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Da ecologia experimental a acdes para conservacio de rios

RESUMO

A ecologia ¢ uma ciéncia ampla. O ec6élogo atual deve estar atento ndo somente a
realizar pesquisas e colaborar com o avango da ciéncia, mas também a encontrar
maneiras de transformar o conhecimento cientifico em algo que possa ser facilmente
interpretado e resulte em acdes que beneficiem a sociedade. Considerando esse
contexto, esse trabalho aborda esses dois aspectos da ecologia, um que reporta
resultados de uma pesquisa cientifica e outro um estudo de caso que ¢ fruto de um
extenso trabalho de conscientizacdo ambiental. Foram estudadas interagdes entre
parasitos de olhos de peixes e o comportamento de seus hospedeiros. Observou-se
experimentalmente que parasitos oculares exercem influéncia acentuada sobre o
comportamento anti-predador do ciclideo Satanoperca pappaterra quando ocupam a
regido do olho que potencialmente bloqueia a entrada de luz. Os parasitos tendem a
migrar para as proximidades do cristalino e da superficie do olho sob o estimulo da luz,
o que coincide com o periodo de intenso forrageamento de aves aquaticas. Esse evento
torna os hospedeiros intermediarios mais expostos a predacdo de aves, que sdo seus
hospedeiros definitivos. Os resultados indicam que o comportamento adaptativo do
parasito manipula a resposta anti-predador de peixes e aumenta a probabilidade de
completar seu ciclo de vida. Apresenta-se também, um estudo de caso de prevengdo de
barragens em dois importantes afluentes do rio Parand, Brasil. Um movimento conjunto
entre a cientistas de varias Universidades e o Ministério Publico cujo objetivo foi
conscientizar populagdes locais a respeito das consequéncias da instalacdo de barragens,
resultou em agdes eficientes na prevencdo de barragens. Os resultados foram a
promulgacdo de leis municipais que protegem determinadas areas das bacias e a
abertura de processos de tombamento de trechos do rio como patriménio natural, o que
configura prote¢do parcial dos rios. Essa estratégia ¢ legalmente amparada e passivel de
ser aplicada em todo territério brasileiro. Os resultados atendem tanto as exigéncias
académicas ao divulgar resultados -cientificos inovadores, quanto oferece uma
ferramenta para conserva¢do de remanescentes fluviais brasileiros de alta prioridade
para conservagao.

Palavras-chave: Conserva¢do de rios. Divulgacdo da ciéncia. Experimentagdo.
Parasitologia.



From the experimental ecology to actions for conservation of rivers

ABSTRACT

Ecology is a very broad science. The current ecologist must be attentive not only to
conduct research and collaborate with the advancement of science, but also to find ways
to popularize science and transform scientific knowledge into something that can be
easily interpreted and potentially benefits majorities. In this way this thesis is divided
into two topics, one that reports results of a scientific research and one that reports a
case study that is the result of popularization of science. In the first chapter, interactions
between eye-flukes and the behavior of their hosts were studied. It has been
experimentally observed that eye parasites exert strong influence on the anti-predator
behavior of cichlid Satanoperca pappaterra when occupy the region where the
incoming light is potentially blocked. In addition, parasites tend to migrate to this region
under light stimulation, when water birds forage intensely. Thus, this parasite behavior
becomes intermediate hosts more exposed to predation of birds, the target hosts. These
results suggest that the adaptive behavior of parasite manipulates the anti-predator
response of fish and increases the probability of completing life cycle. The second
chapter presents a case study of prevention of dams on two important tributaries of the
Parana river, Brazil. A joint action between the University and the Prosecution aimed on
aware local societies about the consequences of new dams, that resulted in effective
actions to prevent dams. The most significant outcome was the enactment of municipal
laws that protect certain areas of the basins and the process of registration of features of
rivers as heritage, which sets partial protection of the rivers. Thus, this thesis addresses
both the academic requirements to disclose innovative scientific results, as provides a
tool to conserve high conservation priority rivers that is liable of being applied
throughout the Brazilian territory.

Keywords: Experiments. Parasitology. River conservation. Science spreading.
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1 INTRODUCAO GERAL

A ecologia ¢ uma ciéncia muitas vezes restrita ao ambiente académico e que
dificilmente atinge o publico geral. Apesar da necessidade de que o conhecimento
cientifico ecoldgico se torne popular, na pratica isso ndo acontece de maneira efetiva
(Sibinelli 2009). Nesse sentido, um profissional ecologo atual deve tanto desenvolver
pesquisas a fim de elucidar questdes ecoldgicas e evolutivas, quanto se preocupar em
popularizar a ciéncia de maneira a torna-la compreensivel para os mais diversos grupos
sociais e, principalmente, fazer com que essa divulgacdo popular seja convertida em
resultados praticos a servigo das maiorias.

Dessa maneira, esta tese ¢ dividida em dois capitulos. Um apresenta resultados
de novas descobertas cientificas sobre a interacdo entre parasitos de olhos e seus
hospedeiros peixes, enquanto outro visa reportar um estudo de caso de dois importantes
remanescentes fluviais livres de barragens e que se encontram parcialmente livres de
barragens.

O objetivo inicial dessa tese foi investigar as interagdes entre metacercarias
parasitas de olhos de peixe e o comportamento de seus hospedeiros. Existe grande
discussdo a respeito desse assunto e alguns estudos ja mostraram que tais parasitos
podem afetar o comportamento dos peixes de maneira a torna-los mais susceptiveis a
predacdo (i.e. Seppdla et al. 2012, 2004). Quando essa estratégia de alterar o
comportamento dos hospedeiros aumenta a probabilidade do parasito de completar seu
ciclo de vida e resulta efetivamente em aumento do fitness do parasito, o
comportamento incomum dos hospedeiros ¢ considerado tanto um fendtipo estendido
(Dawkins 1982) do parasito, quanto um evento de manipulacdo adaptativa (Poulin
1995).

Durante o desenvolver do doutoramento, o envolvimento com outras areas da
ecologia, tais como na ecologia da pesca em reservatorios (Affonso 2014) e
conservacao dos rios, se deu de maneira oportuna e teve resultados positivos. Desta
forma, o segundo artigo ndo s6 aborda um assunto completamente diferente do
primeiro, como ultrapassa as barreiras da Universidade, ao reportar um estudo de caso
de agdes conjuntas entre Universidades, Ministério Publico e o publico geral que
resultaram na promulgacdo de leis municipais e na abertura de processos de
tombamento de trechos de dois importantes afluentes do rio Parand ainda livres de

barragens. Tais ag¢des configuram prote¢do a determinados trechos dos rios e os
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mantém, pelo menos temporariamente, livres de barragens. Essas estratégias sdo

replicaveis e passiveis de serem aplicadas em todo territério brasileiro.
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ABSTRACT

Trophically transmitted parasites often manipulate behavior of intermediate hosts to
enhance the probability of achieving the target hosts. Trematode eye-flukes parasitizing
Satanoperca pappaterra (Cichlidae) provide a good example of such interaction, as
they impair vision of hosts and reduce prey perception of threats. Aiming to clarify
some aspects of interaction between eye-flukes and fish, we video recorded two
experiments aiming to understand (i) if the occupation of parasites in different regions
of the eye globe have stronger influence on the anti-predator response of fish; and (ii) if
parasites are stimulated by light to move to certain zones of the eye where visual signs
are more likely to be harmed. We observed that parasites have stronger influence on the
anti-predator behavior of the fish when they occupy the region between the outer
surface of the eye globe and the photoreceptors; and that the flukes tend to migrate to
this region under light stimulus (in “dawn’). Coincidently, water birds (the target hosts)
forage intensely at the same time, what suggests that parasites becomes fish more
exposed to predation. Our results suggest that the adaptive behavior of the eye-fluke
Austrodiplostomum compactum manipulates the anti-predator behavior of fish and

increases the probability of life cycle completion.
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2.1 INTRODUCTION

The evolutionary arms race between parasites and their hosts can incur
intriguing adaptations [1, 2]. Many parasites use serial hosts during their life cycle, and
the efficient transition from one host to the next can be largely dependent on host
behavior [3, 4]. For instance, if one host has to be predated by the next in order for the
parasite to continue its life cycle, anti-predatory behavioral adaptation [5] in hosts can
induce fitness costs to the parasite. Natural selection would therefore benefit parasites
that behave so as to reduce the avoidance capability of intermediate hosts in relation to
target hosts predators, and, indeed, there are empirical examples of parasite-induced
changes in host anti-predator behavior that increase host risk of predation [6, 7]. Such
alteration in host behavior can be understood as an extended phenotype [8] of parasites
manipulating hosts [9] and should provide selective advantages by enhancing parasite
transmission [10, 11].

Digenean trematodes are a large group of parasites with complex life cycles that
often require two intermediate hosts before reaching their target hosts [12, 13], and
several Diplostomidae eye-flukes use fish as intermediate hosts. Generally,
Diplostomidae life cycle includes snails as first intermediate host, where parasites
develop into free-swimming cercariae that leave the snail to penetrate the body of
second intermediate fish hosts. Inside the fish, parasites develop to metacercariae that
migrate to the inside of the fish eyes. The parasites are trophically transmitted to their
target hosts when water birds eat infected fish [13]. Once in the fish eye, flukes can
provoke cataracts [14, 15, 16], blindness [17, 18] and injure sensory organs [18],
potentially deteriorating eye functions and thereby fish use of visual signals for adaptive

anti-predator behavior [19, 20, 21]. Moreover, large flukes can physically disrupt light
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from reaching the eye lens and photoreceptors cells, and hereby deteriorate vision
without tissue damage.

The success of predator avoidance greatly depends on prey ability to accurately
locate and respond to predators, and for most fish species this includes the use of visual
cues for survival and predator avoidance [22, 23]. The quality of visual signals in
aquatic systems is affected by water clarity [24], that can be largely affected by water
color (e.g. humic substances) and/or suspended particles that absorb or scatter light [24,
25]. High turbidity, caused by high particle concentrations, reduces predator-avoidance
efficiency in visually oriented prey fish by reducing the detection distance between prey
and predator [24, 26, 27]. Low turbidity, and thereby high water clarity should, on the
other hand, allow for efficient predator avoidance, as long as fish eye functions are not
disturbed by parasites.

We here experimentally evaluate the effects of eye-flukes and turbidity on fish
behavioral performance. We use the tropical Cichlidae Satanoperca pappaterra
(Heckel, 1840) as a model of intermediate host parasitized by Austrodiplostomum
compactum and Posthodiplostomum sp [28]. We predict that high numbers of parasites
in fish eyes reduce fish anti-predator responses, that this reduction is driven by flukes
situated between the outer surface and the photoreceptor cells of the fish eye, and that
high water turbidity would further the negative effect of flukes on fish behavioral
performance. Moreover, we experimentally evaluate parasite adaptive behavior by
measuring movement and placement within the fish eye according to darkness/light
conditions, under the hypothesis that “dawn” conditions, when water birds feed more
frequently, induce flukes to migrate to the front of the fish eye to disturb visual signals

and increase the likelihood of reaching their target hosts.
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2.2 MATERIALS AND METHODS
Sampling and holding

Satanoperca pappaterra is a bottom-foraging Cichlidae of the subfamily
Geophaginae, widely distributed in continental waters of Brazil [29]. According to
preliminary analysis and published reports [30], S. pappaterra in the upper Parana river
basin, Brazil, commonly suffer high eye-flukes burdens. Individuals of S. pappaterra
(total length: 128.1 + 38.1mm, mean + SD, n = 208) were seine netted in Pombas
Lagoon (22°47°39”S, 53°22°08”W), Parana River. Following collection fish were
transported to 2501 flow-through tanks (20 individuals per tank) and acclimatized to
laboratory light (12-12 hour day-light cycle) and temperature (air = 30°C and water =
27°C) conditions for three or one weeks prior to experiments (for experiments 1 and 2

respectively). Fish were fed commercial pellets to satiation on a daily basis.

Experiment 1 — effects of parasites and turbidity on fish anti-predator behavior

Experiments were conducted in aerated aquaria (40 x 30 x 30cm) with sand on
the bottom and a branch of artificial macrophyte to provide some shelter. Treatments
were assigned as clear (river water with no manipulation of turbidity, 11.1 + 4.3NTU,)
or turbid water (turbidity increased by addition of 2.5¢g of clay per aquarium (0.09g/1",
38 + 3.9NTU). Each treatment was replicated 32 times. The back and left sides of each
aquarium were covered with black fabric to prevent visual disturbance, while the front
and right sides were left open to allow for filming and predator threat simulation,
respectively.

At the start of each trial, fish were placed individually in the aquaria at 7am and
allowed to acclimatize for 24h before video recordings. Lights were turned on at 6am

the following morning, and experiments were video recorded between 7 and 8am. Fish
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activity was recorded for one minute before and one minute after the predator visual
cue, provided by a model predator (stuffed heron Egretta thula) shown at the right side
and above the aquaria. Directly after video recording, fish were instantly anesthetized
with benzocaine and euthanatized by cervical dislocation. Fish eyes were then removed
and parasites counted under stereomicroscope. Parasite counts were done separately
according to eye areas (Fig. 1), and parasites extracted for identification to species level.
The eyes were examined to find injuries or cataracts. Fish specimens used in
experiments were deposited in the Colegdo Ictiologica do Nupélia, Universidade

Estadual de Maringa under voucher NUP 15862.

Optical
nerve

Figure 1 — Fish eye scheme showing two distinct zones in which parasites were
recorded. The zones were defined as eye parts through which light has to pass
uninterrupted for efficient visual information transmission (zone 1), and remaining

volumes of the eye (zone 2).

Video and Statistical Analysis

Videos were analyzed to evaluate both the anti-predator behavior and the time
lag for the escape response after the visual predation cue. The prevalence (given by P =
(total of parasitized hostsx100)/total of parasites), mean intensity (given by MI = total
of parasites/total of parasitized hosts) and mean abundance (MA) of parasites were

calculated [31]. A logistic regression analysis [32] assessed whether the amount of
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parasites per fish impacts anti-predator response (yes/no). A second analysis was made
on fish that reacted within three seconds upon exposure to the predator cue. Here, time
to anti-predator response was evaluated by analysis of covariance (ANCOVA, [32]) to
compare the effects of amount of parasites (covariate) in zones 1 and 2 (factor) of the
eyes. In order to tease apart zone-specific amounts of parasites, we used the residuals
from linear regressions on numbers of parasites in zone 1 as a function of numbers of
parasites in zone 2, and vice-versa, as covariate in the ANCOVA. Lastly, anti-predator
response in clear and turbid water was also tested by ANCOVA with the amount of
parasites present in zone 1 as covariate, once previous ANCOVA evidenced that
parasites in this zone have stronger influence in the anti-predator response. All analyses

were performed using R [33].

Experiment 2 — eye-fluke migration triggered by light

To assess if light triggers migration of parasites to the zonel of the eye (zone 1),
four treatments were performed. In all treatments fish were left for 12h in a dark room
(60 Lux) and were randomly picked from the pool in the following morning. All fish
used in the experiment were quickly euthanatized by cervical dislocation instantly
before taken to the stereomicroscope, where the activity of eye flukes in both eyes of
each fish were video recorded for 2 minutes under exposure to stereomicroscope light
(10300 Lux). In treatment one fish were taken from the dark room and immediately
exposed to stereomicroscope light at sunrise (7am). To evaluate a possible effect of the
biological clock influence on metacercariae activity, in treatment two fish were kept in
dark until noon (11am) and then instantly exposed to stereomicroscope light. In

treatment three, fish were collected from the dark room at sunrise and left exposed to
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sunlight (=87000 Lux) in a transparent tank for half an hour before video recording on

stereomicroscope. This procedure was repeated at noon in treatment four.

Video and statistical analysis

Videos were analyzed to investigate the activity of metacercariae inside the eye
of the fish. As soon as each fish was placed under the stereomicroscope (time 0) the
amounts of metacercariae in the zone 1 of each eye were counted. The counting was
repeated after one minute (time 1) and after two minutes (time 2). The effects of factors
‘period’ (sunrise/noon), ‘exposed to sunlight’ (yes/no) and ‘exposure to
stereomicroscope light’ (times 0, 1 and 2) on the amount of eye-flukes in zone 1 of the
eye was evaluated by three-way ANOVA in R [33]. The fish individual identity was
included as a blocking factor (random) in the statistical model (but not its correlation
with other factors) in order to adjust the degrees of freedom from other factors
considering the repeated fashion of time of stereomicroscope light exposure for each

pair of eyes [34].

2.3 RESULTS
Experiment 1

In a total of 64 fish used in the experiment, 63 were parasitized by at least one of
the two species found inside the eye globes, Austrodiplostomun compactum (n=1402,
P=98.43, MI=22.25, MA=21.90) and Posthodiplostomun sp (n=521, P=84.37, MI=9.64,
MA=8.14). No apparent injuries or opacity was observed. Anti-predator response and
the amount of parasites in the eyes were significantly correlated (Logistic regression, P
<0.001, SE = 0.018, Fig. 2). Parasites occupation in different zones of the eye affects

the anti-predator behavior in different ways (ANCOVA, F=7.403, P=0.007). The



20

homogeneity of slopes assumption was not reached indicating two models. The first
shows that parasites in zone 1 significantly affected the anti-predator response
(r*=0.050, P<0.001, SE=0.007), unlike parasites in zone 2 (r*=0.011, P=0.355,
SE=0.012, Fig. 3a). Turbidity (Fig. 3b) did not influence anti-predator response

(F=1.943,P =0.172).

1.0-| cnemsecsmn @000 o [ ] o0

Reaction to predator cue

Total of parasites per fish

Figure 2. Scatterplot of reaction of the fish (yes/no) to predator cue versus the amount

of parasite per host. A logistic regression line was added.

Experiment 2

Austrodiplostomum compactum migrates from deeper to outer regions of the fish
eye when exposed to light, but circadian cycle had no effects on parasites behavior. The
increased amount of parasites in zone 1 under light stimulus is evidenced by three-way

ANOVA (Table 1, Fig. 4).
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Figure 3 — Anti-predator response and (a) residuals of linear model between parasites

present in zones 1 and 2 of the eye with a linear model for each zone; and (b) the total of

metacercariae in zone 1 of the eyes for clear and turbid treatments with a linear model

for each treatment.

Table 1. Summary of three-way ANOVA on the interactions among period of day (PD,

sunrise/noon), exposure to sunlight (ESL, yes/no), time when parasites were counted

(TC, 0, 1 and 2 minutes) influencing the amount of parasites in zone 1 of the fish eye.

Source of variation d.f. SQ MS F P

PD 1 10.800 10.840 1.800 0.182
ESL 1 266.700 266.700 44.297 <0.001
TC 2 116.800 58.380 9.696 <0.001
PDxESL 1 1.500 1.500 1.162 0.688
PDxTC 2 0.100 0.040 0.006 0.994
ESLxTC 2 107.900 53.930 8.957 <0.001
PDxESLxTC 2 3.000 1.500 0.162 0.850
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Figure 4 — Mean visible flukes in eyes (zone 1) under stereomicroscope accounted at
minutes 0, 1 and 2 in early (7am) and late (11am) treatments after exposure or not to

sunlight. Whiskers represent the standard error.

2.4 DISCUSSION

Our study supports the hypotheses that eye-flukes in zone 1 of the eyes decrease
the anti-predator response of the fish host; and that the flukes tend to move to zone 1 in
“dawn” conditions. Our results suggest that the mechanism behind the disturbance of
efficient anti-predator behavior is likely to be the vision blockage caused by the
presence of parasites. Consequently, is expected that by increasing the amount of eye-
flukes in zone 1 becomes fish more susceptible to predation. Moreover, it is quite
possible to suppose that the extended phenotype of eye-flukes (expressed in fish
behavior) may as well act i.e. driving trophic interactions in aquatic-terrestrial
foodwebs.

The fact that behavioral changes observed in our experiments appear in hosts
when their consequences can be profitable for the parasite suggests they might be a
product of selection [10]. Many water birds (the target hosts in this case) show intense

foraging activity during the first hours after sunrise. So, if light (naturally, dawn)
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triggers Diplostomidae flukes to move to a region where vision is more likely to be
harmed, decreasing host anti-predator behavior and potentially exposing them to greater
risk of predation, is reasonable to suggest that such parasites have evolved to
manipulate host behavior [10]. This is even more strongly supported if we consider
results of the eye-flukes behavior experiment.

The light-triggered eye-fluke behavior may not be apparently a complex event,
but is suggested to be the factor responsible for influencing the host escapes efficiency.
If fluke migration to zone 1 leads intermediate hosts to greater susceptibility to target
hosts and enhances fitness benefits for parasites, this adaptation is likely to be fully
manipulative. Studies have shown that manipulation enhances predation by target hosts
but has no effects for non-host predators [21, 35, 36]. Our results suggest that this
manipulation may be considered adaptive for parasites and it is likely to lead fish to
increased susceptibility to avian predation. However, experiments addressing species-
specificity manipulation hypothesis are required to elucidate this question.

The effects of the both species of parasites on the fish anti-predator behavior can
be either additive or complementary [37], however it is difficult to comprehend the
proportion of such effects. The fact that A. compactum is able to swim inside the eye
and move to the zone 1 under light stimulus, provides insights that this species have
stronger influence on the fish vision skills when compared with Posthodiplostomum sp,
that was found mainly in (zone 2) and showed very restrict moving capabilities. If this
is true, our observations are consistent with the hypothesis that Posthodiplostomum sp
has lower influence on the fish behavior and it may benefit with the association with A.
compactum. However, our data do not support such affirmation and we believe that this

questions would hardly be answered unless under controlled infection experiments.
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Although the results are consistent with the hypothesis that eye-flukes influence
anti-predator behavior of fish, turbidity did not show effects on threat perception.
However, we believe that the main reason for rejecting such hypothesis is that turbid
treatment could not be as turbid as it would be necessary to limit the visual detection of
a potential threat (mainly because the experiments were video taped turbidity had to be
relatively low to allow precise analysis of the behavior of fish). Within this range of
conditions the effect of the eye-flukes is much more deterministic than turbidity. This
demonstrates that the host-parasite interaction can strongly influence trophic
interactions and may exceed the resultant effect of some environmental variables.

Yet, given to the fact that water transparency has been increasing over the last
decades [38] in Parana River and that this environmental alteration may explain changes
in several biotic features that rely in prey-predator dynamics and success of parasites to
achieve life cycles [39], the effect of aggregation of eye-flukes on the anti-predator
behavior may have an interesting link with turbidity. We suggest future studies to
elucidate the role of turbidity as a determinant of aggregation of eye-flukes based on the
presumption that turbidity decrease may imply that parasites have to be more abundant
inside fish eyes to efficiently disturb vision and make fish more susceptible to
predation.

Although decreased escape responses and increased susceptibility of prey fish to
water birds have been reported as a consequence of cataracts and other secondary
disorders induced by eye-flukes, the lack of apparent injuries in the eyes allows
concluding that altered anti-predator behavior of S. pappaterra is likely to be a product
of physic disturbances on light projection caused by the parasites. Beyond that, the
selective pressure may have acted on parasites behaviour to trigger the move of eye-

flukes to a region where vision is more effectively hampered. The ability of 4.
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compactum to induce decreased hosts anti-predator response in morning conditions,
when piscivorous water birds forage intensely, may be an evolutionary adaptation of
such parasite leading to increased susceptibility of fish to predators. Thus, if fish altered
behaviour provide fitness benefits for parasites by increasing the probability of reaching
the target hosts, the case related in this study is likely to be considered a classical

example of parasites adaptively manipulating hosts.
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Palavras-chave: Acdes conjuntas; bacia do Parand; ferramentas para conservagao;

prevencao de barragens; remanescentes fluviais.

RESUMO
Barragens representam uma ameaca ao meio ambiente e as populagdes humanas que
habitam as redondezas da maioria dos grandes rios em todo o mundo. No Brasil, apesar
de varios impactos negativos atribuidos as barragens, governos federal e estaduais
adotam a politica de expansdo da matriz hidrelétrica. O resultado inclui proje¢des de
represamentos de remanescentes fluviais de extrema importancia para a conservagao da
biodiversidade. Apresenta-se um estudo de caso de dois importantes afluentes do rio
Parana (o rio mais represado na regido Neotropical), Brasil, onde agdes conjuntas entre
a Universidade, o Ministério Publico e populagdes locais resultaram em agdes eficientes
na prevencao de barragens. Os resultados mais expressivos sdo a promulgacdo de leis
municipais que protegem determinadas areas das bacias e a abertura de processos de
tombamento de trechos do rio como patrimonio natural. As estratégias apresentadas
aqui para evitar barragens em remanescentes fluviais comprovadamente considerados

de alta prioridade para conservagao, sdo aplicaveis em todo territorio Brasileiro.
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Pulling the plug: replicable strategies to preclude dam expansion in Brazilian
rivers of high-priority for conservation
Key-words: Conservation tools; joint actions; Parana basin; prevention of dams,

remaining tributaries.

ABSTRACT
Dams represent a common threat to environment and surrounding societies in most of
the large rivers worldwide. In Brazil, despite several known negative impacts assigned
to dams, Federal and State Governments adopt the policy of expansion of the
hydroelectric matrix. The outcome includes impoundments of remaining rivers that are
extremely important for biodiversity conservation. We present a case study of efficient
strategies that resulted in actions to prevent dams in areas of two important remaining
tributaries of the Parana River (the most dammed river in the Neotropics), Brazil. The
most expressive results are the enactment of local legislation protecting areas of the
basins and initiatives to indicate features of the rivers as heritages. The strategies
presented here to prevent dams in remaining rivers are applicable and encouraged to be

implemented throughout Brazil for rivers of high-priority for conservation.
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3.1 INTRODUCAO

A maioria dos grandes sistemas fluviais no mundo sdo impactados por barragens
(Nilsson et al. 2005). Quando uma barragem ¢ instalada, sdo esperadas inimeras
alteracdes que resultam em impactos negativos ao meio ambiente (Agostinho et al.
2008a) e as populacdes diretamente afetadas (Rothman 2008). Sob a perspectiva
ambiental, barragens modificam a paisagem da bacia e afetam criticamente as biotas
aquatica e terrestre (Barletta et al. 2010). Sociologicamente, barragens podem deslocar
povos (McCully 1996), suprimir a cultura local (Leite & Bahia 2012), incapacitar
atividades econdmicas sustentaveis (Vainer 2008) e destruir patrimonio histérico
(Miranda 2012) e arqueolégico (Chmyz 2004).

A bacia do rio Parana no Brasil ¢ a mais afetada por barragens da regido
Neotropical, com cerca de 72% de seu potencial hidrelétrico aproveitado (Agostinho et
al. 2007). Apesar dos diversos impactos negativos associados ao represamento dos rios,
o Brasil ainda projeta expansdo de seu sistema de energia através da construcao de
novas usinas hidrelétricas (EPE 2007 - Plano Nacional de Energia 2030). A possivel
exploragdo de remanescentes fluviais para construcao de barragens tem gerado conflitos
de interesses entre populagdes locais e entidades governamentais.

Dentro desse contexto, apresenta-se um estudo de caso no qual foram adotadas
estratégias para evitar a construgdo de novas barragens em duas bacias ainda livres de
barragens e que apresentam papel extremamente importante para a conservagao da
biodiversidade do rio Parand. Através de extenso trabalho que se iniciou com a
conscientizacdo das populagdes afetadas, foram promulgadas diversas leis municipais
em defesa dos rios e foram abertos processos de tombamento de trechos dos rios como

patrimOnio natural. Tal estratégia ¢ legalmente amparada e encorajada a ser aplicada em
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qualquer remanescente fluvial do Brasil de alta prioridade para a conservagao e/ou com

relevante potencial para promover ruptura social devido ao represamento.

3.2 AIMPORTANCIA DOS AFLUENTES LIVRES DE BARRAGENS PARA A
BACIA DO RIO PARANA

O trecho livre de barragens do rio Parana em territdrio brasileiro tem cerca de
230 km de comprimento (menos que 5% do comprimento total) e inclui a planicie de
inundagdo do alto rio Parand (PIARP), uma paisagem complexa, heterogénea e
altamente biodiversa (Agostinho et al., 2000). Esta area configura o ultimo refugio com
caracteristicas fluviais disponivel para as espécies de peixes e inclui propor¢ao
significativa de grande parte da fauna original dessa bacia.

A integridade ecoldgica da PTARP ¢ intimamente dependente de quatro grandes
afluentes ainda livres de barragens em suas calhas principais: os rios Amambai e
Ivinhema, no estado do Mato Grosso do Sul; e os rios Ivai e Piquiri (798 km e 485 km
de comprimento, respectivamente), que representam os principais afluentes da margem
leste da PIARP, no Estado do Parana, Brasil (Parolin et al. 2010, Gubiani et al., 2006,
Fig. 1). Estas bacias sdo essenciais para a manuten¢do da diversidade de peixes e
estoques pesqueiros, uma vez que sdo usadas como locais de desova para peixes
migratdrios que habitam o rio Parand (Baumgartner et al., 2004, Antonio et al., 2007,
Gubiani et al. 2010). Além disso, estes afluentes abrigam vérias espécies ameagadas
(Agostinho et al. 2008b, ICMBio 2014), raras (Volkman-Ribeiro & Parolin 2010),
endémicas (Gubiani et al., 2006) ou ainda ndo descritas pela ciéncia (e.g. Dei Tos et al.
2014), revelando incompletudes taxondmicas e de distribuicao geografica (Linnaean e

Wallacean shortfalls, Brown & Lomolino 1998).
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Figura 1 — Trecho livre de barragem do rio Parana (linha tracejada) e bacias do Ivai e
Piquiri (sombreado). Letras A a J representam municipios que promulgaram Leis com o
objetivo de manter os rios sem barragens. Letras K e L representam processos de
tombamento como patrimonio histérico e turistico de trechos dos rios. a = Formosa do
Oeste; b = Mariluz; ¢ = Barbosa Ferraz; d = Fénix; e = Itambé¢; f = Lidianépolis; g =
Manoel Ribas; h = Quinta do Sol; i = Sdo Jodo do Ivai; j = S@o Pedro do Ivai. k = Salto

Paiqueré; 1 = Recanto do Apertado.
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Embora estes rios estejam atualmente livres de barragens, existem projetos para
a instalacdao de 16 novas usinas hidrelétricas no canal principal do rio Piquiri e de varias
outras nas secdes superiores do rio Ivai (EPE 2013, Plano Decenal de Expansdo de
Energia 2022) que ameagam a sua integridade. A fragmentacao destes rios por
barragens sucessivas impediria o acesso de peixes a habitats-chave, o que afetaria
negativamente a sua distribuicao e reprodu¢do, consequentemente as suas populagoes,
com reflexos negativos e diretos na pesca. Além disso, o represamento desses rios
representaria uma ameaca a toda a biota da PIARP, atualmente confinada em seu ultimo

trecho livre de barragens.

3.3 GERACAO DE ENERGIA ELETRICA NO ESTADO DO PARANA E AS
PERDAS LOCAIS

As usinas hidrelétricas fornecem cerca de 92% da energia produzida no estado
do Parand (IPARDES 2013). A producao total ¢ 238% maior do que as reais
necessidades de consumo e o excedente ¢ exportado para outros estados. No entanto, o
artigo 155, paragrafo primeiro, inciso X, alinea b) da Constituicao Federal, proibe a
tributacdo de energia elétrica “exportada” entre Estados brasileiros. O problema ¢ que
para construir barragens, grandes extensdes de solos sdo inundadas, afetando
dramaticamente cadeias econdmicas locais e suprimindo a receita tributéria local.
Portanto, novas barragens resultariam em consequéncias econdmicas locais duplamente
prejudiciais para o estado, tanto por ndo permitir retorno fiscal do produto energia
gerado, quanto por ter sua atividade economica dizimada no local inundado.

Além disso, a economia ligada a pesca artesanal na se¢ao de fluxo livre do rio
Parand e no reservatorio de Itaipu dependem de espécies de peixes que usam esses

afluentes como areas de reproducdo e bercarios. Assim, a privagao do acesso de peixes a
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estes rios pode resultar em danos a pesca e em impactos sobre os meios de subsisténcia
de pescadores profissionais (Agostinho et al., 2004). Ademais, areas indigenas (Mota
2013) e sitios arqueologicos (Chmyz et al. 2008, Parellada, 2013) sdo comuns ao longo
dos rios Ivai e Piquiri, que também apresentam varias cachoeiras, corredeiras e outras
paisagens que suportam o turismo local. Portanto, a constru¢do de barragens nessas

areas promoveria perdas locais em varias esferas.

3.4 O PAPEL DAS POPULACOES LOCAIS AFETADAS POR PROJETOS DE
NOVAS BARRAGENS

Apesar dos evidentes prejuizos multiplos provocados pela construcao
desenfreada de barragens, tanto o governo federal quanto o atual governo do Estado do
Parana adotam a politica de expansdo da matriz hidrelétrica (Azevedo 2014). Em
contrapartida, as populagdes locais que se tornaram conscientes dos potenciais perdas
provocadas pelas barragens tém reagido em defesa de seus proprios interesses. A
conscientizacdo foi estimulada por uma rede de atores através de vérias reunides com
publico de municipios visados para instalacdo de novos empreendimentos hidrelétricos.
Nesses encontros, especialistas em direito (em sua maioria, promotores) abordaram
questdes juridicas, econdmicas e politicas que envolvem a construgdo de barragens,
enquanto cientistas trouxeram a tona informacdes sobre questdes naturais das bacias
locais.

As reunides surtiram resultados praticos e eficientes na prevencao de novas
barragens (Fig. 2), uma vez que 10 municipios promulgaram leis declarando interesse
publico em manter os rios livres de barragens: Barbosa Ferraz (Lei 1984/2012), Fénix
(Lei 37/2012), Formosa do Oeste (Lei 784/2014), Itambé (Lei 1122/2012), Lidiandpolis

(Lei 622/2012), Manoel Ribas (Lei 021/2012), Mariluz (Leis 1644/2012 e 1645/2012),



Quinta do Sol (Lei 09/2012), Sao Joao do Ivai (Lei 08/2012) e Sao Pedro do Ivai (Lei

1355/2012, Fig. 1).
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Figura 2 — Diagrama representando as agdes para a preven¢do de barragens nos rios de
alta prioridade para a conserva¢do e/ou com ameaga de ruptura social relevante
provocada por represamentos no Brasil. A rede de interagcdes mostra duas maneiras
distintas que comecam com agdes conjuntas entre o Ministério Publico (ou outros
juristas) e a comunidade cientifica, que visam alertar o publico geral sobre as
consequéncias da construcdao de barragens. O primeiro caso (linhas so6lidas) ¢ indicada
para situagdes em que os rios ainda ndo apresentam projetos de novas barragens. O
segundo caso (linhas tracejadas) ¢ indicado para situagdes em que os rios que tém
projetos em processo de licenciamento.

Além disso, estdo em andamento processos de tombamento de patrimonio
historico e turistico do Salto Paiqueré (uma cachoeira no rio Goioeré) e do Recanto do
Apertado (uma area com corredeiras no rio Piquiri). Tais iniciativas foram propostas

pela Associacdo de Defesa do Meio Ambiente de Umuarama (ADEMA) e pela



39

Fundagdo de Apoio ao Desenvolvimento Cientifico e Tecnologico do Vale do Piquiri
(FADCT), respectivamente. Processos de tombamento constituem uma estratégia eficaz
para proporcionar prote¢do (pelo menos proviséria) e tempo para investir em outras
acdes para preservar os rios, pois durante o julgamento do processo, que pode levar
anos, qualquer empreendimento potencialmente gerador de impactos negativos ¢
totalmente proibido (artigo 10, paragrafo tnico do Decreto-Lei n° 25 de 30 de novembro
de 1937).

Tanto as promulgagdes de leis quanto os processos de tombamento sao
estratégias legalmente viaveis. O artigo 18, caput, da Constitui¢do Federal de 1988
determina que a Unido, os Estados e os Municipios sdo autdbnomos. Por outro lado, a
Resolucdo do Conselho Nacional do Meio Ambiente (CONAMA 237/97, artigo 10.°, §
1°), afirma que, para a emissdo de uma licenga ambiental, é necessario ter a aprovagdo
formal do governo local. Legalmente, as articulagdes destas disposicdes munem
municipios de poder para proteger seus proprios interesses, que nesse caso € a
integridade dos rios.

Até o momento, devido aos esforcos dos diferentes atores em questdo neste
estudo de caso, trés projetos de barragens em processo de licenciamento foram
obstados. O primeiro foi 0 da PCH Agua Limpa (rio Goioeré), que ndo obteve a Licenga
Prévia emitida pelo Instituto Ambiental do Parana (IAP) devido, tanto a promulgacao da
Lei 1644/2012 em Mariluz, quanto ao processo de tombamento do Salto Paiqueré como
patrimonio historico e turistico. Além disso, devido as exigéncias de complementacao
dos Estudos de Impacto Ambiental apresentado em audiéncias publicas, a promulgacgao
da Lei 1645/2012 em Mariluz e Lei 784/2014 em Formosa do Oeste, e ao processo de
tombamento do Recando do Apertado, os projetos das UHEs de Ercilandia e Apertados

(rio Piquiri), ndo receberam as Licengas Prévias e, portanto, foram excluidos dos leildes
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programados para novembro de 2014 e abril 2015 pela Agéncia Nacional de Energia
Elétrica (ANEEL - Agéncia Nacional de Energia Elétrica).
3.5 CONTRASSENSO ENTRE PLANOS DE CONSERVACAO E PLANOS DE
DESENVOLVIMENTO

Em alguns casos, mesmo quando as agéncias governamentais indicam areas de
alta prioridade para a conservagdo, outras entidades governamentais (niveis federal e /
ou estaduais) atropelam os planos de conservagao com planos de "desenvolvimento".
Este enorme contrassenso ¢ explicitado quando em esfera federal, a Portaria do
Ministério do Meio Ambiente (09/2007) indica a regido do baixo rio Piquiri como area
de alta prioridade para conservagao, uso sustentavel e reparticdo de beneficios da
biodiversidade nacional e em nivel estadual, a Resolugdo Conjunta firmada pela
Secretaria do Meio Ambiente e Recursos Hidricos e pelo Instituto Ambiental do Parana
(SEMA-IAP, n° 05, setembro de 2009), estabelece o mapeamento de areas estratégicas
para a conservagao e restauragao de biodiversidade do Parand, que inclui o baixo rio
Piquiri. Um enorme paradoxo reside aqui: como areas declaradas de alta prioridade para
a conservagao pelos governos estadual e federal podem ainda ser considerados para

instalacdo de usinas hidrelétricas?

3.6 CONSIDERACOES FINAIS

Para a conservacao da biodiversidade remanescente do alto rio Parana, ¢ de
suma importancia que os quatro principais afluentes que ali desaguam (Amambai, Ivai,
Piquiri e Ivinhema) permanegam livres de barragens, pois a integridade do ecossistema
local e da bacia do rio Parana depende intimamente desses quatro afluentes.

A falta de estratégias adequadas para preservar os rios evidencia a negligéncia

das autoridades publicas frente a proliferacao desenfreada de barragens no Brasil.
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Porém, nas redondezas das bacias dos rios Ivai e Piquiri, a reacdao das populagdes locais
tem sido a for¢a motriz da criacdo de agdes legais que visam eficientemente preservar os
remanescentes fluviais livres de barragens. Finalmente, ¢ adequado destacar que as
estratégias adotadas aqui para impedir novas barragens e preservar remanescente
fluviais, podem e devem ser adotadas em todo territdrio do Brasil quando a area a ser
afetada ¢ comprovadamente de elevado interesse a conservacao da biodiversidade ou

apresenta risco de ruptura social.
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4 CONSIDERACOES FINAIS

Os produtos dessa tese contemplam tanto a pesquisa cientifica na area de
ecologia comportamental, quanto apresentam estratégias para preservacdo de
remanescentes fluviais com alta prioridade para conservagdo no Brasil.

Através de uma abordagem experimental, apresentou-se resultados a respeito da
influéncia de parasitos de olhos sobre resposta anti-predador do peixe S. pappaterra.
Alteragdes no comportamento do hospedeiro intermedidrio sdo provocadas por
perturbagdo fisica de projecdo da luz, que ¢ reforcada durante o periodo da manha,
quando a luz estimula os parasitas a se deslocarem para a regido do olho onde a visdo ¢
mais eficientemente bloqueada. Considerando que as aves aqudticas piscivoras, os
hospedeiros definitivos deste diplostomideo, forrageiam intensamente nas primeiras
horas da manha, ¢ possivel concluir que o comportamento do parasito € o consequente
potencial de aumentar seu fitness, configuram um exemplo de manipulagdo adaptativa.

Sob outra perspectiva, um extenso trabalho de divulgacdo de ciéncia e
conscientizacdo ambiental, economica e legal, resultou na promulgacdo de leis
municipais que protegem alguns trechos dos rios Ivai e Piquiri, dois importantes
afluentes do rio Parana ainda livres de barragens. Em vista da existéncia de falhas nas

estratégias para preservar o meio ambiente e da negligéncia de autoridades publicas
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frente a proliferagdo de barragens no Brasil, o segundo manuscrito traz a tona a
importincia de mobilizar e conscientizar sociedades locais para preservar
remanescentes fluviais de alta prioridade para conservacdo, e apresenta novas

estratégias como ferramentas passiveis de serem aplicadas em todo territorio do Brasil.



