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ABSTRACT

The Fundao dam failure in the Rio Doce basin in 2015 triggered a significant socioecological regime shift.
In this study, changes and strategies employed by small-scale fisheries (SSFs) in the wake of dam failure
were analyzed. From 2021 to 2022, 441 semi-structured interviews were conducted with fishers in Espirito
Santo municipalities, using the snowball method to sample 20% of total fishers. The interviews focused on
socioeconomic aspects and post-disaster changes. Responses were statistically analyzed according to data
type (chi-square test, ANOVA, or Kruskal-Wallis’s test). Overall, 96.35% of surveyed participants were impacted
by the dam failure. The strategies adopted after the disaster characterized three groups: the first abandoned the
fishery, the second made adaptations in their fisheries, and the third did not make any changes. In this context,
we highlighted two aspects for study: (1) understanding the characteristics of the most affected groups and (2)
understanding the main adaptations found. The first aspect mainly involved those farther from the coastal zone,
including a higher proportion of women and older and more experienced individuals who currently have a lower
mean income and greater economic dependence on monetary indemnities. The second aspect involved those
who managed to make adaptations, largely aimed at maintaining fishing activities, often by changing the target
species and/or fishing area. All groups identified environmental contamination as the main current challenge.
This study contributes to the deepening of knowledge about local impacts and recovery strategies following
human-made disasters. Moreover, understanding the experiences of groups affected to varying degrees, each
with distinct implications and structural differences, can facilitate the development of collective strategies for
more effective coping with the challenges faced by SSFs. This case presents potential for improvement by
adopting more participatory frameworks aimed at implementing mitigation and recovery measures.
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INTRODUCTION FAO, 2020; Schuhbauer et al., 2020; Mattos et al.,
2022). SSFs account for approximately 40% of the
world’s fishery production, employing 60 million
people, representing 90% of the jobs in the fishing
industry, with significant women’s participation.
(FAO, 2020). Despite their unequivocal importance,
SSFs have received insufficient attention and
suffer a lack of public policies (Schuhbauer et
Associate Editor: Francesc Maynou al.,, 2020; Gongalves-Neto et al., 2021; Mattos
2024 The authors. This s an open access article distributed under et al., 2022), in addition to experiencing constant
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Artisanal orsmall-scale fisheries (SSFs) support
the livelihoods of many coastal communities
around the world (World Bank, 2012; Pauly, 2018;
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conflicts, whether with industrial fishing (Pauly,
2006; Knox and Trigueiro, 2014; Dadalto et al.,
2020; Schuhbauer et al., 2020), installation of large
projects in coastal zones (Knox and Trigueiro,
2014; Dadalto et al., 2020), or aquaculture (Longo
et al., 2015; Pauly, 2018). In recent years, Brazil
has been experiencing a new conflict—one related
to mining.

Mining is an industry of high worldwide impact.
Although mineral extraction has been carried
out with little regard for the environment (Jain et
al., 2017), it results in an enormous participation
in negative environmental and social impacts,
especially at the local level (Mancini and Sala,
2018). Among the negative effects of mining
activity, tailings dam failure has a clear and
recurring impact. From 1915 to 2020, 366 large-
scale episodes were recorded worldwide (Bowker
and Chambers, 2017; Islam and Murakami, 2021).
Before 2000, these incidents were predominantly
observed in developed countries. However,
from 2010 onward, there has been a noticeable
shift, with a surge in occurrences documented
in developing nations (Lyu et al., 2019; Islam
and Murakami, 2021). Notably, Brazil showed a
pronounced increase in notifications during this
period (Islam and Murakami, 2021).

Brazil also exhibited an increase in the number
of dam failures after 2000 (lbrahin, 2021). Among
the records was the collapse of an iron ore tailings
dam upstream of the Rio Doce in the Mariana
municipality, state of Minas Gerais, Brazil, on
November 5, 2015. This tailings dam resulted from
the extraction of iron by Samarco S.A. and BHP
Billiton. This case was one of the most serious
disruptions ever to occur in the world and certainly
the largest ever observed in the country (Hatje
et al., 2017; Lima et al., 2020). With the “Fundao
tailings dam disaster,” 30 to 60 million cubic
meters of contaminated tailings were dumped into
the Rio Doce watershed, covering two Brazilian
states, Minas Gerais (MG) and Espirito Santo
(ES). Studies of the resulting contamination, as
well as its deleterious impacts on society and the
environment, are ongoing, and an abundance
of evidence has been gathered regarding the
impact of contamination on aquatic life, as well as
changes in the way of life of riverside and coastal
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populations (Fernandes et al., 2016; Carlos, 2020;
Botelho et al., 2021; Niquito et al., 2021; dos
Santos Vergilio et al., 2021; Gomes et al., 2021;
Tognellaetal., 2022; Vieira et al., 2022). Regarding
the biodiversity of the ichthyofauna, resulting from
the dam collapse, tons of fish died (Neves et al.,
2016). Fish assemblage also changed, favoring
increased non-native abundance (Salvador et
al., 2022). The use of modeling and simulations
pointed to relevant losses of functional diversity
(Trindade-Santos et al., 2018). Heavy metal
contamination has been observed in fish (Mourao
et al., 2023) and ichthyoplankton (Bonecker et al.,
2022). In the face of the damage caused, mainly as
a stock recovery measure, the fishing of native fish
was banned in the state of Minas Gerais (IEF-MG,
2017). Meanwhile, in the state of Espirito Santo, a
fishing ban area was established at the mouth of
the Rio Doce due to environmental contamination
via a court action (MPF, 2016).

These impacts particularly affected the
most vulnerable communities, such as fishing
communities (Lima et al., 2020). In this context,
the loss of cultural connections with the river and
the abandonment of their way of life were observed
(Dadalto et al., 2020; Ibrahin, 2021), resulting in
some cases of abandonment of fishing activity
(Oliveira et al., 2020). As a way of mitigating the
damage caused, the Renova Foundation instituted
the Mediated Indemnity Program throughout
the river basin. This program provides monetary
compensation to those affected; however, it is
widely questioned by those affected, researchers,
and the Public Prosecutor's Office since its
implementation (Losekann et al., 2020).

Given the above, it can be concluded that
the Funddo dam failure caused an abrupt
transformation in the socioecological system
(SES) (Scheffer and Carpenter, 2003; Chaffin
et al.,, 2016; Rocha et al., 2018) concerning
SSFs, either by changes in fish population and
substantial environmental contamination or by
the prohibition of fishing activity in certain areas.
Clearly, understanding this drastic change, which
usually follows major disasters, is essential to
the restoration, adaptation, and promotion of
environmental, productive, and socioeconomic
sustainability (Furman et al., 2021).
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Resilience, adaptive capacity, and vulnerability
are concepts that compose one of the theoretical
frameworks used to understand post-disaster
changes. These three concepts have been
approached complementarily and have different
definitions. Vulnerability can be understood as
the existing social conditions before and after a
disaster (Jepson and Colburn, 2013). Moreover,
it can be analyzed based on three components:
exposure and sensitivity to the disaster and the
capacity to anticipate, respond to, and recover
from the disaster (Adger, 2006). On the other
hand, the resilience of a socioecological system
refers to the capacity to develop and maintain
human well-being in various contexts in the face
of continuous or abrupt changes via adaptation or
transformation (Folke, 2016). Adaptive capacity
can also be seen as a process that may or may
not result in adaptation to changes, being related
to resilience and vulnerability in this way.

The definition of adaptive capacity can be
broadly understood as the conditions that sustain
people’s ability to anticipate and respond to changes,
to recover and minimize the consequences of
change, and to seize new opportunities (Smit
and Wandel, 2006; Cinner et al., 2015). Adaptive
capacity can also be understood and analyzed
from its components: (a) assets, understood as
access to financial, technological, and service
resources in times of need; (b) flexibility, referring
to the opportunities for adopting different strategies
in the face of change; (c) social organization, the
ability of society to cooperate, promote collective
actions, and share knowledge; (d) learning, the
ability to recognize and respond to changes by
incorporating new information; and (e) agency, the
ability of individuals or society to respond freely to
environmental changes (Cinner et al., 2018).

Within this theoretical framework, SSFs’
adaptive capacity and resilience have been
studied in relation to environmental disasters
(Marin, 2019; Turner et al., 2020; Rosas-Mufioz
and Baquedano-Rodriguez, 2022) and climate
change (Cinner et al., 2015; Silva et al., 2019;
llosvay et al., 2022; Villasante et al., 2022).
Although these are concepts in development,

Changes after a mining waste disaster

they can be seen as processes based on actors’
choices at different scales (Ungar, 2018). Thus,
identifying adaptive capacity depends on the scale
of the study adopted (Osbabhr et al., 2010). In this
sense, studies have addressed adaptation from
the local scale, such as individual, household, and
livelihood adaptations (Osbahr et al., 2010; Blythe
et al., 2014; Abu Samah et al., 2019; Huynh et al.,
2021; Rosas-Mufoz and Baquedano-Rodriguez,
2022), communities (Sievanen, 2014; Shaffril
et al,, 2022), and even institutions engaged in
promoting adaptive capacity (Turner et al., 2020).
Regardless of the scale, it is important to note that
adaptation occurs in a nonhomogeneous manner,
influenced by technological, social, cultural, and
class factors (Nielsen and Reenberg, 2010).

This study focused on the adaptations SSFs
made in response to changes. The research
questions that guided this study are as follows: 1)
Did the shift in the ecological component resulting
from the mining disaster have homogeneous
impacts? 2) Considering the trajectory of the
socioecological system, what is the relationship
between fishers and fishing currently? And 3)
Can socioeconomic attributes play a role in
characterizing their adaptive strategies? Expanding
our knowledge of these factors allows developing
appropriate public policies and reparation actions
that meet the social demand.

METHODS

STUuDY AREA

The study area comprised the mainland
municipalities of Espirito Santo that border the Rio
Doce and coastal municipalities close to its mouth
(Figure 1). These include Baixo Guandu (19°0°6”S—
41°0’44”W), Colatina (19°32'20"S—-40°37’51"W),
Marilandia (19°24’46’S-40°32'31”W), Linhares
(19°23'277S-40°04'19"W), Aracruz (19°49'12"S—
40°16'22"W), and Fund&o (19°55'58"S—40°24'25"W).
In this way, it covers continental fishing in rivers
and lagoons, as well as estuarine/coastal and high
seas, given the diversity of ecosystems. In the
coastal region of Linhares and Aracruz, the fishing
exclusion area was explained earlier (MPF, 2016).
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Figure 1. Study area in the state of Espirito Santo, Brazil, and the type of fishing practiced in the different coastal and adjacent

environments.

PROCEDURES

From May 2021 to April 2022, which coincides
with the sixth year following the dam collapse, a
total of 441 fishers were interviewed utilizing a semi-
structured questionnaire. The goal of the sampling
approach was to obtain a randomized minimum
sample of 20% of the overall number of fishers in
fishing communities, encompassing both genders.
In cases where the number of fishers was less
than 30 individuals, the aim was to apply the semi-
structured questionnaire to all individuals involved
in fishing activities in the area (Barbetta, 2007).
The minimum number of fishers to be interviewed
in each community was estimated from the total
number obtained from the most experienced fishers
and local entities. Fishers were located using the
snowball method or chain of informants (Biernacki
and Waldorf, 1981), in which, from an individual,
others are indicated, increasing the sampling
based on knowledge and recognition of peers. For
the interviews, people recognized as fishers were

considered even if, after the dam collapse, they had
stopped fishing or selling their products.

The semi-structured questionnaire addressed
questions on (a) changes in the socioecological
system of fishing activity before and after the dam
collapse, such as abandonment of fishing activity,
adoption of a new economic activity as a secondary
source of income, changes in fishing area, gear,
or target species and main stressors encountered
when fishing at present; (b) socioeconomic
characterization, with the descriptors: gender,
schooling, age, fishing experience, municipality of
residence, main economic activity, and income.

Answers about adaptive measures undertaken
after dam failure allowed us to understand the
strategies adopted and the factors that may
have influenced the adaptation strategy. From
these analyses, the ongoing changes were
characterized. Thus, the regime-shift adaptation
strategies were grouped into three classes:
maintenance, adjustment, and rupture (Table 1).
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Table 1. Classes and criteria adopted to understand adaptation to dam failure.

Strategy Features

Adopted by those who had to abandon the fishery and now have another source of income. Some
Rupture . ;

eventually fish, but only for consumption.
Adjustment Adopted by those who needed to change the fishing area, target species, or fishing gear or even

Maintenance

needed to adopt another economic activity complementary to fishing.

Adopted by those who stated no significant change after the dam failure.

After the initial grouping stage, it was feasible
to understand the strategies adopted by each
group. To confirm the existence of these groups
only after the disaster, it was tested whether such
groups had already been established prior to the
dam failure. For this, the chi-square test (Zar, 2010)
was applied. The current information on fishing
within each group was also analyzed, including
the current fishing area, main occupation, gear,
and boats used, as well as the main stressors to
be overcome. The stressors encountered were
divided into two categories: (a) fishing activity and
(b) problems resulting from the dam collapse. A
Sankey diagram was constructed to analyze the
results. Subsequently, socioeconomic factors that
could be correlated with the strategies adopted in
each group were sought. Information on gender,
schooling, city of origin, age, fishing experience, and
income was used. To assess these factors within
each group, the chi-square test (Zar, 2010) was
applied to the gender, city of origin, and schooling
variables. When the test was significant, a post
hoc test was applied to determine the locations
of the differences. Analysis of variance (ANOVA)
was used for quantitative variables, such as fishing
experience and age, as the parametric distribution
met the assumptions of a normal distribution and
homogeneity of residues (Zar, 2010). On the other
hand, income did not meet the assumptions of
homogeneity and normal distribution of residuals
and was evaluated using the Kruskal-Wallis’s test
(Corder and Foreman, 2009; Zar, 2010).

The research project was approved by the
Research Ethics Committee of the Federal
University of Espirito Santo (authorization number
4.622.996). The project was also registered in the
Brazilian National Management System of Genetic
Heritage and Associated Traditional Knowledge
(SISGEN, number A3803D3). Before interviews,
the project and its objectives were explained to

potential participants, and only after consent
where they carried out. Participants signed an
informed consent form.

RESULTS

CHANGES IN SOCIOECOLOGICAL SYSTEM
TRAJECTORIES AFTER DAM COLLAPSE

As the first step of the analysis, we evaluated
whether the dam failure constituted a disruptive
event in the socioecological system based on the
criteria presented in Table 1, despite the event
occurring six years prior. We examined whether
adaptive strategies adopted prior to dam failure
were already characteristic of the established
groups. We found no significant differences
between the groups (chi? = 14,60, d.f. = 8, p
value = 0.07). Most interviewees indicated that no
strategies had been adopted before the disaster
among the three groups. However, post-disaster,
the three groups showed differences (Figure 2).
Of the total number of respondents, 96.35% were
somehow impacted by the disaster; of these,
48.96% made adjustments related to fishing
activities, while 47.39% experienced a disruptive
event and ceased their fishing activities. Only
3.63% reported no significant changes.

Considering the adaptations made after the dam
failure, the Adjustment group significantly improved
their strategies once they were affected and found
ways to continue fishing. Changing the target species
was the most frequently observed adaptation,
driven by reduced availability of larger fishes such
as pacu (Batrachoides spp.), wolf fish (Hoplias
spp.), snook (Centropomus spp.), gray mullet (Mugil
spp.), and grouper (Epinephelus spp.). Additionally,
the isolation of lagoons from the Rio Doce initially
brought modifications to the ichthyofauna. Changes
in fishing areas were often linked to a shift toward
fishing in lagoons or more distant coastal zones.
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Only 4.62% engaged in secondary economic
activities, and 12.04% pursued secondary sources
of income associated with changes in fisheries,
such as targeting different species or fishing in
alternative areas. These secondary activities often

Changes after a mining waste disaster

involved informal and temporary employment, such
as assisting in construction, painting, or cooking. In
summary, the adaptation process primarily involved
changes related to fishing practices, with limited
diversification into other livelihoods.

Figure 2. lllustration of the groups formed after the “Fundéo disaster”.

Figure 3. Sankey diagram with the main stressors pointed out by the three groups, separated by
problems resulting from the disaster and problems more intrinsic to the fisheries. Rupture is related
to more stressors than other groups, and because of this, it has a larger number of stressors.
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Among the main stressors, the three groups
indicate that the aftermaths of dam failure
were the greatest challenge to overcome. The
greatest stressor was “environmental and/or fish
contamination,” which was the main problem
reported by the Maintenance group and the
second most reported problem by the Adjustment
and Rupture groups. The “reduction of fishing
resources” and the “greater difficulty in selling”
were other challenges pointed out with many
mentions by the three groups (Figure 3). Stressors
related to fisheries were less frequent, with the
most reported being the “closure of the sandbar
channel” and the “lack of infrastructure for fishing
activity” (Figure 3).

In summary, it can be noted that, to some
degree, the groups continue to be affected by dam
failure. All groups need to find a way to manage
stressors such as environmental contamination
and reduce fish stocks. At the same time,
marketing also faces new hurdles, with greater
fish rejection.

CHARACTERIZATION OF THE GROUPS
FORMED FROM ADAPTATION STRATEGIES

The Rupture group has the lowest average
income of R$ 1,217.24 (SD = 582.66) and is the
only group with a minimum income of zero (Figure
4). This group also was characterized by older
fishers, with a mean age of 50.39 years (SD =
15.12), and more experienced, with a mean time
in the activity of 32.01 years (SD = 15.81) (Figure
5 A and B). It has a higher proportion of residents
from municipalities closer to the dam failure and
women. The invisibility of women in fishing is
highlighted by the higher number of complaints to
the Renova Foundation’s ombudsman, given the
lack of recognition of the economic and subsistence
activities previously performed in the fisheries value
chains of the region (FGV, 2019).

The Adjustment group had an average age
of 45.02 years (SD = 14.78) and an average of
26.45 years working in fishing (SD = 14.70)
(Figure 5 A and B). The proportion of women and
residents closer to the dam failure is intermediate
between other groups, as is the income, which has
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an average of R$ 1,583.16 (SD = 1037.60) but
also has the highest internal variation, considering
the value of the standard deviation (Figure 4).

The Maintenance group is composed of
younger people, with a mean age of 40.94 years
(SD = 15.99), and less experienced people, with
a mean of 18.25 years (SD = 12.71) (Figure 5 A
and 5 B). The proportion of women is the lowest in
the three groups and only fishers from the coastal
zone. It is the group with the highest average
income of R$ 1,793.95 (SD = 727.06) and has the
highest minimum income (Figure 4).

Only regarding schooling have the groups
shown no distinction, with completed or incomplete
primary education (from two to eight years of
schooling) being the most frequent schooling
level. This demonstrates the low schooling level
of the three groups, hindering assessments on
whether higher schooling levels would represent
a greater opportunity or bring any possibility of
increased adaptive capacity. The other evaluated
parameters showed statistically  significant
differences between the groups. Analyzing gender,
a post hoc test showed statistically significant
differences between Rupture and Adjustment,
and it is possible to observe the proportion among
genders in each group (Figure 5 C) and consider
that the municipalities Rupture is significantly
different from the others (Figure 5 D).

Figure 4. Relationship between the lowest monthly income
and the average income in each group. The size of the
circle indicates the number of people in each group, and
the interviews are inside. Kruskal Wallis’s test result: H =
10.623, p value = 0. 00494
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Figure 5. Socioeconomic parameters for the characterization of each of the groups in view of the adaptation strategies.
The parameters are (A) Age, (B) Fishing time, (C) Gender, (D) Municipality, and (E) Schooling. Graphics C, D, and E
show the proportion of classes; however, chi square tests were performed to determine the absolute number.
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DISCUSSION

BARRIERS TO ADAPTATION

Corroborating other studies, we observed
that the adaptive process is not uniform (Osbahr
et al., 2010; Sievanen, 2014; Marin, 2019; Silva
et al., 2019; Huynh et al., 2021) and is linked to
socioeconomic factors (Nielsen and Reenberg,
2010; Sievanen, 2014; Abu Samah et al., 2019;
Huynh et al., 2021). There are geographic and
social barriers to be overcome to reduce the
vulnerability of some groups.

There is a longitudinal gradient of impact
from the region closest to dam failure toward
the coast, which indicates a greater exposure to
damage, considering exposure as a component
of vulnerability (Adger, 2006). This proximity also
indicates a lack of flexibility in fishing activities
(Cinner, et al., 2018; Cinner and Barnes, 2019;
Barnes et al., 2020), which is a component of
adaptative capacity. Flexibility in this study refers
to the possibility of changing fishing areas and
targeted species. However, this explanation only
covers part of the problem. Social barriers, such as
gender, age, and experience time, also contribute
to the situation, which is described in this study.

Gender analysis reveals that fisherwomen
were more impacted. The importance of women
in fishing has been neglected, with difficulties in
recognizing their participationin catches, promoting
food security, generating income (Kleiber et
al., 2015; Harper Id et al., 2020), implementing
public policies (Lawless et al., 2021), and as a
research focus (Andrade et al., 2021). In Burkina
Faso, a study on climate adaptations concluded
that aspects such as gender and class (Nielsen
and Reenberg, 2010) need to be recognized and
overcome. There is also a need to understand
the local gender contract, which often demands
modification to promote the adaptive capacity of
the community (Caretta and Bérjeson, 2015). In
Brazil, the description of fisherwoman’s activity
also involves a double workday, taking care of
the home and children (Andrade et al., 2021). In
this study, the double workday and responsibility
for household chores may be one of the factors
that hinders fisherwoman’'s adaptation since,
in this case, the adaptive response is linked to
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offshore fishing, far from land, with less flexibility in
schedules and, therefore, less room for adaptation.
Although this is a crucial issue in the Decade of
Ocean Science for Sustainable Development and
the 2030 Agenda, the creation of programs and
policies on this bias is still necessary (Andrade
et al,, 2021). This shows a latent issue and
specifically supports the results of this study.

Higher age as an adaptation limiting factor
has been observed in other studies, in which
conditions such as health issues, reduced
mobility, and skill decline have been highlighted
(Sievanen, 2014; Abu Samah et al., 2019). Here,
once again, adaptation focused on offshore fishing
may be a limiting factor due to physical exertion
and time spent away from land. Moreover, when
new economic activities were adopted, they
were mostly related to the construction industry,
which requires greater physical strength, making
it even more difficult for older individuals to
engage in productive activities. In addition, in
the more adapted group, one of the factors that
may have influenced the lower age is the influx of
younger people into fishing activities due to the
high unemployment rates that have plagued the
country since 2015 (IBGE, 2022).

Typically, greater experience has the potential
to generate substantial local knowledge, which
could facilitate learning about the system, as
was observed in Spain (Villasante et al., 2022).
This learning is desirable both as a promoter of
adaptive capacity (Cinner et al., 2018; Cinner
and Barnes, 2019; Barnes et al., 2020) and as a
builder of resilient systems (Biggs et al., 2009).
In this case, with abrupt and unprecedented
changes, the scenario becomes more complex.
Rapid modifications combined with a lack
of understanding about the severity of the
situation limit fishers’ perception and hinder the
development of possible solutions (Oliveira et al.,
2020). However, given the magnitude of the impact
of the dam failure (Hatje et al., 2017), it is expected
that no isolated expertise is capable of identifying
solutions. The lack of social participation in the
repair process (Losekann et al., 2020) highlights
this paradox since the local knowledge of more
experienced fishers is excluded, leaving a
knowledge gap.

Ocean and Coastal Research 2024, v72:e24063 9
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ADAPTATION STRATEGIES

Apart from socioeconomic factors, it is
imperative to demonstrate that the Rupture group,
which discontinued its fishing practices, faced
the most adverse conditions, characterized by
low income and challenges in seeking alternative
occupations. The adaptations observed were
directly linked to changes within the fishing activity
in the Adjustment group. This reinforces that the
assumption that fishers will readily alter their way
of life when confronted with extreme difficulties
may not hold true (Partelow et al., 2020) due to the
high degree of satisfaction generated by fishing
activity (Seara et al., 2017; Partelow et al., 2020).
An analysis of the recovery of SSF on the US coast
after a severe lobster mortality event showed that
fishers had not fully recovered after 20 years, with
ongoing social and psychological impacts (Seara
et al.,, 2022).

The adoption of new livelihoods has been
identified as a factor that promotes adaptive
capacities (llosvay et al., 2022); however, in
this case, it was not frequent. Further strategies
require adjustments, as factors such as low levels
of schooling, advanced age, and commitment to
household duties seem to have acted as limiting
factors. The adoption of new technologies that
reduce the physical effort dependence in fishing
activity can also be an option to include older
fishers (Blythe et al., 2014). Financial support is
also required, as it was found to be a hindrance
to the most affected group, who presented the
lowest monthly income. Similarly, investments in
infrastructure (Silva et al., 2020) can be a factor
in increasing adaptive capacity, with incentives
toward adding value to fishery products.

Other aspects need to be considered in the
recovery process. Strengthening social capital and
social networks has been shown to be a relevant
factor in this process (Cinner and Bodin, 2010;
Crona and Bodin, 2010; Marin et al., 2015; Cinner
and Barnes, 2019; Marin, 2019; Kluger et al.,
2020). It is worth noting that the opposite path was
taken in the recovery of this case study, as social
fragmentation occurred since the compensation
process (Losekann et al., 2020).

Social participation and the need for the
inclusion of local and traditional knowledge
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for natural resource management have a vast
literature (Medeiros et al., 2014; Defeo et al.,
2016; Ungar, 2018; Crona et al., 2019; Mozumder
et al., 2020; Silva et al., 2020). In the case of post-
disaster recovery, there is still a field of research
to be further explored, especially in human-made
disasters. However, knowledge coproduction in
natural disasters has been identified as a promising
choice. It is a relevant factor in the engagement
and construction of more sustainable trajectories
in contrast to a model of isolated decision-making,
either by the government or private initiatives that
have not worked (Rayamajhee et al., 2022).

Nevertheless, none of these strategies avoid
or mitigate the main stressors observed. The
polluted environment and contaminated fish
stocks, as well as the challenge in selling due
to the risk of consuming the catch and reduced
selling prices, affect all groups. Other studies
show similar difficulties encountered by SSF in
contaminated areas (Estevo et al., 2021). Thus,
identifying whether there are safe fishing areas,
potentially in lagoons, tributaries, or more remote
coastal zones, coupled with actions for restoring
native fish stocks, could drive strategies aimed
at sustainable fishing. The diversification of
economic activities can be linked to the fishery
sector, adding value and enhancing the proximity
of fishers to fishing, thereby improving fishery
activity. Furthermore, the proper communication
of environmental monitoring becomes urgent for
decision-making regarding necessary actions.

Unfortunately, the disaster risk similar to the
one studied here remains present, as the global
scenario points to an increasing global demand
for minerals, and thus, the realization that tailings
dams will be increasingly larger, with high volume
and based on the “incremental construction”
model (Owen et al., 2020). Brazil is an example of
this, as it has already experienced another major
disaster resulting from the collapse of a mining
tailings dam in the Paraopeba River, state of Minas
Gerais (de Lima et al., 2020; Chateauraynaud and
Debaz, 2021).

CONCLUSION

The dam failure was a disruptive event in the
socioecological system of the Rio Doce basin,
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and the drastic change in the environmental
component resulted in several changes in the
social component. This research focused on the
small-scale fisheries and analyzed changes at
the local level in the social component of human-
made disasters. Consistent with observations in
natural disasters, the results indicate that adaptive
capacity was not homogeneous. For instance, the
group most affected is located further away from
the coastal zone and has a higher proportion of
women, experienced fishers, and older adults. This
group also has lower income and is economically
more dependent on indemnities. The distinction of
social groups highlights the importance of local-
scale studies on adaptations in socioecological
systems. At the same time, the primary adaptation
strategies are focused on fishing activities,
particularly by capturing other target species and
changes in fishing areas. Identifying whether there
are safe fishing locations and implementing actions
for the restoration of fish stocks can bolster these
strategies. All affected groups reported main stress
factors related to the catastrophe, highlighting
the importance of a recovering environmental
quality. Considering that the affected population
has not had opportunities for participation and
decision-making in the recovery from this disaster,
and given the complexity of this issue, it is worth
highlighting the potential for improvement via the
implementation of more participatory frameworks
focused on mitigation and recovery measures. Our
findings highlight the challenges associated with
post-disaster reconstruction after a regime shift.
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