, DOBSON AP & LAFFERTY KD. 2006. Is a healthy
ecosystem one that is rich in parasites? Trends Ecol Evol
21: 381-385.

IAP - INSTITUTO AMBIENTAL DO PARANA. 2017. Qualidade das
Aguas - Reservatorios do Estado do Parana de 2017, 219
p. Ed. Fundamento, Brasil. (in Portuguese). Available in:
http://www.iap.pr.gov.br/arquivos/File/Qualidade_das_
aguas/RElatoriofinal.pdf.

IBGE. 2010. IBGE, Censo 2010. Available in: http://www.
cens02010.ibge.gov.br/.

LACERDA ACF, ROUMBEDAKIS K, JUNIOR JB, NUNER APO, PETRUCIO
MM & MARTINS ML. 2018. Fish parasites as indicators of
organic pollution in southern Brazil. ] Helminthol 92:
322-331.

LAFFERTY KD. 1997. Environmental parasitology: what
can parasites tell us about human impacts on the
environment?. Parasitol Today 13: 251-255.

LAFFERTY KD & KURIS AM. 2005. Parasitism and
environmental disturbances. In: Thomas RF, Thomas F,
Guégan JF, Renaud F, Renaud RF, Guegan JF & Gan JFOG
(Eds), Parasitism and ecosystems, Oxford University
Press on Demand, p. 113-123.

LANDSBERG JH, BLAKESLEY BA, REESE RO, MCRAE G & FORSTCHEN
PR. 1998. Parasites of fish as indicators of environmental
stress. Environ Monit Assess 51: 211-232.

LE CREN ED. 1951. The length-weight relationship and
seasonal cycle in gonadal weight and condition in the
perch (Perca fluviatilis). ) Anim Ecol 20: 201-219.

LEGENDRE P & LEGENDRE L. 1998. Numerical ecology.
Amsterdam: Elsevier Science.

PARASITES AS ENVIRONMENTAL INDICATORS

LEHUN AL, MENDES AB, TAKEMOTO RM & BUENO KRAWCZYK
ACDD. 2021. Genotoxic effects of urban pollution in the
lguacu River on two fish populations. J Environ Sci
Health A 56: 984-991.

LIZAMA MAP, TAKEMOTO RM & PAVANELLI GC. 2006.
Parasitism influence on the hepato, splenosomatic
and weight/length relation and relative condition
factor of Prochilodus lineatus (Valenciennes, 1836)
(Prochilodontidae) of the upper Parana River floodplain,
Brazil. Rev Bras Parasitol Vet 15: 116-122.

MAACK R. 1981. Geografia fisica do Estado do Parana, ).
Olympio, 442 p.

MACKENZIE K. 1999. Parasites as pollution indicators in
marine ecosystems: a proposed early warning system.
Mar Pollut Bull 38: 955-959.

MACKENZIE K, WILLIAMS HH, WILLIAMS B, MCVICAR AH & SIDDALL
R. 1995. Parasites as indicators of water quality and
the potential use of helminth transmission in marine
pollution studies. Adv Parasit 35: 85-144,

MADI RR & UETA MT. 2009. O papel de Ancyrocephalinae
(Monogenea: Dactylogyridae), parasita de Geophagus
brasiliensis (Pisces: Cichlidae), como indicador
ambiental. Rev Bras Parasitol VV 18: 38-41.

MADI RR & UETA MT. 2012. Parasitas de peixes como
indicadores ambientais. In: Silva-Souza AT, Lizama MAP &
Takemoto RM (Eds), Patologia e Sanidade de Organismos
Aquaticos, Maringa: Massoni, p. 33-58.

MARCOGLIESE DJ. 2004. Parasites: small players with crucial
roles in the ecological theater. EcoHealth 1: 151-164.

MARCOGLIESE DJ. 2005. Parasites of the superorganism:
are they indicators of ecosystem health? Int | Parasitol
35: 705-716.

MARCOGLIESE DJ & CONE DK. 1997. Parasite communities as
indicators of ecosystem stress. Parassitologia 39: 227-232.

MIZUKAWA A, MOLINS-DELGADO D, DE AZEVEDO JCR, FERNANDES
CVS, DIAZ-CRUZ S & BARCELO D. 2017. Sediments as a sink for
UV filters and benzotriazoles: the case study of Upper
Iguacu watershed, Curitiba (Brazil). Environ Sci Pollut Res
24: 18284-18294.

MORAVEC F. 1998. Nematodes of freshwater fishes of the
Neotropical Region, Czech Republic: Academia, Praha,
464 p.

NACHEV M & SURES B. 2009. The endohelminth fauna of
barbel (Barbus barbus) correlates with water quality of
the Danube River in Bulgaria. Parasitol 136: 545-552.

NEGREIROS LP, PEREIRA FB, TAVARES-DIAS M & TAVARES LE.
2018. Community structure of metazoan parasites

An Acad Bras Cienc (2023) 95(4) 20200307 10 | 12



ATSLER LUANA LEHUN, GISELE S.C. DUARTE & RICARDO M. TAKEMOTO

from Pimelodus blochii in two rivers of the Western
Brazilian Amazon: same seasonal traits, but different
anthropogenic impacts. Parasitol Res 117: 3791-3798.

OKSANEN J, BLANCHET FG, KINDT R, LEGENDRE P, O'HARA RB,
SIMPSON GL, STEVENS MHH & WAGNER H. 2020. Vegan:
Community Ecology Package. R Package, Version 2, p. 3-4,
http://cran.r-project.org/web/packages/vegan.

OUEDRAOGO |, DEFOURNY P & VANCLOOSTER M. 2016. Mapping
the groundwater vulnerability for pollution at the pan
African scale. Sci Total Environ 544: 939-953.

OVERSTREET RM. 1997. Parasitological data as monitors of
environmental health. Parasitologia 39: 169-175.

PARMAR TK, RAWTANI D & AGRAWAL YK. 2016. Bioindicators:
the natural indicator of environmental pollution. Front
Life Sci 9:110-118.

RAHMAN A.2008. A GIS based DRASTIC model for assessing
groundwater vulnerability in shallow aquifer in Aligarh,
India. Appl Geogr 28: 32-53.

RANZANI-PAIVA MJT, SILVA-SOUZA AT, PAVANELLI GC & TAKEMOTO
RM. 2000. Hematological characteristics and relative
condition factor (Kn) associated with parasitism in
Schizodon borelli (Osteichthyes, Anostomidae) and
Prochilodus lineatus (Ostheichtyes, Prochilodontidae)
from Parana River, Porto Rico, Parana, Brazil. Acta Sci Biol
Sci 22: 515-521.

R DEVELOPMENT CORE TEAM. 2020. R: a language and
environment for statistical computing [online]. Vienna:
R Foundation for Statistical Computing, 2013.

REID AJ ET AL. 2019. Emerging threats and persistent
conservation challenges for freshwater biodiversity. Biol
Rev 94: 849-873.

SANTOS MD & BRASIL-SATO MC. 2006. Parasitic community of
Fransciscodoras marmoratus (Reinhardt, 1874) (Pisces:
Siluriformes, Doradidae) from the upper Sao Francisco
river, Brazil. Braz J Biol 66: 931-938.

SILVA JVF, LANSAC-TOHA FM, SEGOVIA BT, AMADEO FE, BRAGHIN
LDSM, VELHO LFM, SARMENTO H & BONECKER CC. 2022.
Experimental evaluation of microplastic consumption
by using a size-fractionation approach in the planktonic
communities. Sci Total Environ 821: 153045.

SILVA-SOUZA AT, SHIBATTA OA, MATSUMURA-TUNDISI T,
TUNDISI JG & DUPAS FA. 2006. Parasitas de peixes como
indicadores de estresse ambiental e eutrofizacao. In:
Tundisi JG, Matsumura-Tundisi T & Sidagis Galli C (Eds),
Eutrofizacao na América do Sul: causas, tecnologias de
gerenciamento e controle. Sao Carlos: IIE, p. 373-386.

PARASITES AS ENVIRONMENTAL INDICATORS

SIMPSON GL. 2018. Permute: functions for generating
restricted permutations of data. R Package 0.9-4.

SMIL V. 2000. Phosphorus in the environment: natural
flows and human interferences. Annu Rev Energ Env 25:
53-88.

SUPERINTENDENCIA DE DESENVOLVIMENTO DE RECURSOS
HIDRICOS E SANEAMENTO AMBIENTAL. 1997. Qualidade
das aguas interiores do Estado do Parana. 1987-1995,
Curitiba: SUDERHSA, 257 p.

SURES B. 2004. Environmental parasitology: relevancy of
parasites in monitoring environmental pollution. Trends
Parasitol 20: 170-177.

SURES B. 2005. Effects of pollution on parasites, and
use of parasites in pollution monitoring. Mar Parasitol
421-425.

SURES B. 2008. Environmental Parasitology. Interactions
between parasites and pollutants in the aquatic
environment. Parasite 15: 434-438.

SURES B, NACHEV M, SELBACH C & MARCOGLIESE D). 2017.
Parasite responses to pollution: what we know and
where we go in ‘Environmental Parasitology’. Parasit
Vector 10: 65.

SURES B & STREIT B. 2001. Eel parasite diversity and
intermediate host abundance in the River Rhine,
Germany. Parasitol 123: 185-191.

SZALAI A} & DICK TA. 1990. Proteocephalus ambloplitis and
Contracaecum sp. from largemouth bass (Micropterus
salmoides) stocked into Boundary Reservoir,
Saskatchewan. J Parasitol 76: 598-601.

THATCHER VE. 2006. Amazon fish parasites. Vol. 1. Pensoft
Publishers.

THOMPSON MY, BRANDES D & KNEY AD. 2010. Using electronic
conductivity and hardness data for rapid assessment
of stream water quality. In: World Environmental and
Water Resources Congress 2010: Challenges of Change,
p. 3356-3365.

TIMI JT & POULIN R. 2020. Why ignoring parasites in fish
ecology is a mistake. Int ) Parasitol 50: 755-761.

TUNDISI JG & TUNDISI MT. 2008. Limnologia, Sao Paulo:
Oficina de Textos, 631 p.

VALTONEN ET, HOLMES JC & KOSKIVAARA M. 1997.
Eutrophication, pollution and fragmentation: effects
on parasite communities in roach (Rutilus rutilus) and
perch (Perca fluviatilis) in four lakes in central Finland.
Can ) Fish Aquat Sci 54: 572-585.

An Acad Bras Cienc (2023) 95(4) 20200307 11|12



ATSLER LUANA LEHUN, GISELE S.C. DUARTE & RICARDO M. TAKEMOTO

VICENTE JJ & PINTO RM. 1999. Nematoides do Brasil.
Nematoides de peixes. Atualizagao: 1985-1998. Rev Bras
Zool 16: 561-610.

VIDAL-MARTINEZ VM, PECH D, SURES B, PURUCKER T & POULIN R.
2010. Can parasites really reveal environmental impact?
Trends Parasitol 26: 44-51.

VIDAL-MARTINEZ VM & WUNDERLICH AC. 2017. Parasites as
bioindicators of environmental degradation in Latin
America: a meta-analysis. ] Helminthol 91: 165-173.

VITOUSEK PM, PORDER S, HOULTON BZ & CHADWICK OA.
2010. Terrestrial phosphorus limitation: mechanisms,
implications, and nitrogen-phosphorus interactions.
Ecol Applic 20: 5-15.

VON ZUBEN (J. 1997. Implicacoes da agregacao espacial
de parasitas para a dinamica populacional na interagao
hospedeiro-parasita. Rev Sadde Pub 31: 523-530.

ZAR JH. 2010. Biostatistical analysis, New Jersey: Prentice
Hall, 944 p.

ZARGAR UR, CHISHTI MZ, YOUSUF AR & FAYAZ A. 2012.
Infection level of monogenean gill parasite, Diplozoon
kashmirensis (Monogenea, Polyopisthocotylea) in the
Crucian Carp, Carassius carassius from lake ecosystems
of an altered water quality: What factors do have an
impact on the Diplozoon infection? Vet Parasitol 189:
218-226.

ZAWADZKI CH, RENESTO E & BINI LM. 1999. Genetic and
morphometric analysis of three species of the genus
Hypostomus Lacépéde, 1803 (Osteichthyes: Loricariidae)
from the Iguagu basin (Brazil). Rev Suisse Zool 106:
91-105.

How to cite

LEHUN AL, DUARTE GSC & TAKEMOTO RM. 2023. Nematodes as
indicators of environmental changes in a river with different levels
of anthropogenic impact. An Acad Bras Cienc 95: €20200307. DOI
10.1590/0001-3765202320200307.

PARASITES AS ENVIRONMENTAL INDICATORS

Manuscript received on March 6, 2020;
accepted for publication on August 2, 2020

ATSLER LUANA LEHUN'
https://orcid.org/0000-0003-3372-2272

GISELE S.C. DUARTE?
https://orcid.org/0000-0002-5961-8126

RICARDO M. TAKEMOTO"*?
https://orcid.org/0000-0001-7592-2083

'Universidade Estadual de Maringa, Programa

de Pos-graduacao em Ecologia de Ambientes
Aquaticos Continentais, Av. Colombo, 5790, Jardim
Universitario, 87020-900 Maringa, PR, Brazil

2Universidade Estadual de Maringa, Programa de Pos-
Graduagao em Biologia Comparada, Av. Colombo, 5790,
Jardim Universitario, 87020-900 Maringa, PR, Brazil

*Universidade Estadual de Maringa, Nicleo de Pesquisas em
Limnologia, Ictiologia e Aquicultura (Nupélia), Av. Colombo,
5790, Jardim Universitario, 87020-900 Maringa, PR, Brazil

Correspondence to Atsler Luana Lehun
E-mail: atslerluana@gmail.com

Author contributions

Atsler Luana Lehun conducted the study by collecting data
in the field, performed the statistical analysis, producing the
results and writing and revising the text. Gisele Silva Costa
Duarte contributed to the discussion and text review. Ricardo
Massato Takemoto supervised the research and contributed to
the discussion and text review.

[@)ey |

An Acad Bras Cienc (2023) 95(4) 20200307 12|12



