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ABSTRACT
The degradation and homogenization of natural habitats is considered a major cause of biotic

homogenization. Many studies have been undertaken on the effects of dams on aquatic wildlife, in
particular fish assemblages. But how do dams affect the parasitic fauna of such fish? The aim of the present
study was to examine parasitic similarity, comparing the diversity and structure of parasite communities of

Leporinus friderici (Characiformes, Anostomidae) in three upstream tributaries under the influence of the

Jurumirim Dam on the Upper Paranapanema River in southeastern Brazil. The present study did not find
any significant differences in parasite communities among populations of L. friderici in the three upstream
tributaries. This result highlights that dams promote and facilitate the dispersal of organisms between

localities, and therefore the spatial homogenization of parasite communities. Overall, the results suggest

that fish parasite assemblages can provide suitable data for evaluating biotic homogenization caused by

dams.
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INTRODUCTION

Intermediate disturbance frequencies and/or
intensities and other environmental fluctuations
can maintain biological diversity by reducing
the dominance of some species and so can shape
evolutionary and ecological processes in aquatic
and terrestrial ecosystems (Wilson 1990, Poff et al.
2007, Rahel 2010). Unfortunately, with increasing
worldwide demand for water and electricity, dam

construction is inevitable and results in simplified

Correspondence to: Fabio Hideki Yamada
E-mail: tfhyamada@hotmail.com

natural landscapes, homogenizing the regional
distinctiveness of natural disturbance dynamics
(Rahel 2002, Olden et al. 2004, Morley 2007,
Rahel 2010). This anthropogenic activity can be
considered the more extensive alteration in riverine
ecosystems (Nilsson et al. 2005). Lees et al. (2016)
highlighted an extensive list of dam impacts such
as favoring generalist or invasive species, loss of
beta diversity, inhibiting both downriver sediment
flow and up and downstream organismal migration,
loss of endemic species, habitat fragmentation,

economic losses in local fisheries, etc.
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Biotic homogenization is the increased
similarity of biotas over time that integrates
many aspects of the biodiversity crisis such as
species introduction, extirpation, and habitat
alteration (Mckinney and Lockwood 1999). Dam
interventions leads to the decline of many species
that are replaced by a much smaller number of
expanding species that thrive in environments
altered by humans (Olden and Rooney 2006,
Rahel 2007). Endemic species are replaced by
cosmopolitan species with the result that entire
ecosystems come to resemble each other (Rahel
2002, Scott 2006).

Dams are classic examples of human
interventions in natural flow regimes that cause
changes in the ecology of freshwater organisms
by reducing natural regional differences and thus
imposing environmental homogeneity on a large
geographic scale (Poff et al. 2007). In Brazil, the
Upper Parana River basin has suffered intense and
dramatic damming since 1901, with the construction
of more than 145 large dams that correspond to
almost 50% of the total impounded area (Agostinho
et al. 2008). The Paranapanema River is one of the
most important tributaries of the Parana River. The
Jurumirim dam was built in the late 1950s and
is the first of 11 cascading dams along the main
course of the Paranapanema River (Nogueira et al.
2006). Cascades of dams have been constructed
on the main rivers of southeastern Brazil, altering
the up- and downstream connections of the dam
(Arcifa and Esguicero 2012), and producing a
discontinuity along the longitudinal gradient
(Gumiero and Salmoiraghi 1998).

Parasites have undergone serious changes in
composition and structure due to human activity
that influences the functioning and stability of
the ecosystem (Lafferty 1997, Lafferty and Kuris
1999). Fish parasite communities may respond
directly or indirectly to such changes, due to their
intimate contact with both the host and the aquatic
environment (Kadlec et al. 2003). Dams modify
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the water level regime and current velocity, which
affects the distribution of aquatic vegetation,
icthyophagous birds, and the population density of
invertebrates and fish (Morley 2007). Many studies
have analyzed the consequences of dams for the
parasite fauna of aquatic wildlife in temperate
regions (Bauer and Stolyarov 1961, Dogiel 1958,
Holloway and Hagstrom 1981, Mackie et al. 1983,
Forstie and Holloway Jr 1984, Morley 2007).
Karling et al. (2012) pointed out that the helminth
fauna of a piscivourous fish suffered changes in
richness and abundance after the construction of
the Porto Primavera Reservoir, on the Parana River,
in southeastern Brazil. This study highlighted the
disappearance of the digenean Prosthenhystera
obesa after the establishment of a reservoir. In the
studied area, the effects of the Jurumirim Dam have
been well documented for phytoplankton (Henry et
al. 2006), zooplankton (Casanova and Henry 2004),
periphyton (Moschini-Carlos et al. 2000), benthic
macroinvertebrates (Jorcin and Nogueira 2008),
aquatic macrophytes (Costa and Henry 2010),
and fishes (Carvalho et al. 2005, Kurchevski and
Carvalho 2014). However, no data of the effects on
the fish parasite community are available for this
dam.

(Bloch, 1794)
(Characiformes, Anostomidae) is a freshwater fish

Leporinus friderici

commonly called “piava” or “piau-trés-pintas”
widely distributed in South American countries
(Suriname, Brazil, Paraguay, Argentina, and
Uruguay) (Graga and Pavanelli 2007). Its migration
is seasonal and short-distance (Agostinho et
al. 2003) and it possesses ecological plasticity
(Benedito-Cecilio et al. 2005). Studies have
investigated the composition of the parasite fauna
of this fish in Brazilian rivers (Feltran et al. 2004,
Guidelli et al. 2006, Kohn et al. 2011), but none
have assessed the effects of the dam on its parasitic
fauna.

To date, most efforts to quantify faunal
homogenization in freshwater ecosystems has
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focused on fish assemblages. However, how can
dams affect the parasitic fauna of these fish?
Considering the biotic homogenization effect
of dams, the present study hypothesizes that the
Jurumirim Dam homogenizes the parasitic fauna of
L. friderici in three upstream tributaries. The aim of
this paper was to examine the similarity, diversity
and structure patterns of parasite communities of
L. friderici in three upstream tributaries under the
influence of the Jurumirim Dam. Fish parasites
can have a positive role and are involved in most
of the links of the food web and the flow of energy
in aquatic ecosystems. Consequently, shifts in fish
parasite composition in dammed rivers will change
the state of productivity and sustainability of these
ecosystems.

MATERIALS AND METHODS

STUDY AREA, FISH COLLECTION AND
LABORATORY PROCEDURE

The Jurumirim Reservoir (23°12°17’S,
49°13°19”W) is the uppermost reservoir in a
cascade system in the Paranapanema River, and
is classified as oligotrophic (Henry et al. 2000).
Samplings of hosts were carried out between April
2012 and June 2013 using gillnets of different
mesh sizes and with standardized effort in three
upstream tributaries under the influence of the
Jurumirim Dam: the Taquari River (23°29°21.95”S,
49°12°6.90”W), the Veados River (23°15°42.4>,
48°37°27.6°W) and the Paranapanema River
(23°15°11.9”S, 49°12°34.2”W) (Figure 1). In
total, 116 specimens of L. friderici were examined
for metazoan parasites, as follows: 34 specimens
from the Paranapanema River (PR) with a length
ranging from 8.9 to 24 cm with a median length
of 18.49+4.84 (SD) cm; 36 specimens from the
Taquari River (TR) with length ranging from 9.3
to 25 cm with a median length of 18.73+5.28
(SD) cm; and 46 from the Veados River (VR) with
a length ranging from 9 to 27 cm with a median

length of 14.59+5.79 (SD) cm. The captures were
authorized by the Department of Fishing Promotion
and Inspection/DEFOP (License #SP/538/88).
All animal procedures were performed in full
compliance with the Ethics Committee for Animal
Experimentation /CEEA (protocol #120) of the
Universidade Estadual Paulista/UNESP.

The collection, preservation and preparation
of the parasites were conducted based on the
methodology compiled by Eiras et al. (2006). The
identification of the parasite taxa was performed
using Moravec (1998), Thatcher (2006), and Cohen
etal. (2013).

STATISTICAL ANALYSES

Statistical analyses were performed at community
level (i.e., all helminths of all fish collected per
site) and infracommunity (i.e., all the helminths of
each individual host) component level. Prevalence
and the mean intensity of infection/infestation were
calculated for each parasite species in each host
population in accordance with Bush et al. (1997).
Comparison of the parasitized and non-parasitized
hosts among the tributaries was performed
using the G test (2x3 contingency table) (Zar
2010). Comparisons of the intensity of infection/
infestation by each shared parasite species between
the tributaries was performed using the Kruskal—-
Wallis test (Zar 2010).

To describe the component community,
the total number of species of parasite, the total
number of individual parasites, the Shannon—
Wiener index (H”), which gives equal weight to
rare and abundant species, the Simpson index (1-D)
which is sensitive to changes in the most abundant
species composition, the Pielou evenness index (J),
and the Berger—Parker index (BP), which evaluates
uniformity among the component community were
employed (Magurran 2004). The spatial turnover
in the component community structure between
tributaries was evaluated calculating Whittaker’s
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B—diversity index (Whittaker 1960). Statistical
differences in infracommunity diversity (Shannon—
Wiener index) among host populations from the
three tributaries were tested using the Kruskal—
Wallis test (Zar 2010). The EstimateS program
was used to estimate parasite species richness for
each host population (see Colwell and Coddington
1994).

Component communities were compared
qualitatively (i.e. by parasite species composition)
within the locality using the Jaccard index
and quantitatively (i.e. by species abundance)
using the Bray—Curtis index (Magurran 2004).
An analysis of similarity (ANOSIM) using the
Jaccard index (qualitative) and the Bray—Curtis
index (quantitative) was performed with 10,000
permutations to test the null hypothesis of no
difference in the composition and abundance of
the parasite community of L. friderici among three
tributaries using PAST software (Hammer et al.
2001).

Based on an assumption that the TR host
population (see Figure 1) is further away from the
other rivers, a Mantel test (with 9999 randomization
runs) was performed using PC-ORD 5.0 (McCune
and Mefford 1999) to determine the association
between infracommunity similarity (Bray—Curtis
index) and geographic distance (km) matrices.

Parasite abundance data was transformed
{log (x+1)} and discriminant function analysis
(DFA), based on Mahalanobis distances, was
performed to evaluate differences between the
parasite community composition of L. friderici
from three sampled areas. Only parasite species
with prevalence higher than 5% in at least one
locality were considered in discriminant function
analysis. This analysis was performed using
Statistica software version 7.1 (Statsoft Inc. 2005).
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RESULTS

A total of 808 metazoan parasites were recovered,
90 in PR with (mean abundance + SE) 2.64 + 0.77
parasites/fish (range 1 — 23); 419 in TR (mean
abundance + SE) 11.63 + 4.56 parasites/fish (range
1 — 148); and 299 in VR (mean abundance + SE)
6.5 £ 1.87 parasites/fish (range 1 — 70). In all, 14
parasite faxa were recorded in the host population
of L. friderici from three tributaries (nine in PR, 11
in VR and 13 in TR). Among these, Monogenea
was the most diverse and prevalent taxonomic
group from all the sampled areas. Eight parasite
species were shared among the tributaries (Table I).
Most hosts were parasitized by one species (Figure
2).

Eight taxa were shared among the host
populations, six Monogenea (Dactylogyridae gen.
sp. 1, Jainus piava, Jainus sp., Tereancistrum sp.,
Urocleidoides sp. 1, and Urocleidoides sp. 2) and
two Nematoda (P. (Spirocamallanus) amarali and
P. (Spirocamallanus) iheringi). No differences
were observed in the prevalence of these faxa (G—
test, p>0.05) (Figure 3). In addition, we did not
detect any differences in the intensity of infection/
infestation among the shared parasite species
(Kruskall-Wallis test, p>0.05).

The parasite community of the host population
from PR had the highest mean diversity index
(Shannon—Wiener and Simpson’s index) and,
consequently, high distribution uniformity of
parasite abundance (Pielou index) (Table II).
Furthermore, there were no statistically significant
differences between parasite diversities (Kruskall—
Wallis test, H=1.151; p=0.478).

Estimators of species richness provided
roughly similar results with the observed values
exhibiting a satisfactory level of sampling effort
(Figure 4).

The parasite communities displayed a low
species turnover rate between tributaries (20%
pairwise PR vs VR, 18% pairwise PR vs TR, and
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Figure 1 - The Jurumirim reservoir with the marked sampling site (stars), Upper Paranapanema River, Sdo Paulo State, Brazil.
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Figure 2 - Distribution of species richness in the parasite
infracommunities of Leporinus friderici from three upstream
tributaries of Jurumirim reservoir, Upper Paranapanema River,
southeast, Brazil.

Figure 3 - Prevalence of eight parasite species shared
by Leporinus friderici populations in three upstream
tributaries of Jurumirim reservoir, Upper Paranapanema
River, southeast, Brazil. (1 = Dactylogyridae gen. sp. 1;
2 = Jainus piava; 3 = Jainus sp.; 4 = Tereancistrum sp.; 5
= Urocleidoides sp. 1; 6 = Urocleidoides sp. 2; 7 = P.(S.)
amarali; 8 = P.(S.) iheringi).
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Figure 4 - Species accumulation curves of parasite component
community for three populations of Leporinus friderici
from upstream tributaries of Jurumirim reservoir, Upper
Paranapanema River, southeast, Brazil. (a) Paranapanema, (b)
Taquari, and (¢) Veados rivers.
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17% pairwise TR vs VR), and therefore a high
degree of similarity. Similarity within component
communities of host populations exhibited
qualitative and quantitative homogeneity (Table
I1I). Furthermore, ANOSIM did not detect any
spatial difference in the composition and abundance
of parasite species among between host populations
(R, = - 0.005; p = 0.645; R =0.012; p=

0.189).
There was not relationship or association

Bray-Curtis

between parasite infracommunity similarity and
the geographic distance matrices (Mantel test, r = -
0.017; p=0.185). Furthermore, DFA did not present
significant differences between infracommunities
and failed to reject the null hypothesis of equality
between the mean vectors of the infracommunities
(Wilks’s A =0.745; F = 1.477; p<0.084).

22,206

DISCUSSION

The worldwide demand for water and power
generation has dramatically increased the risks
for freshwater ecosystems. For this purpose, more
reservoirs have been built in recent years, raising
concern over biological conservation. Dams usually
affect the ecological and evolutionary processes
of resident biota by modifying and replacing the
function and diversity of river habitats (Poff et
al. 2007). In addition, these impacts on landscape
structure change the natural disturbance regime of
the river and, are usually described as one of the
major reasons for freshwater biotic homogenization
(Mckinney 2006). Vagility is an important host trait
that influences the structure and composition of
parasite communities from different locations. In
the present study we recognized that the Jurumirim
Reservoir performs as a mediator, facilitating the
spread of both host populations and disease. Thus,
parasites can have a colonizing ability independent
of the vagility of the fish host, a fact that increases
similarity among communities. Therefore, the
levels of parasitism observed among populations
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TABLE I
Parasite component community of Leporinus friderici from three upstream tributaries of Jurumirim reservoir, Upper
Paranapanema River, southeast, Brazil. Paranapanema River (PR), Taquari River (TR), Veados River (VR), prevalence

(P%), mean intensity (MI) + standard error (SE), and site of infection/infestation (SI).

959

PR (N=34) TR (N=36) VR (N=46)
Parasite species SI
P(%) MI+SE P(%) MI+SE P(%) MI+SE
Monogenea

Dactylogyridae gen. sp. 1 5.88 1 13.88 1.20+£0.20 4.34 1.5+£0.5 Gills

Dactylogyridae gen. sp. 2 - - - - 4.34 442 Gills

Jainus piava 23.52 1.62+0.32 25 7.88+2.36 19.56 4+1.24 Gills

Jainus sp. 17.64  2.33+0.80  30.55 5.36+2.19 30.43 10.543.22 Gills

Tereancistrum sp. 29.41 1.4+0.16 30.55 1.90+0.54 26.08 2.16+0.6 Gills

Urocleidoides sp. 1 2352  2.87+1.25 3333 6.83+2.15 19.56 24+0.22 Gills

Urocleidoides sp. 2 8.82 1.33£0.33 2222 1.75+0.36 6.52 1 Gills

Digenea
Metacercariae gen. sp. 2.94 1 8.33 49+45.52 - b?::ii(rilelr
Nematoda
Contracaecum sp. - - 2.77 1 - - Intestine
Procamallanus (Spirocamallanus) amarali ~ 20.58 1.28+0.28 8.33 1.33+0.33 15.21 2.28+0.51 Intestine
Procamallanus (Spirocamallanus) iheringi  26.47 1.11£0.11 19.44 1.28+0.18 28.26 1.61£0.24  Intestine
Rhabdochona acuminata - - 2.77 1 2.17 3 Intestine
Spinitectus asperus - - 2.77 1 - - Intestine
Crustacea
Ergasilidae gen. sp. - - 5.55 1.5+0.50 8.69 2+0.7 Gills

of L. friderici reinforce the homogenization effects
of dams on parasite communities.

More than just controlling river flow, damning
a river simplifies the freshwater ecosystems and
leads to conditions which change the parasite
dynamic. In response to environmental stressors,
fish parasite communities can increase or decrease
prevalence, abundance and diversity (Lafferty and
Kuris 1999). Bauer and Stolyarov (1961) noted a
decline in the complete extirpation of many fish
parasites (monogeneans, trematodes, nematodes,
acanthocephalans, and crustaceans) during the
establishment of a reservoir. Dams can favor
parasites with direct life-cycles where all stages

are completed on a single host (e.g. monogeneans).
In the three studied areas, Monogenea was the
most prevalent and abundant parasite. The loss of
complex life-cycle parasite taxa (e.g. trematodes)
can be the result of changing overall abiotic factors
and, particularly, changes to the intermediate host
community that lead to parasite homogenization.
Previous studies have identified a significant
reductioninpotential intermediate hostcommunities
(zooplankton and benthic communities), and
thereafter a proportional decrease in fish density
and diversity in the Jurumirim Reservoir (Henry et
al. 1998, Mitsuka and Henry 2002). All these are
key factors which maintain parasite dynamics.

An Acad Bras Cienc (2017) 89 (2)
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TABLE I1
Estimates of infracommunity species richness and alpha
diversity indexes of parasite community of Leporinus
friderici from three upstream tributaries of Jurumirim
reservoir, Upper Paranapanema River, southeast, Brazil.
Paranapanema River (PR), Taquari River (TR), Veados

River (VR).
Estimator/Index PR TR VR
Component
community 9 13 11
species richness
Component
community 90 419 299
abundance
Mean
infracommunity
. 1.58£1.49  2.05+1.82  1.67+1.92
species richness
+ SD
Mean
infracommunity
. 1.94+0.29  1.79+0.23  1.73+0.22
Shannon-Wienner
(H)+SD
Simpson index
(1-D) 0.83 0.78 0.72
Infracommunity
Pielou’s evenness  0.39+0.48  0.39+0.44  0.25+0.38
()£ SD
Berger—Parker 0.26 0.35 0.47
index
TABLE III

Pairwise similarities index of parasite component
community of Leporinus friderici from three upstream
tributaries of Jurumirim reservoir, Upper Paranapanema
River, southeast, Brazil.

Pairwise PR TR VR

Jaccard index

PR - 0.69 0.68
TR 0.32 - 0.71
VR 0.41 0.43 -

Bray-Curtis index

A priori, similarities in parasite communities
should decrease with increases in either the
distinctness of the environments occupied or
the geographical distance between any two host
populations (Poulin and Morand 1999, Poulin
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2003). Krasnov et al. (2012) point out that the
environmental dissimilarity between host species
populations are the best predictors of dissimilarity
between parasite faunas. Quantitative differences
in parasite infracommunities can indicate different
host populations. Multivariate techniques such as
canonical discriminant function can simultaneously
analyze groups of parasites (Oliva and Ballon
2002). However, the present study did not find any
distinct differences in parasite communities among
populations of L. friderici from the three upstream
tributaries. This result highlights that dams promote
and facilitate the dispersal of organisms among
localities, and therefore the spatial homogenization
of parasite communities. Corroborating these
results, a recent study found similarities in
the levels of parasitism by metacercariae
Sphincterodiplostomum musculosum Dubois, 1936,
parasitizing Steindachnerina insculpta (Fernandez-
Yépez, 1948) in the same tributaries (Brandao et
al. 2014).

The small pairwise regional differences in
species composition (spatial turnover) may represent
a homogenization of parasite faunas among
tributaries under the influence of the Jurumirim
dam. Many dams around the world have attenuated
the seasonal and interannual streamflow variability
of rivers, thereby causing biotic homogenization.
These effects can diminish human wellbeing by
decreasing the services that ecosystems can provide
for people (Millennium Ecosystem Assessment
2005). One way to reduce biotic homogenization
is to minimize habitat alteration, maintaining the
periodicity of the reservoir water retention time,
allowing a water flow level to be re-established
in the river system. The permanently high water
retention time (more than 180 days) and low degree
of recurrent patterns have had a clear influence
on the zooplankton community in the Jurumirim
Reservoir (Sartori et al. 2009). While the Jurumirim
Dam area of influence has monthly variations in
rainfall and water levels, the hydroelectric power
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station is responsible for major spatial and temporal
unpredictability (Garcia-Mellado et al. 2002,
Nogueira et al. 1999, Kurchevski and Carvalho
2014). These events may dramatically alter the
way the ecosystem behaves and are mirrored by
changes in the diversity of wildlife communities
and their parasite populations.

Unfortunately, freshwater ecosystems are
undergoing abrupt ecological changes caused
by increasing dam construction. Such changes
include habitat loss and fragmentation, species
loss, invasions, and homogenization. Despite
these assumptions, the restoration of natural flows,
removal of dams, and elimination of pollution
can slow or even reverse the homogenization
process (Rahel 2002, Rahel 2010). In the United
States, more than 1000 obsolete dams have been
removed and rivers reconnected over the last 40
years (O’Connor et al. 2015). Studies have also
found that the rivers are resilient and their fish
assemblages react quickly after dam removal (Hitt
et al. 2012, Hogg et al. 2013, Gardner et al. 2013).
Following this reasoning, what would happen to
fish parasite assemblages after dam removal? These
results should aid river managers and stakeholders
in mitigating the negative effects of dams on the

biotic homogenization process.
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