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ABSTRACT

Considering the need for increased productivity, consequently providing a safe
source of quality food and economic sustenance for numerous families, fishing
in the State of Rio de Janeiro is configured in an important way, and with a
primarily artisanal and professional nature of small bearing. In addition to the
fundamental aspect of human subsistence, fishing is an important economic
activity, generating several other businesses and income for other economic
sectors, such as transport, storage, processing and sale of products, construction
and repair of vessels, and construction of artifacts and utensils, among others.
Thus, the study of potentialities and vulnerabilities involving the strengths and
weaknesses of the coastal region of Rio de Janeiro will assist in actions in favor
of a broad development of activity in the coastal municipalities. For this, the
analytic hierarchy process was used, a multicriteria analysis method, to construct
hierarchies of these municipalities in terms of potential development, and thus

the analysis of the environment was performed using a matrix to analyze the
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scenarios. The results point out that due to the importance accorded by the interviewees to the
economic sub-index, the municipality of Angra dos Reis stood out in the order of priority of
defining the municipality with the highest socioeconomic and productive potentiality index for
fishing activity, presenting quantitative data related to sub-indices of greater importance than
the other municipalities. However, when the analysis for each subscript was carried out
separately, Angra dos Reis has the lowest classification for vulnerability to environmental and

social issues.
Keywords: AHP; cluster; Saaty; SWOT analysis

1. INTRODUCTION

Fishing is an activity of great historical importance, which, like agriculture and hunting,
has been practiced by man since prehistory to obtain the means necessary for subsistence and
food (Rodrigues & Guidice, 2011). In addition to the fundamental aspect of human subsistence,
fishing is an important economic activity, generating several other businesses and income for
other economic sectors, such as transport, storage, processing and sale of products, construction
and repair of vessels, and construction of artifacts and utensils, among others (Silva & Leitéo,
2012).

Similarly, Leite (1991) reports that fishing is of great importance for society: As well
as being responsible for the food supply, it also provides a high number of jobs since in the
stages of processing and marketing fish, income is also generated for other economic sectors.
Let us cite, for example, the working conditions of fishermen, which have improved greatly
since the industrial revolution due to advancements in technology, favoring the expansion of
fishing, and because of the invention of the steam engine and metal hull. These aspects have
predominantly been responsible for greater efficiency and autonomy in capture (Coutinho,
2016).

As for Brazil, according to Rodrigues and Guidice (2011), along 7367 km of Brazilian
coast, numerous fishing communities have appeared in the last five centuries of national
history. Therefore, it can be verified that the economic potential of fish is significant, and the
natural capacity of the country for the development of fishing is highlighted, mainly due to its

natural characteristics.

However, even with the country having these cited and desirable characteristics that

favor it in relation to sea fishing, Brazilian productivity is still lower compared to other
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countries, for example, Chile, Peru, and Japan, where fishing is carried out offshore, mainly
due to technological advances. This demonstrates the fact that Brazil has a long way to go
(Rodrigues & Guidice, 2011).

Specifically, regarding the target area of this study, the state of Rio de Janeiro has
historically been considered one of the main fishing poles in the country, but today its fishing
activity reflects national stagnation due to poor productive, commercial, and financial
management. One of the consequences of this inefficient management is an industrial fleet
composed primarily of poorly sized and old vessels (Oliveira et al., 2009) and characterized by
low technology compared to other fleets of the south-east coast of Brazil, and as opposed to
other sites that have observed a greater development in activity, such as the city of Itajai, Santa
Catarina (Vianna, 2009).

Based on the above, this study intended to determine, through a method of decision
making, how the region compares with the target localities to indicate the extent of
vulnerabilities, and the socioeconomic and productive potential of the fishing activity and
estuarine area of the coastal region of the State of Rio de Janeiro, analyzing and structuring

them in order of relevance.

For this, the multi-criterial analytic hierarchy process (AHP) was used. Based on
Allison et al., (2009), this was employed to identify and hierarchize the municipalities with the
best potential. Afterwards, the Primer software was used for an advanced analysis of the
multivariate data, in line with Faraco (2012) and Oliveira (2015). Then, the strengths,
weakness, opportunities, and threats (SWOT) matrix of Kirchner et al., (2016) was used to help

in establishing the potentialities of the municipality that presented the highest hierarchy.
2. THEORETICAL REVIEW
2.1.  Fishing Activity

Abdallah (1998) defines fishing activity as actions that involve the capture and sale of
fish. This activity is part of the agro-industrial fish system, which encompasses fishing activity,
activities that supply fishery inputs (mainly vessels and nets), and the industrialization and
commercialization of fish already processed. Fishing activity occurs in marine, estuarine waters
(transition environment and the interface between freshwater rivers, for example, and saline
sea) and fresh water. The exploitation of resources occurs in an extractive way (taking fish as

a natural renewable resource), and also through non-extractive fishing (Abdallah, 1998).
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Fishing, with its commercial characteristics, has been present in Brazil’s history since
colonial times, and is among the oldest and most traditional economic activities in the country.
In addition, the preponderance of artisanal fishing in the Brazilian fishing environment
constitutes an additional factor in terms of the socio-environmental importance of this sector
(Isaac-Nahum, 2006; Rodrigues & Guidice, 2011). For example, world fish production reached
109.1 million metric tons in 1994, an increase of 11% over 1993. By continent, fish production
in that year was distributed as follows: Asia, 41%; Europe, 26%; South America, 18%; North
America, 10%; Africa, 4%; Oceania, 1% (Faveret et al., 1997).

Total fish production in the world showed new growth in the period 2006-2008, from
137 million tons in 2006 to 140 million tons in 2007. China confirmed its role as the main
producer with 48 million tons in 2008. Special attention should be paid to the fact that in
general, 80% of the world production of fish and fishery products occurs in developing
countries (Nomura, 2010; Andrade & Schiavetti, 2015).

In Brazil, the sector represents one of the oldest economic activities, going back to the
colonial period. However, Tremel (1993) reports that Brazilian coastal waters are poor in
nutrients, which limits the potential of the fishery resources. According to the author, there is
a considerable number of fish species on the Brazilian coast; however, few are capable of
forming stocks that can be exploited economically. It is also worth noting that the sea currents
that pass around the Brazilian coast are of high temperatures and salinity, causing low primary
productivity (Sacco Dos Anjos et al. 2004).

Analyzing the state of Rio de Janeiro, it has a fishing sector of great socioeconomic
relevance in the national scenario (Prozee, 2005), especially with respect to the generation of
income and employment for coastal communities (Soares, 2009). Historically, it is considered
one of the main fishing poles of the country, but currently activity in the state reflects the public
neglect of its management. One of the consequences of the ineffective management of Rio de
Janeiro is evident in an industrial fleet composed predominantly of poorly sized and old vessels
(\Vasconcelos et al., 2007; Oliveira et al., 2009).

2.2.  Multi-Criterial Analytic Hierarchy Process (AHP)

AHP is the multi-criterial method most widely used to support business decision-
making in multi-criteria problems. This method is based on the Newtonian and Cartesian way
of thinking, which seeks to treat complexity through the decomposition and division of the
problem into factors, which can further be decomposed into new, lower, clear, and scalable
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factors, then establishing relationships for later synthesis (Martins et al., 2009; Gomes et al.,

2016). This method is based on three stages of analytical thinking:

1) Construction of hierarchies: Using AHP, the problem is organized in hierarchical levels.
According to Bornia and Wernke (2001) hierarchical ordering enables the decision
maker to gain a visualization of the system as a whole, and its components and their
interactions with the system, aiding the decision maker in understanding the problem
more comprehensively, and thus helping to assess the scale and content of the criteria
through homogeneous comparison of the elements.

2) Priority definition: This is based on the human being's ability to perceive the
relationship between observed objects and situations, comparing pairs in light of a

particular focus, criterion, or even judgment (Roche & Vejo, 2004).

The number of judgments required to construct a generic judgment matrix A is n (n-

1)/2, where n is the number of elements in the matrix.

3) Establishing logical consistency: In this regard, the human being has the ability to
establish relationships between objects or ideas in a way that is coherent, so that there
is a good relationship between them and their relationships are consistent (Saaty, 2000).
After applying each judge's weights, it is necessary to check if there is any deviation

between the comparisons (Gomes & Freitas, 2018; Gomes et al, 2016).

For the application of AHP, a survey is first performed to analyze the number of samples
needed for the study. According to Dresch and Miguel (2015), such surveys have been used in
studies to present methodological procedures that allow the researcher to draw conclusions
about the studied phenomenon, or the population, using statistical mathematics. These authors
affirm that in making use of a survey, the researcher can specify the techniques of data
collection and analysis, providing credibility concerning the data obtained, as well as evidence
of the rigor adopted and the possibility of future replication of the study.

According to Cay and Uyan (2013), the definition of the population and sample must
undertake with care to allow visualization of the phenomenon investigated. Carnevalli et al.,
(2013) indicate that the survey sample may be non-probabilistic, i.e., the choice of sample
elements may not be random. According to Miguel et al., (2012), the total number of elements
forming the population influences the entire planning and execution process of the survey. For
these reasons Baker et al., (2013) do not recommend working with all the elements that make
up a population, but rather with part of it.
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The AHP brings as a result of its steps, a ranking with weights for each of the
alternatives evaluated, such as, for example, the decision maker will use the alternative weights
to make the best choice (Corsi et al., 2020).

3. METHODOLOGY

The state of Rio de Janeiro has a coastline of approximately 635 km in length, with the
mouth of the Itabapoana River as its boundary to the north, and bounded by the state of Espirito
Santo, and the Ponta de Trindade, in the extreme south, on the border with the state of Sdo
Paulo (FIPERJ, 2017).

According to data from the National Reconstruction of Fishermen of Brazil (SEAP,
2007), Rio de Janeiro was the 10th highest state in terms of the number of fishermen registered
in the RGP and had 3.4% of the total number of fishermen in Brazil, with 11,064 men 83.16%)
and 2,241 (16.84%) women involved in the activity in the state. In Brasilia, a total of 14,874
fishermen registered in Rio de Janeiro (SEAP, 2007) were registered in 2008, during the 2nd

Workshop for the Development of the National Fisheries Monitoring Plan.

This study was carried out in the coastal municipalities of the state, considering only
marine and estuarine fisheries. The sites studied were: Angra dos Reis, Araruama, Armacao
dos Buzios, Arraial do Cabo, Cabo Frio, Campos de Goytacazes, Casimiro de Abreu, Duque
de Caxias, Iguaba Grande, Itaguai, Magé, Mangaratiba, Marica, Niteroi, Paraty, Quissama, Rio
das Ostras, Rio de Janeiro, Sdo Francisco de Itabapoana, Sdo Gongalo, Sdo Jodo da Barra, Sdo
Pedro da Aldeia, and Saquarema.

The study problem was defined and three phases were elaborated for the
operationalization of the proposed methodological approach, as shown in Figure 2. Based on
the large body of literature reviewed, criteria, sub-criteria, and options related to regional
development were indicated. Thus, sub-indices, indicators, and criteria served as the basis for
the elaboration of a survey, used in the composition of the operationalization of AHP (Dias et
al., 2007; Moraes, 2012; Rocha et al., 2012; Teixeira et al., 2012; Evangelista-Barreto et al.,
2014; Viegas et al., 2014) (Figure 1).
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Figure 1: Synthesis of the proposed methodological approach.

For each identified sub-criterion, data were collected referring to the municipalities
studied, and the means of these data were configured as analytic criteria to provide a
visualization of the relations of proximity between the sub-indices, indicators, and criteria, and
corroborate the results observed, considering the degree of importance indicated by the

respondents in the survey.

Because the elements of a population are dissimilar, it is necessary to choose which
ones will compose the sample. This makes it possible to employ a control procedure that
establishes a sample adequate to the objectives of the investigation (Cay & Uyan, 2013). In this
case, experts from the field formed the sample population responding to the questionnaire.

These specialists make their judgments using the Saaty numerical scale, which assigns
values from 1 to 9, determining the relative importance of one item in relation to the other. The
judgments of researchers in the area were arranged in matrices and compared by pair, how to

apply the method.

The size of the sample, or the number of respondents required for the survey, depends
on how large the population is and the desired reliability of the results obtained (Cay & Uyan,
2013). In this work, the calculation of Dupont and Plummer (1990) was adopted, as given in
the following equation 1:

B 6 L 6

B (N—1).e2+22.(%).[1—(5)]

n
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where n is the sample size, N represents the size of the population, e is the sample error,
x/Mn is the estimated proportion of the items surveyed in the sample (%), and Z is the abscissa

value of the normal curve associated with the confidence level.

Collection was undertaken through a questionnaire developed in Google Forms and sent
to the specialists. Before the questionnaire was completed, a pre-test was performed. According
to Goode and Hatt (2017), this is a general test in which each part of the procedure must be
designed and implemented exactly as it will be at the actual time of data collection. The pre-
test was carried out in the week of October 2 to 6, 2017, with university students to certify that

the questionnaire was in accordance with the proposed methodology.

On October 11, 2017, an email was sent to 35 specialists with the questionnaire. It was
necessary to obtain 26 responses to validate the questionnaire. Those who had not responded
by 18 October were again sent the link to the questionnaire. Data collection was completed on
November 3, 2017.

After receiving the questionnaires from each judge, it was verified whether there was
any deviation between the comparisons, where the consistency ratios (CR) (equation 2) of each
specialist were calculated (Saaty, 1990).

IC
IR

CR = 2]

Since IC is the Consistency Index, given by (Amax-n) / (n-1), where Amax is the largest
eigenvalue of the judgment matrix, and IR is the Randomized Index, standardized and
dependent on the n order of the matrix. If CR was significantly small, that is, about 10% or
less, the judgment is accepted (Saaty, 1990), if this condition is not met, the assessment must
be redone or discarded. Finally, at the end of the application of the method, we have the ranking

with the weights for each of the alternatives evaluated.

To synthesize the results, hierarchical grouping analyses were performed through
clustering and non-parametric multidimensional scaling (MDS) using Primer® software. MDS
was used to facilitate the interpretation of results and to show their possible relations, with each
event represented by a point in space, and the distance between them representing the relation
of similarity (Steyvers, 2002). In this work, MDS measures were constructed for the sub-

indices and indicators, before comparison among municipalities.

To provide a better visualization of the potentialities and vulnerabilities obtained, based

on the results obtained through the operationalization of AHP, it was possible to congregate
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the opinions of the specialists. To carry out a strategic analysis to synthesize the results, the
SWOT matrix was used to consolidate the formulation of the socioeconomic and productive
potentiality index (IPSP). This analyzes the municipalities that presented extreme results
(better and worse comparatively); employing this, the aim is to promote a vision of the

development of fishing.
4. RESULTS

Based on the matrix of the relative importance of the criteria, derived from AHP, 26
responses were obtained for completion of the matrix according to the participants respective
knowledge of the subject. We then calculated the weighted average of each criterion so that it

was possible to analyze which criteria the experts considered most important.

Multiplying the averages weighted by the values of the data previously identified, it
was possible to elaborate the table of criteria in which the indicators were calculated and
analyzed with reference to the 25 municipalities studied. Within each indicator, there are sub-
criteria; however, these were not used in the formulation of the matrix because the size would
make it unviable. The tabulation of criteria for the necessary normalizations was used to
calculate the sub-indices for each of the 25 municipalities analyzed (Table 1).

Table 1: Productivity criteria and indicators

Productivity Criteria
14 17
1.1 Cl%d 1.3 Number of 15 é‘6 Fishing
Ice Factories ° Landscapes | Fishing | Colonies as Deployment/
Chambers Stations )
Vessels Discharge

Angra dos Reis 22,61538 60,923076 12,6153846/ 540,76923 6,692307 5,38461 7,846153846
Araruama 0 30,461538 0 321,53846 0 5,38461 0,007846154
Qgrznig‘éao dos 15,07692 91,384615 0 350,76923 0 0 0
Arraial do Cabo 7,538461 76,153846 0 153,46153 6,692307 5,38461 0,009415385
Cabo Frio 22,61538 106,61538 12,6153846 160,76923 6,692307 59,2307 0,608076923
Campos de 2261538 114,23076 0 511,53846 6,692307 86,1538 0,008630769
Goytacazes
Casimiro de Abreu 0 45692307 0 263,07692 0 16,1538 0
Dugue de Caxias 7,538461 76,153846 0 190 0 172,307 0
Iguaba Grande 0 45,692307 0 153,46153 0 0 0,003923077
Itaboraf 0 22,846153 0 263,07692 0 86,1538 0
Itaguai 15,07692 380,76923  6,30769230 241,15384 0 37,6923 0
Macaé 15,07692 83,769230 6,30769230 25576923 6,692307 43,0769 0,104353846
Magé 2261538 45692307 12,6153846 4384,6153 6,692307 5,38461 0
Mangaratiba 15,07692 83,769230 0 365,38461 6,692307 0 0
Maricé 7,538461 60,923076 0 650,38461 0 10,7692 0
Niteroi 37,69230 38,076923 31,5384615 3471,1538 13,38461 80,7692 4,291061538
Paraty 15,07692 53,307692 6,30769230 226,53846 6,692307 5,38461 0,063553846
Quissamé 0 15,230769 0 153,46153 0 0 0
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Rio das Ostras 0l 22846153 6,30769230 153,46153 6,692307] 16,1538 0
Rio de Janeiro 113,0769 533,07692 37,8461538 387,30769 40,15384 1496,92 0,012553846
Séo Francisco de 2261538 121,84615 0 1059,6153 6,692307 0 0,010984615
Itabapoana

S&o Gongalo 2261538 91,384615 252307692 3456,5384 6,692307 150,769 0,914861538
Sao Jodo daBarra |  7,538461 91,384615 12,6153846 489,61538 6,692307 0 0,130246154
iﬂge'?aedm da 15,07692 38,076923 0 168,07692 6,692307 53,8461 0,013338462
Saquarema 7,538461 68,538461 0 138,84615 0 0 0,002353846

Using the judgments obtained from the 26 participants in the area who responded to the
questionnaire sent by e-mail, an inconsistency test was performed (Saaty, 2000); no matrix was
discarded due to failure to attain a consistency ratio greater than 10%. Based on the results
obtained, a calculation was performed to construct a new matrix of importance, relating the

values of the criteria to the respective sub-indices (Table 2).

Table 2: Matrix of relative importance between subscripts

Matrix of relative
IMPORARCERN | ) | 15 | 21 | 22 | 31 |32 |33 |34 35 | 41
between

subscripts
1.1 1.00| 0.14 | 7.00 | 0.33 | 0.33 | 3.00 | 3.00 | 0.20 | 7.00 | 9.00
1.2 700 | 1.00 | 700 | 500 | 5.00 |7.00 | 7.00|3.00| 7.00 | 9.00
2.1 0.14| 0.14 | 100 | 0.14 | 0.14 | 0.20|0.20 | 0.11 | 3.00 | 5.00
2.2 3.00| 0.20 | 700 | 1.00 | 3.00 | 5.00 | 7.00 | 0.33 | 7.00 | 9.00
3.1 3.00| 0.20 | 7.00 | 0.33 1.00 | 5.00 | 5.00 | 0.33 | 7.00 | 9.00
3.2 0.33| 0.14 | 500 | 0.20 | 0.20 [1.00 | 3.00 | 0.14 | 5.00 | 7.00
3.3 033 0.14 | 500 | 0.14 | 0.20 {0.33|1.00 | 0.20 | 5.00 | 7.00
3.4 5.00| 0.33 | 9.00 | 3.00 | 3.00 |7.00 | 5.00 | 1.00 | 7.00 | 9.00
3.5 014 | 0.14 | 0.33 | 0.14 | 0.14 | 0.20 | 0.20 | 0.14 | 1.00 | 5.00
4.1 0.11 | 0.11 | 0.20 | 0.11 | 0.11 | 0.14 | 0.14 | 0.11 | 0.20 | 1.00

Items 1.1 and 1.2 refer to the productive subscript, items 2.1 and 2.2 encompass the
social subscript, items 3.1 to 3.5 refer to the economic sub-index, and item 4.1 represents the

environmental sub-index.

Analyzing the data, according to the respondents’ judgment, the economic sub-index
represents 44%, followed by the productive sub-index (38%), and the social and environmental
sub-indices (17% and 1%, respectively). This is in contrast to the state of Espirito Santo where,
according to Gomes (2018), the subscript that has the greatest weight is the productivity
subscript (57.85%), followed by the economic subscript (27.75%), and the social and

environmental subscripts (13.08% and 1.32%, respectively).

The analysis of the sub-indices was performed separately. Among the indicators most
relevant in the economic subscript was the management instrument, having the greatest weight

(23.46%); the lowest economic indicator concerned legal organizations (1.42%).
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Concerning the data obtained through the application of AHP, considering the weights
of the criteria, and based on these the weights of the subscripts, the economic sub-index, which
is composed of municipal public management indicators, public and private institutions,
tourism and leisure infrastructure, economic activities and public finance, and the productivity
sub-index, which encompasses the indicators of fishing infrastructure and fish stocks/landings,

were considered the most important according to the experts’ opinion.

The productive subscript, consisting of seven indicators, indicates fishery/landing stock
as the most important (25.90%) and gas stations as the least productive indicator (1.75%). In
relation to the social index, the most relevant indicator is basic sanitation (24.20%), whereas
the lowest weight is for the age group (1.06%). In contrast, for the environmental sub-index,
which is less important than the others, the most important indicator is soil occupation density
(74.9%) and the least important is agricultural productivity (25.10%).

Analyzing the indicators in general, the indicator with the highest weight is the
management tool (economic subscript) at 7.91% and the least important is the agricultural

productivity indicator (environmental subscript) at 0.32%.

The relative weights found for each subscript were normalized to establish their
individual relevance. Thus, the values were multiplied by the quantitative data initially
collected from each of the 25 municipalities treated in this study. After regularizing the results,
it was possible to elaborate their prioritization based on the average importance the

interviewees accorded each element.

A hierarchy of the municipalities can be presented with reference to the sub-indices,
thus responding to the general objective. Here, among the municipalities of the coast of Rio de
Janeiro with the highest IPSP in terms of fishing activity based on AHP is the municipality of
Angra dos Reis (20.85%), followed by Niter6i and Rio de Janeiro (12.87% and 11.15%,
respectively). The municipalities with the lowest indices were Iguaba Grande (1.65%) and S&o
Pedro da Aldeia (1.65%) (Figure 2).
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CRITERIA 11 [ 12 [ 21 [ 22 | 31 [ 32 ]33 |34 35|41

VECTORS 0,080 0,296| 0,022] 0,151| 0,119] 0,052 0,042| 0,210 0,018 0,010 iNBEX
Angra dos reis 0,044/ 0,559 0,038| 0,031| 0,047| 0,039] 0,046| 0,113| 0,023| 0,017 20,855%
Araruama 0,002| 0,001| 0,037| 0,045| 0,031| 0,031] 0,005| 0,021/ 0,007( 0,107 1,887%
Armagao dos Buzios 0,012 0,000| 0,042| 0,039] 0,043| 0,028 0,004| 0,062| 0,004| 0,017| 2,785%
Arraial do Cabo 0,022| 0,001| 0,042| 0,041] 0,037| 0,019] 0,004 0,016 0,004| 0,000] 1,803%
Cabo Frio 0,050| 0,043| 0,040| 0,038| 0,031| 0,037| 0,019| 0,066 0,016| 0,028 4,433%
Campos de Goytacazes 0,039] 0,001| 0,038| 0,044| 0,042| 0,058| 0,024 0,028| 0,041 0,046 2,693%
Casimiro de Abreu 0,003| 0,000| 0,033| 0,037| 0,039| 0,035 0,010 0,020 0,005} 0,054 1,836%
Duque de Caxias 0,021 0,000| 0,047| 0,039] 0,040| 0,049| 0,012| 0,018 0,050| 0,018 2,137%
Iguaba Grande 0,002| 0,000| 0,041| 0,045| 0,028| 0,028| 0,001/ 0,016 0,002| 0,027
ltaborai 0,008/ 0,000| 0,041| 0,040| 0,039| 0,036| 0,009| 0,034| 0,011} 0,037| 2,207%
Itaguai 0,033| 0,000{ 0,039| 0,041| 0,030| 0,031] 0,002 0,032| 0,008} 0,259 2,439%
Macaé 0,036| 0,007| 0,037 0,031] 0,052| 0,054 0,005| 0,036| 0,121} 0,041] 3,009%
Magé 0,043| 0,000| 0,039] 0,045| 0,027| 0,040| 0,005| 0,023| 0,010{ 0,028] 2,200%
Mangaratiba 0,026| 0,000| 0,035| 0,042| 0,040| 0,010 0,005| 0,047| 0,008} 0,031] 2,487%
Marica 0,008 0,000| 0,038| 0,040| 0,040| 0,008| 0,003| 0,016 0,019| 0,027| 1,672%
Niterai 0,093| 0,306/ 0,054| 0,051| 0,044| 0,063 0,056 0,049 0,037| 0,000 12,876%
Paraty 0,032| 0,005| 0,032| 0,034] 0,039| 0,034 0,035 0,045| 0,006| 0,020] 2,740%
Quissama 0,001| 0,000| 0,029| 0,032| 0,037| 0,010 0,003| 0,043| 0,006| 0,014| 1,997%
Rio das Ostras 0,023/ 0,000| 0,037| 0,033| 0,033| 0,035 0,004 0,084| 0,011 0,042| 3,176%
Rio de Janeiro 0,331} 0,001| 0,061| 0,048| 0,080| 0,161| 0,723 0,105/ 0,303| 0,011] 11,147%
Sao Francisco de Itabapoana | 0,032| 0,001| 0,038 0,037 0,036/ 0,043| 0,000| 0,018| 0,004} 0,069] 2,010%
Sao Gongalo 0,070| 0,065| 0,056/ 0,039| 0,040| 0,074| 0,009] 0,009| 0,027| 0,021 4,374%
Séo Joao da barra 0,035/ 0,009| 0,033| 0,051| 0,046| 0,038| 0,010 0,071 0,268| 0,025| 4,173%
Séo Pedro da Aldeia 0,029 0,001| 0,037| 0,035| 0,040| 0,002| 0,004 0,011/ 0,005} 0,043
Saquarema 0,007/ 0,000| 0,037| 0,041| 0,038| 0,038 0,002| 0,016 0,005| 0,015| 1,775%

Figure 2: Hierarchy of municipalities

Identifying the municipalities with the highest IPSP, we sought to analyze how each
site is classified individually in each subscript. For this, a new calculation of the vectors was
carried out, this time taking as the basis of the calculation only the subscripts: productivity, and
environmental, social, and economic indicators. The mean of the indicators for each subscript
was used (Table 3).

Table 3: Hierarchy of municipalities

1 Angra dos Reis 30.16%
. . 2nd Niter6i 19.93%
HCETGIEEE 3rd Rio de Janeiro 16.61%
4" S30 Gongalo 6.77%
1 Rio de Janeiro 5.45%
| e
Social Subscript 2" Niteroi 5.24%
3rd S3o Gongalo 4.75%
4" Iguaba Grande 4.31%
1 Rio de Janeiro 27.45%
Economic Sub-Index 2" Sdo Gongalo 8.65%
3rd Macaé 5.37%
4t Angra dos Reis 5.36%
Environmental Sub-Index 1 Itaguai 25.89%
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2nd Araruama 10.67%
3rd S8o Francisco de Itabapoana 6.89%
4" Casimiro de Abreu 5.44%

To provide a better visualization of the similarity between the municipalities, the
hierarchical groupings of each subscript and the similarity between the municipalities were

analyzed, adding all the subscripts, as shown in Figures 3 and 4.

Standardise Variables by Total
Resemblance: $17 Bray Curtis similarity

Duque de Caxias
Rio de Janeiro
Itagual

Cabo Frio

Arraial do Cabo —’—'—
Saquarema
|

Mage

Niteroi

Sao Gongalo

Angra dos reis

Sa0 Jodo da barra
Araruama

Marica

S&o Francisco de [tabapoana
Quissama

Iguaba Grande
Casimiro de Abreu
Paraty

Armacao dos Blzios
Mangaratiba

Sao Pedro da Aldeia
Campos de Goytacazes
Macaé

Itaborai |

Rio das Ostras

Municipios

i)

100 80 60 40
Similarity

Figure 3: Global similarity dendrogram for the municipalities analyzed.

’ﬁandardise Variables by Total
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20
N  E— 40|
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/ [
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/ Cabo Frio __Armagfo dos Buzios ;
/ Macae ~PEEBIYRIRR, barra, VL
~ Campos d%aélo AERELTE 83 Itab?ppan? .
Séo Pedro da Aldeia © - """ "~ Magé | |
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Ri\q‘de\.}aneim e
\\\\ i/,///“
. - |

Figure 4: I\/i‘DS of the global similarity bé—tween the analyzed municipalities.

It is possible to perceive the little similarity that the city of Rio de Janeiro has with the
other municipalities of the state, being a little in relation to the municipality of Duque de

Caxias, due to the environmental subscript, which has a similarity of around 90%. The little
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similarity that the municipality of Itaguai has with the other municipalities is evident, but this

difference does not occur when the municipality is analyzed for each subscript separately.

Performing an individual analysis of each sub-index, it can be noted that in terms of the
economic perspective, the municipalities of S&o Gongalo and Macaé have a degree of similarity
of approximately 80%, while Rio de Janeiro exhibits a considerable difference, with slightly
less than 40% similarity to the other municipalities. This may be due to the fact that Rio de
Janeiro is a national metropolis and is thus considered the cultural capital of the country,
receiving more government resources and more tourists; consequently, it is the busiest

economy (Medeiros Junior, 2011).

In relation to the productivity sub-index, the municipalities of Angra dos Reis and
Niteroi have a similarity index of approximately 80%, while S&o Gongalo and Niterdi have a
similarity index of around 95%. Rio de Janeiro presents less than 40% similarity with other
coastal municipalities. However, Rio de Janeiro, Sdo Gongalo, and Niterdi have approximately
90% similarity when compared for the social subscript, while for the environmental sub-index

Casimiro de Abreu and S&o Francisco de Itabapoana have almost 100% similarity.

When the MDS was elaborated, the data collected and relative weights were taken into
consideration for the analysis of the indicators. The regional analysis confirms the similarity
obtained from the dendrogram shown previously in Figure 7. Indeed, analyzing each
municipality separately, it can be observed that a considerable proportion of the indicators is
grouped in the range of a similarity of 40%.

To diagnose the scenario concerning fishing activity along the coast of Rio de Janeiro,
SWOT matrices were elaborated, as shown in Table V. These indicate that the municipality of
Angra dos Reis attained values for higher socioeconomic and productivity indices. In contrast,
the municipality of Iguaba Grande was among those obtaining the lowest values for the indices,

thus presenting a better visualization of the identified potentialities and risks (Tables 4 and 5).

Table 4: SWOT analysis of Angra dos Reis
External Analysis

SWOT

OPPORTUNITIES THREATS
1.2 Fishing stock/landing
i STRONG POINTS | 3.1 Municipal public 2.2 Social conditions
3 management
@ 3.2 Public and private institutions
<
Tg WEAK POINTS 2.1 Demography 3.3 Tourism and leisure infrastructure
j .
[
IS 4.1 Land use
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Table 5: SWOT analysis of Iguaba Grande

External Analysis

SWOT
OPPORTUNITIES THREATS
1.1 Fisheries infrastructure
STRONG ISNETIES | uct
1.2 Fishing stock/landing
- » POINTS LS .
Sz 3.1 Municipal public management
Tl WEAK . ..
E E POINTS 2.2 Social conditions 4.1 Land use

5. DISCUSSION

By acquiring important information covering socioeconomic, technological, and
management characteristics it is possible to carry out a diagnosis of fisheries through
multidimensional analyzes, facilitating the perception of problems and positive aspects in
fisheries (Pizetta, 2004). The results obtained by the weighted averages show that the criteria
identified by the experts considered basic sanitation, management instruments, and
fishery/landing stock to be more important than other aspects. According to Brasil (1990) basic
sanitation is important because its condition exerts a significant influence on the health of the

people of the region, and consequently affects fishing activity.

Management tools, according to Domanski (2014), allow a range of activities in relation
to the course of a process or set of activities, including monitoring, evaluation, making
suggestions, taking decisions, and undertaking interventions or changes, to achieve a certain
objective. In this work, management tools are extremely important for fisheries since their
development depends on good public management. Campos (1999) also draws attention to the
importance of fish stocks, which play a decisive role in the social and economic arena,
especially concerning the destinations of artisanal fisher folk populations.

Within the economic sub-index, as the most important in the analysis of the criteria, the
most significant was management tools, including the instruments of municipal planning and
urban policy. Herein, it is possible to determine that the municipality with the highest
investment in government is the municipality of Rio de Janeiro. However, according to the
Fundacdo PROMAR (2005) and Vasconcellos et al. (2007), most communities suffer from

poor infrastructure, poor marketing, and a lack of financial support.

It should be noted that there was some difficulty on the part of the authors in identifying
the data related to the productivity subscript due to the lack of study in this area and the lack
of availability of data from the government of the State of Rio de Janeiro. It can be observed
that the criterion carrying the greatest weight is fishery/landing stock, which is the average in

terms of the participation of the municipalities in state production.
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However, it can also be noted that the schooling level of a large part of the population
is low; as Vianna (2009) observed, 75% of the fishing population of the State of Rio de Janeiro
has incomplete primary education and this scenario indicates that fishermen lack education in
relation to the majority of the Brazilian population. Among the main limitations, we find that
certain categories of fishermen spend weeks at sea. At the end of a fishing enterprise, others
need to dedicate themselves to different activities, even if this is rest or leisure, and they do not

have time to dedicate to routine attendance in the classroom.

It should also be mentioned that the expectation of assistance is still strong. It is not
uncommon for fishermen to expect to receive some financial benefit (e.g., scholarships) to
engage in social programs. Carvalho and Callou (2008) note that in the case of the Pescando
Letters Assistance Program, the fact that it is linked to the Brazil Alphabetized Program means
that fishermen do not distinguish or do not privilege the program proposal.

Most of the results found in the social subscript were easy to obtain because the
necessary information is available on the IBGE website, and the most important criterion is
basic sanitation, which encompasses the collection and treatment of sewage in the region. The
cities with the highest sanitation indices are Arraial do Cabo and Quissama, which encompass

100% of the sewage collected and treated.

Based on the hierarchical analysis, it was possible to verify that two of the indicators
with the highest relative weights (fish stocks/landing and economic activities) present
quantitative data with greater representativeness for the municipality of Angra dos Reis, which
is prioritized in relation to its IPSP. Thus, even when analyzing each sub-index separately, the
municipality of Angra dos Reis ranks first only for the productivity subscript and fourth in the

economic sub-index, as shown in Table VI.

The same case arises for the municipality of Conceicdo da Barra in the state of Espirito
Santo according to Gomes (2018): The city has a higher IPSP and is highly relevant only in the
productivity subscript. The municipalities of Sdo Goncalo and Rio de Janeiro are most
frequently classified in the individual sub-indices, but they are not those with the highest IPSP;
this is because when analyzed in relation to all the sub-indices, the importance of these

municipalities decreases.

When analyzing the final index, it can be observed that the municipalities with the
highest indices, Angra dos Reis, Niter6i, and Rio de Janeiro, present some discrepancies when
compared to the other coastal municipalities of the State of Rio de Janeiro. The other
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municipalities exhibit greater similarity. This is also observed when measuring the sub-indices
and criteria: It is noted that the results strengthen the similarity of the higher weight subscripts,

and there is great inequality among the lower weight subscripts.

Moreover, Angra dos Reis, which has the highest score in the productivity subscript,
and Sao Gongalo, which obtained the fourth highest score, benefit from their locations.
According to Vianna (2009), there is a public fishing terminal in Angra dos Reis that garners a
large part of the landings of the region’s industrial fleet. A similar occurrence can be observed
in the metropolitan region of the state, in which a group of fishing owners concentrate their
landings on the old pier of Sardinha Factory 88, on Conceic¢éo Island, in the municipality of

Sdo Gongalo.

As for the analysis of the results, from the SWOT matrices elaborated, it is possible to
visualize the potentialities and possible vulnerabilities found in the municipalities studied. For
example, in the cities with the highest indices, it can be noted that public management is a
strong point of opportunity as with governmental incentives and support for fishermen their
activities have great chances of improvement. In contrast, public and private institutions, and
tourism and leisure infrastructure are weak threat spots in both municipalities; it is thus
important that these issues are explored as they open up opportunities for improving fishing
conditions and fisheries development, as well as increasing tourism in the region, which would

increase fish consumption.

In the two municipalities with the lowest indices, Iguaba Grande and S&o Pedro da
Aldeia, there are almost no opportunities, but the threats are great. It can be noted that fishing
infrastructure and fishery/landing stocks are strong threat points, which only confirms why
these municipalities score so low. These points should be analyzed and improved in order for
the fishing activity in the region to evolve.

It is of great importance to pay attention to these threats as, according to Vianna (2009),
with the reduction in the environmental quality of the coastal region and the consequent drop
in production, the drive to ensure financial returns has led to small vessels, which generally
worked near the coast, having to move out to more distant areas, i.e., those not authorized by

the port authorities, thus creating an increased risk for fishermen.

Despite the technologies currently available, most small boats do not have the essential
equipment to ensure work and worker safety. In the case of artisanal fishing, work accidents
occur because the vessels do not have safety and rescue equipment (VHF radio, life jackets,
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buoys, and flags), and also because fishermen are not able to use them and/or repair them
(SEAP, 2007).

The analysis herein is important in enabling other studies in this area to be performed.
In this study, it was possible to explore the potentialities and vulnerabilities in fishing so that
these can adequately be addressed. Thus, relevant changes in the fishing sector can occur,
analyzing the factors necessary to attain enhanced activity, and perhaps an optimal IPSP along

the coast of the State of Rio de Janeiro.

In spite of its fishing vocation, in the State of Rio de Janeiro fishing activity, and perhaps
more importantly the workers in the sector, lack public policies that contribute to the
development of fishing. For example, Vianna (2009) reports that if the development of fishing
activity is desired, it is necessary to invest in measures that allow the improvement of fisheries
management. It is not possible to define and invest in public policies consistent with the current
status of fishing in Rio de Janeiro in the face of the existing information gap. Thus, it is
imperative to collect data, and systematize and disseminate existing data, especially with regard
to information concerning fishermen and fleets, production statistics, accidents, and work-

related diseases.

Several difficulties were encountered in the preparation of this study as it was necessary
to undertake continuous updates of the data for the indicators, and these indicators in turn
comprised several subdivisions, which had a direct influence on obtaining the indices.
Moreover, there was difficulty in finding detailed information and bibliographic materials on
fishing activity. Thus, it is critical that developmental research be undertaken to improve
techniques and methods in studies such as this. For example, if there were more studies in the
area of fishing activities, and techniques and tools, it would increase competitiveness in the
national and world scene, in particular because, according to Moura (2008), one of the decisive
determinants of competitiveness is the development of technology; in this regard, the research

and development undertaken by an organization can lead to competitive advantage.
6. FINAL CONSIDERATIONS

As fishing is an activity with historical characteristics, there are many solutions
consolidated based on the practice of centuries of accumulated experience and considered to
be successful. It is possible to envision a slow process in which both vessels and tools might
not evolve particularly rapidly, but without breaking with the basic concepts of fishing activity.
This process has taken place in Brazil, but for real development stimuli and specific public
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policies for the sector are necessary. Certainly, these need to be suited to the needs and

challenges of fishing in Brazil and Rio de Janeiro in particular.

However, despite the difficulties faced, it has been possible to calculate the
socioeconomic and productivity indices of the marine and estuarine fishing activity of Rio de
Janeiro, concluding that the municipality of Angra dos Reis is the highest ranking in general,

and that the economic sub-index has the greatest relevance among the sub-indices for fishing.

It should also be noted that there is no current public policy for the development of the
fishing industry as an activity of relevance in Rio de Janeiro. The existing infrastructure
supporting fishing is the result of private initiatives on the part of entrepreneurs and
professionals who see promise in business in the sector. This study aims to contribute to the
development of marine and estuarine fisheries, perhaps as a transforming agent of the local
reality, through academic research, thus assisting municipalities in the development of their

activities (supporting the elaboration of public policies).

Finally, this study highlights the importance of improvements in this sector due to the
great importance of fishing globally as a source of food, and income and employment, as well
as the fact that all the municipalities studied have points that need adjustment to enhance

development in fisheries.
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