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ENVIRONMENTAL IMPACTS ON MARINE ENERGY: COLLISION RISKS FOR MARINE ANIMALS AND PRIORITY SPECIES FOR
MONITORING IN BRAZIL
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ABSTRACT: Brazil has great potential for the development of technologies for the conversion of marine energy from waves and tides, which raises the discussion about the possible
environmental impacts of these projects. This article seeks to synthesize knowledge about the risks of collision of marine animals, such as mammals, fish and birds, with marine
renewable energy (MRE) devices, as well as to identify priority species for environmental monitoring along the Brazilian coast. The risk of marine mammals colliding with MRE devices
is influenced by regional and behavioral factors. The risk of collision in a fish community is influenced by the avoidance behavior, the distribution of fish in the MRE sites and the
stages of the enterprise (installation, operation and maintenance). Seabird collision risk is influenced by species behavior (geographical distribution, seasonal habitat use, diving time
and depth) and the location of MRE structures (surface and/or water column). The survey of priority species for monitoring the risk of collision with MRE devices in Brazil consisted
of 5 species of marine mammals, 13 taxa of seabirds, 5 species of endangered sea turtles and 18 species or groups of species of fish of economic importance to the country. The
research review did not record the occurrence of collisions with marine animals. However, this does not mean that they did not occur, but that they may not have been observed due
to monitoring challenges. The study concluded that research on the interaction of marine animals with MRE devices should be encouraged, even in prototypes and non-commercial
projects, in order to reduce knowledge gaps and support the development of MRE in an environmentally sound manner.
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RESUMO: 0 Brasil possui grande potencial para o desenvolvimento de tecnologias de conversao de energia marinha das ondas e marés, o que aflora a discussao sobre os possiveis
impactos ambientais desses empreendimentos. Este artigo busca sintetizar os conhecimentos sobre os riscos de colisdo de animais marinhos, como mamiferos, peixes e passaros,
com dispositivos de energia marinha renovavel (EMR), bem como identificar as espécies prioritrias para o monitoramento ambiental ao longo da costa brasileira. O risco de
colisdo de mamiferos marinhos com dispositivos de EMR € influenciado por fatores regionais e comportamentais. 0 risco de colisdo em comunidade de peixes € influenciado pelo
comportamento de evasao, a distribuicdo dos peixes nos locais de EMR e as etapas do empreendimento (instalagdo, operacao e manutengao). O risco de colisao de aves marinhas
€ influenciado pelo comportamento das espécies (distribuicdo geografica, uso sazonal do habitat, tempo e profundidade de mergulho) e pela localizagdo das estruturas de EMR
(superficie e/ou coluna de dgua). O levantamento de espécies prioritarias para o monitoramento do risco de colisdo com dispositivos de EMR no Brasil foi constituido por 5 espécies
de mamiferos marinhos, 13 taxons de aves marinhas, 5 espécies de tartarugas marinhas ameagados de extingao e por 18 espécies ou grupos de espécies de peixes de importancia
econdmica para o pais. A revisao das pesquisas nao registrou ocorréncia de colisdes com animais marinhos. No entanto, no significa que néo ocorreram, mas que podem nao ter
sido observadas devido aos desafios do monitoramento. O estudo concluiu que as pesquisas de interagao de animais marinhos com dispositivos de EMR devem ser fomentadas,
mesmo que em protdtipos e projetos ndo comerciais, a fim de reduzir as lacunas do conhecimento e auxiliar o desenvolvimento da EMR de forma ambientalmente adequada.
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1. INTRODUCTION

The Intergovernmental Panel on Climate Change (IPCC)
preliminary report reveals that the world temperature rise will
reach or exceed 1.5°C between 2021 and 2040 (IPCC, 2021).
Its content is a warning to the end of the fossil fuel era, and the
need for massive investments in renewable energy is irrefutable.
For the scenario of temperature increase below 1.5°C, the share
of renewable energy in the world is expected to grow from 14%
in 2018 to 74% in 2050, which requires an eight-fold increase
in the annual growth rate (IRENA, 2021).

Since 2019, the IPCC has recognized Marine Renewable
Energies (MRE) as a mean of mitigating climate change. The
ocean can be considered an enormous reservoir of thermal
energy, heat from the sun, and mechanic energy from tides
and waves. Technologies can generate electrical energy from
various ocean energy resources such as tides, waves, ocean
thermal energy conversion (OTEC), ocean currents, wind and
salinity gradients (Spellman, 2014). Ocean energy resources
can potentially generate between 45 000 TWh and 130 000
TWh of electricity per year, covering more than twice the global
demand for electricity (IRENA, 2020). However, the contribution
of marine energy to world electricity generation and needs is
nowadays very small, representing 0.1%, coming mostly from
tidal power plants (EPE, 2020a).

The Brazilian energy matrix is composed of approximately 50%
of renewable energies (EPE, 2021) and these sources dominate
the electricity sector, accounting for more than 80% of the
country’s electricity generation, Figure 1.

According to the 2020 National Energy Balance, Brazil does not
use RME for electricity generation, despite the extensive coastal
zone of 8 698 km (MMA, 2008; EPE, 2020b) and research
indicating a potential of 114 GW of the renewable energies from
the sea. A survey carried out by the Federal University of Rio
de Janeiro (UFRJ), through local measurements and theoretical
research, estimated an energy potential of 27 GW from the tides
in the north and northeast regions of Brazil. On the coast of the
states of Amapa, Para and Maranhao, tides vary between 5 to
11 m (Floréncio and Trigoso, 2020; Tolmasquim, 2016). The
energy potential of the waves was estimated from the extent of
each state of the federation, based on the average significant
wave height in the year and the average period in the year
(Tolmasquim, 2016). Thus, the energy potential of the waves
was 22 GW in the Northeast, 30 GW in the Southeast and 35 GW
in the South (Tolmasquim, 2016; Floréncio and Trigoso, 2020,
Figure 2).
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Figure 1. Domestic electricity supply of 651.3 TWh in Brazil, in 2019, by source. (Source:
Adapted from the Energy Research Company (EPE, 2020b)). Notes: *Includes coke oven
gas. 2Includes electricity imports. 3Includes firewood, sugarcane bagasse, bleach and
other recoveries.

Despite the benefits of renewable sources, several studies reveal
environmental impacts on renewable energy projects, which
vary in type and intensity according to the technology used,
geographic location, ecological resources, among other factors
(Spellman, 2014). According to data from the International
Energy Agency - IEA (2020), the share of renewable energies
in electricity generation increased from 20% to almost 28%
between 2010 and 2020. In view of the increasing trend in
renewable sources, it is necessary to gather information about
the impacts generated to mitigate or eliminate them.

Knowing them helps regulatory agencies in the authorization
and licensing processes; and also helps government spheres
responsible for the management of coastal and oceanic areas
and project developers to understand what will be required
from them, investing in technologies that improve maritime
energy devices (Copping et al., 2020). Furthermore, it is vitally
important to make the population of the coastal zone more
aware of the environmental impacts of developments in this
area (Barros et al., 2010). For example, when the population
understands the advantages and disadvantages for the region,
they may or may not oppose the implementation or permanence
of renewable marine energy projects.

The exploration of ocean energy has few ventures and
projects; however, like all energy exploration for human use,
it also generates environmental costs (Copping et al., 2014).
Installation and operation of RME have environmental impacts
on marine animals (Keenan et al., 2011; Halvorsen et al., 2012)
and physical systems (Ahmadian et al., 2012; Jones et al., 2014).
This review presents research works that assess the interaction
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Figure 2. Estimated Brazilian theoretical potential of wave and tidal energy.

and collision risks of marine animals (mammals, fish and birds)
with marine energy system of waves, tidal and currents; and
since there is an estimated energy potential for the entire coast,
it aims to indicate priority species for environmental monitoring
of the risk of collision in Brazil.

2. METHODOLOGY

The survey on the potential environmental impacts of Marine
Renewable Energy took place through the works of Spellman
(2014), Tolmasquim (2016) and Copping et al. (2020). The
summary of the state of the art on marine animal collision risk
was based on Copping et al. (2020), report prepared by the
Technological Collaboration Program in Ocean Energy Systems
(OES) - Environmental. This intergovernmental program was
developed to examine the environmental effects of marine
energy and was established by the International Energy Agency
in 2001.

The report features various laboratory, field and modeling
researches, as well as international environmental monitoring
programs, both to assess the interaction of marine animals and
the risk of collision with RME devices. The great concern of these
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researches are endangered species and those of commercial
and recreational importance, as additional disturbances in these
populations can cause environmental and economic impacts.
Therefore, to prepare a list of priority species for monitoring
interaction with RME devices in Brazil, commercially important
fish species were selected; and endangered species of marine
mammals, birds and reptiles. The species of mammals, birds
and reptiles were selected from ICMBio (2018) which used the
[UCN (2001) method to categorize the risk of extinction.

According to MMA Ordinance No. 43/2014, of the Brazilian
Ministry of the Environment, species threatened with extinction
are those categorized as: vulnerable (VU), high risk of extinction
in nature; Endangered (EN), very high risk of extinction; critically
endangered (CR), extremely high risk of extinction; and extinct
in the wild (EW), individuals only in cultivation, captivity or with
a population (or populations) naturalized outside their natural
range (ICMBio, 2018). Also for mammals, birds and reptiles, the
category of extinction risk, the geographic distribution in the
country, the habitat, and only for marine mammals, the presence
in conservation units were informed. The fish species selected
were those that make up 60% of marine fisheries production
in Brazil, according to data collected by Dias-Neto and Dias
(2015). From this work, the information selected was about
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the fishing area, habitat, average production between 1995
and 2010 in tons and the status of use or source (condition of
fish stocks according to exploitation, which demonstrates the
tendency to decline or population recovery) by species or group
of fish species.

In the report by Copping et al. (2020), no research has been
carried out about the risk of collision of marine animals with
EMR devices in Brazil. Thus, it was not possible to identify the
interaction of species of mammals, birds and fish in Brazilian
territory with EMR devices. However, the species monitored in the
research by Copping et al. (2020) were verified in publications
in order to verify the occurrence in Brazil. Mammal species were
consulted in ICMBio (2018) and Monteiro-Filho et al. (2013).
Bird species were verified in ICMBio (2018) and Piacentini et al.
(2015). And fish species were researched in ICMBio (2018) and
Froese and Pauly (2021). In the research gathered by Copping
et al. (2020) monitoring of reptile species was not observed.

3. ENVIRONMENTAL IMPACTS ON THE DEVELOPMENT
OF MARINE RENEWABLE ENERGIES DEVICES

Several projects in Brazil and abroad developed ocean energy
conversion technologies; however, most projects implemented
in water were for testing or limited demonstration, with few
commercial scale projects (Florencio and Trigoso, 2020; IRENA,
2020). Most of the environmental impact studies of these
technologies were carried out as a requirement of regulatory

agencies for the consent of commercial projects. In general,
extensive monitoring is required to understand possible
interactions of EMR devices with marine animals and habitats.
However, not all instrumentation and/or data collection efforts
to carry out this type of monitoring have achieved their objectives
(Copping et al., 2020). This occurs because EMR devices are
usually deployed in high energy and/or turbid places, which
makes the operation of oceanographic equipment, sensor
platforms and even human observation on vessels necessary to
characterize these interactions difficult.

In this context, the article reviews studies on the potential risk of
collision in RME devices, by examining the interactions between
marine energy systems harvesting and the marine environment,
called stressors and receptors, respectively, as designated by
Boehlert and Gill (2010). Stressors are any part of RME systems
that can cause damage or stress to a marine animal, a habitat,
ecosystem processes or oceanographic processes. These
stressors include moving turbine blades, anchors or foundations,
mooring ropes, energy export cables, and emissions from any
part of the RME system. Receptors include marine animals that
live in the vicinity of an RME project, habitats where devices are
deployed, and oceanographic processes such as natural water
movement, wave height, sediment transport, and concentrations
of dissolved gases and nutrients that sustain marine life
(Copping et al., 2020). The interactions between stressors
and receptors are analyzed through observations, laboratory
and field experiments, and modeling studies (Copping et al.,
2014; 2020). Figure 3 demonstrates some stressor-receptor

Figure 3. Potential interactions between stressor and receptor. 1. Changes in oceanographic systems; 2. Underwater noise; 3.
Electromagnetic fields; 4. Mooring entanglement; 5. Collision risk and 6. Habitat changes after introduction of an RME device
( Adapted from Copping et al., 2020).
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interactions.

It is noteworthy that the risks that RME devices can pose to
marine animals, habitats and the environment vary according
to the attributes of the RME device (static or dynamic), energy
conversion technology (waves or tides) and scale installation
space (single device or matrix) (Copping et al., 2020). In
addition, to assess the actual environmental impacts of the
EMR, local investigation actions must be carried out, generally
foreseen for the consent of projects: carrying out baseline
surveys before project implementation, aiming to understand,
quantify and assess potential environmental impacts; analysis
of cumulative effects of both human activities and natural
processes; determination of the project’s near and far field; and
preparation of environmental monitoring to assess the impacts
of the project’s post-installation devices.

Research related to local investigation actions should seek
efforts to gather inventory information of natural species in the
region and their respective patterns of distribution and normal
movement in time and space (cf. Viehman et al., 2018; Holdman
et al., 2019); the characteristics of RME stressors (cf. Nedwell
and Brooker, 2008); and the hydrodynamic and sedimentation
pattern and its variation in time and space (cf. Fairley et al.,
2017; Khaled et al., 2019).

Environmental impacts of the development of RME on marine
animals

Marine energy harvesting systems can harm marine animals
and their habitats. Scientific research carried out focuses on
the following interactions of risk to marine animals: collision
with mobile and stationary devices; underwater noise generated
by devices; electromagnetic fields emitted by electrical cables
and devices; and entrapment in underwater cable and mooring
systems. The devices can also cause changes in benthic and
pelagic habitats (Copping et al., 2020).

Risk of collision of marine animals with mobile and stationary
devices

There is great concern about marine animals colliding with
moving parts of a device, such as turbine blades, moving
devices such as tidal kites and blade oscillators, or stationary
parts of devices such as the foundation, which can cause
irreversible injury or death. For species that are already being
disturbed by other human activities, losing individuals can
harm the survival of the entire population. Therefore, existing
environmental monitoring programs in marine energy harvesting
projects are aimed at declining marine mammal populations or

those in protected areas; commercially important fish species
and recreational fishing; and endangered seabirds (Copping et
al., 2020). There are no reports in the literature of collisions of
marine mammals, diving seabirds and other animals with RME
devices, only interaction of fish with turbines without harmful
effects (Matzner et al., 2017; Sparling et al., 2020).

Several collision risk models have been developed to predict the
probability of collision and consequences in marine mammals
(Wilson et al., 2007; Band, 2014). Collision potential will likely
vary with local parameters such as location, water depth and
tidal velocity, and with behavioral parameters of these animals
such as vertical distribution in the water column, swimming in
tidal currents and foraging sites. However, changes of behavior
according to locations does not allow for generalization (Copping
et al., 2020). Behavioral studies were carried out with harbor
porpoises Phocoena phocoena (Macaulay et al., 2015, 2017,
Benjamins et al., 2017), harbor seals, Phoca vitulina (Hastie
et al., 2016) and gray seals Halichoerus grypus (Lieber et al.,
2018). Studies such as Copping and Grear (2018) apply several
input parameters and investigate the sensitivity in collision
models.

Field and laboratory studies identified evasion behavior of
marine mammals from locations where turbines were in
operation. Overall, these animals kept an intermediary distance
(hundreds of meters) from these devices, as indicated by
environmental monitoring by the companies MayGen and Nova
Innovation in Scotland, SeaGen in Northern Ireland, FORCE and
Sustainable Marine Energy in Canada (Sparling et al., 2020).
Most mammal encounters occurred when the devices did not
operate. More details on these studies can be found in Sparling
et al. (2020). The preventive behavior (evasion) of these animals
in the vicinity of tidal energy structures reduces the chances
of collision. Collision risk modeling research should consider
the avoidance rate for proper prediction. However, studies on
the consequences of evasion of these animals for the region’s
ecosystem must be carried out.

In studies carried out to understand the interaction of fish with
RME devices, unlike marine mammals, show evasion behavior
on a fine scale (from centimeter till meter scale) while turbines
are operating (Bevelhimer et al., 2017); however, a third of the
juvenile fish analyzed by Matzner et al. (2017) pass through
turbines. To understand the avoidance behavior, laboratory
research carried out in gutters showed that ray-finned tamoroks
(Gnathopogon elongatus) are less able to avoid turbines in
current locations (Yoshida et al., 2020) and that the frequency
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of rotation of turbines significantly affected the avoidance
behavior of Japanese rice fish (Oryzias latipes) (Zhang et al.,
2017). Avoidance behavior reduces the risk of collision, but
these studies may indicate that local, device and fish factors,
such as age, hinder this preventive action, and may increase the
risk of collision in fish.

The distribution of fish in the region of marine energy harvesting
systems is an important parameter for the risk of collision, as it
indicates environmental factors that approach or distance fish
from RME devices. Baseline surveys by Viehman and Zydlewski
(2017) and Viehman et al. (2018) reveal that fish abundance
and vertical distribution varied with season, daily cycle and tidal
stages. These surveys used hydroacoustic data, which did not
allow identifying the species at the survey sites. However, the
authors used previous sampling to discuss the results. Viehman
and Zydlewski (2017) indicated species likely to be present
in the Bay of Fundy, Cobscook Bay, Maine, such as Atlantic
herring (Clupea harengus), winter flounder (Pseudopleuronectes
americanus), alewife (Alosa pseudoharengus), rainbow smelt
(Osmerus mordax), blueback herring (Alosa aestivalis),
American eel (Anguilla rostrata) and Atlantic mackerel (Scomber
scombrus). Viehman et al. (2018) used samples from the Minas
Passage Basin, Nova Scotia study site, and other parts of the
Bay of Fundy in Canada to determine species potentially present
in the area, such as alewife (Alosa pseudoharengus), blueback
herring (Alosa aestivalis), American shad (Alosa sapidissima),
Atlantic salmon (Salmo salar), striped bass (Morone saxatilis),
rainbow smelt (Osmerus mordax), sea lamprey (Petromyzon
marinus), Atlantic sturgeon (Acipenser oxyrhynchus), American
eel (Anguilla rostrata), Atlantic mackerel (Scomber scombrus),
pollock (Pollachius virens), spotted stickleback (Gasterosteus
wheatlandi), Atlantic herring (Clupea harengus), three-spine
stickleback (Gasterosteus aculeatus) and sharks, in summer,
as porbeagle (Lamna nasus) and spiny dogfish (Squalus
acanthias).

Whitton et al. (2020) verified that vertical migrations were
stimulated by the penetration of light into the water column
and by particulate matter suspended in a sectional area. In this
study, carried out with schools of sprat (Sprattus sprattus) and
some of Merlangius merlangus, the fish remained in the device
locations for only 6% of the operating time, revealing a very low
collision risk. In addition to environmental factors, the stages
of the marine energy project also influence the distribution of
these animals. Staines et al. (2019) observed lower fish density
during installation and maintenance periods than during normal
operation of the RME device in Cobscook Bay, Maine, USA. This

may indicate less potential for fish collisions in the installation
and maintenance stages of marine energy systems, but greater
migration. As the research used hydroacoustic data, it was not
possible to identify the species that could be migrating from
the area.

The availability of prey close to marine energy system structures
is a parameter related to collision risk. The results obtained by
Fraser et al. (2018) when comparing an area of RME devices
with a nearby control site indicated an attraction of fish to RME
devices (general increase in the observation of schools, mainly
at night, and in wakeful flow). Although aggregation and vertical
distribution depends on tidal phases and avoidance of device
depth at high flow speed, increased fish in RME sites can lead to
foraging behavior of larger predators such as marine mammals
and birds, increasing the risk of collision of these species (Fraser
et al., 2018). The study was carried out in the Orkney Islands,
Scotland, and according to the authors, the fish species likely
to be present during data collection were mackerel (Scomber
scombrus), pollack (Pollachius pollachius), saithe (Pollachius
virens), sprat (Sprattus sprattus), herring (Clupea harengus)
and sandeels (Ammodytes spp.).

Likewise, Williamson et al. (2019) pointed out the aggregation
and concentration of fish close to turbine structures, which could
attract the foraging of predators and, consequently, increase the
risk of their collision. In addition, it was observed that predatory
fish began to occupy deeper areas at night, which can result in
greater energy expenditure and increase the risk of collision with
operating turbines, due to poor visual detection in low light, with
insufficient detection of changes in the flow field or noise for
an avoidance action. The authors reported using observational
data on fish behavior change in models that estimate the
cumulative effects on the predator population and in ecosystem
models. Due to the high tidal energy conditions, it was not
possible to use trawls to distinguish the species. However,
other studies have suggested possible species present at the
site, such as Atlantic mackerel (Scomber scombrus), Atlantic
herring (Clupea harengus), sprat (Sprattus sprattus), sandeel
(Ammodytes spp.), haddock (Melanogrammus aeglefinus), ling
(Molva molva), saithe (Pollachius virens), Atlantic cod (Gadus
morhua), butterfish (Pholis gunnellus), scorpion fish (Taurulus
bubalis) and pollack (Pollachius pollachius) (Williamson et al.,
2019).

Collision risk or encounter risk models (also used to estimate
the probability of the animal occupying the same space as the
device) typically use a physical description of the turbine and fish
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characteristics to estimate the potential collision rate. Studies
even in worst-case scenarios have revealed small collision/
encounter risk rates for fish, such as Shen et al. (2016) and
Grippo et al. (2017), in Maine, in the United States; and Xodus
Group (2016), in the Orkney Islands, Scotland.

Seabirds dive at operational turbine depths, presenting a
collision risk that involves various behavioral movements, such
as geographic distribution, seasonal habitat use, diving time and
depth, among others (Sparling et al., 2020). Thus, the behavior
of seabirds can increase or reduce the risk of collision. In the
following studies, behavior determined an increased risk of
collision due to: diving depth in European shags (Phalacrocorax
aristotelis) and black guillemot (Cepphus grylle) (Langton et al.,
2011; Furness et al., 2012); the association with sites of rapid
horizontal flow, such as Atlantic puffins (Fratercula arctica)
(Waggitt et al., 2016); and foraging terns (Sterna sandvicensis,
Sterna hirundo, Sterna paradisaea) on device mats (ecological
trap) (Lieber et al., 2019). In addition to that, the location of
RME structures, such as floating wave energy devices on the
surface, can increase the risk of collision due to their use for
resting seabirds, especially Arctic terns (Sterna paradisaea),
Jackson et al. (2014). Collision risks were considered lower
when the probability of diving close to turbines was greater in
high tides than in ebb tides, and when this probability was lower
in faster tidal flow (Cooper et al., 2020), according to a study
made with black guillemots (Cepphus grylle), European shags
(Phalacrocorax aristotelis), Atlantic puffins (Fratercula arctica),
Northern gannets (Morus bassanus), common guillemots (Uria
aalge) and red-throated divers (Gavia stellata).

Despite these studies, foraging sites and diving behavior are
highly variable among bird species, habitat use is site-specific
and may vary within a site (Sparling et al., 2020), making it
difficult to calculate a specific risk even for the studied region.
Therefore, the Scottish Natural Heritage (2016) guidance for
collision risk models (using turbine and animal pattern data
for estimation) can be used to choose a model suitable for the
specific circumstance of the enterprise and the available data,
thus avoiding generalizations.

4. PRIORITY SPECIES FOR MONITORING THE RISK
OF COLLISION WITH MARINE RENEWABLE ENERGY
HARVESTING SYSTEMS IN BRAZIL

Brazil was the first country in Latin America to install a wave
plant, located in the port of Pecém, in the state of Ceard. In

the Bacunga estuary, in the state of Maranhao, studies point
to the technical feasibility of installing a tidal power plant
(Ferreira and Estefen, 2009). Although the projects are not
in force, the existence of dozens of bays with tidal heights
between 3.7 and 8 m along the north coast of the country,
and the announcement of the partnership between the Pecém
Complex and the Swedish-Israeli company Eco Wave Power, for
the implementation of a clean wave energy generation plant by
the Cearéa government, accelerate the concern with the Brazilian
marine fauna (Piacentini, 2016; Ceard, 2021). In this section,
a brief review of marine species found off the Brazilian coast
susceptible to the risk of collision with marine renewable energy
devices was carried out.

4.1 Marine mammals

In Brazil, 56 species of marine mammals have been found
by 2020, of which 47 belong to the Cetacea order (whales,
dolphins, porpoises), one species belongs to Sirenia and eight
belong to Carivores (seals, fur seals, elephant seal) (Santos,
2021a). Many of these marine species are called “vagant”, as
they are occasional visitors to the Brazilian coast and are not
part of the national survey on the risk of extinction published in
2018. According to this survey, eight species were considered
threatened, with the main threats being pollution, including
noise, collision with vessels and accidental fishing (ICMBio,
2018). Table 1 groups the species of marine mammals that
are threatened and found in conservation areas. These species
deserve special attention in monitoring the risk of collision with
RME devices and vessels, when the installation, operation and
maintenance of the enterprise are carried out.

RME projects are developed to operate in the coastal zone up
to the maritime limit of the Exclusive Economic Zone - EEZ
These zones are located within the continental shelf according
to the boundaries shown in Figure 4. Thus, the threatened
species of the order Cetacea, Balaenoptera borealis (sei whale),
Balaenoptera physalus (fin whale) and Balaenoptera musculus
(blue whale) were not included in the Table 1, as records on the
continental shelf are rare.

This survey does not aim to exclude the monitoring of other
species of marine mammals (whales, dolphins, seals, fur seals,
etc.) occurring in Brazil in areas where marine energy systems
are deployed, because species that are not threatened must
maintain or improve its state of conservation.

The species Phocoena phocoena (harbor porpoises), Phoca
vitulina (harbor seal) and Halichoerus grypus (grey seals)
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Figure 4. Maritime zones under the United Nations Convention of the Law of the Sea - UNCLOS (UNCLOS, 2012).

Table 1. Endangered species of marine mammals found in Brazilian protected areas (ICMBio, 2018; Monteiro-Filho et al., 2013).

Order Species Common  Category of extinction risk / Geographical distribution in Brazil / Presence in protected areas
name
Vulnerable species. Occurrence throughout the Brazilian coast, mainly in oceanic habitat.
Physeter Sperm .
Cetacea macrocephaius whale Rio Grande do Norte: REBIO Atol das Rocas.
Santa Catarina: - APA Baleia Franca and REBIO Marinha do Arvoredo.
Guiana Vulnerable species. Occurrence from the state of Amapa to Santa Catarina, mainly in coastal ecosystems such as
Cetacea  Sotalia guianensis dolphin bays, inlets and estuaries. The Guiana dolphin is found in 162 Brazilian conservation units, however, only the APA
of Anhatomirim (SC) and REFAU Tibau do Sul (RN) have among their objectives the protection of the species.
Endangered species. Occurrence from the state of Bahia to Rio Grande do Sul, being recorded, in most cases, in
' Southern places less than 10 m deep.
Cetacea  Eubalaena australis right whale Bahia: PARNA Marinho de Abrolhos, APA Ponta da Baleia;
Santa Catarina: APA Baleia Franca;
Rio Grande do Sul: REVIS Ilha dos Lobos, potentially, PARNA Lagoa do Peixe.
. Critically endangered species. It occurs from the state of Espirito Santo to Rio Grande do Sul; its preferred habitat
.o Franciscana | . ) . .
Pontoporia blainvillei whale includes coastal regions up to 50 m deep and some estuarine complexes. The species occurs in more than 70
conservation units.
Endangered species. It occurs in the state of Alagoas, Pernambuco to the east of Ceard, appearing again on the west
coast of Ceara to the Parnaiba delta, in Piaui. It reappears on Ilha do Gato, on the east coast of Maranhao, as far as
the municipality of Oiapoque, in Amapa state.
Alagoas: APA Piacabucu;
Pernambuco/Alagoas: APA Costa dos Corais;
- ) West Indian Paraiba: ARIE Manguezais da Foz do Rio Mamanguape, RESEX Acati-Goiana, APA Barra do Rio Mamanguape;
Sirenia  Trichechus manatus p .
manatee Ceara: RESEX Prainha do Canto Verde;

Maranhao/Piaui/Ceara: APA Delta do Parnaiba;

Maranhao: RESEX Cururupu and Quilombo do Frexal;

Para: RESEX Chocoaré-Mato Grosso, S20 Jodo da Ponta, Mae Grande de Curucd, Maracana, Gurupi-Pirid, Marinha
de Caeté-Taperacu, Marinha de Tracuateua, Marinha de Soure;

Amapa: ESEC Maraca-Jipioca, PARNA Cabo Orange.

Note: The following are Portuguese acronyms whose meanings have been translated into English: APA - Environmental Preservation Area; ARIE — Area of Relevant
Ecological Interest; ESEC — Ecological Station; PARNA — National Park; REBIO - Biological Reserve; REFAU — Fauna Reserve; RESEX — Extractive Reserve and REVIS —
Wildlife Refuge.
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are not found on the Brazilian coast but were surveyed in
Europe, and studies assessed their behavior with underwater
devices and the risk of collision. This fact attests the need for
conducting similar research on the installation and operation of
these systems in Brazil. In addition, the behavioral differences
of animals in nearby locations reaffirm the need for research on
the interaction of Brazilian marine mammals (receptors) with
RME devices and turbines (stressors).

4.2 Marine fish community

In Brazil, more than 1 300 species of marine fish are known,
of which 98 have been classified as threatened with extinction.
0f the species threatened with extinction, 72 were registered in
conservation units, which keep the integrity of portions of the
habitat, contributing to its preservation. It is advisable, in areas
where RME systems are installed, to observe the occurrence of
species threatened with extinction on the list of the Ministry of
the Environment, according to Ordinance No. 445/2014.

According to Copping et al. (2020), commercially important fish
species are included in the environmental monitoring carried out
in international marine energy undertakings. The extinct Ministry
of Fisheries and Aquaculture, in 2012, listed 121 species or
groups of fish, 12 crustaceans and 10 molluscs (total: 143) as
part of the marine biodiversity of commercial fisheries. From
this biodiversity, 25 species or group of species are responsible
for about 60% of the marine fishery production in Brazil. These
species had an average production of more than 4 000 tons or
relevant social and economic importance for national marine
fisheries from 1995 to 2010 (Dias-Neto and Dias, 2015).

Table 2 presents the 18 main species or group of fish species
of economic importance for Brazil. Crustacean species, such as
shrimp, lobsters and crabs, were removed as they are not the
target of this article. Table 2 also informs the use status of this
set of species or group of fish species. Marine fish produced by
aquaculture were not considered, as this activity usually takes
place in a confined and controlled space. Thus, they would
hardly be part of a collision risk analysis with RME devices.

In addition to the related species, the following are important
for Brazilian commercial fisheries: swordfish (Xhipias gladius),
common dolphinfish (Coryphaena hippurus), king mackerel
(Scomberomorus cavalla), blackfin tuna (Thunnus atlanticus),
frigate tuna (Auxis thazard), wahoo (Acanthocybium solandri),
opah or moonfish (Lampris guttatus), bluefish (Pomatomus
saltatrix), stripped bass (Centropomus spp.), dusky grouper
(Epinephelus marginatus and others), Atlantic goliath grouper

(Epinephelus itajara and others), flounder (several species),
Atlantic promfret (Brama spp.), red porgy (Pagrus pagrus),
crucifix sea catfish (Sciades proops), among others (Dias-Neto
and Dias, 2015).

Other species such as white marlin (Tetrapterus albidus),
Atlantic sailfish (Istiophorus albicans) and Atlantic blue marlin
(Makaira nigricans) are important for sport fishing. Due to the
critical situation of stocks, they face restrictions on commercial
fishing, as recommended by the International Commission for
the Conservation of Atlantic Tunas - ICCAT (Dias-Neto and Dias,
2015). Therefore, they should also be part of environmental
monitoring programs when they occur in areas of RME systems.

Research related to the interaction of fish with RME devices has
mostly taken place in the United States, Canada and the United
Kingdom, in the temperate zone of the Northern Hemisphere.
It was expected that few species would occur in Brazil, as
much of its territory is in the tropical zone. Only two species
of shark/dogfish were found in Brazilian waters: porbeagle
(Lamna nasus) and picked dogfish (Squalus acanthias).
Porbeagles occur off the southern coast of Brazil and are often
found in groups in both coastal and oceanic waters up to 1
800m deep (Silveira, 2020). In Brazil, the porbeagle (Lamna
nasus) was not considered endangered (EN), being classified as
insufficient data (DD). The picked dogfish (Squalus acanthias)
is restricted to the coast of the southern region of the country
and occurs sporadically in the states of Santa Catarina and Rio
Grande do Sul. It is a demersal specie of cold and temperate
waters, occurring on the continental shelf and higher slope.
Picked dogfish was considered critically endangered (CR) in the
country, with a declining population trend, and is included in the
National Action Plan for the Conservation of Endangered Sharks
and Marine Rays (ICMBio, 2018). Although studies carried out
near the Bay of Fundy, Maine (USA) and Nova Scotia (Canada)
do not assess the specific interaction of these animals with
RME devices, these works are reference for future studies and
environmental monitoring of marine energy projects that may
be installed in the south of the country, where porbeagles and
picked dogfish occur.

4.3 Seabirds

Seabirds are those that depend on the resources existing in
marine environments for their survival, being highly adapted to
live in the sea (Branco, 2004). They spend most of their lives
moving across the oceans, remaining on land only for breeding.
They can also be called oceanic or pelagic birds.

Revista de Gestdo Costeira Integrada | Journal of Integrated Coastal Zone Management | ISSN 1646-8872



136 ENVIRONMENTAL IMPACTS ON MARINE ENERGY: COLLISION RISKS FOR MARINE ANIMALS AND PRIORITY SPECIES FOR MONITORING IN BRAZIL

Table 2. Marine fish economically important for Brazil (Source: Dias-Neto and Dias, 2015).

Average
. . - . production for the Use status /
Species or species groups Common name Fishing area / Habitat period 1995 to source
2010 (tons)
Southeast and South. It inhabits coastal waters, entering bays and
Sardinella brasiliensis Brazilian sardine  estuaries. It is found between 30 and 100 meters deep. 56334
Overexploited
Southeast and South, but it is also found along the entire Brazilian
Micropogonias furnieri Whitemouth croaker  coast. It is a coastal demersal species, associated with freshwater 28 319 )
Overexploited
mouths.
Opistonema oglinum (Atlantic Other.sardlnes Brazil. They inhabit coastal areas and usually form schools. Fully exploited
) . (Atlantic thread-
thread-herring), Harengula jaguana . 21 842
) herring, scaled
(scaled sardine) and others. A
sardine and others)
Katsuwonus pefamis Skipjack tuna Southeast ar.ld Sout_h. They occur in oceanic areas, therefore, are 93 449 Fully exploited
exploited by industrial fishing.
Thunnus obesus (bigeye tuna), Other tuna (albacore,  Brazil. They occur in oceanic areas, therefore, it is exploited by Full / in recovery
Thunnus alalunga (albacore), bigeye tuna and industrial fishing. 19520
Thunnus albacares (yellowfin tuna) yellowfin tuna)
North and Northeast, but occurs along the entire Brazilian coast. It Fully exploited
Cynoscion acoupa Acoupa weakfish has demersal and coastal habits, in shallow and brackish waters of 16 981
estuaries and river mouths.
Mugil spp. Mugil Brazil. Spelees with wide distribution, occurring in coastal, marine 13623 Fully exploited
and estuarine waters.
] Brazil. Most of the species occur in coastal areas, shallow, with
) ) _ Catfish muddy or sandy bottoms. 10 669 )
Species of the Ariidae family. Fully exploited
Umbrina canosai Argenting croaker Sotheast and South. Demersal species, occuring in coastal and 9969 Overexploited
marine areas.
Brazil. The vast majority of species are considered predators and 9946 Fully exploited
Several species Dogfish / sharks occupy pelagic, demersal, abyssal, coastal, estuarine or freshwater
environments.
Scomberomorus brasiliensis Serra Spanish Brazil. They have pelagic behavior and a more coastal geographic 9883 Fully exploited
mackerel distribution, being caught in small-scale fisheries.
Gillbacker sea catfish ~ North. It is a demersal species, found in estuaries and coastal 7749 Fully exploited
Sciades parkeri (VU). waters up to 20 meters deep in northern Brazil, and can also be
found in fresh water.
Southeast and South. In southern Brazil, they occur in coastal Overexploited
Cynoscion guatucupa Stripped weakfish ~ waters, generally at depths below 50 m, but specimens have already 7180
been captured at 150 m.
. North and Northeast. It is a marine demersal species, from tropical Overexploited
Lutjanus purpureus (W) Southern red snapper reef environments, occurring at depths from 26 to 340 m. 6281
: ) North and Northeast. Demersal fish found in shallow coastal waters, Fully exploited
Wacrodon ancylodon King wealfish in sand and mud bottoms, occurring at depths of 30 to 70 m. 5753
Southeast and South. Inhabits shallow coastal waters up to 190 Fully exploited
Urophycis brasiliensis Brazilian codling m deep. Adults are close to the bottom, while young people are 4427
pelagic.
) . Southeast and South. Demersal fish found in shallow coastal waters, Overexploited
Macrodon ancylodon King weakfish inhabits sand and mud bottoms, occurring at depths of 30 to 70 m. 4064
Southeast and South. It is a fish that inhabits the continental shelf Overexploited
Lophius gastrophysus Blackfin goosefish ~ and the upper slope, with reduced mobility, and is found between 2221

40 m and 620 m in depth.
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In Brazil, there are 13 taxa (species and subspecies) threatened with
extinction according to the National Action Plan for the Conservation
of Seabirds - PAN Aves Marinhas (Table 3), approved by Ordinance
MMA/ICMBio No. 286, of 4 April of 2018.

In addition to these taxa, Procellaria aequinoctialis (white-
chinned petrel), Procellaria conspicillata (spectacled petrel),
Thalassarche chlororhynchos (Atlantic yellow-nosed albatross),
Diomedea epomophora (Southern royal albatross), Diomedea
sanfordi (Northern royal albatross), Diomedea exulans (wandering
albatross), and Diomedea dabbenena (Tristan’s albatross), of the
Procellariiformes order, deserve attention in the assessment of the
risk of collision, as they are seabirds and appear in the red book
of endangered Brazilian fauna, despite not being included in the
priority conservation strategies of the PAN Aves Marinhas. These

RME devices, only the common tem (Sterna hirundo) and the
Arctic tern (Sterna paradisaea) occur in Brazil. Lieber et al. (2019)
observed in Northern Ireland that these species preferred to forage
in device wake locations, which may increase the risk of collision
with turbulent structures (shallow pinnacle at 5 m depth) as they
forage close to the surface. Jackson et al. (2014) found that Arctic
terns used floating wave energy devices to rest and potentially forage,
which could increase the risk of collision. Thus, studies aimed at
evaluating the stressor-receptor interaction of these species in the
country already have data to be compared.

The neotropic cormorant (Nannopterum brasilianus), traditionally
found in Brazil, is considered to be of the Phalacrocorax genus.
Kennedy and Spencer (2014), however, showed that neotropical
species, including the Galapagos Islands, belong to distinct clades

birds occur mainly in the south and southeast of Brazil.

Of the species studied to assess the risk of seabirds colliding with

and should be recognized in another genus (Piacentini et al., 2015),
which makes the European shag (Phalacrocorax aristotelis), studied
in Scotland, United Kingdom, a different specie of cormorant.

Table 3. Endangered bird taxa according to the PAN Aves Marinhas (Source: ICMBio, 2018).

Order Species Common name  Category of extinction risk / Geographical distribution in Brazil
Suliformes Sula sula Red-footed booby Erjdangered (EN). In BraZ|I{ it occurs.m Fernando de Noronha, Atol das Rocas and the Sao Pedro and
Sao Paulo archipelago. Strictly pelagic.
. ) ) ) Critically endangered (CR). Occurrence of the subspecies Fregata ariel trinitatis, restricted to the
Sulformes fregata artel Lesser frigatebird islands of Trindade and Martin Vaz, in Espirito Santo, inhabits tropical and subtropical seas.
. . ) . Critically Endangered (CR). Occurrence of the subspecies Fregata minor nicolli on the islands of
Sulformes Fregata minor Great figatebird Trindade and Martin Vaz, Espirito Santo, inhabits tropical and subtropical seas.
Red-billed Endangered (EN). Occurrence only of the subspecies Phaethon a. aethereus, with reproduction in
Phaethontiformes Phaethon aethereus troichird Abrolhos and Fernando de Noronha. There are occasional records on the coast of Maranh@o, Atol das
P Rocas, north and south of Bahia. They are mainly pelagic, inhabiting tropical and subtropical seas.
Phaethontiformes Phaethon lepturus Whltel-tallled End.angered .(EN)' Oc_cyrrence_ln Abrolhos anq Fernando de Noronha, also breeding sites. They are
tropicbird mainly pelagic, inhabiting tropical and subtropical seas.
Procellariiformes Pterodroma madeira Zino's petrel Endangered (EN). Thgre are_ records, by geolocators, on the coast of northeastern Brazil, a probable
wintering area. Pelagic species.
Procellariiformes Pterodroma deserta Desertas petrel Critically Endangered-(CR). OvenN|nt§r|ng ar'eas between the coast of Ceara and Pernambuco, Espirito
Santo and north of Sdo Paulo. Pelagic species.
Procellariiformes Pterodroma incerta Atlantic petrel Endangered (EN). .Regular occurrence in waters aQJacent to ‘Ehe sou?h and southeast coast of Brazil, but
there are records in the North and Northeast regions. Pelagic species.
Procellariiformes Pte(oqro'ma Trindade petrel Critically endangered (CR). It takes place on Trindade Island, in Espirito Santo. Highly pelagic species,
arminjoniana rarely approaching land.
Procellariiformes puffinus herminieri Dusky-backed Crltlc.ally endangered (CR). In Brazil, it only reproduces on two islands of Fernando de Noronha. Pelagic
shearwater species.
Charadriiformes Sterna dougalli Roseate tern Vulnerable (VU). There gre records of passage in the Southeast, Northeast and North, but the wintering
area occurs only in Bahia.
N o South American  Vulnerable (VU). Largest records occur from Espirito Santo to Rio Grande do Sul. It nests in Brazil and
Charadriiformes Sterna hirundinacea . ’
temn is almost exclusively coastal.
Charadriiformes Thalasseus maximus Royal tem Endangered (EN). Largest records occur from Espitito Santo to Rio Grande do Sul, but there are

occurrences in the North and Bahia. It nests in islands of Sao Paulo. Inhabits coastal areas.
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It is advisable that international studies be carried out in
Brazil, even with common species and similar devices, when
installation, operation and decommissioning of RME systems
occur, as species tend to have behavioral variations (foraging
and diving) in different locations. The search for local research
in the region of the project should also be considered, so to
obtain behavioral data on the species to be applied in the
collision risk models.

4.4 Marine reptiles

The Reptilia class has some marine species of the orders
Squamata, Crocodylia and Testudines. In Brazil, marine reptiles
are represented by 5 of the 7 species of marine turtles (Table 4)
existing in the world (Sforza et al., 2017). Belonging to the
Testudines order, sea turtles use estuaries and/or oceans in
their life cycle (Santos, 2021b). Sea turtles have great ecological
importance, due to the cycling of energy and nutrients between
different environments, in the control of the species they feed on
and as a food source for crustaceans, birds, fish and mammals,
although their predators are more restricted in the adult phase
(Bjorndal, 1997).

Most of the world’s sea turtles (Caretta caretta, Chelonia
mydas, Dermochelys coriacea, Eretmochelys imbricata,
Lepidochelys olivacea, Natator depressus and Lepidochelys
kempi) are threatened with extinction, except for Natator
depressus (Salvarani et al., 2013). The decline of populations
is associated with human activities on their habitat, such as
incidental capture through the use of different fishing gears
and pollution by solid waste, which can hinder female access
to the spawning site (compromising reproductive success) and
become food (Mascarenhas et al., 2008), and climate change,
due to the role of temperature in determining the sex of embryos.

Table 4. Species of sea turtles from Brazil (Source: ICMBio, 2018).

A2°Cincrease in sand temperature can lead to the feminization
of the entire population (Salvarani et al., 2013).

The life cycle of sea turtles is long and has a wide geographic
distribution between feeding and reproduction areas, in a marine
environment, and spawning sites, in a terrestrial environment.
The sexual maturation of sea turtles varies between 10 and 50
years, depending on the species. For example, the maturation of
Chelonya midas can range between 25 and 50 years (Sforza et
al., 2017). These characteristics (late maturation, long life cycle
and migratory behavior) imply a slow population replacement
capacity which, added to anthropic actions, make sea turtles
vulnerable species and, therefore, the target of various
protection programs and projects. In Brazil, several federal,
state and municipal marine and coastal protection areas were
created to protect these species, such as the National Marine
Park of Fernando de Noronha-PE and the Biological Reserves of
Atol das Rocas-RN, of Santa Isabel-SE, and Train-ES (Sforza et
al., 2017).

Based on the above, sea turtles are vulnerable to marine
developments and, therefore, were included in this list of priority
species for monitoring RME systems. Even though there are no
studies that monitor the interaction of these animals with EMR
devices in Copping et al. (2020). This fact agrees with Sforza
et al. (2017), who developed a guide with information on
areas of relevance for the conservation of turtles, in order to
guide entrepreneurs, environmental agencies, consultants and
researchers involved in the environmental licensing process
in these areas. The publication attests the potential impacts
of the implementation and operation of the main types of
enterprise, with an indication of mitigation and monitoring
measures. However, marine energy projects were not analyzed
by Sforza et al. (2017), but due to damage caused by other

Family Species Common name  Category of extinction risk / Geographical distribution in Brazil
N Endangered (EN). Occurrence of individuals between Pard and Rio Grande do Sul, in coastal or oceanic
Cheloniidae Caretta caretta Loggerhead turte areas. Priority spawning areas: north coast of Rio de Janeiro, Espirito Santo, north of Bahia and Sergipe.
- . Vulnerable (VU). They are registered throughout the Brazilian coast and show more coastal habits. Priority
Cheloniidae Chelonia myaas Green sea turtle spawning areas: llha da Trindade (ES), Atol das Rocas (RN) and Fernando de Noronha (PE).
" Lo . Critically endangered (CR). Occurrence throughout the Brazilian coast. Priority spawning areas: northern
Cheloniidae Eretmachelys imbricata Hawksbill turtle Bahia and the state of Sergipe; and south of Rio Grande do Norte.
Cheloniidae Lepidochelys olivacea Olive ridley turte Endgngered (EN). Occurrence records throughout the Brazilian coast. Priority spawning areas: north of
Bahia to the south coast of Alagoas.
Dermochelydae Dermochelys coriacea  Leatherback turtle Critically Endangered (CR). Occurrence records throughout the Brazilian coast. Priority spawning area:

north coast of Espirito Santo.
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types of projects (collision with tourist or industrial vessels, with
rocky blocks in the construction of breakwaters and rockfall
in coastal works, and entanglement by garbage, which make
them more susceptible to collision with vessels), sea turtles
must be included in research on the risk of collision with RME
systems in what concerns the following behavior patterns: (1)
evasion or attraction, (2) migration from preferred locations,
and (3) vertical distribution in the water column due to the flow
generated by turbines.

5. CONCLUSIONS

The pressing need to reduce greenhouse gas emissions to slow
global warming is the driving force behind the development of
the renewable energy sector. Brazil's potential to develop marine
renewable energy systems touches upon the discussion about
the environmental impacts of these technologies on ecosystems.
The risk of collision of marine animals such as mammals, fish
and birds is a factor of concern for the environmental monitoring
of international RME projects.

The surveys evaluated did not record the occurrence of
collisions with marine animals, which does not mean that they
did not occur, but that they may not have been registered, due
to the limitation of implemented projects and the significant
challenges of monitoring. Furthermore, some studies have great
data uncertainty. These factors allow gaps in knowledge of RME
collision risk.

The integration of research from the fields of engineering,
technology and biology is a solution, both for improving the
understanding of the risks of collision of marine animals and
for reducing this risk. Improving the knowledge of the risk of
collision of marine animals can reduce barriers in the consent of
RME projects, by adopting conservative levels of risk of collision,
without considering the parameter of evasion of animals,
preventing the development of the marine renewable energy
sector in the world. In the review, no studies were identified with
sea turtles, an animal that is the target of several environmental
conservation projects in Brazil and with a strong influence on
environmental conditions. Only four species, two of fish (Lamna
nasus and Squalus acanthias) and two of birds (Sterna hirundo
and Sterna paradisaea) occurring in the country were found
in the analyzed studies, revealing the little knowledge of the
interaction of Brazilian marine fauna with RME devices.

The need for future studies, even on prototypes or individual
equipment, is essential to assess the potential risks of

collision and other impacts of marine animal portrayed in
this article (underwater noise, electromagnetic fields, mooring
entanglement and changes in habitat). Therefore, fostering the
development of these RME systems in the country is essential.
Towards a future with zero GHG emissions, this article provides
information for entrepreneurs, researchers and environmental
agencies involved in environmental licensing, by indicating
priority species for monitoring the interaction and risk of collision
with RME devices in Brazil, with information on geographic
distribution, habitats and extinction risk category or exploitation
status necessary for environmental impact studies.
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