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ABSTRACT

Scientific diving (SD) is defined as any diving activity that applies scientific procedures to produce subsidies for
studies and technical works in underwater environments. The first report of an underwater scientific study in
Brazil dates to the 19th century, in the Abrolhos reefs. Currently, in Brazil, scientific diving has been performed
in various areas, from shallow coastal regions to remote and sometimes hard-to-reach places, such as oceanic
islands, flooded caves, and icy areas like Antarctica. However, the regulation of SD in Brazil still lacks more
concrete actions towards an effective and efficient self-regulation that offers physical safety to practitioners and
institutional safeguards for organizations that use it in their research projects. Thus, this article aims to contribute
to a better understanding of this critical issue in Brazil and to serve as a reference and incentive for the training
of professionals and the development of these activities in the country. It includes: 1) a historical review of
SD; 2) a diagnosis of the training and application of SD in Brazil; 3) the evolution of marine sciences in Brazil
from the perspective of SD; 4) a review of the use of environmental assessment and underwater conservation
techniques in oceans and internal waters; 5) an analysis of the evolution of scientific diver training in Brazil,
including a diagnosis on training; 6) the history and updates of the rules, regulations, and safety of SD. Given
all the potential of diving combined with specific techniques for research, monitoring, and marine and limnic
science in Brazil, we aim to understand the evolution of scientific diving teaching and to outline perspectives in
the country, as it is crucial for the training of qualified scientists capable of performing these underwater tasks.
Finally, we present future plans for the development of this activity in Brazil from the point of view of research
and the labor market.

Keywords: Marine science, SCUBA dive, Snorkeling, Underwater survey

INTRODUCTION Since ancient times, there have been many
historical records related to diving. Scientific diving

(SD) is defined as any diving activity that applies
scientific procedures to produce subsidies for studies
andtechnical works in underwater environments. This
article aims to contribute to a better understanding of
SD in Brazil and to serve as a reference and incentive
to the training of professionals and the development
of these activities in the country. It includes: 1) a
history review of SD; 2) a diagnosis of the training
and application of SD in Brazil; 3) the evolution of
marine sciences in Brazil from the perspective of SD;
4) a review of the use of environmental assessment
and underwater conservation techniques in oceans
and internal waters; 5) an analysis of the evolution of
scientific diver training in Brazil, including a diagnosis
on training; 6) the history and updates of the rules,
regulations, and safety of SD; and 7) conclusions
and future plans to develop this activity in Brazil from
the point of view of research and the labor market.

Brazil has one of the longest tropical coastlines
in the world, with unique oceanographic and
historical features and a rich biodiversity (Longo
and Amado Filho, 2014). While land regions have
been gradually discovered and mapped in detail,
underwater ecosystems are still less known,
despite their influence and importance on climate
and the severe stressors to which coastal and
oceanic regions have been subjected in the last
century, with only partially known consequences.
The submerged regions of the sea are also
very poorly known to the public, the media, and
policymakers. The constraints on knowledge of
marine environments are at least partly related to
technological, logistical, and financial constraints,
including diving equipment, protocols, and
underwater scientific methodologies.

The trajectory of scuba diving around the world
and its development as a popular activity have

reduced the gap between underwater recreational, HISTORY OF SCIENTIFIC DIVING IN
scientific, commercial, and military activities (Sayer, BRAZIL (20m AND 215 CENTUR|ES)

2007). This process was important, leading to the

use of diving as a tool in scientific methodology The first report of an underwater scientific
and allowing scientists to extend their research to study in Brazil dates from the 19" century, when
the underwater realm. Charles Frederic Hartt visited the Abrolhos reefs.
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He conducted a vertical transect along the wall
of the Lixa reef, describing the distribution of the
reef fauna in depths up to about 5 m (Hartt, 1870).
We do not know what type of diving equipment
he used. Only in the 1960s did the first scuba
(self-contained underwater breathing apparatus)
equipment and divers arrive in Brazil, but not
associated with scientific research (Silva, 2020).

The first contributions to the knowledge of
marine habitats for taxonomic purposes in the
19" and 20" centuries had dredging as a common
sampling approach. The first studies on community
structure (Rawitscher, 1944; Joly, 1957; Nonato
and Pérez, 1961) were performed in the intertidal
zone. However, pioneering ecological descriptions
of the sublittoral zone applied snorkeling for
taxonomic samplings, such as the study by
Oliveira (1947), who presented the first diagram
of zonation patterns of the benthic communities of
the rocky shores of Guanabara Bay.

The arrival of young foreign researchers,
especially the French couple Jacques Laborel
and Frangoise Laborel-Deguen in 1961 at the
newly created Institute of Marine Biology and
Oceanography in Recife, marks the beginning
of the use of scuba diving, besides underwater
photography, in research along the Brazilian coast.
Moreover, by then, Marc Kempf had arrived at the
same institution, collecting samples and making
records while diving, often in partnership with
Jacques Laborel, including an expedition aboard
the French research vessel Calypso (Laborel-
Deguen et al., 2019).

The Calypso oceanographic campaign from
1961 to 1962 allowed Laborel and Kempf to
scuba-dive in the Abrolhos reef region, in the
Vitdria-Trindade Seamount Chain, as well as in
the Jaseur Bank, at 65 m depth. These were the
first autonomous and scientific dives performed in
Brazilian mesophotic environments. Only recently
have these environments been studied using
technical diving and rebreathers (Pinheiro et al.,
2014; Joyeux, 2015; Guabiroba et al., 2020).

In the late 1970s, a broad and pioneering
study using scuba diving and snorkeling for
scientific research in the Abrolhos Region was
started (Le&do, 1982). Zelinda Led&o initiated this
new phase of Brazilian science, contributing to

Scientific diving in Brazil

the dissemination and conservation of the largest
and richest reef area in the South Atlantic (Ledo
et al., 1994). Besides keeping this line of research
active until today, Zelinda created the first long-
term monitoring program to assess the benthic
communities of Brazilian reefs. This project
contributed to the training of a new generation of
Brazilian scientists who, in association with diving,
use nondestructive methods in data collection
(Kikuchi et al., 2003; Freitas et al., 2019; Loiola
etal., 2019).

Moreover, the Oxford Diving Expedition was
a pioneering study in the exploration of sublittoral
areas with scuba diving. It assessed the benthic
cover in transects at depths of 10, 15, and 20 m in
the upwelling sector of Cabo Frio, Rio de Janeiro
(RJ) (Maggs et al., 1979), producing vertical
transect maps. They also obtained underwater
images for analysis via tape recording.

Some years later, Eston et al. (1986) studied
the vertical distribution of benthic marine
organisms on rocky shores of the Fernando de
Noronha Archipelago (Northeastern Brazil), up to
30 m in depth. Moreover, during the 1980s, several
researchers used scuba diving for ecological
purposes at shallow depths, such as Yoneshigue-
Valentin and Valentin (1992), who compared the
distribution of organisms in Cabo Frio, RJ, and
Oliveira-Filho and Berchez (1993), who described
a rocky shore community dominated by seaweeds
in Ubatuba, Sao Paulo (SP).

The first ecological study using open sea scuba
diving on the Brazilian continental shelf started in
1986 and ended in 1996. The project was related
to the Environmental Impact Assessments of the
company Fermisa Mineragdo, which received
authorization to mine rhodolith beds. The option
for a BACI (before-after control-impact) sampling
design, using random sampling elements,
and diving in the Brazilian Current, resulted in
unprecedented challenges. The results were only
partially published with the company’s clearance
(Berchez et al., 2009).

Another frontier for Brazilian marine sciences
was the icy conditions of Antarctica. The Brazilian
Antarctic Program (PRONTAR) started in 1975,
with Paulo Paiva and Tania Brito conducting the first
dives for sediment sampling and photo transects in
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the austral summer of 1988/1989. Subsequently,
many other dives were performed in the following
years (Nonato et al., 1992). These dives required
dry suits and safety protocols specific to the rapidly
changing conditions of the continent.

One of the reasons for the limited performance
of scuba diving was the equipment available
at the time (70s and early 80s). The diving tank
attached to a backpack, the “J” tank valve with
the reserve mechanism (30 bar spring force), and
the absence of buoyancy compensators made the
diver highly limited, requiring mastery of buoyancy
techniques and limited bottom time. From the
1990s onwards, new technologies, such as
double steel or aluminum tanks, new tank valves,
new buoyancy compensators, pressure gauges,
and dive computers, allowed the diver to perform
multidisciplinary activities safely. At that time,
diving schools implemented useful techniques
for scientific diving activities, such as underwater
orientation, night and deep dives, and underwater

1947 1962
| Inthe Calypso oceanographic campaign, the
first autonomous and scientific dives in the
Brazilian mesophotic environment were
performed, in the Abrolhos reefs.

1970
|
Descriptions underlying
the ecological aspects of
the sublittoral zone and
sampling for taxonomic
studies using snorkeling.

!

S —

1870

THE HISTORY OF SCIENTIFIC DIVING IN BRAZIL
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photography and videography. The general spread
of scuba diving along the Brazilian coast allowed
better access to equipment and training, supporting
an increment in the sublittoral studies (Villaga and
Pitombo, 1997; Creed and Amado Filho, 1999).
Many partnerships with diving schools improved
efficiency and allowed research to expand.

With the arrival of the new millennium, access
to technologies, coinciding with an increase in the
number of scientists trained for scientific diving, opened
new perspectives for scientific diving in general.
Underwater digital photography and videography
made it possible to obtain many high-quality and less
expensive images, which can be seen immediately, in
contrast to the limitation of film cameras. Combining
techniques such as drifting footage, drop cameras,
or side-scan sonar with scuba diving allowed a more
efficient seabed characterization.

The number of lines of research that use
scientific diving in Brazil is significant and will be
briefly described in the next sections.

1990
The beginning of the use li
of scuba diving and
snorkeling for scientific
purposes, in the Abrolhos
reefs.

New technologies begin to emerge,
such as  underwater  digital
photography and videography, double
steel and aluminum tanks, tank valves,
pressure gauges, ABLJ style vest, dive
computers, etc. Expansion of scuba
Ring to multidisciplinary activities.

1986

Fermissa  Mineragdo's W
ecological study provides
the characterization of
the Brazilian Continental |
Shelf, using SCUBA.

2003

1961

The Institute of The Oxford Diving
Marine Biology and Expedition is a pioneer
Oceanography is in the exploration of

the sublittoral zone of
the upwelling region of
Cabo Frio, RJ.

created, marking
the beginning of
scuba diving and
underwater
photography.

Charles F. Hartt's
work provides the
fundamental

description of the
Abrolhos reef fauna,
and the first cross-sectional

diagram of the reefs and the
distribution of organisms by
depth.

1979

1988

PROANTAR conducts its
first diving expedition
for sediment sampling
and photo transects in
the icy conditions of
Antarctica,

1994

FACIMAR/UNIVALI |
opens the first Diving
Laboratory in Brazil
and, the following year,
implements the first
academic scuba diving
course.

Univali publishes the first
scientific diving protocol:
Regulation of Scientific
Diving Practice. Since 2003,
scientific diving has been
offered in the curriculum
of universities such as
UFRN, UNIFESP, and UFBA.

Figure 1. Timeline of the main historical milestones and changes in scientific diving in Brazil from 1870 to 2003.

DIAGNOSIS OF SCIENTIFIC DIVING
TRAINING AND APPLICATION IN
BRAZIL

Understanding the training of scientific divers and
the methodologies applied according to the fields of

marine science is essential to broaden the knowledge
of the activities they currently conduct. Moreover,
this knowledge can help establish institutional rules
and guidelines to facilitate the training of future diver
scientists, improving and standardizing the quality
and number of divers. Thus, the Scientific Diving
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Working Group (GT Mergulho Cientifico), under
PPGMAR/SECIRM (Comité Executivo de Pesquisa
e pos-graduacdo em Ciéncias do Mar/Comissdo
Interministerial para os Recursos do Mar), elaborated
a questionnaire to understand the profile of scientific
divers in Brazil. This questionnaire was made available
and widely disseminated on the internet in 2014.

A total of 290 participants were validated and
analyzed, in a ratio of 70% men and 30% women.
Regarding higher education, most participants
graduated in Biological Sciences (68.55%), followed
by Oceanography (15.19%), Archaeology (3.89%),
Fisheries Engineering (3.180%), and Ecology
(2.473%). These five majors represent about 93.28%
of the answers. Most held a PhD (47.91%), followed by
master's degrees (29.51%), undergraduate degrees
(18.75%), and specialization degrees (3.12%).
Scholars and degree holders are included in each
educational stage. Regarding occupation, participants
were professors (instructors in the academic field
53.05%), students (undergraduate, master’s, and
PhD degree 33.69%), and professionals (employees
of private and public institutions and postdoctoral
fellows 13.26%). Of this total, 31.44% were research
leaders (individuals who are autonomous or organize
research activities) and 68.55% were researchers
(individuals who help conduct research activities).

Experience in scientific diving is an important
factor in the quality of data collection, optimization
of activities, and safety, minimizing possible
risks. Of the 259 participants, 41.3% were divers

100

75 +

50 + .

Divers (N)

0-5 06-10 11-15

Scientific diving in Brazil

with less than five years of experience (N=83)
(Figure 2), and only a small share had more than
20 years of experience. In all experience groups,
men represented a larger share than women.

The questionnaires showed 30 methodologies
applied to underwater research (N=250), with 10
methodologies representing 83.55% of the total
(Figure 3), and image capture, collection of biological
material, visual censuses, and transects accounting
for more than 50%. Regarding the maximum depth
reached in scientific diving, the most frequent was
10 to 20 m (28.68%; N=74), followed by 20 to 30 m
(26.74%; N=69), while the maximum depth reached
was 120 m (N=1) (Figure 4). The most explored
habitats were coastal waters (up to 10 nautical miles)
(40.19%), followed by ocean waters (17.02%), wreck
diving (11.51%), and continental waters (rivers,
lakes, etc.) (10.21%) (N=278).

Considering the participants, the typical scientific
diver in Brazil is a young male researcher, usually with
a PhD, who conducts research related to biological
sciences in coastal waters up to 30 m deep. Although
the questionnaire did not assess the socioeconomic
aspects of scientific divers, it seems reasonable to
think that the dominant profile would be middle class
to more affluent strata. In fact, higher education in
Brazil still excludes low-income individuals, despite
significant changes over the last two decades.
Scuba diving can also be considered an expensive
activity, requiring equipment and training not offered
by public higher education.

16-20 21-25 26-30 =30

Length of experience (years)

B Women

Men

Figure 2. Length of experience (years) as a scientific diver in Brazil and the number of participants in each expe-
rience group by sex according to questionnaire applied in 2014 to understand the profile of scientific divers in Brazil.
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Image capture

26.7%

Collection of biological material

19.2%

Figure 3. Proportion of types of methodology applied to underwater research in Brazil, grouped and classified by general
category, defined by the main objective of the study or its main finding. Each category is expressed as a percentage of the
total number (N=290) according to questionnaire applied in 2014 to understand the profile of scientific divers in Brazil. Each

participant could choose more than one category.
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Figure 4. Maximum depth reached by scientific divers in Brazil according to questionnaire applied in 2014 to understand

the profile of scientific divers in Brazil.

EVOLUTION OF MARINE SCIENCE IN
BRAZIL FROM THE PERSPECTIVE
OF SCIENTIFIC DIVING

To assess the evolution of marine science in
Brazil, applying scientific diving as a research tool,
a bibliographic review was performed in the Web of
Science Core Collection and SCOPUS databases
with two distinct combinations: 1) “SCUBA” and
“BRAZIL’; and 2) “SNORKEL" and “BRAZIL.” For
both search combinations, the term “BRAZIL
was entered by field (the search considered
title, abstract, and keywords). The search was
conducted on all fields related to the terms
“SCUBA” and “SNORKEL.” Before downloading

the information, all references were checked to
avoid data not related to scientific diving. After
downloading, the databases were analyzed using
the R software (R Core Team, 2022) and the
Bibliometrix package (Aria and Cuccurullo, 2017).

The search for the term “SCUBA” found 131
documents in Web of Science Core Collection
and 208 in SCOPUS. These documents included
articles, review articles, notes, extended abstracts,
books, and book chapters published from 1991
to 2022. Before the bibliometric analysis, the
databases were combined and 69 duplicates were
excluded; therefore, 270 documents were analyzed,
with 686 authors. This is a significant number
compared with the 442 found by an international
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study that evaluated bibliographic underwater
research supported by scuba diving from 1995
to 2006 (Sayer, 2007). Following the same trend
as the information obtained in the interviews,
the bibliographic production on scientific diving
increased gradually from the 2000s onwards (Figure
5). The documents listed belong to various fields
of knowledge, mainly marine biology (86.73%),
followed by geology (4.08%), artificial structures
(4.08%), ethnoscience (2.01%), anthropology
(1.02%), recreational diving (1.02%) and health
in diving (1.02%). In the field of biology, the most
common studies were on ecological aspects
(44.04%), animal behavior (26.19%), taxonomy
(10.71%), invasive species records (7.14%), and
habitat mapping (5.95%). These topics represent
94.04% of the marine biology line.

For the term “SNORKEL,” 31 documents were
found in Web of Science Core Collection and seven
in SCOPUS. These documents included articles,

SNORKEL

Number of publications (N)

0
1991-1995 1996-2000 2001-2005

Scientific diving in Brazil

review articles, and book chapters published from
1998 to 2021. Before the analysis, the databases
were combined and two duplicates were excluded.
In total, 36 documents were analyzed. Inthe analyzed
documents, 112 authors were identified, with an
average of 3.11 authors per document. The field of
marine biology also prevailed (92.31%), followed
by artificial structures (7.69%). Within biology, the
documents were divided into subfields, such as
ecology (42.31%), animal behavior (38.46%), human
impacts (11.53%), and taxonomy (7%).

These results show an increase in scientific
production on scientific diving, thus, they are
directly related to the growth in human resources
since the 2000s. The numbers also align with the
data presented in the previous section, highlighting
marine biology research as the main application of
scientific diving. The following topics summarize the
main lines of research identified and their evolution
in terms of results obtained, and methods used.

SCUBA

2006-2010 2011-2015 2016-2022

Annual scientific production

Figure 5. Scientific production using the search criteria “SNORKEL’ and “SCUBA” in Brazil (N=270). Documents were
found in the Web of Science Core Collection and SCOPUS databases. These documents included articles, review articles,
notes, extended abstracts, books, and book chapters published from 1991 to 2022.

USE OF ENVIRONMENTAL
ASSESSMENT AND CONSERVATION
UNDERWATER TECHNIQUES

AQUATICECOLOGY AND BIODIVERSITY

The use of diving in biological research began in
Brazil with the participation of foreign researchers
and initially involved biodiversity surveys of fauna
and flora and general ecological aspects of marine

ecosystems. One of the pioneering contributions is
the work Les Peuplements de Madréporaires des
Cotes Tropicales du Brésil (Laborel, 1970). This
monograph was recently translated and reviewed in
the book Recifes Brasileiros: O Legado de Laborel
(Laborel-Deguen et al.,, 2019), considered a
milestone, a guideline in the ecological knowledge
of Brazilian reef environments. At the same
time, Henry Matthews, a Brazilian malacologist
and professional diver, began his scientific

Ocean and Coastal Research 2023, v71:e23045 7
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career, contributing with sampling and scientific
publications that expanded the knowledge of the
diversity of marine mollusks in Northeastern Brazil
and becoming one of the biggest names in marine
science in Brazil (Rocha-Barreira et al., 2016).

In the 1970s, another foreign oceanographic
expedition, conducted by Oxford University,
promoted dives for scientific purposes in Brazil.
Since then, Brazilian researchers have published
studies using biological material collected in these
first expeditions, such as Mothes de Moraes
(1985), who described the fauna of marine
sponges in the upwelling region of Cabo Frio, RJ.
Moreover, educational institutions and research
focused on marine areas began to grow and,
due to this combination of factors, the scientific
production and training of researchers in marine
biodiversity in Brazil has advanced significantly.

Studies on the development and reproduction
of aquatic organisms became more viable due
to the manual collection of live specimens in
good condition by scuba diving. For instance,
Petersen and Ditadi (1971) described aspects
of the reproductive biology of Glossobalanus
crozieri (Hemichordata) collected by diving in the
sublittoral zone. Regarding phycology, studies
on algae have broadened, no longer focusing
exclusively on taxonomic and distribution aspects,
but delving into biological, ecological, and
biochemical aspects, thus requiring dives to obtain
samples and in situ records (Oliveira-Filho, 1977).

The diversification of research increased further
since the 1980s, when scientific publications
on aquatic and marine biodiversity using diving
intensified in Brazil. Diving techniques applied
in sampling allow direct contact between the
researcher and the environment, organisms, and
communities studied, enabling the collection of
vital information for the description of species and
their habitats, such as daily habits, coloration, and
socialization with other organisms. Direct access
to the environment and the use of submersible
devices also allow the ecophysiological study of
organisms in situ, such as the evaluation of the
photobiological behavior of corals (holobionts),
their adaption to natural light, the reaction of
calcification to temperature and natural light, and
community structuring in response to turbidity

Scientific diving in Brazil

(Suggett et al., 2012; Freitas et al., 2019; Loiola
etal., 2019), but also contributed to great advances
in the knowledge of biogeographic patterns for
shallow habitats such as the coral reefs along the
Brazilian coast (Castro and Pires, 2001).

With the advancement and development
of underwater research, as new species are
described and new records are made, knowledge
of biodiversity has continued to grow, even for
conspicuous organisms, such as fish (Moura et al.,
2001), crustaceans (Teschima et al., 2012), and
cephalopods (Leite et al., 2008, 2021), making
it clear that there is still much to learn about the
oceans, especially in previously unexplored
places. In a recent publication, Pinheiro et al.
(2020) recorded 41 new fish occurrences in the
Saint Peter and Saint Paul Archipelago. Many of
these records were made by applying scientific
diving techniques to reach deeper waters with
rebreathers in surveys from 2009 to 2018 (see
details in the next section).

The use of diving is also associated with
advances in understanding species and
interactions in continental aquatic environments.
Due to the shallow depth and low visibility of rivers
and streams, where most studies requiring diving
are conducted, biodiversity studies traditionally
used snorkeling instead of scuba diving. Studies
using scuba diving are usually performed in caves,
in the field of speleology and fossil collecting
(Parisi et al., 2016). In this field, studies on the
natural history and behavior of freshwater fish
stand out as they continue to contribute to recent
publications on ecological interactions and the
habitat effects on stream fauna (Casatti and
Castro, 1998; Sabino et al., 2011; Teresa et al.,
2011; Nunes et al., 2020).

Another critical aspect of scientific knowledge
and conservation is the possibility of recording
and monitoring fauna of commercial interest,
rare or threatened species, using nondestructive
sampling surveys (Giraldes et al., 2015). Thus,
international protocols have been established for
the use of scuba diving in various environments.
In Brazil, Reef Check and the AGRRA (Atlantic and
Gulf Rapid Reef Assessment) protocol stand out
as monitoring networks for rocky and coral reefs
(Kikuchi et al., 2003; Ferreira and Maida, 2006),
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as well as SeagrassNet for monitoring seagrass
banks (Short et al., 2006) and ReBentos for
monitoring benthic habitats (Turra and Denadai,
2015). Besides monitoring the biome, human
activities, such as diving and its effects on the
environment, have also been monitored, especially
to observe the behavior of divers (Giglio et al.,
2016, 2019). These monitoring protocols also
allow the involvement of individuals in recreational
diving, presenting an excellent interface between
scientific promotion and citizen science focused
on the conservation of marine environments.

Scientific diving has also brought important
advances in understanding the ecological
interactions, natural history, life history, and
behavior of aquatic organisms. Knowledge of
the ecological interactions between fish and their
relationship with habitat changes has tremendous
implications for the management and conservation
of these ecosystems. Describing the complex
interactions of cleaning and its role in reefs, which
are the most diverse marine environments, is only
possible with detailed in situ observation (Quimbayo
et al., 2018). Studies on the behavior of several
invertebrate groups have led to the discovery of new
interactions between species (Felinto et al., 2020)
and important aspects of the life history of species
of commercial interest, such as octopuses (Leite
et al.,, 2009a; Batista and Leite, 2016), allowing
useful information to be obtained to subsidize both
fisheries management actions (Leite, et al., 2009b)
and new research in the field of aquaculture. The
discovery of new pathogens and even forms of
transmission of marine organisms is also a recent
example of the great importance of diving in studies
on coral health in Brazil (Moreira et al., 2014).

A recurring issue in aquatic ecosystems is the
introduction of invasive species. In some cases,
the economic damage is particularly significant,
such as that caused by the golden mussel
Limnoperna fortunei, which creates a crust on the
turbines of hydroelectric power plants (Pestana
et al., 2010). In coastal marine environments, the
increase in invasive species has been affecting
natural communities, especially the orange cup
coral of genus Tubastraea (Creed et al., 2017)
and, more recently, red lionfish Pterois volitans
(Luiz et al., 2021).

Scientific diving in Brazil

The use of scientific diving or the observations
recorded from it have been of great relevance
in studies and practical actions focused on
monitoring and managing invasive species
(Crivellaro et al., 2021). Thus, the potential for
advances in knowledge and management by the
application of citizen science strategies stands out.
In fact, recent records of lionfish were obtained
in collaboration with fishermen, which made it
possible to trace the route of biological invasion
in the southwestern Atlantic (Luiz et al., 2021).
In the marine environment, invasive species are
a topic of great interest and enticement to society,
facilitating a practical interaction between the
layperson and scientific production by citizen
science projects. In the light of the Sun Coral
Project in Rio de Janeiro and the recent lionfish
monitoring campaign in Fernando de Noronha,
the potential of using citizen science to increase
the interaction between science and society and
promote better management of coastal marine
environments in Brazil is noticeable. In terms
of ecosystem research, we highlight the recent
reassessment of mesophotic reefs in the mouth of
the Amazon River (Francini-Filho et al., 2018) and
the discovery of a biogenic reef at 12 m depth on
Queimada Grande Island, SP (Pereira-Filho et al.,
2019, 2021). Notably, the coast of Sdo Paulo is
one of the most sought-after regions for scientific
research, including for large public selections and
programs, such as BIOTA/FAPESP. However,
scientific diving has recently led to this great
discovery: a reef ecosystem on this little-known
and little-studied coast.

Currently, there are several experimental
research laboratories where studies in the field
of ecology, ecophysiology, ecotoxicology, etc.
have been conducted thanks to the conservation
of hand-collected specimens by scuba diving
(Moura et al., 2001; Sanchez-Jérez et al., 2001;
Teschima et al.,, 2012; Giraldes et al., 2015;
Medeiros et al., 2021). This type of sampling has
been fundamental to mesocosm experiments.
Thus, scientific diving has improved experimental
research by providing vital information on the
response of species to environmental stimuli
in constant anthropogenic change (Sanchez-
Jérez et al., 2001; Suggett et al., 2012) and
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studies assessing the feasibility of farming
species to restore coral reef environments
(Oliveira et al., 2008). Today, these studies can
predict ecosystemic changes and mitigation,
acclimatization, and protection efforts (Figure 6).

With the advancement of knowledge and the
increasing popularity of scientific diving, many short-,
medium-, and long-term programs and projects
have emerged, with snorkeling and diving activities
that go beyond the academic scope, also including

1980 1990

First uses of scuba diving for
educational purposes in
universities and research centers.
Overall use of diving for
phycology studies, sampling, and
in situ observations.
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conservation actions and research performed by
third sector companies and public agencies such as
ICMBio (Instituto Chico Mendes de conservagéo da
Biodiversidade). Information on the main initiatives
concerning the broader territorial and scientific
range and reach is compiled (Table S1) with records
of crucial funding and results or products obtained
to date. This information was obtained by searching
the official websites or, failing that, by consulting the
main published contributions.

Decades of data collection using
scuba diving techniques have
enabled new progress in studies of
organism physiology, communities, 1998
and the role of the environment,
including abiotic drivers.

International monitoring

protocols and networks, 2010

such as AGRRA and

SeagrassNet, are installed

in Brazil, enabling records
Se‘”@f@ﬁm for fauna monitoring and
-

New record of species
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S and interactions in
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=, environments in
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1970 BIOLOGICAL TIMELINE OF SCIENTIFIC

Les Peuplements de Madréporaires
des Cotes Tropicales du Brésil is
published, a pioneering monograph,
considered a milestone and a
guideline in ecological knowledge of
Brazilian reef environments. Henry
Matthews” work as a malacologist
contributed to sampling and scientific
publications that expanded knowledge
of the diversity of marine mollusks in
Northeastern Brazil.

DIVING IN BRAZIL PER DECADE 2020

T

2000 |

New research in
aquaculture and  exotic
species management.
Coral  health  studies
discovered new pathogens,
forms of transmission in
marine organisms, and two
new reef ecosystems.

" Development of underwater
research using scientific diving
techniques with rebreathers,
leading to the discovery of
new species, record expansion
of conspicuous organisms,
and new records in remote
areas, such as oceanic islands.

Figure 6. Timeline of the main historical milestones and changes in marine biology using underwear methodologies from

1970 to 2020.

SCIENTIFIC TECHNICAL DIVING
FOR MARINE BIOLOGY RESEARCH
IN BRAZIL

Although recreational scuba diving allows
researchers to perform a wide range of activities
underwater, certain situations require more
advanced techniques, known as “technical diving.”
In particular, deeper habitats and challenging
environmental conditions (e.g. open blue water
and icy environments) usually require the diver to
be properly trained and use specialized equipment
to perform the research tasks safely. In this context,
cave and polar diving also demand an important

set of technical knowledge and equipment, but
these will be addressed in another section.
Throughout the history of scientific-technical
diving in Brazil, the most frequent challenge for
marine scientists was to reach deeper habitats
(> 30 m) and conduct research while controlling
the risks associated with the diving operation.
Some challenges of deep diving include narcosis
and toxicity caused by nitrogen and oxygen,
respectively, as well as the need for decompression
in longer dives to avoid seasickness and a fixed
cable to guide divers and perform occasionally
long decompressions (up to four hours). Different
gases can be used during ascent/descent and at
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the bottom, and total equipment can weigh up to
100 kg.

Possibly, some researchers performed deep
diving using multiple tanks and standard scuba
equipment in Brazil earlier on, without any formal
record. From our point of view, the first scientific
deep dives in Brazil were conducted in 1979 in
the Saint Peter and Saint Paul Archipelago. At the
time, researchers dived with air tanks to a depth
of 60 m, discovering two new endemic reef fish
species found exclusively on deep reefs (Lubbock
and Edwards, 1981). Brazilian scientists only
started performing deep diving activities almost 20
years later, from April 1997 to April 1999, in the
northeastern region, at depths up to 70 m (Rocha
et al., 2000; Feitoza et al., 2005). At this point,
there was no infrastructure for deep technical
diving in Brazil, and only air tanks with adapted
equipment were available for bottom time and
decompression. These first dives produced new
records for the southwestern Atlantic and allowed
the first ecological assessment of a Brazilian reef
fish community beyond 30 m depth, shedding
light on the role of the deep reefs connecting the
northeastern Brazilian coast to the Caribbean.

At the end of the 1990s, other deep dives
were conducted in Fernando de Noronha, using
the same protocol as the tourists, with double
tanks and compressed air along with a stage
tank, and no bottom or decompression mixture
(Francini-Filho et al., 2000; Menezes et al., 2003).
Decompressive dives also became more frequent,
using air tanks to reach depths of 50 to 70 m in
other areas of Brazil, such as the Abrolhos Bank,
the Trindade and Martin Vaz islands, seamount
chains, and oil platforms, allowing the discovery of
new fish species and ecological studies (Pinheiro
et al.,, 2009, 2011). With the development of
nonscientific technical diving community in Brazil
and the availability of new equipment and training,
researchers also took the opportunity to use these
techniques in scientific research. As a result of
these improvements, a series of deep dives (up
to 90 m) were performed from 2010 to 2014 in
the Abrolhos Bank, aiming to assess potential
sites for the expansion of the Marine Protected
Areas network and biodiversity assessments
(Simon et al., 2016). By this time, scientists were

Scientific diving in Brazil

already trained to use gas mixtures, such as
TRIMIX as a bottom mixture and NITROX/O2 for
decompression, greatly increasing bottom time
and decreasing decompression time. During this
transition, decompressive dives using air tanks
became progressively less frequent.

The next step in the development of deep diving
techniques involved the dissemination and use of
the different types of closed-circuit rebreathers.
Rebreathers revolutionized scientific diving by
giving divers unprecedented autonomy, allowing
longer bottom time and safe access to deeper
sites by shortening decompression intervals. As
rebreathers are “pbubble-free,” they also avoid
noise and thus allow sampling without scaring
fish away. Jean-Christophe Joyeux led the first
scientists trained to use Megalodon rebreathers in
Brazil, enabling them to collect fish and explore the
Vitéria-Trindade seamount chain (VTC) (Pinheiro et
al., 2014, 2015). On that occasion, in 2011, these
scientific divers were able to dive to a depth of 84
m, discovering new ecosystems and two new fish
species in the VTC. Rebreathers have also been
used in research projects in the Abrolhos Bank
and, more recently, in the Saint Peter and Saint
Paul Archipelago and the Fernando de Noronha
Archipelago (Pimentel et al., 2020; Pinheiro et al.,
2020), and in shallower areas of the southern
Brazilian coast. These authors explored reef walls
and canyons down to 130 m depth, discovering six
new fish species and producing many new records
from these oceanic locations.

Other types of technical diving have the
potential to be further developed in Brazil. For
instance, blue-water dive, performed in open ocean
waters, has not often been used to collect and
document pelagic life. Moreover, scientists have
frequently studied wrecks and their associated
organisms (Lira et al., 2010; Simon et al., 2015),
although they do not usually perform deep dives
that require specific protocols. From the point of
view of archeological diving, the particularities will
be discussed in a separate section.

Although technical diving is developing slowly
in Brazil, a recently funded project resulting from a
partnership between the Center for Marine Biology
(CEBIMar) of the University of Sao Paulo (USP)
and the California Academy of Sciences aims to
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develop infrastructure and training for technical
diving exploration in the country. CEBIMar will host
a deep diving team and offer logistics for technical
diving operations on the coast of Sdo Paulo. The
development of technical deep diving in Brazil should
result in the discovery of many new species and the
possibility of more advanced studies in the field of
biogeography, conservation, ecology, and evolution.

DIVING IN MARINE GEOLOGY:
TECHNIQUES AND METHODS

In Brazil, underwater geology is developed in
both marine and limnic environments. The latter,
mainly lakes and caves associated with rivers, will
be discussed in section 4.5. The most frequent
studies are related to sedimentology, paleontology,
micropaleontology, paleoceanography, and, more
recently, geotourism.

Regarding seabed mapping, activities such as
visual description and photography and videography
(Cruz et al, 2008) (Figure 7A), and the collection of
samples, sediments, and rocks are complementary
to the use of satellite remote sensing (Vianna et al.,
1991; Kikuchi and Leao, 1997; Testa and Bosence,
1999; Santos et al., 2007) and, in particular, the
results obtained by echo sounders (single- or
multi-beam) and side-scan sonar, among others
(Kikuchi and Leao, 1998; Buchmann and Tomazelli,
2003; Seoane et al., 2012; Gomes, 2015; Araujo
and Amaral, 2016; Nascimento Silva et al., 2018)
grouped under the name ground truth verification.
Aspects of underwater geology and geomorphology
have also been used by geotourism to guide divers
in mapping the underwater relief, allowing a more
interpretative diving approach and promoting
awareness of the fragility of the site is to reduce the
impact of tourist diving activities (Vale et al., 2021).

Recently, visual documentation of the
environment has advanced significantly with
the development of image recording equipment
onboard remotely operated vehicles (ROV) or
autonomous underwater vehicles (AUV). These
devices have broadened the scope of research
and are essential at depths greater than 30 m,
where safety conditions and bottom time become
more critical for divers. However, this does not limit
the possibility of research in depths greater than
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50 m, such as in the study performed with regular
air in carbonate and reef environments in the
continental shelf of northern Bahia (BA) (Kikuchi
and Leao, 1998) or in technical dives with TRIMIX
gas mixture in Abrolhos (Bastos et al., 2013) and
the Rocas Atoll (Amado-Filho et al., 2016).

Surface and core sediment sampling in
oceanography and limnology are traditionally
performed with remotely operated devices, such
as the Van Veen grab sampler, gravity corers,
and box corers. However, there are advantages to
working directly with scuba diving in depths down
to 30 m. Direct sampling by divers, for example, is
effective in all situations and allows the selection
and description of the site and seabed shapes
(e.g. wave patterns and sinkholes) when visibility
permits. It can be performed by snorkeling in
shallow depths and with good visibility, such as
in reef ecosystems. Regarding gravity and box
coring, the operation requires large vessels with
cranes hindered in depths of 10 to 20 m. Thus,
scuba diving allows sampling core sediments a
few inches long at depths of about 2 m.

First used in 2003 (Santedicola, 2008),
underwater coring of corals and reefs has been
conduct to obtain samples to understand the
mechanism of coral calcification (Oliveira et al.,
2008; Kikuchi et al.,, 2013), paleoceanographic
studies (Santedicola, 2008; Kikuchi et al.,
2013; Pereira et al., 2015, 2018), sea level
reconstruction, and reef evolution (Bastos et al.,
2018). The techniques used in these studies are
underwater navigation, operating percussion, and
pneumatic (Santedicola, 2008; Kikuchi et al., 2013;
Pereira et al., 2015, 2018) or hydraulic drilling
accessories and equipment. In situ studies on coral
calcification were conducted by coral skeleton
staining (Kikuchi et al., 2013), while studies on
reef sedimentation rates (Dutra et al., 2006; Segal
and Castro, 2011) required choosing suitable sites
to install sediment traps and returning periodically
to replace the devices.

Obtaining longer core samples, at depths down
to 1 m, requires pneumatic or hydraulic equipment
(Figure 7B). This involves adapting power drills to
cylinders attached to tanks that are taken to the
bottom to be operated (Pereira et al., 2015, 2018).
Another alternative to pneumatic (Santedicola,
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2008) or hydraulic equipment are compressors or
pumps installed on vessels.

In the field of scientific diving, another line of
research on underwater outcrops is underwater
paleontology. An important example is the frequent
presence of fossils of extinct giant mammals with
underwater rock formations on the continental
shelf of Rio Grande do Sul (Buchmann and
Tomazelli, 2003). Giant sloths and armadillos,
mastodons, saber-toothed tigers, and their fossils
were deposited in ancient lagoons at a sea level
20 to 100 m lower than today during the Last
Glacial Maximum. These paleolagoons and their
fossils may be 120 to 600 thousand years old
(Lopes et al., 2010), and these deposits have been
eroded by storm waves and washed ashore (Cruz
et al., 2016).

DIVING IN ENVIRONMENTAL
CONSULTING AND OCEANOGRAPHIC
INSTRUMENTATION

Monitoring for environmental consulting in
Brazil began in the late 1990s, coinciding with the
development of recreational diving in the country
and the popularization of nondestructive visual
census methods to collect data on the aquatic
biome. This growth allowed the emergence of
specialized environmental companies offering
these services, which were also incorporated into
commercial diving companies, specializing in the
installation and maintenance of this underwater
equipment. Although they represent most of the
technical work, diving activities are primarily
based on scientific methodology and need
this knowledge to be applied. Thus, although
commercial divers receive robust training, most
lack training in scientific areas crucial to perform
the activity. Moreover, the equipment commonly
used by these divers, such as umbilicals, does not
allow the application of most scientific methods.

The data collected are used to diagnose the
quality of the environments and allows decisions
that enable environmental monitoring, mitigating
or elimination of impacts, and restoration of
damaged areas (Holland et al., 2009; Lessa et al.,
2019; Schettini et al., 2020), such as services
associated with the environmental licensing
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process, which is a relevant instrument for the
National Environmental Policy (Act 6.938 of
August 31, 1981), whose studies are conditional
to obtaining environmental licenses by potentially
impacting enterprises.

Scientific diving activities with oceanographic
instrumentation stand out in the field of
environmental consulting due to the possibility
of using techniques, technologies, and tools that
allow the application of safe, fast, efficient, and
nondestructive methods to obtain physicochemical
data by the sampling of different environmental
matrices, such as water and sediments, and its
relationship with biome composition.

Scientific diving activities in the field of
oceanographic instrumentation primarily involve
the installation, maintenance, and recovery
of oceanographic equipment, whose data are
used for environmental monitoring and scientific
research. Currently, oceanographic equipment for
monitoring coastal areas is increasingly compact.
The main equipment used are waverider buoys;
multiparameter probes to measure conductivity
(salt levels), temperature, depth, dissolved
oxygen, pH, turbidity, and chlorophyll; acoustic
Doppler current profiler (ADCP) (Figures 7C-D);
CTD (conductivity, temperature, and depth);
video recorders; and meteooceanographic buoys.
This equipment records many variables, such as
statistical parameters of surface waves, current
speed and direction, salt levels, temperature,
pressure, turbidity, pH, chlorophyll, colored
dissolved organic matter (CDOM), dissolved
oxygen levels, and partial pressure (Costa and
Moller, 2011; Dally, 2018; Franz et al., 2021).

Diver efficiency requires training, safe
conditions, appropriate tools, reliable instruments
that can be easily adjusted, and a well-designed
dive plan. This planning for the installation of
equipment considers: i) the operating depth
of the instruments, with their operational limits
and the difficulty of underwater operations; ii)
oceanographic conditions, such as typical sea
wave patterns at the site, water turbidity, and
current speed; iii) the nature of the seabed,
whether muddy, sandy, or rocky; and iv) existing
fishing activities and vessel traffic and their
intensity at the site.
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Figure 7. A) Photographic documentation in marine geology using photographic quadrants (Photo: Francisco Bu-
chmann); B) Rock drilling with a pneumatic drill (Photo: Leo Dutra); C) The Sea-Bird HydroCAT-EP multiparameter
probe measures conductivity (salt levels), temperature, depth, dissolved oxygen, pH, turbidity, and chlorophyll
(Photo: Arthur A. Machado); D) ADCPs (acoustic Doppler current profiler) (Photo: Arthur A. Machado).
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CAVE DIVING IN BRAZIL: HISTORY
AND SCIENCE

Cave diving is a potentially dangerous
specialized activity involving several techniques
and equipment associated with the experience
of highly skilled divers (lliffe and Bowen, 2001).
Scientific cave diving is even more complex,
as mastery of this activity must be coupled with
the collection of robust data and adherence to
reproducible protocols based on relevant and well-
founded projects.

One of the first steps for any type of research
is to become familiar with the study site by
exploration diving, which precedes or is part of
underwater mapping. The first cave dives in Brazil
were performed in 1981 in sandstone caves in the
Vila Velha State Park, in Ponta Grossa, Parana
(PR), by the Bandeirantes do Mar diving school,
from Sao Paulo, SP. In 1987, for the first time,
speleologist Sérgio Beck (Centro Excursionista
Universitario — CEU/USP) went beyond the
Menezes Gallery in the Santana Cave, in Iporanga,
SP. These pioneering works produced exploration
outlines. The first systemic underwater topography
took place in Bonito, Mato Grosso do Sul (MS),
in 1991 and 1992 in expeditions of the Bambui
Speleological Research Group, Minas Gerais
(MG), in collaboration with French cave divers.
Over time, cave diving in Brazil reached extremely
high technical levels, reflected in remarkable results
in terms of cave penetration and depth. The dives
conducted in Gruta da Bananeira (Santa Maria da
Vitdria, BA) and Lago Azul (Niquelandia, MG) are,
to this day, internationally recognized achievements.

On the other hand, sump diving, where the
speleologist has to be prepared to explore dry and
flooded areas with their own equipment and often
has to pass through narrow passages or chasms,
is little known, despite its relevant potential.
The most remarkable example of this type of
exploration occurred in 2013 in the Sao Mateus
System — Imbira, in Sdo Domingos, Goids (GO).
Diving in a sump of less than 10 m long allowed
connecting two caves over 10 km long. The result
was the third largest cave in Brazil (Rubbioli
et al., 2019). There are still many other caves with
potential for underwater exploration.

Scientific diving in Brazil

Scientific activities using cave diving started
in Brazil in the 1990s, with the increase in
research focused on the paleontology, geology,
and bioecology of the hypogean fauna. Mainly in
the Bodoquena Plateau, MS, and the Chapada
Diamantina, BA, cave divers reported to the
scientific community the discoveries made during
their expeditions. Since then, a new field of research
has been opened. The first studies focused on the
biology and ecology of the cave-dwelling catfish
Rhamdiopsis krugi in Pogo Encantado, Chapada
Diamantina (Mendes, 1995a, 1995b), and the
population ecology of the troglobite crustacean
Potiicoara brasiliensis, in caves in Mato Grosso do
Sul (Morachiolli, 2002).

Sampling in underwater hypogean
environments by diving can include the use of
usual methodologies of visual censuses performed
in open water, adapted to cave environments. For
instance, visual censuses can be conducted in
population studies by applying methodologies such
as fixed transects and roving diver surveys (Hill
and Wilkinson, 2004). It can also adapt methods
from classical behavioral studies, such as focal
animal (Lehner, 1996) and others. The discovery
and recording of new taxa can also occur during
exploration diving or even recreational cave diving.
Moreover, recording taxa while exploring flooded
galleries helps extend the area of occurrence of
cave-dwelling populations, provided that these are
reliable records, such as photographs or a physical
sample of specimens.

Regarding paleontology studies, the relatively
frequent occurrence of megafauna fossil deposits
in Quaternary deposits in Brazilian caves is
remarkable, although they have already been
recorded in flooded areas of underground
environments. Then, mainly since the 2000s,
scientific studies have been performed in
association with fossil collecting. Therefore,
protocols for manual collection of large bones and
an airlift system with sieving of small fragments
were implemented (Salles etal., 2001, 2006), which
allowed obtaining a vast palaeontologic collection.
The studies cover aspects of taxonomy, taphonomy,
and paleoenvironmental reconstruction of various
taxa, including the description of new Quaternary
megafauna species.
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A line of research involving physical
speleology in underwater environments concerns
uranium-series dating of calcite crusts formed in
underground flooded environments. Dating these
crusts (as well as stalactites and stalagmites in
flooded environments) allows the determination of
the chronology of cave flooding, enabling important
inferences about the evolution of the cave and
the region (Sallum-Filho, 2005). The main caves
studied are Gruta do loié and Gruta do Impossivel
(Castro et al., 2014; Eltink et al., 2020) and Pogo
Azul (Cartelle et al., 2008), in Chapada Diamantina,
BA, and Nascente do Formoso, Buraco do Japonés,
and Gruta das Fadas (Salles et al., 2006; Oliveira et
al., 2017), in the Bodoquena Plateau, MS.

UNDERWATER ARCHAEOLOGICAL
RESEARCH

History has recorded facts related to diving
and Archeology. It began in 1960, when a young
American archaeologist, George Fletcher Bass,
decided to learn to dive to investigate the remains
of a 12" century BC vessel at Cape Gelidonya,
Turkey. At the early days of underwater research,
the integration between professional researchers
and amateur divers was standard, but Bass’s
pioneering spirit reinforced the importance of
archaeologists to diving. Still, 60 years later, some
divers insist on exploring submerged archeological
sites on their own, especially those with the
remains of shipwrecks, which promote the idea
of lost treasures in the collective unconscious,
feeding the fantasy of easy enrichment. This
lack of understanding of this cultural heritage led
international bodies such as UNESCO to elaborate
documents to help protect these sites, such as the
Convention on the Protection of the Underwater
Cultural Heritage (Paris, 2001), allowing integration
between researchers worldwide.

In Brazil it was no different. The first dives to
locate submerged vessels and artifacts were
performed by divers and enthusiasts who intended
to create private collections, commercialize and
obtain artifacts to display without any archeological
concern. Brazil has a tragic maritime history, and
from a formal point of view, the results of these
surveys produced only inaccurate reports and, in
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a few cases, catalogs of the removed pieces that
were preserved and displayed. Although these
early interventions contributed to awakening
interest in maritime heritage, they did not adopt
the perspectives of underwater archeology and the
protection of underwater cultural heritage. More
than simply recovering pieces and associating
them with traditional history, archeology seeks to
produce narratives from the evidence identified by
the systematic study of vessels and artifacts, in situ,
in their proper contexts (Rambelli and Funari, 2007).

This scenario of shipwreck intervention, based
more on the tradition of rescuing objects lost at sea,
continued until the 1990s. At that time, Brazilian
archeologists learned to dive and began to conduct
underwater research, treating these submerged
testimonies as archeological sites and applying the
theoretical, methodological, and technical aspects
intrinsic to the science of underwater archeology.
The first Brazilian research that effectively applied
academic perspectives to underwater archeological
sites was conducted on the southern coast of Sdo
Paulo, under the Ribeira Valley Program (PABVR/
MAE/USP). This project led to several submerged
academic investigations, which resulted in the
implementation and development of different
scientific diving techniques (such as low-visibility
diving and underwater survey) for the archaeological
study of shipwrecks, submerged prehistoric sites,
fortifications, anchorages, and harbors (Rambelli,
1998, 2003; Bava de Camargo, 2002; Calippo,
2006, 2009, 2011; Duran, 2008; Guimaraes, 2009).

In 2004, this context also allowed the creation of
the Center for Nautical and Underwater Archeology
Studies (CEANS/UNICAMP) (Rambelli and Funari,
2007). Thanks to CEANS, the first underwater
archeology projects in a remote zone (shipwreck in
the Saint Peter and Saint Paul Archipelago) were
developed (Calippo et al., 2013), adapting the
archaeological charting technique to an underwater
context (Amazonian archeological sites with
submerged rock carvings) (Pereira et al., 2009)
and developing new strategies and techniques for
assessing and monitoring the impacts of terrestrial
archeological sites that have been submerged as
a result of dams construction. This wet archeology
allowed the development of the practice of diving
with enhanced safety, which requires the diver
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(archeologist or volunteer) to have prior training and
specific training in underwater archeology.

From the academic recognition of the results of
underwater archeological research obtained in Brazil,
new projects and research groups have started to
adapt, develop, and consolidate scientific diving
methods and techniques in underwater archeology.
Using the scientific methods of underwater survey
offsets, ties/trilateration, underwater photography,
etc., new research has been developed, such as the
study of slave ships (Rambelli, 2006); anchorage and
port areas (Bava de Camargo, 2017); underwater
ritual sites (related to African traditions) (Ribeiro,

o

Figure 8. A and B) 3D model built (by Adriano Oliveira/U
to the archaeological record of Palpite brig (19" century

ENVIRONMENTAL EDUCATION AND
SCIENTIFIC DIVING

Environmental education’s (EE) conceptual
issues profoundly influenced the Rio-92 Treaty on
Environmental Education for Sustainable Societies
and Global Responsibility, which are highlighted

=~ T
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2020); historical shipwrecks of different types of
vessels, such as Clipper (Gusméao, 2015), Galleon
(Torres et al., 2016; Bandeira, 2021), Brig (Calippo
et al., 2021), and other shipwrecks not yet confirmed
(Souza, 2007; Noelli et al., 2009; Duran et al., 2010).
Underwater geophysical methods (such as side-
scan sonar and magnetometer) were also used
whenever possible in all these types of research
(Rambelli, 2003; Freire, 2020; Calippo et al., 2021).
Recently digital methods based on underwater 3D
photogrammetry have been increasingly adopted
(Figures 8A-B) (Torres et al., 2017; Freire, 2020;

Calippo et al., 2021).

C) from the underwater 3D photogrammetry technique applied
(Photo: F. Calippo).

by the Brazilian National Curriculum Guidelines for
Environmental Education (DCNEA) (Resolution
CNE/CP 2/2012, Diario Oficial da Unido, Brasilia,
June 18, 2012, Section 1, p. 70). This implies a
holistic view of EE, ultimately related to changes
in values, principles, and attitudes (La Trobe and

Acott, 2000), with an emancipatory character.
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Interdisciplinarity is fundamental to achieve
a holistic EE, reinforced by both DCNEA and
the Brazilian Guidelines and Bases of Education
(LDB; 1996), and this concept could be extended
to transdisciplinarity (Berchez et al., 2019). If
we transfer this idea to activities in the marine
environment, understanding our influence on
the ocean and vice-versa makes more sense
within what we call Ocean Literacy Framework
(UNESCO, 2020; Cava et al., 2005).

Since the early 2000s, several experiences have
shown that diving can be used as an integrative
phenomenon, “phenomenon-based education”
(Berchez et al., 2019), useful for all levels of
formal education and particular initiatives, such as
those conducted in marine protected areas. This
activity can potentially promote the fundamental
gains expected from an educational activity.
Scientific diving itself can be a way to promote
scientific literacy in practice, since the activity of
producing scientific knowledge can help divers
understand scientific concepts related to the marine
environment, scientific data collection procedures,
the nature of scientific knowledge, the importance
of the marine environment for scientific discoveries,
among others. One way to promote scientific literacy
in diving is the use of citizen science, a process of
public participation in the construction of scientific
knowledge (Pimentel et al., 2019).

In Brazil, the first initiatives that applied diving
in environmental education date back to the
1980s, with the increase in scuba diving schools.
Although without a scientific base and relying on
empiric experience, these actions were key to the
development of a conservation-oriented diving
ethics in Brazil (Berchez et al., 2007).

More structured activities emerged around
the beginning of the millennium. Guided trails
for the general public were based on snorkeling
and scuba diving or the use of underwater
viewers along a sequence of interpretation sites.
Additional equipment was produced, such as
rafts to aid flotation or PVC submersible cards
for visual identification of organisms. Although
universities developed and implemented part of
these initiatives, several others were led by local
associations or city halls (Wegner and Polette,
2003; Berchez et al., 2005, 2007, 2015; Pedrini et
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al., 2016). Among them, the USP (Universidade
de Sao Paulo) Underwater Trail has endured for
20 years, from 2002 until now, having guided
around 30,000 people and trained 733 educators.

Anotherexample is the Outside Water Diving Trail
(Berchez et al., 2007; Ursi et al., 2013), a sequence
of interdisciplinary panels, diving equipment, and
experiments that use the concepts, knowledge, and
skills related to diving in the education of primary
school students. Moreover, EE activities initiated
by briefings can potentially have a positive short-
term impact on the health of marine biodiversity.
With the development of diving tourism, especially
in marine protected areas with reef environments,
known for their biodiversity and fragility, a delicate
situation arose due to the impact caused by divers
on reef organisms. Recently, Giglio et al. (2018)
showed the importance of briefings before dives
using standardized educational material to reduce
negative impacts.

UNDERWATER PHOTOGRAPHY AND
VIDEOGRAPHY IN MARINE SCIENCE

Photography was introduced to scientific diving
as a record of evidence, something extremely
valuable to science, which until then relied solely
on drawings to depict aquatic organisms. The
first attempts at underwater imaging date back to
the 1850s, by William Thompson (1822-1879),
who carried equipment to a depth of 5.5 m in an
intertidal zone in Weymouth Bay (south coast of
England) using ropes (Martinez, 2014).

Until 1890, essential advances were made
by trial and error by several people, such as
Jacob Ellsworth Reighard (1861-1942) and the
Brazilian diver Henrique Adolfo Boiteux (1862—
1945) (Martinez, 2014). However, the image that
became known at the time as the first underwater
photo was taken by the French marine biologist
Louis Marie-Auguste Boutan (1859-1934) in
Banyuls-Sur-Mer, France (Boutan, 1900). Some
years later, John Ernest Williamson (1881-1966)
filmed the first underwater moving pictures,
Thirty Leagues Under the Sea (1914) and Twenty
Thousand Leagues Under the Sea (1916), using a
long rigid tube called photosphere (Cattaneo-Vietti
and Mojetta, 2021).
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In Brazil, the first records of underwater
photography used for scientific purposes occurred in
the expeditions of Jacques Laborel and Marc Kempft
in reef environments in the northeastern region (see
section USE OF ENVIRONMENTAL ASSESSMENT
AND CONSERVATION UNDERWATER
TECHNIQUES REGARDING IN OCEANS AND
INTERNAL WATERS). Later, underwater images
illustrated the article by Paiva et al. (1973) on
experimental lobster fishing in Ceara and depicted
the behavior of gillnets on various bottom areas,
especially areas of calcareous algae. After the
1980s, photography, and later videography, became
more widely used in studies of animal behavior in
freshwater environments and, after the 1990s, in
studies of systematics, animal behavior, and natural
history of marine and freshwater organisms.

Underwater photography has played a crucial role
in the description of reef species, such as Elacatinus
figaro (Sazima et al., 1997), Platygillellus brasiliensis
(Feitoza, 2003), Octopus insularis (Leite and Mather,
2008), Latrunculia janeirensis (Cordonis et al., 2013),
Coenocyathus sebroecki (Kitahara et al., 2020),
among others. Carvalho-Filho et al. (2020) recently
recorded the cryptic fish genus Malacoctenus,
describing M. lianae and M. zaluari, two new endemic
species from the Brazilian coast, and solving an
identification problem that persisted for years in
studies with underwater visual census. As well as
the recent description of C. sebroecki (Kitahara et al.,
2020), an image of an azooxanthellate coral species
was obtained in Rasa Island, RJ, which was crucial for
the identification of the species distribution.

Photography and videography have also
been widely used to conduct fish species surveys
(Monteiro-Neto et al., 2013; Pimentel et al., 2020),
benthic composition (Aued et al., 2018; Matheus et
al., 2019), and behavioral studies (Sabino, 1999,
2009; Leite et al., 2009a). Moreover, photos and
videos are used to describe new behavioral records
in natural history and ethology studies in Brazilian
reefs (Krajewski and Bonaldo, 2005; Bonaldo
et al.,, 2007; Krajewski et al., 2009). Studies on
feeding associations in reef environments often use
photography and videography in sampling, both
for data collection and to illustrate the interactions
described, as well as studies on cleaning
symbiosis (Sazima et al., 2000; Grossman et al.,
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2006; Bertoncini et al., 2009), nuclear-follower
feeding associations (Sazima et al., 2006, 2007,
2010), Batesian mimicry (Krajewski et al., 2009),
commensalism between dolphins and fish (Sazima
et al., 2003, 2013), among others. More recently,
researchers have also been using remote video
recorders to measure ecological interactions such
as herbivory (Longo et al.,, 2019; Nunes et al,
2020) and antagonistic interactions (Fontoura et al.,
2020) of fish and other reef species.

Studies involving citizen science methodology,
especially by engaging the public via social media,
also use photographic and video records made
not only by researchers, but also by the lay public
(e.g. tourists, locals, workers) visiting sites of
interest to the study. Some examples of Brazilian
initiatives are (see some of this projects in Table S1):
#DeOlhoNosCorais Project, which aims to involve
the public in activities that allow the monitoring of
coral colonies on the Brazilian coast; Budides Project,
which aims to record seven species of parrotfish on
the Brazilian coast (https://budioes.org/participe); a
study on the interactions between octopuses and
marine litter based on photos and video available
on social media or sent by photographers (Freitas
et al., 2022); and Meros do Brasil Project, which
aims to better understand the distribution patterns of
groupers (Epinephelus itajara) by photo identification
(Bertoncini et al., 2013) on the Brazilian coast.

Photography and videography are fundamental
tools for scientific promotion. In scientific meetings
and especially in the dissemination of studies to
the lay public, the use of images can be a great
ally to make the intended message clearer, more
interesting and impactful, besides allowing studies
to be presented in media outlets where the image
is crucial, such as TV programs, e.g. Mar Sem Fim
(https://marsemfim.com.br/), Domingao Aventura
(http://gshow.globo.com/programas/domingao-
do-faustao/noticias/domingao-aventura/1.html),
and the documentaries Blue Planet (https://www.
bbc.co.uk/programmes/b008044n), Blue Planet I
(https://www.bbc.co.uk/programmes/p04tjbtx), and
Vida no Azul (https://www.discoverybrasil.com/
animal-planet/vida-no-azul). The use of images
in scientific promotion has become even more
relevant since the popularization of accessibility,
especially due to the Internet and social media.
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Technology has also made imaging in research
more accessible. Since the introduction of mini
cameras (e.g. GoPro) with 11 megapixel sensors
and FullHD videos, constant technological
advances took equipment to a level of producing
5K videos and 20 megapixel photos in just over
a decade. This is associated with excellent
results even in low light, which represents a
significant challenge in underwater environments.
Extremely compact and affordable underwater
video equipment in underwater housings has led
to a significant increase in research possibilities
involving scientific diving and testing of scientific
hypotheses (Koenig and Stallings, 2015; Paula
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et al., 2018; Fontoura et al., 2020; Guabiroba
et al., 2020; Garcia et al., 2021).

Today, there is a wide range of photography and
videography equipment (Figures 9A-D), of varying
cost and features, which require careful consideration.
Thus, it is always up to the scientific diver to assess
the objectives in the field. Whether documenting the
environment or the object of study, there are essential
issues such as the type of lenses (macro or wide-
angle), the need for artificial lighting (flashlights or
detachable camera flash), assessment of conditions
of use of the equipment considering the size of the
final set, which always affects diving performance,
especially in terms of buoyancy and drag.

Figure 9. Different sets of photographic and videographic equipment used by divers. A) compact
camera with detachable flash; B) DSLR camera with wide-angle dome; C) video camera with
lighting; F) compact camera for remote images (SRV) (Koenig and Stallings, 2015).
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Finally, despite the constant development in
image capture, organizing their image database
remains an obstacle that many divers need to
overcome. Although several software (e.g. Adobe
Lightroom CC, CyberLink PhotoDirector, ACDSee
Photo Studio) for sorting images are available
in the market, there is still no culture of how the
material should be organized or development of
an essential mindset of backing up this material
and securing the data. Such an image database
could allow easy access to these data for future
research and comparison and provide material
to illustrate scientific studies and material for
scientific education and promotion (Segal et al.,
2017; Bertoncini et al., 2019).

THE SCIENCE OF DIVING
PHYSIOLOGY: BUBBLE DYNAMICS
AND DECOMPRESSION THEORY

Besides the aforementioned underwater
techniques, Brazil has also conducted research
on diving physiology, which is crucial for the
technological development and advancement
of the activity itself, thus preventing accidents.
Simply put, diving is the immersion of a body into
a liquid fluid. However, when the body is a fully
equipped diver, whether free, open-, or closed-
circuit or surface supplied, diving has become
a multi-phenomenon complex activity involving
several laws of physics and biochemistry (Wienke,
1994, 2016), subjecting divers to various physical
and physiological effects.

The hyperbaric nature of diving—absolute
ambient pressure higher than atmospheric
pressure at sea level—produces significant
physiological changes in the body, which are also
due to the increased partial pressure of the gases
in the mixture used by the diver. The most common
incidents in diving are barotraumas, especially
pulmonary  hyperdistention,  decompression
sickness (DCS), and arterial gas embolism
(AGE), all effects associated with the presence of
dissolved gas in blood and body tissues or cavities
(Vann et al., 2011; Pollock, 2020; Mauvecin and
Espinosa, 2022).

While the laws of classical mechanics and fluid
dynamics dictate the movement of the diver, the
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laws of thermodynamics, gases, fluid dynamics,
and electromagnetism are primarily involved in
the hyperbaric physiological processes and the
operation and performance of diving equipment.
In these fields, experimental and theoretical
research on bubble dynamics and decompression
theory, and the elaboration of decompression
protocols for open and closed-circuit diving
(rebreather) have been developed in Brazil since
the last decade (Wienke et al., 2008; Del Cima
et al,, 2017, 2018; Schirato et al., 2018).

In 1896, Wilhelm Ostwald presented a
phenomenon in which small crystals in solution
dissolve and redeposit onto larger crystals
(Ostwald, 1897), a mechanism well-known as
Ostwald ripening. Recently, an experiment was
performed at the Department of Physics (DPF)
of Universidade Federal de Vigosa (UFV), where
Ostwald ripening was also observed among gas
bubbles in liquid fluids, in which smaller bubbles
feed larger ones (Del Cima et al., 2017, 2018).
Thus, it proved that for gas bubbles in liquid fluids,
Ostwald ripening consists of the transfer of gas
from smaller to larger bubbles by diffusion in liquid
fluids, increasing the radius of the larger bubbles
by decreasing the number of smaller bubbles.

DCS (Vann et al, 2011; Pollock, 2020;
Mauvecin and Espinosa, 2022) and AGE are
a hazard that divers, astronauts, aviators, and
workers in pressurized environments are exposed
to when under hyperbaric or hypobaric conditions
and therefore subject to compression and
decompression. Lesions caused by gas bubbles
(N,, He, O,, CO,, H,0 vapor) can trigger, for
example, DCS due to the formation and growth of
intravascular and extravascular bubbles.

Preliminary experimental studies (Del Cima et
al.,, 2017, 2018) on Ostwald ripening, performed
for an air bubble system of air bubbles (bubble
chamber) in liquid fluids under some rheological
parameters (density and surface tension) of human
blood (Wienke, 2009), but with higher viscosity
(7.8 times the average viscosity of human blood)
to reduce coalescence, showed an increase in
the average bubble radius size, while the number
of bubbles decreased over time. Consequently,
the Ostwald mechanism leads to an increase in
larger bubbles while the smaller ones disappear.
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Therefore, smaller bubbles (asymptomatic) feed
the larger ones (potentially symptomatic). Based
on this phenomenon, Ostwald ripening probably
contributes to an increased risk of decompression,
as the average bubble radius size may increase
over time due to gas diffusion between the
bubbles and not only by decompression (decrease
in ambient pressure) or outgassing—effects
proven to be significant in the manifestation of
DCS symptoms. Finally, an empirical model was
proposed from the experimental data for the
time evolution of the average radius size and the
number of bubbles (Del Cima et al., 2017, 2018).

Later, based on the empirical model, Ostwald
ripening—the mechanism of gas diffusion
between bubbles—was implemented in RGBM
(RGBM-Ostwald) (Wienke et al., 2008; Del Cima
et al., 2018; Wienke, 2019). The contribution of
gas diffusion between bubbles (Ostwald ripening)
to RGBM is evident even in less exposed dives.

Ever since John Scott Haldane proposed the
first decompression model in 1908, scientists
have searched for new models to describe the
behavior of gases in the body to reduce the
risks associated with harmful effects under
pressure variations. Thus, other decompression
models were developed, such as single-phase
models (dissolved gas) and two-phase models
(gas bubbles) (Yount and Hoffman, 1986;
Wienke, 1990). Recently, Ostwald ripening was
implemented to RGBM (Wienke et al., 2008; Del
Cima et al., 2018; Wienke, 2019).

Currently, a physical and computational finite
element model is in the final stage of development
by the Decompression Theory Group at DPF/UFV,
which aims to study the evolution kinetics of gas
bubblesin aliquid fluid (Del Cima etal., 2017; Oliveira,
2022) to later develop a diving decompression model
and subsequent validation tests using dry diving
(hyperbaric chamber) and in situ.

SCIENTIFIC DIVING TEACHING
IN BRAZIL: THE EVOLUTION OF
SCIENTIFIC DIVER TRAINING IN
BRAZIL

Once all the potential of the use of diving,
coupled with specific techniques for research,
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monitoring, and marine and limnic science in
Brazil, is contemplated, we aim to understand
the development of scientific diving teaching
and outline perspectives in the country, since
the training of qualified scientists capable of
conducting these underwater surveys is crucial.

The first assessment on the state of the art of
scientific diving in Brazil, recently published by Maia-
Nogueira (2021), suggests guidelines for training
aimed at developing more efficient and safer scientific
diving. However, this assessment focuses only
on nonscience related diving techniques. Several
certification programs require scuba diving training
for scientific divers, although European standards
do not require traditional recreational diving training
in all member states for performing scientific study
activities (Feral, 2017; Maia-Nogueira, 2021). A
diver scientist can master various techniques and
specialties, from freediving and scuba diving to
technical diving, thus broadening their range of
action in the environment, with a greater likelihood of
working safely in various underwater and hyperbaric
scenarios (Figures 10A-D).

Scientific diving is not a specialty of recreational
diving (Maia-Nogueira, 2021). The first efforts
to teach scientific diving in scientific institutions
occurred at Universidade Federal do Rio Grande
(FURG) in 1978, with the creation of the subject
“Underwater Diving Techniques,” which had a
duration of 60 hours in one academic period and
was included in the curriculum of the Oceanology
course. This subject was offered for 10 years and
was discontinued in 1988.

In 1994, the School of Marine Sciences of
Universidade do Vale do ltajai (FACIMAR/UNIVALI)
created the Diving Laboratory to support research
activities. From 1995, the Oceanography course
of this university implemented the subject “Scuba
Diving,” and the Diving Laboratory supported
research, extension, and teaching activities. In
2003, UNIVALI published its first scientific diving
protocol: Regulation of Scientific Diving Practice,
and these initiatives resulted in the creation of
the Scientific Diving Center of UNIVALI in 2004,
in partnership with the Confédération Mondiale
des Activités Subaquetiques (CMAS). Thus, the
subject “Scientific Diving” was included in the
curriculum of Oceanography and Biology courses.
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In 20086, this subject, currently called “Underwater
Study Methods,” was implemented by the Department
of Oceanography of the Universidade Federal do
Rio Grande do Norte (DOL/UFRN) (https://sigaa.
ufrn.br/sigaa/link/public/curso/curriculo/10336000).
Since 2012, the subject “Underwater Sampling
Techniques” has been offered by the Sea Institute
of Universidade Federal de Sao Paulo (https:/
www.unifesp.br/campus/san7/graduacao/cursos/
bacharelado-interdisciplinar-em-ciencia-e-
tecnologia-do-mar) and, in 2018, “Scientific Diving”
was included in the Oceanology curriculum of the
Universidade Federal do Sul da Bahia (https://ufsb.
edu.br/cfcam/pt-br/graduacao/oceanologia).

From a future perspective, we understand
that scientific diving teaching should establish a

Figure 10. A and B) Pool training to level up practical autonomous and freediving abili-
ties (Photo: Ewerton Wegner); C and D) Training in scientific data collection in a natural
environment using freediving and scuba diving (Photos: Liana Mendes and Tiego Costa).
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theoretical reference to support the integration
of diving methods, scientific methodology, and
the techniques from The American Academy
of Underwater Sciences (AAUS) standards
(2013). Thus, a basic curriculum should include
principles of physics applied to understanding
the underwater environment; human physiology;
diving safety concepts and fundamentals;
underwater orientation and navigation; diving
equipment; planning of diving operations; rules,
regulations, environment, safety, and legal
aspects related to diving. Regarding the scientific
aspect, courses should address content related
to scientific studies, including scientific research
methods and, ideally, environmental education
and conservation.
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SCIENTIFIC DIVING SAFETY
AND REGULATION IN BRAZIL:
PROTOCOLS, CURRENT SITUATION
AND FUTURE PERSPECTIVES

The excellent history of scientific diving was
due to the continuous effort of supervision and
guidance (Dardeau et al., 2012). Internationally,
scientific diving has a significantly lower accident
rate than other diving modalities, including
recreational diving. A 10-year review of AAUS
members’ diving records from 1998 to 2007
analyzed 1,019,159 scientific dives and yielded an
overall incident rate of 0.93/10,000 person-dives.
Of these, 33 cases of decompression illness (DCI)
were identified, encompassing both DCS and
air embolism (Dardeau et al., 2012). The rate of
DCI was 0.324/10,000 person-dives, which was
lower than the rate of 0.9-35.3/10,000 published
by this study on recreational, instructional, or
guided, commercial, or military diving. Another
study reviewed three scientific diving databases,
which included 508,771 dives and 28 severe
cases, split between 21 cases of DCI and seven
deaths (Sayer, 2005). The rate found was 0.6
and 0.4, respectively, for serious incidents and
cases of DCI per 10,000 dives. Currently, in Brazil,
scientific diving is often performed in remote
and sometimes hard-to-access areas, such as
oceanic islands, flooded caves, and icy areas like
Antarctica (Nonato et al., 1992). Sites such as the
Saint Peter and Saint Paul Archipelago and the
Trindade Island are located hundreds of miles from
the coast, with no airports available (Mohr et al.,
2009). The concept of remote location may include
isolated sites, such as those aforementioned,
but it can also mean far from adequate medical
assistance. Thus, even locations relatively close
to metropolitan areas may be classified as remote
due to the lack of medical resources for adequate
diagnosis and treatment.

Although there are more than a hundred
hyperbaric medical services in Brazil, only a
fraction is prepared to manage a diving emergency.
In the last decades, hyperbaric oxygen therapy
(HBOT) has gained other important medical
applications, and the treatment of DCl is no longer
part of the medical practice. In diving, conditions
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can be severe and occur outside the working
hours of these services. Dive planning should
consider these factors and the whole team should
understand and acknowledge these difficulties.

Safety risks may also be present in the
learning process. The loss of knowledge across
generations can compromise a work in progress.
Issues that required attention from previous
generations may not receive the necessary care
from younger generations. Diver training has
changed progressively as equipment has become
more reliable and easier to use. Even though these
changes may reduce the time necessary to master
basic skills, they may also reduce efforts to develop
the student’s problem-solving skills. Time pressure
is another challenge for scientific divers. The ever-
growing demand for academic scientific production,
coupled with the high cost of diving courses, has led
researchers to bring students from various levels of
training, sometimes even without adequate training
and experience, onto the dive team. As a result,
there is a vicious cycle of turning out individuals
who fall short of the required training.

The lack of someone to assume the advisor
role may be a problem caused by efforts to reduce
training time, curriculum, support team, and the
academic network. The advisor role allows the
group to learn each other’s skills and mistakes.
This may have a huge positive impact on the
advisor's performance and help minimize the
issue of loss of knowledge across generations of
researchers (Pollock and Godfrey, 2007).

Appropriate protocols and regulations could
further enhance safety in scientific diving. Many
attempts to regulate scientific diving activities
have been made by external actors, including
the commercial diving workers’ union and the
Brazilian Navy (Marinha do Brasil, Diretoria de
Portos e Costas, 2011). The last attempt, from the
partnership between the GT Mergulho Cientifico
and the Directorate of Ports and Coasts (DPC),
was made by publishing NORMAM-15 — Atividades
Subaquaticas (Marinha do Brasil, Diretoria de
Portos e Costas, 2016). It was recently rectified
in its third revision (NORMAM-03, DPC/DGN/
MB Ordinance No. 73 of April 20, 2023), which
included in Chapter 1, item 0142, the externality of
scientific diving in its scope. This definition by the
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maritime authority, completely separating scientific
from commercial diving, was a remarkable
achievement for scientific diving in Brazil and
needs to be maintained.

The low accident rate of scientific diving
compared with other diving modalities, including
recreational diving, has given the activity the
space to exercise self-regulation without external
control. Maintaining this status requires the
commitment of each individual involved in the
activity or responsible for any aspect of scientific
diving. Safety programs are more efficient when
all levels, institutions and individuals, actively
support the initiatives.

In scientific diving, a possible direction for Brazil
would be the organization of an association with
experts in diving operations and safety, focused on
developing general standards for proper working
practices. The documents produced by this group
of experts would serve as terms of reference for the
activity in the country. Each institution can revise
the terms of reference and amend them according
to the demands of operational conditions. Since
most institutions do not have the necessary
expertise, this council would usually act by a diving
safety supervisor, sometimes assisted by external
experts, who take responsibility for ensuring
safety measures. The main responsibilities of the
institution would be to ensure the availability of
trained staff and appropriate safety equipment,
to develop its own standards, and to provide
adequate support so that all staff may effectively
respect these standards.

The regulation of scientific diving (SD) is a topic
that has been discussed for some years, but still
lacks more concrete actions towards an effective
and efficient self-regulation that offers physical
safety to those who practice it and institutional
safeguard to the organizations that use it in their
research projects.

The growing need for better knowledge of
Brazilian underwater environments and the
advancement of research to generate this
knowledge bring close the inevitable regulation of
SD in Brazil, promoting numerous future benefits
for the activity. However, it may also present
challenges, leading the Brazilian SD community
to adequate self-regulation before the imposition
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of external actors with little technical-scientific
knowledge of the activity.

Universities and research institutions often rely
on the basic training of divers with recreational
diver training protocols, especially regarding
basic skills and knowledge required of divers.
Once they have mastered basic diving skills, they
begin to acquire and train specific techniques
needed to perform tasks related to underwater
scientific work. The parameters of this training end
up being the responsibility of each institution or
university. Thus, most institutions that use diving
as a tool for scientific research rely on the rules
and procedures of recreational diving training
organizations and the international standards
NBR ISO to guide the training of their scientists in
the fundamentals of diving, complementing their
training with the fundamentals of scientific activity
and using their own procedures and standards.
The standards are: NBR ISO 21416:2020
Recreational diving services — Requirements and
guidance on environmentally sustainable practices
in recreational diving; NBR I1SO 21417:2020
Recreational diving services — Requirements
for training on environmental awareness for
recreational divers; NBR ISO 11121:2019
Recreational diving services — Requirements
for introductory programs to scuba diving; NBR
ISO 24803:2019 Recreational diving services —
Requirements for recreational diving providers;
NBR ISO 24802-1:2019 Recreational diving
services — Requirements for the training of scuba
instructors—Part1:Level 1; NBR1S0O 24802-2:2019
Recreational diving services — Requirements for
the training of scuba instructors — Part 2: Level
2; NBR ISO 24802-3:2019 Recreational diving
services — Requirements for the training of scuba
instructors — Part 3: Level 3 — Diving leader; NBR
ISO 24801-1:2018 Recreational diving services —
Requirements for the training of recreational scuba
divers — Part 1: Level 1 — Supervised diver; NBR
ISO 24801-2:2018 Recreational diving services —
Requirements for the training of recreational scuba
divers — Part 2: Level 2 — Autonomous diver; NBR
ISO 13293:2018 Recreational diving services —
Requirements for gas blender training programs;
NBR ISO 11107:2012 Recreational diving
services — Requirements for training programs
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on enriched air nitrox (EAN) diving; NBR ISO
13289:2012 Recreational diving services -
Requirements for the conduct of snorkeling
activities; NBR SO 13970:2012 Recreational
diving services — Requirements for the training of
recreational snorkeling guides.

Some countries are more advanced in their
SD regulations. We will mention and discuss here
three examples where SD already has a regulation
in force, and then evaluate them to elaborate our
own rules.

In the United States, two distinct regulation
systems coexist: state and private standards. The
Occupational Safety and Health Administration
(OSHA), the government agency that regulates
labor issues, has a set of occupational standards
and regulations. However, in the Guidelines for
Scientific Diving of its Occupational Safety and
Health Standards (1910), in general terms, the
agency only determines which scientific diving
programs can be exempt from the mandatory
requirements for commercial diving. On the
other hand, in 1982, after several requests
from scientists across the country, including
AAUS, OSHA exempted scientific diving from
commercial diving regulations under certain
conditions. Final resolutions on the exemption
came into effect in 1985 (Federal Register, Vol.
50, No. 6, p. 1,046). OSHA recognizes AAUS
as an organization that defines scientific diving
standards and procedures.

In South Africa, a decree (Occupational Health
and Safety ACT, 1993; Diving Regulations, 2001)
regulates almost all professional diving activities.
In this case, SD runs significant risks of having its
activities directly affected by the strict regulation
of commercial diving, which could lead to the
impracticability of its activities.

On the other hand, Australia is the least clear
and specific of the three. The Model Work Health
and Safety Regulations also provides specific
regulations for commercial diving, but excludes
and defines limited scientific diving work as “limited
scientific diving work means general diving work
that: a) is carried out for the purpose of professional
scientific research, natural resource management
or scientific research as an educational activity;
and b) involves only limited diving.”

Scientific diving in Brazil

These examples show how SD can be
misunderstood by labor authorities, who are often
unfamiliar with underwater work, in particular
underwater scientific research. Although well-
intentioned, the regulations imposed by these
authorities can seriously harm the activity, since
many of the requirements for commercial diving
are costly and difficult to implement in the field,
but totally unnecessary and even detrimental to
underwater scientific work. A break between SD
and commercial diving becomes indispensable
to ensure that scientific activities continue and
thrive in the future. Therefore, a set of rules and
standards is essential to ensure effective self-
regulation of the activity, thus avoiding regulatory
efforts by government agencies or other private
organizations.

We envision other alternatives for SD self-
regulation in Brazil. There are some different
ways in which an industry or activity can create
a set of rules or standards that will self-regulate
the industry or activity. We present here two of
them, which we believe are the most feasible,
considering the characteristics and particularities
of Brazilian SD:

1. Industry standards follow the American

model. A private entity can represent the
SD community by creating and maintaining
the standards of the activity, and thus being
recognized as the official regulatory agency.
In general, these entities consist of a group
of people or organizations specialized
in the activity represented and that meet
regularly to discuss and approve changes
and updates to the standards previously
created. In the previous example, the
organization in question is AAUS. The
recreational diving community also has a
similar entity called the World Recreational
Scuba Training Council (WRSTC).

Even though this is accepted and respected,
it still lacks a public identity, as knowledge of its
existence outside the diving and SD community is
quite limited, which allows attempts to regulate SD
by external actors, such as unions and commercial
diving organizations.

2. Another alternative is using international and

national technical rules. Several industries
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worldwide use technical rules extensively,
and generally show a greater maturity of the
industries and countries adopting them. An
advantage of this alternative to self-regulation
is the greater knowledge of these rules
by authorities at various levels, including
labor, legal, etc. In this type of regulation,
each country has its own representation in
an international agency, the International
Organization for Standardization (ISO).
ISO is an independent, nongovernmental
international organization that sets standards
to ensure the quality, safety, and efficiency
of products, services, and systems. Experts
in each area of interest are part of its work
groups, as well as a coordinator (usually
also an expert) and a secretary.

Another important feature of these standards
is that, although they are internationally approved,
each country may approve its own rules if
necessary. The Brazilian representative in ISO is
the Brazilian Association of Technical Standards
(ABNT). Currently, there are no specific rules for
SD in ISO or any of its members, but the thirteen
rules published for recreational diving can serve
as bases for SD rules.

CONCLUSIONS AND FUTURE
PERSPECTIVES FOR SCIENTIFIC
DIVING IN BRAZIL

The results of this review show the importance
of SD for underwater research in Brazil, making
it clear that there still is much to be explored in
underwater environments, especially in deeper
and/or remote areas. According to Cattaneo-
Vietti and Mojetta (2021), “diving enabled marine
scientists to collect biological and geological
samples, observe organisms and their behavior
directly in situ, study species interactions, and
evaluate the marine communities’ structure and
dynamics.” An increase in research and consulting
on human impact on the marine environment and
invasive species management is also evident,
requiring SD. This tool also allows research to
have less impact on marine life, especially due
to advances in underwater photography and
videography, preventing several organisms from
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being captured and sacrificed for studies. This
feature helped advance studies on conservation
and preservation and endangered fauna.

The relative scarcity of scientific research
involving underwater archaeology, cave diving,
and diving at depths greater than 50 m in Brazil
reflects the small number of scientists with the
technical training to do so. As in other countries,
this reality may be related to the difficult in taking
technical courses, buying sophisticated and
expensive equipment, and maintaining a training
routine. This is also coupled with the fact that
these dives present life-threatening risks for
the researcher due to their complexity. Besides
the aforementioned aspects, the complicated
bureaucracy for obtaining research licenses also
contributes to the scenario.

SD attracted interest from educational and
research institutions, companies, and the third
sector. This increasing interest alerts to the urgent
need to recognize and regulate this activity in
Brazil, on the part of educational institutions,
where these activities — such as maintaining
hazard pay — are already present; and of the
scientific sector (CNPq, CAPES, SECIRM), that
should recognize this activity as an important tool
for the development of marine science in Brazil.
Moreover, financial contributions and support
are needed, including investments directed to
vessels that may be modified to include SD in
their activities.

However, the current situation in Brazil reflects
the lack of specific funding for the structuring of
research institutions and the training of scientific
divers, as well as a lag in the process of regulating
SD, which has led to the activity being performed
without proper training, risking the lives of students
and researchers, or even compromising the quality
of results. These issues have hampered the
ongoing training of diver scientists and hindered the
development of underwater research in the country.

Having a set of rules and self-regulation in SD
makes it easier to obtain the necessary resources
for this progress, resulting in greater safety for all
those involved in the activity. This includes not
only the physical safety of the researchers directly
involved in the dive, but also the institutional
safeguarding for the organizations involved.
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Moreover, it allows a better understanding of the
activity by the managers and directors of these
organizations, who are not always familiar with
the details of scientific diving, which can harm
researchers who depend on the permission from
these managers.

We end this article by pointing that in 2021,
IOC/UNESCO proclaimed the United Nations
Decade of Ocean Science for Sustainable
Development(https://www.oceandecade.org/).
This key instrument aims to develop ocean
science, helping countries, decision-makers,
and citizens to develop concepts and make
decisions about our ocean. Thus, scientific diving
has increased knowledge for present and future
education and science.
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