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a b s t r a c t
Marine Seismic Surveys are an important source of concern for marine biodiversity conservation
worldwide. In Brazil, Environmental Federal Agency IBAMA has developed a considerably advanced
mitigation/monitoring requirements package in 18 years of environmental licensing practice, with standardized guidelines since 2005. Adding to global efforts aiming at filling knowledge gaps over the impacts
on biodiversity, IBAMA has been able to foster important marine research through environmental licensing requirements. Better communication of research findings to the international scientific community
remains a challenge to be addressed. Nevertheless, current institutional and legal reforming initiatives
jeopardize the evolution of environmental control of Marine Seismic Surveys in Brazil.
© 2018 Associação Brasileira de Ciência Ecológica e Conservação. Published by Elsevier Editora Ltda.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Marine Seismic Surveys affects marine biodiversity
In the last decades, the marine scientific community has
developed an increasing concern over the anthropogenic noise
intensification in the oceans as an important threat to biodiversity and animal welfare (e.g., Cummings and Brandon, 2004; IWC
SC, 2012, 2013, 2014, 2015, 2016, 2017; Popper and Hawkins,
2016, 2012; Simmonds et al., 2014; Williams et al., 2015). Very far
from Jacques Cousteau’s ‘Silent World’, our oceans are a realm of
sound – which travels far better underwater than light does. In the
oceans, underwater sound becomes a critical resource for marine
fauna communication, orientation and overall spatial perception
(Jasny et al., 2005; Simmonds et al., 2004). The main anthropogenic
sources of noise are related to shipping, oil and gas exploration and
production, naval sonar, military operations, fishing and research
(Harris et al., 2017; Hildebrand, 2009). Among these activities,
Marine Seismic Surveys (MSS) are often cited as one of the largest
contributors to this scenario.
Marine Seismic Surveys are a widespread method used in the
offshore petroleum industry to locate potential areas of exploratory
interest. The seismic techniques use sound to probe the Earth
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and help geophysicists develop geological models of the sedimentary basins. In marine exploratory surveys, underwater sound
generation is generally accomplished through a quick release of
pressurized air from metal cylinders known as airguns (Dragoset,
2000). Seismic specialized vessels tow arrays of airguns that fire
simultaneously in regular intervals (10–15 s) to produce highintensity sound pulses that propagate down the seabed (Caldwell
and Dragoset, 2000) and interact with the different geological layers. The reflecting echoes are captured by towed hydrophone arrays
and processed to form the underground images that are used to
guide the planning of wells drilling.
While there are still significant knowledge gaps on the impacts
seismic surveys can have upon marine life, there is a growing body
of literature demonstrating its potential harmful effects on different taxa. Reviews can be found summarizing state-of-the-art
research for marine mammals (e.g., Nowacek et al., 2015, 2007;
Southall et al., 2007; Weilgart, 2007), sea turtles (Nelms et al.,
2016), fishes (Popper and Hastings, 2009; Slabbekoorn et al., 2010),
invertebrates (Moriyasu et al., 2004), and cephalopods (André et al.,
2011). Several research papers also describe important experimental results for understanding either physical damage or behavioral
effects in cetaceans (e.g., Blackwell et al., 2015; Castellote et al.,
2012; Cerchio et al., 2014; Dunlop et al., 2015; Miller et al., 2009;
Nieukirk et al., 2012), plankton (e.g., McCauley et al., 2017), sea turtles (e.g., DeRuiter and Larbi Doukara, 2012), fish – auditory damage
(McCauley et al., 2003), fish – behavior (e.g., Hassel et al., 2004;
Paxton et al., 2017; Slotte et al., 2004; Wardle et al., 2001), and
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fish – behavior and catch rates (Engås and Løkkeborg, 1996; Lokkeborg et al., 2012; Streever et al., 2016).

MSS environmental licensing and biodiversity in Brazil
Brazil’s first 2D Marine Seismic Survey was conducted in 1957,
in Alagoas State continental shelf, whereas the pioneer 3D survey (denser, contiguous lines of survey) took place in 1978, in
Cherne Field in Campos Basin (de Mendonça et al., 2004). However, the intensification of Brazilian coast exploration dates back to
the opening of the market to foreign companies in 1997, through
Federal Law 9.478/97. As a consequence of that opening, the regulatory institutional framework evolved accordingly with the creation
of the National Petroleum Agency (ANP) and the environmental
licensing office in the Federal Environmental Agency (IBAMA). In
Brazil, the environmental licensing is an administrative procedure
based upon the environmental impact assessment (EIA) process
and applied to potentially harmful activities. The first Marine Seismic Survey licensing application IBAMA reviewed was in early 1999
– probably the first time a MSS went through any environmental oversight in Brazil – a process that is now entering its age of
majority at 18 years.
In this period, IBAMA had to develop the expertise to understand
and deal with the environmental consequences of Marine Seismic
Surveys, as well as the social conflicts eventually associated with
the activities. Initially running with the aid of consultants, it was
not until 2002 that the first public officers were hired to IBAMA’s
Oil and Gas Licensing Office (Vilardo, 2007), enabling actual institutional learning and advancement of procedures. Those early days of
environmental licensing practice of MSS in Brazil were characterized by a high degree of uncertainty and a very controversial debate
between industry and regulators over its potential effects.
IBAMA’s strategy to deal with this scenario was two-fold. The
first path was to take advantage of the globalized nature of the
seismic industry and develop national mitigation guidelines based
on international best practices. Those guidelines were first issued
in 2005 (IBAMA, 2005) and have been evolving since then using
feedback from the field practice. Besides establishing mitigation
measures for protection of marine mammals and sea turtles, the
guidelines also provided a standardized reporting framework for
the monitoring records. This means that data on the occurrence
and distribution of marine mammals in Brazilian waters are being
recorded in a standardized way since 2005, using trained professionals with a marine biology, oceanography or similar degree. This
collection has more than 8000 individual sightings so far, producing information of great value to conservation that would never be
available otherwise. Taking into account the potential data quality
issues attached to such datasets (observer mistakes, for example),
the recorded observations may enable scientific analysis in a variety
of ways: as single observations (e.g., Fernandes et al., 2007), using a
MSS as sampling unit (e.g., Gurjão et al., 2004) or even a more longitudinal assessment, like Stone and Tasker (2006) did with data
from 201 surveys in the United Kingdom.
A great step toward using this register for decision-making and
conservation planning was the migration of the IBAMA database
to SIMMAM (Univali, 2017), an online opensource platform that
integrates sightings and strandings data from the institutions that
are part of the Brazilian Aquatic Mammals Stranding Network –
REMAB (Barreto et al., 2012) and from academic research groups.
The platform is free, and while individual researchers are allowed to
establish secrecy of the marine mammals data they input in SIMMAM, all MSS-related data is considered public information and
can be accessed by anyone.
Another highlight of the Brazilian MSS mitigation regulation
is the existence of seasonal restriction areas for the protection
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of sensitive behaviors of marine mammals and sea turtles. In a
context of growing concern among the marine conservation community, IBAMA pioneered this kind of approach since 2003, when a
Humpback whales’ (Megaptera novaeangliae) breeding ground was
defined as out of reach for seismic surveys from July to November. After this first experience, other restricted areas and periods
were developed for protection of Southern Right whales (Eubalaena
australis), Franciscana dolphins (Pontoporia blainvillei), Manatee
(Trichechus manatus), and sea turtles (main nesting areas of the
five species that occur in Brazil). After several years of practical
implementation, those closed areas for MSS were finally absorbed
into formal regulation in 2011 (IBAMA/ICMBio, 2011a,b). To date,
Brazilian guidelines appear to remain one of the few in the world
to establish such closed areas – certainly the only in Latin America (Reyes Reyes et al., 2016) – despite the ample recognition of
the effectiveness of such measures. Those closed seasons and the
mitigation/monitoring guidelines have put Brazil in a highlighted
position among international practice (see, for instance, Compton
et al., 2008; GHFS, 2015; Reyes Reyes et al., 2016; Weir and Dolman,
2007).
The second path IBAMA trailed to deal with the uncertainties
of Marine Seismic Surveys impacts was to foster a national contribution for the international effort aimed to address the existing
knowledge gaps. Once the EIA process for offshore activities was
usually based on secondary data (due to budgetary and time restrictions), IBAMA’s approach involved the commissioning of research
initiatives as conditions for the licenses granted. The scope of the
research to be commissioned depended on the characteristics of the
project being assessed and the area in which it would be developed.
While some of the research initiatives commissioned to date
were single undertakings, destined to address a specific question
involving seismic surveys impacts on biodiversity, others became
regular monitoring programs for areas of higher environmental
sensitivity, like the beaches monitoring projects, for example.
Table 1 summarizes the main research initiatives commissioned
by IBAMA’s request in Marine Seismic Surveys EIA processes to
date. One important shortcoming to be highlighted is the low
amount of peer-reviewed publications derived from those initiatives. This means that most of the knowledge generated in this
process is trapped inside Technical Reports submitted to IBAMA
to fulfill administrative obligations – despite the fact that there
are several results of potential international relevance. One desired
outcome of this short paper is exactly to foster academic interest
by providing a useful index of those initiatives. All the information
within such reports are considered of public domain and, therefore,
can be accessed in IBAMA’s EIA documentation center. Unfortunately, some of the older data will not be available in digital formats,
but nevertheless it could be retrieved from the printed reports with
some effort.
There are, of course, risks and limitations of the knowledge generation embedded in environmental impact assessment processes.
Obtaining scientific valid data from monitoring programs depends
on several variables, like proper sampling design, adequate survey effort and methodological consistency, as recently argued by
Dias et al. (2017). Nevertheless, we believe that the vast majority
of the results generated through MSS EIA-related projects can be
considered good science and would constitute publishable material
if given proper academic treatment.
Other important topic of concern that is worth mentioning is the
potential bias that industry funding can impose over such studies,
however closely overseen they might be by governmental institutions like IBAMA. Wade et al. (2010) found evidence of bias in
papers assessing anthropogenic noise effects in marine mammals,
depending on which institution funded the research. One tentative
way to minimize this kind of problem would be to prioritize public universities and research centers as implementing institutions,
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Table 1
Summary of the main research initiatives commissioned through IBAMA’s environmental licensing requirements. All the Environmental Licensing Reports cited are available in
the Documentation Center of the IBAMA Oil and Gas Office, located in Rio de Janeiro. Basins: BAR-Barreirinhas, CA-Camamu/Almada, ES-Espírito Santo, PAMA-Pará/Maranhão,
PEPB-Pernambuco/Paraíba, POT-Potiguar, S-Santos, and SEAL-Sergipe/Alagoas.
Studied groups

Basin

Type of approach

Type of analysis

References

Shrimps, lobsters, fish

CA

Visual and histopathological
damage assessment

GIA/UFPR (2002)

Macrozooplankton

CA

Mortality rate comparison

GIA/UFPR (2002)

Shrimps

CA

Controlled exposure of caged
animals using small airgun array
(360 in3 ) in shallow waters.
Controlled exposure of
zooplankton in nets using small
airgun array (360 in3 ) in shallow
waters.
Controlled fishery (trawling)

Catch rate comparison

Zooplankton

CA

Fish

CA

Fish

CA

Zooplankton

ES

Fish

ES

Fish (Coryphaena hippurus)
Cetaceans, birds, fish

ES
POT

Sea turtles (L. olivacea and C. caretta)

SEAL

Controlled exposure of
zooplankton in nets using small
airgun array (360 in3 ) in shallow
waters.
Controlled exposure of caged
animals using small airgun array
(360 in3 ) in shallow waters.
Controlled exposure of caged and
free animals using full airgun array
(3090 in3 ) in shallow waters.
Controlled plankton tows at 10 m
of lateral distance of a full airgun
array (5085 in3 )
Controlled exposure of fish living
around a fixed platform using full
airgun array (5085 in3 )
Controlled fishery (longline)
Oceanographic cruise in seamount
region
Satellite telemetry of females

Andriguetto-Filho et al. (2005),
GIA/UFPR (2002)
GIA/UFPR (2004)

Sea turtles (Eretmochelys imbricata)

POT

Satellite telemetry of females

Humpback whales (Megaptera
novaeangliae)
Cetaceans

ES
S

Satellite telemetry of migrating
whales
Aerial monitoring

Marine mammals and Sea turtles

All

Visual monitoring aboard seismic
vessels

Marine mammals

All

Passive acoustic monitoring aboard Occurrence, distribution and
seismic vessels
behavior of species

Marine mammals and Sea turtles

BAR, PAMA,
PEPB

Beaches monitoring

aiming at their independence and public commitment. But unfortunately, practice has shown that this does not completely solve
the bias issue – as there are several ways in which the sponsor can
influence the outcomes of the research. It can range from direct
pressure or even censorship to more subtle means, as the potential
for future contracts with the same contractor. Adding to the complexity, university-led projects in Brazil are said to be harder to
manage (due to cumbersome administrative bureaucracy) and not
always yield the follow-up peer-reviewed publications as expected,
due to competing priorities in the Academy (like the need to secure
the next grant or contract in a chronically underfunded research
environment).
A different approach to minimize possible bias and to avoid
environmental licensing constraints of time and scope would be
to establish research funds managed by an independent body.
This financial mechanism should have a governance design to
ensure fair selection of implementation partners and project
accountability. There are several examples of such arrangements in Brazil and elsewhere, with specific purposes and
formats, and the designing of a tailor-made mechanism to
fund MSS-related research should learn from those experiences.

Mortality rate comparison

Behavioral (video) and
histopathological damage
assessment
Behavioral (video) and
histopathological damage
assessment
Mortality rate comparison

Boeger et al. (2006), GIA/UFPR
(2004)

Video assessment of behavior and
abundance

UFES and Petrobras (2012)

Catch rate comparison
Occurrence of species

UFRJ et al. (2015)
Engeo (2017)

Inter-nesting and migratory
behavior
Inter-nesting and migratory
behavior
Migratory behavior

Engeo et al. (2017)

Occurrence, distribution and
behavior of species
Occurrence, distribution and
behavior of species

UESC and Instituto Aqualie (2012)

Stranding patterns and
causa-mortis

GEIA/UFPR and Everest (2004)

Thalassa and Ecology Brasil (2009)

Engeo and Centro TAMAR-ICMBio
(2016)
Instituto Aqualie (2017)

Every MSS Environmental
Licensing Report in Brazil since
1999
Every MSS Environmental
Licensing Report in Brazil since
2015
e.g., Amares (2017), Amares and
BioMA (2016), IMA (2016), NAV
(2010), Soma (2009)

Concluding remarks and reforming risks
Marine Seismic Surveys have been a major source of concern
for marine biodiversity conservationists in the past decades. It is
critical that the knowledge over its effects on marine life continue
to improve – and Brazil’s 18-year regulatory experience and well
acknowledged mitigation requirements puts the country in a privileged position to contribute to that objective. There have been many
relevant research initiatives commissioned through the environmental licensing process so far – but a better communication of
the results is still a challenge to be addressed.
Despite all the evolution summarized in this paper, environmental control of Marine Seismic Surveys in Brazil seems
endangered from both external (legal) and internal (institutional)
menaces. One important external source of risk is the systemic
reforming proposals that are currently being discussed in the
National Congress, which can severally undermine effectiveness of
Brazilian licensing system (see discussion in Bragagnolo et al., 2017;
Fonseca et al., 2017), threatening the environmental oversight of
activities like MSS. We fear that a new regulation would impose
an over-streamlined process, as seen recently in some Brazilian states (Fonseca and Rodrigues, 2017) and in other countries
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(Bond et al., 2014), reducing IBAMA’s ability to promote effective
mitigation and adequate public participation in the environmental
licensing decision-making.
The other menace is internal and maybe harder to understand
and identify its origin. An institutional reform in IBAMA’s Environmental Licensing Directorate (DILIC) has just dismembered the Oil
and Gas Office (CGPEG) in Rio de Janeiro, removing the MSS licensing responsibility to the central DILIC office in Brasília, without
any reasonable justification. The newly published internal regiment
places seismic surveys activities along with ports, marine minerals
mining and other marine infrastructure in a Coordination in DILIC’s
central office in Brasília, while keeping the other activities of the oil
and gas chain (drilling and production) in Rio de Janeiro, where the
Oil and Gas Office is located since 1998. The experienced staff of
the Seismic Surveys team are to be redistributed to other activities
in Rio de Janeiro, while IBAMA creates from zero a new team in
Brasília office. This obscure management option seems even more
unusual in a time of severe budget constraints, when there are no
funds available for capacity building and new public tenders for
staff increasing are practically out of the question.
This hard-to-explain change has puzzled most of the actors
involved in MSS environmental licensing process, gathering important support from outside IBAMA, as shows an open letter signed
by 24 researchers and institutions involved in marine biodiversity conservation in Brazil (Magalhães et al., 2017). Despite being
already formalized in IBAMA’s new internal regiment, the described
changes were still not effective at the time of writing (August
2017), but it would certainly be a huge loss to see this 18-year
old legacy becoming history for some idiosyncratic reforming. In
difficult times such as the present, it is of paramount importance
that we preserve the positive experiences and halt the throwbacks
in the conservation agenda.
Funding
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
Conflicts of interest
None.
Acknowledgments
The authors would like to express gratitude and acknowledge
the great contribution of several Environmental Analysts that have
worked in IBAMA’s Oil and Gas Office in these 18 years and showed
that, despite all the challenges and constraints, it is possible to
achieve excellence in the public service in Brazil. We also thank
the numerous researchers, analysts and marine mammal observers
(MMO) that have contributed to generate science from the environmental licensing process.
References
Amares, 2017. Projeto de Monitoramento de Praias – Atividade de Pesquisa
Sísmica Marítima 3D, não Exclusiva, na Bacia de Barreirinhas, Projeto Bar Fases
Unificadas. Relatório Final. Instituto Amares Pesquisa e Conservação de
Ecossistemas Aquáticos. BioMA – Biologia e Conservação de Mamíferos
Aquáticos da Amazônia. Processo IBAMA 02022.000605/2013 (DOC24),
Portuguese.
Amares, BioMA, 2016. Projeto de Monitoramento de Praias (PMP) – Pesquisa
Sísmica Marítima 3D, não-exclusiva, Projeto PAMA, bacia Pará-Maranhão.
Relatório Final. Instituto Amares Pesquisa e Conservação de Ecossistemas
Aquáticos. BioMA – Biologia e Conservação de Mamíferos Aquáticos da
Amazônia. Processo IBAMA 02022.000015/2014 (DOC13), Portuguese.
André, M., Solé, M., Lenoir, M., Durfort, M., Quero, C., Mas, A., Lombarte, A., van der
Schaar, M., López-Bejar, M., Morell, M., Zaugg, S., Houégnigan, L., 2011.

57

Low-frequency sounds induce acoustic trauma in cephalopods. Front. Ecol.
Environ. 9, 489–493, http://dx.doi.org/10.1890/100124.
Andriguetto-Filho, J.M., Ostrensky, A., Pie, M.R., Silva, U.A., Boeger, W.A., 2005.
Evaluating the impact of seismic prospecting on artisanal shrimp fisheries.
Cont. Shelf Res. 25, 1720–1727, http://dx.doi.org/10.1016/j.csr.2005.05.003.
Barreto, A.S., Sperb, R.M., Barbosa Jr., A.F., da Silva, J.M., 2012. Simmam – Sistema
De Apoio Ao Monitoramento De Mamíferos Marinhos: Uma Nova Ferramenta
Para a Gestão Ambiental (Marine Mammals Monitoring Support System: a new
tool for environmental management). An. da Rio Oil Gas Expo Conf., 1–7
http://simmam.acad.univali.br/site/wp-content/uploads/2014/09/IBP1465
12.pdf,. Portuguese.
Blackwell, S.B., Nations, C.S., McDonald, T.L., Thode, A.M., Mathias, D., Kim, K.H.,
Greene, C.R., Macrander, A.M., 2015. Effects of airgun sounds on bowhead
whale calling rates: evidence for two behavioral thresholds. PLoS ONE 10,
e0125720, http://dx.doi.org/10.1371/journal.pone.0125720.
Boeger, W.A., Pie, M.R., Ostrensky, A., Cardoso, M.F., 2006. The effect of exposure to
seismic prospecting on coral reef fishes. Note Br. J. Oceanogr. 54, 235–239,
http://dx.doi.org/10.1590/S1679-87592006000300007.
Bond, A., Pope, J., Morrison-Saunders, A., Retief, F., Gunn, J.A.E., 2014. Impact
assessment: Eroding benefits through streamlining? Environ. Impact Assess.
Rev. 45, 46–53, http://dx.doi.org/10.1016/j.eiar.2013.12.002.
Bragagnolo, C., Carvalho Lemos, C., Ladle, R.J., Pellin, A., 2017. Streamlining or
sidestepping? Political pressure to revise environmental licensing and EIA in
Brazil. Environ. Impact Assess. Rev. 65, 86–90,
http://dx.doi.org/10.1016/j.eiar.2017.04.010.
Caldwell, J., Dragoset, W., 2000. A brief overview of seismic air-gun arrays. Lead.
Edge 19, 898–902, http://dx.doi.org/10.1190/1.1438744.
Castellote, M., Clark, C.W., Lammers, M.O., 2012. Acoustic and behavioural changes
by fin whales (Balaenoptera physalus) in response to shipping and airgun noise.
Biol. Conserv. 147, 115–122, http://dx.doi.org/10.1016/j.biocon.2011.12.021.
Cerchio, S., Strindberg, S., Collins, T., Bennett, C., Rosenbaum, H., 2014. Seismic
surveys negatively affect humpback whale singing activity off Northern
Angola. PLoS ONE 9, http://dx.doi.org/10.1371/journal.pone.0086464.
Compton, R., Goodwin, L., Handy, R., Abbott, V., 2008. A critical examination of
worldwide guidelines for minimising the disturbance to marine mammals
during seismic surveys. Mar. Policy 32, 255–262,
http://dx.doi.org/10.1016/j.marpol.2007.05.005.
Cummings, J., Brandon, N., 2004. Sonic impact: a precautionary assessment of
noise pollution from ocean seismic surveys. Greenpeace
http://www.greenpeace.org/usa/wp-content/uploads/2013/03/
SonicImpactReport.pdf.
DeRuiter, S., Larbi Doukara, K., 2012. Loggerhead turtles dive in response to airgun
sound exposure. Endanger. Species Res. 16, 55–63,
http://dx.doi.org/10.3354/esr00396.
Dias, A.M.S., Fonseca, A., Paglia, A.P., 2017. Biodiversity monitoring in the
environmental impact assessment of mining projects: a (persistent) waste of
time and money? Perspect. Ecol. Conserv. 15, 206–208,
http://dx.doi.org/10.1016/j.pecon.2017.06.001.
Dragoset, B., 2000. Introduction to air guns and air-gun arrays. Lead. Edge 19,
892–897, http://dx.doi.org/10.1190/1.1438741.
Dunlop, R.A., Noad, M.J., McCauley, R.D., Kniest, E., Paton, D., Cato, D.H., 2015. The
behavioural response of humpback whales (Megaptera novaeangliae) to a 20
cubic inch air gun. Aquat. Mamm. 41, 412–433,
http://dx.doi.org/10.1578/AM.41.4.2015.412.
Engås, A., Løkkeborg, S., 1996. Effects of seismic shooting on local abundance and
catch rates of cod (Gadus morhua) and haddock (Melanogrammus aeglefinus).
Can. J. Fish. Aquat. Sci. 53, 2238–2249, http://dx.doi.org/10.1139/f96-177.
Engeo, 2017. Relatório ambiental – Projeto Vertebrados. Relatório Final. Engeo
Soluções Integradas. Processo IBAMA 02022.000148/2014 (DOC18),
Portuguese.
Engeo, Centro TAMAR-ICMBio, 2016. Projeto de monitoramento da
Tartaruga-de-pente por telemetria satelital. Relatório parcial. In: Processos
IBAMA 02022.002094/2013 (DOC19) e 02022.000148/2014 (DOC16),
Portuguese.
Engeo, Everest, Centro TAMAR-ICMBio, Fundação Pró-TAMAR, 2017. Projeto de
monitoramento de quelônios por telemetria satelital. Relatório Final. In:
Processo IBAMA 02022.001383/2013 (DOC11), Portuguese.
Fernandes, M.F., Cordeiro, A.S., Carvalho, D.M.R., Santos, W.R., Ramos, R., 2007. An
interaction between a juvenile Clymene dolphin (Stenella clymene) and seismic
survey vessel M/V Ramform Challenger-PGS, Bacia de Santos, Brazil. Lat. Am. J.
Aquat. Mamm. 6, 189–192, http://dx.doi.org/10.5597/lajam00124.
Fonseca, A., Rodrigues, S.E., 2017. The attractive concept of simplicity in
environmental impact assessment: perceptions of outcomes in southeastern
Brazil. Environ. Impact Assess. Rev. 67, 101–108,
http://dx.doi.org/10.1016/j.eiar.2017.09.001.
Fonseca, A., Sánchez, L.E., Ribeiro, J.C.J., 2017. Reforming EIA systems: a critical
review of proposals in Brazil. Environ. Impact Assess. Rev. 62, 90–97,
http://dx.doi.org/10.1016/j.eiar.2016.10.002.
GEIA/UFPR, Everest, 2004. Efeitos da sísmica com cabo flutuante em peixes
tropicais de áreas recifais. Relatório Final. Grupo de Estudos de Impacto
Ambiental – Universidade Federal do Paraná. Processo IBAMA
02022.008248/2000, Portuguese.
GHFS, 2015. A review of seismic mitigation measures used along the coast of
Northern South America, from North Brazil up to Colombia. Reference
Document for the Steering group of the MaMa CoCo SEA. GHFS – Green
Heritage Fund Suriname

Document downloaded from http://www.elsevier.es, day 19/07/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

58

C. Vilardo, A.F. Barbosa / Perspectives in Ecology and Conservation 16 (2018) 54–59

http://www.car-spaw-rac.org/IMG/pdf/seismic mitigation measures review
mamacocosea.pdf.
GIA/UFPR, 2004. Avaliação dos efeitos da sísmica com cabo de fundo sobre peixes
recifais e sobre o zooplâncton marinho. Relatório Final. Grupo Integrado de
Aquicultura e Estudos Ambientais – Universidade Federal do Paraná. Processo
IBAMA 02022.004827/2002, Portuguese.
GIA/UFPR, 2002. Avaliação dos impactos causados durante a aquisição de dados
sísmicos sobre organismos marinhos de interesse comercial. Grupo Integrado
de Aquicultura e Estudos Ambientais – Universidade Federal do Paraná.
Processo IBAMA 02022.001056/2001, Portuguese.
Hassel, A., Knutsen, T., Dalen, J., Skaar, K., Løkkeborg, S., Misund, O.A., Østensen, Ø.,
Fonn, M., Haugland, E.K., 2004. Influence of seismic shooting on the lesser
sandeel (Ammodytes marinus). ICES J. Mar. Sci. 61, 1165–1173,
http://dx.doi.org/10.1016/j.icesjms.2004.07.008.
Gurjão, L.M., Freitas, J.E.F., Araújo, D.S., 2004. Sightings of dolphins during seismic
surveys on the coast of Bahia state, Brazil. Lat. Am. J. Aquat. Mamm. 3,
171–175, http://dx.doi.org/10.5597/lajam00063.
Harris, C.M., Thomas, L., Falcone, E.A., Hildebrand, J., Houser, D., Kvadsheim, P.H.,
Lam, F.-P.A., Miller, P.J.O., Moretti, D.J., Read, A.J., Slabbekoorn, H., Southall, B.L.,
Tyack, P.L., Wartzok, D., Janik, V.M., 2017. Marine mammals and sonar:
dose–response studies, the risk-disturbance hypothesis and the role of
exposure context. J. Appl. Ecol., 1–9,
http://dx.doi.org/10.1111/1365-2664.12955.
Hildebrand, J., 2009. Anthropogenic and natural sources of ambient noise in the
ocean. Mar. Ecol. Prog. Ser. 395, 5–20, http://dx.doi.org/10.3354/meps08353.
IBAMA/ICMBio, 2011a. Instrução Normativa Conjunta n◦ 01-2011 [Joint
Normative]. IBAMA – Brazilian Institute of the Environment and Renewable
Natural Resources/ICMBio - Chico Mendes Institute of Biodiversity
Conservation, Brazil. Portuguese.
IBAMA/ICMBio, 2011b. Instrução Normativa Conjunta n◦ 02-2011 [Joint
Normative]. IBAMA – Brazilian Institute of the Environment and Renewable
Natural Resources/ICMBio – Chico Mendes Institute of Biodiversity
Conservation, Brazil. Portuguese.
IBAMA – Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis
[Brazilian Institute for the Environment and Renewables Resources], 2005.
Biota Monitoring Guidelines for Marine Seismic Surveys. Portuguese.
http://www.ibama.gov.br/phocadownload/licenciamento/petroleo-e-gas/
diretrizes/2005-guia-de-monitoramento-da-biota-marinha-em-ativid-deaquisicao-de-dados-sismicos.pdf.
IMA, 2016. Projeto de monitoramento de praias – Pesquisa sísmica marítima, 3D,
nos blocos BAR-M-292, 293, 313, 314, bacia de Barreirinhas. Relatório Final.
Instituto Mamíferos Aquáticos. Processo IBAMA 02022.000268/2014 (DOC29),
Portuguese.
Instituto Aqualie, 2017. Estudo sobre a movimentação e comportamento de
mergulho da baleia-jubarte (Megaptera novaeangliae) em área de interesse de
prospecção sísmica na Bacia de Santos. Portuguese.
IWC SC, 2012. International Whaling Commission – Report of the Scientific
Committee. Panama City, Panama.
IWC SC, 2013. International Whaling Commission – Report of the Scientific
Committee. Jeju, Korea.
IWC SC, 2014. International Whaling Commission – Report of the Scientific
Committee. Bled, Slovenia.
IWC SC, 2015. International Whaling Commission – Report of the Scientific
Committee. San Diego, USA.
IWC SC, 2016. International Whaling Commission – Report of the Scientific
Committee. Bled, Slovenia.
IWC SC, 2017. International Whaling Commission – Report of the Scientific
Committee. Bled, Slovenia.
Jasny, M., Reynolds, J., Horowitz, C., Wetzler, A., 2005. The Rising Toll of Sonar,
Shipping and Industrial Ocean Noise on Marine Life.
https://www.nrdc.org/sites/default/files/sound.pdf.
Lokkeborg, S., Ona, E., Vold, A., Salthaug, A., Jech, J.M., 2012. Sounds from seismic
air guns: gear- and species-specific effects on catch rates and fish distribution.
Can. J. Fish. Aquat. Sci. 69, 1278–1291, http://dx.doi.org/10.1139/f2012-059.
Magalhães, W., Azevedo, A., Ristau, N., Borges, J.C., Sousa-Lima, R., Almeida, S., de
Castilho, P.V., Andriolo, A., Bertozzi, C., Junior, J.L.B., Mayorga, L.F., Bhering, R.C.,
Kolesnikovas, C., Moreira, S.C., Cremer, M., Barreto, A., Reis, L., Engel, M.,
Alencar, A.E., Fragoso, A.B., de Meirelles, A.C., Flach, L., de L. Silva, F.J., Medeiros,
P.I., 2017. Open Letter of Support to Marine Seismic Surveys Licensing.
https://asibamario.blogspot.com.br/2017/07/carta-aberta-de-instituicoes-de.
html.
McCauley, R.D., Day, R.D., Swadling, K.M., Fitzgibbon, Q.P., Watson, R.A., Semmens,
J.M., 2017. Widely used marine seismic survey air gun operations negatively
impact zooplankton. Nat. Ecol. Evol. 1, 195,
http://dx.doi.org/10.1038/s41559-017-0195.
McCauley, R.D., Fewtrell, J., Popper, A.N., 2003. High intensity anthropogenic sound
damages fish ears. J. Acoust. Soc. Am. 113, 631–642,
http://dx.doi.org/10.1121/1.1527962.
de Mendonça, P.M.M., Spadini, A.R., Milani, E.J., 2004. Exploração na Petrobras: 50
anos de sucesso. Bol. Geociencias da Petrobras 12, 9–58.
Miller, P.J.O., Johnson, M.P., Madsen, P.T., Biassoni, N., Quero, M., Tyack, P.L., 2009.
Using at-sea experiments to study the effects of airguns on the foraging
behavior of sperm whales in the Gulf of Mexico. Deep. Res. I Oceanogr. Res.
Pap. 56, 1168–1181, http://dx.doi.org/10.1016/j.dsr.2009.02.008.
Moriyasu, M., Allain, R., Benhalima, K., Claytor, R., 2004. Effects of Seismic and
Marine Noise on Invertebrates: A Literature Review.

http://www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-DocRech/2004/
RES2004 126 e.pdf.
NAV, 2010. Projeto de Monitoramento de Praias - Pesquisa Sísmica Marítima 3D,
Não-Exclusiva, na Bacia de Pernambuco-Paraíba, Blocos
BM-PE-PB-783/837/839. Relatório Final. NAV Oceanografia Ambiental.
Processo IBAMA 02022.000994/2009 (DOC11), Portuguese.
Nelms, S.E., Piniak, W.E.D., Weir, C.R., Godley, B.J., 2016. Seismic surveys and
marine turtles: an underestimated global threat? Biol. Conserv. 193, 49–65,
http://dx.doi.org/10.1016/j.biocon.2015.10.020.
Nieukirk, S.L., Mellinger, D.K., Moore, S.E., Klinck, K., Dziak, R.P., Goslin, J., 2012.
Sounds from airguns and fin whales recorded in the mid-Atlantic Ocean,
1999–2009. J. Acoust. Soc. Am. 131, 1102–1112,
http://dx.doi.org/10.1121/1.3672648.
Nowacek, D.P., Clark, C.W., Mann, D., Miller, P.J.O., Rosenbaum, H.C., Golden, J.S.,
Jasny, M., Kraska, J., Southall, B.L., 2015. Marine seismic surveys and ocean
noise: time for coordinated and prudent planning. Front. Ecol. Environ. 13,
378–386, http://dx.doi.org/10.1890/130286.
Nowacek, D.P., Thorne, L.H., Johnston, D.W., Tyack, P.L., 2007. Responses of
cetaceans to anthropogenic noise. Mamm. Rev. 37, 81–115,
http://dx.doi.org/10.1111/j.1365-2907.2007.00104.x.
Paxton, A.B., Taylor, J.C., Nowacek, D.P., Dale, J., Cole, E., Voss, C.M., Peterson, C.H.,
2017. Seismic survey noise disrupted fish use of a temperate reef. Mar. Policy
78, 68–73, http://dx.doi.org/10.1016/j.marpol.2016.12.017.
Popper, A.N., Hastings, M.C., 2009. The effects of anthropogenic sources of sound
on fishes. J. Fish Biol. 75, 455–489,
http://dx.doi.org/10.1111/j.1095-8649.2009.02319.x.
Popper, A.N., Hawkins, A., 2016. The Effects of Noise on Aquatic Life II, Advances in
Experimental Medicine and Biology, vol. 875. Springer,
http://dx.doi.org/10.1007/978-1-4939-2981-8.
Popper, A.N., Hawkins, A., 2012. The effect of noise on aquatic life. Adv. Exp. Med.
Biol. 730, http://dx.doi.org/10.1007/978-1-4419-7756-4.
Reyes Reyes, M.V., Bessega, M.A.I., Dolman, S.J., 2016. Review of legislation applied
to seismic surveys to mitigate effects on marine mammals in Latin America. In:
Proceedings of Meetings on Acoustics, p. 32002,
http://dx.doi.org/10.1121/2.0000285.
Simmonds, M., Dolman, S., Weilgart, L., 2004. Oceans of Noise 2004, Whale and
Dolphin Conservation Society.
https://uk.whales.org/sites/default/files/oceans-of-noise.pdf.
Simmonds, M.P., Dolman, S.J., Jasny, M., Parsons, E.C.M., Weilgart, L., Wright, A.J.,
Leaper, R., 2014. Marine noise pollution – increasing recognition but need for
more practical action. J. Ocean Technol. 9, 71–90
http://animalstudiesrepository.org/acwp ehlm/9/.
Slabbekoorn, H., Bouton, N., van Opzeeland, I., Coers, A., ten Cate, C., Popper, A.N.,
2010. A noisy spring: the impact of globally rising underwater sound levels on
fish. Trends Ecol. Evol. 25, 419–427,
http://dx.doi.org/10.1016/j.tree.2010.04.005.
Slotte, A., Hansen, K., Dalen, J., Ona, E., 2004. Acoustic mapping of pelagic fish
distribution and abundance in relation to a seismic shooting area off the
Norwegian west coast. Fish. Res. 67, 143–150,
http://dx.doi.org/10.1016/j.fishres.2003.09.046.
Soma, 2009. Projeto de Monitoramento de Praias – Pesquisa sísmica 3D no bloco
BM-BAR-4, Bacia de Barreirinhas, Maranhão. Relatório Final. Soma
Desenvolvimento e Meio Ambiente. Processo IBAMA 02022.000414/2006
(DOC35), Portuguese.
Southall, B.L., Bowles, A.E., Ellison, W.T., Finneran, J.J., Gentry, R.L., Greene, C.R.,
Kastak, D., Ketten, D.R., Miller, J.H., Nachtigall, P.E., Richardson, W.J., Thomas,
J.A., Tyack, P.L., 2007. Marine mammal noise exposure criteria: initial scientific
recommendations. Aquat. Mamm. 33, 411–414,
http://dx.doi.org/10.1578/AM.33.4.2007.411.
Stone, C.J., Tasker, M.L., 2006. The effects of seismic airguns on cetaceans in UK
waters. J. Cetacean Res. Manage. 8, 255–263.
Streever, B., Raborn, S.W., Kim, K.H., Hawkins, A.D., Popper, A.N., 2016. Changes in
fish catch rates in the presence of air gun sounds in Prudhoe Bay, Alaska. Arctic
69, 346, http://dx.doi.org/10.14430/arctic4596.
Thalassa, Ecology Brasil, 2009. Projeto de avaliação do impacto agudo da atividade
sísmica na comunidade zooplanctônica. Relatório Final. Thalassa Pesquisa e
Consultoria Ambiental. Processo IBAMA 02022.001743/2008, Portuguese.
UESC, Instituto Aqualie, 2012. Monitoramento aéreo de cetáceos na Bacia de
Santos. Relatório Final. Universidade Estadual de Santa Cruz, Ilhéus/BA.
Processo IBAMA 02022.000342/2011 (DOC10), Portuguese.
UFES, Petrobras, 2012. Projeto de avaliação do impacto da pesquisa sísmica
marítima no comportamento de peixes. Relatório Final. Universidade Federal
do Espírito Santo. Processo IBAMA 02022.003524/2008 (DOC26),
Portuguese.
UFRJ, UFES, Ekman, 2015. Projeto de pesca científica. Relatório Final. Universidade
Federal do Rio de Janeiro. Universidade Federal do Espírito Santo. Processo
IBAMA 02022.001382/2013 (DOC13), Portuguese.
Univali, 2017. SIMMAM [website]. Mar. Mamm. Monit. Support Syst.
http://simmam.acad.univali.br/webgis/ (accessed 17.10.17).
Vilardo, C., 2007. Avaliação Ambiental de Pesquisas Sísmicas Marítimas no Brasil:
Evolução e Perspectivas. UFRJ – Federal University of Rio de Janeiro. Masters
Dissertation, Portuguese
http://www.ppe.ufrj.br/ppe/production/tesis/mguimaraescvn.pdf.
Wade, L., Whitehead, H., Weilgart, L., 2010. Conflict of interest in research on
anthropogenic noise and marine mammals: does funding bias conclusions?
Mar. Policy 34, 320–327, http://dx.doi.org/10.1016/j.marpol.2009.08.009.

Document downloaded from http://www.elsevier.es, day 19/07/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

C. Vilardo, A.F. Barbosa / Perspectives in Ecology and Conservation 16 (2018) 54–59
Wardle, C., Carter, T., Urquhart, G., Johnstone, A.D., Ziolkowski, A., Hampson, G.,
Mackie, D., 2001. Effects of seismic air guns on marine fish. Cont. Shelf Res. 21,
1005–1027, http://dx.doi.org/10.1016/S0278-4343(00)00122-9.
Weilgart, L., 2007. The impacts of anthropogenic ocean noise on cetaceans and
implications for management. Can. J. Zool. 85, 1091–1116,
http://dx.doi.org/10.1139/Z07-101.
Weir, C.R., Dolman, S.J., 2007. Comparative review of the regional marine mammal
mitigation guidelines implemented during industrial seismic surveys, and

59

guidance towards a worldwide standard. J. Int. Wildl. Law Policy 10, 1–27,
http://dx.doi.org/10.1080/13880290701229838.
Williams, R., Wright, A.J., Ashe, E., Blight, L.K., Bruintjes, R., Canessa, R., Clark, C.W.,
Cullis-Suzuki, S., Dakin, D.T., Erbe, C., Hammond, P.S., Merchant, N.D., O’Hara,
P.D., Purser, J., Radford, A.N., Simpson, S.D., Thomas, L., Wale, M.A., 2015.
Impacts of anthropogenic noise on marine life: publication patterns, new
discoveries, and future directions in research and management. Ocean Coast.
Manage. 115, 17–24, http://dx.doi.org/10.1016/j.ocecoaman.2015.05.021.

