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Brown shrimp (Penaeus subtilis) trawling in the northern coastal waters of Brazil is an industrial fishing activity with a share in the international market and an important resource in the fishery market. Due to the scarcity of updated information on this practice and owing to its complexity, it is difficult to have a measurement of all dimensions of the development of this fishery, whether they are ecological, economic, or social-institutional. The present paper uses an assessment tool focused on data-poor fishery systems, the Fishery Performance Indicators (FPIs), to assess the multidimensional conditions of this fishery. The indicators were assessed between 2019 and 2020, and the metrics were based on public official data, scientific publications, in loco consultations with production agents, and databases of research projects. Results showed that the critical points of this activity are primarily related to the ecological indicator (1.75), which obtained a lower score compared to other fisheries assessed using the same methodology. This is due to its low selectivity, which results in high by-catch volumes and discards. The limited participation of productive chain actors also restrains the efficacy of management measures, which hampers successful resource management. This issue maximizes other setbacks throughout the productive chain, such as economic and social factors.
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INTRODUCTION

The industrial modality of marine trawling has been increasing in several countries over time, standing out as an important and lucrative commercial activity (Pauly and Zeller, 2016). Among the resources exploited through this activity, crustaceans are one of the major catches, contributing to 15% of the entire economic value transacted throughout the world (Gillett, 2008; FAO, 2018, 2020). Crustacean catch ensures good profitability and excellent market value, being an important commodity for the producing countries (FAO, 2018). However, the growing demand to increase the fishery production in developing countries may threat the conservation of resources, as it can lead to over-exploitation of the species captured and to economic failure of the actors involved (Mansfield, 2011).


Brown-Shrimp Fishery on the Northern Coast of Brazil

Crustacean catch plays a key role in the national fishing economy in Brazil, making it a socially and economically significant activity (Isaac et al., 1992; Maia et al., 2016). In the Brazilian coast, shrimps commercially exploited belong to the Penaeidae family, namely: Penaeus paulensis (Perez Farfante, 1967; Perez Farfante and Kensley, 1997), Penaeus brasiliensis (Latreille, 1817), Penaeus subtilis (Perez Farfante, 1967; Perez Farfante and Kensley, 1997), and Xiphopenaeus kroyeri (Heller, 1862) (Worms, 2019), Ministério da Pesca e Aquicultura [MPA] (2011). The southern brown-shrimp – P. subtilis – is the most important species for the industrial trawling fleet that operates on the Amazon Continental Shelf (ACS), in northern Brazil (Martins et al., 2015).

Similar to other penaeids, the brown-shrimp has a complex life cycle in which juveniles inhabit estuaries of the coastal region while sub-adults migrate to oceans, where spawning takes place. These animals prefer muddy-sandy substrates, down to 190 meters depth, temperatures up to 27.5°C, and the ability to resist large salinity changes throughout their life cycle (Pérez-Farfante, 1969; Holthuis, 1980; Kaschner et al., 2019).

The industrial brown-shrimp fishery on the Amazon Continental Shelf is annually performed by approximately 101 trawlers, primarily steel vessels, with a mean length of 20 m, engine power varying from 235 to 470 Hp, onboard icing system, and average holding capacity of 20 tons per fishing trip. Vessels also have an onboard navigation system, echo sounder, and radio for communication (Frédou et al., 2009; Paiva et al., 2009; Aragão et al., 2015a; Bentes et al., 2017).

The average crew size is of five workers with predefined roles (master, cook, pilot, haulage engineman, fisher) and are typically salaried, receiving a fixed income and a financial increment, derived from the commission, according to their role in the vessel and to the amount of shrimps captured; the master is the highest pay and the fisher is the lowest pay.

Each trawler usually undertakes four trips over the year, with a average duration of 45 days, between February and November. Fishing grounds and capture time follow the migration pattern of shrimps toward the northeast, along the ACS (Martins et al., 2015; Peixoto et al., 2021).

The industrial fleet captures shrimps using double trawl nets with accessories (tangons) for hoisting the nets after each trawl (Aragão et al., 2001, 2015a,b). Yield is higher in the first half of the year, with P. subtilis being the predominant species in the catch. Other species that also occurring are P. brasiliensis and X. kroyeri, and a high diversity of fishes and other aquatic organisms that comprise the by-catch fauna (Cintra et al., 2004; Frédou et al., 2009; Aragão et al., 2015b; Marceniuk et al., 2019).

Most shrimp production captured at open sea is primarily intended for the processing industry and traded in the export market. The other part of the production is distributed in fairs, markets, restaurants, among other local or regional markets (Araújo, 2021; COMEX STAT, 2021).

The industrial exploitation of the brown-shrimp stock in the Amazon coast is considered one of the least sustainable practices among the fisheries conducted in this region (Isaac et al., 2009), especially due to the impact of trawling on by-catch fauna, which is captured incidentally and is mostly discarded (Hall et al., 2000; Allen et al., 2017; Bomfim et al., 2019).

Annually, an average of 3,800 tons of shrimp are caught in this activity, which represents an annual income of more than 41 million U$ dollars. However, it is evident that the shrimp catch in this region has been decreasing over time, and the reasons are still unclear. It is due to the fact that stock assessment have never acknowledged this species as overexploited, and would theoretically still support an increased effort (Isaac et al., 1992; Aragão et al., 2015a; Araújo, 2021; Peixoto et al., 2021). However, the number of trawlers working with this type of activity has decreased for approximately 70 boats (Aragão et al., 2015a) and economic or institutional reasons are still to be further, but literature on this topic is scarce.

There are a few current fishery regulation measures designed to ensure higher sustainability in this activity. These measures are mostly based on the target species and consist primarily of (i) limiting the number of vessels authorized to conduct this fishery, which has been set at 101 trawlers (Brasil, 2017); (ii) banning trawling less than 10 nautical miles off the coast to prevent the capture of juveniles of several fish species (Brasil, 1987); (iii) defining the annual closure period, between December 15 and February 15 (Brasil, 2018), to protect spawning and recruitment; and (iv) regulating net-bag mesh size at 22 mm between opposed notches (Dias-Neto, 2011) to prevent small-sized species from entering the nets.



Multidimensional Indicators for Fishery Diagnosis

The fishery is a complex system, which requires a transdisciplinary and integrated approach. Over the last decades, as the concept of ecosystem-based management (EBMF) has emerged, the importance of a holistic assessment of the impacts caused by fishery has become clear, which not only includes the activity’s ecological dimension but also the different economic and social dimensions (Ye, 1998; Willems, 2016; McConnaughey et al., 2019). The integrated analysis of social-economic and environmental systems has helped to obtain a more adequate management of the activity and can ensure higher sustainability in management rules (Rindorf et al., 2016; Chu et al., 2017). The lack of a transdisciplinary and ecosystem-based approach might be one of the causes for failures in more classic management measures and for the lack of long-term sustainability and governance in fisheries (Garcia et al., 2003).

Some methodologies have been developed over the past years to ensure better integration of environmental and social-economic factors in the analyses of fisheries (Bentes et al., 2012; Russo et al., 2017). Fisheries Performance Indicators (FPIs) have been devised to evaluate biological and non-biological characteristics, applying a holistic and multidimensional view to fishery systems. This is a quick and low-cost tool, designated “triple bottom line,” which evaluates the status of fishery management systems using an array of metrics and indicators grouped in three sustainability dimensions: ecology, economics, and community (Anderson et al., 2015; Chu et al., 2017; Eggert et al., 2021).

Fishery Performance Indicator tools allow evaluating the stock status, environmental conditions of the fishery area, the performance of catch and post-harvest sectors, as well as market and resource management aspects (Anderson et al., 2015). This methodology can be applied to data-poor fishery systems, which are common in developing countries. Moreover, these indicators have already been applied to 149 fisheries worldwide (Eggert et al., 2021), which allows performing comparisons and list reference points, identifying weaknesses and strengths in each fishery, thus subsidizing decisions regarding problem-solving measures.

The absence of integrated information, particularly the lack of an assessment of the impacts on target and non-target species and on the degradation of the environments where catches are found, as well as the absence of an economic and political diagnosis of fishery production systems of economic importance, encumbers the determination of how effective the management systems are, and which interventions are required in the many stages of this activity, from harvest to the consuming market.

The present study aims to use the FPI tools for industrial brown-shrimp fisheries on the northern coast of Brazil. This fishery has been chosen based on its social-economic relevance to this region, as it generates employment and income, as well as significant revenue for the country. Fishery Performance Indicators are used as an attempt to tackle the lack of information on this activity through a holistic assessment, considering its environmental, economic, and community aspects, thus providing an opportunity to compare it with other fishery systems around the world and providing a broad view of the current fishery status, helping to design and provide recommendations for management measures.




METHODOLOGY


Study Area

The study area comprises the Amazon continental shelf, the northern region of Brazil, where the industrial trawling fleet of the brown-shrimp (P. subtilis) operates. The fishery area extends over the Brazilian continental shelf, from the marine projection of the mouth of the Oiapoque River (on the border between the French Guiana and Brazil) to the mouth of the Parnaíba River (on the border between Piauí and Maranhão states, Brazil), with higher fishery intensity off the states of Amapá and Pará (Figure 1; Aragão et al., 2015a). Mean depths where fisheries were carried out varied from 40 m to over 100 m, with a predominance of muddy, sandy and gravelly substrates (Aragão et al., 2015a; Isaac and Ferrari, 2017). This area is part of the North Brazil Large Marine Ecosystem (NBLME) and receives an important freshwater discharge derived from the Amazon and Tocantins Rivers, creating a highly dynamic and productive environment (Barthem and Schwassmann, 1994; Nittrouer and DeMaster, 1996).
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FIGURE 1. Fishing ground of the industrial shrimp trawling fleet, on the Amazon Continental Shelf, Brazilian Northern coast.




Fishery Performance Indicator Method

Data were collected between 2019 and 2020 applying the Fisheries Performance Indicators (FPI) tool described by Anderson et al. (2015), which assessed fishery through 122 metrics that fit into dimensions or topics of interest, in order to characterize the fishery production system. The dimensions are classified into two main large categories, called “input” and “output.”

The indicators of the output group are separated into three large groups, called “triple bottom line” (ecologic, economics, community), established in 14 dimensions containing 68 metrics. They reflect the activity’s performance throughout the production process. The Input group is classified into five components, which contain 15 dimensions, with 54 metrics. These metrics represent the existing conditions (whether environmental or not) required to lead to a good performance of the activity (Figure 2). All metrics related to inputs and outputs are described in Supplementary Tables 1, 2, respectively.
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FIGURE 2. Industrial shrimp fishery input scores (yellow) and the average FPI dataset for developed countries and the average of the top 10 best performing world fisheries. DC – Developed Countries; T10 – Top 10 best performing fisheries.


Scores were assigned to assess the metrics (whether they are output or input), and they varied from 1 (worst performance) to 5 (best performance) based on pre-established quantitative and qualitative criteria (Anderson et al., 2016). Mean scores of the set of metrics determine the value of each dimension, and average dimensions determine the value of the component or indicator. This procedure obtains a more robust assessment, even when there are few data available in the details. In addition, the metrics are analyzed according to the reliability level of the information source, ranging from A (accurate information) to C (inaccurate information). Therefore, it is possible to weigh the degree of certainty of the results. According to the 122 metrics analyzed, the accuracy of the metrics according to the quality of information utilized was 17% type A, 68% B, and 15% type C information.

The data were inserted into Excel spreadsheets previously programmed to estimate averages and to design radar graphs that summarize the results obtained for shrimp fishery on the ACS. Dimension values were compared with the average scores found in 97 fisheries in developing countries and with the scores of 10 fisheries with the best performance according to the FPI method (Iceland Nephrops lobster, Icelandic cod, Australia Western zone abalone, US-Alaska pollock, Japan wagu lobster, Australia Southern zone rock lobster, Japan Ofunato set-net salmon, Australia Spencer Gulf prawn, Norway’s purse seine, and Japan Toyama Bay set-net). These reference scores were obtained thanks to the collaboration with the research group that developed this method at the Institute for Sustainable Food Systems at the University of Florida and from available literature (Anderson et al., 2015; Asche et al., 2018).




RESULTS AND DISCUSSION


Input Indicators


Macro Factors

The Macro factors component had an intermediate score (score: 3.2). Rains were the climatic factor that directly affects catches; however, it is considered a positive factor as it causes freshwater discharge from the Amazon River (Barthem and Schwassmann, 1994), thus increasing environment productivity, and consequently, shrimp productivity, particularly in areas off the coast (Aragão et al., 2015b). The low interference of natural disasters, such as cyclones or typhoons, in the Amazon region, increased the score of this dimension.

In spite of that, the metric Environmental Performance Index (EPI) was assigned a low score. According to the Yale group1, which assesses sustainability levels worldwide according to environmental criteria, such as air quality, climate changes, waste management, etc., Brazil does not have suitable policies for the environmental challenges of the modern era (Wendling et al., 2020). Additionally, the economic freedom index, which measures the ability of a country to generate richness and provide a better human development, based on factors such as governmental integrity, labor freedom, tax burden, among others, obtained an unsatisfactory score. Therefore, Brazil occupied 150th place in the global ranking in 2019, and 27th place among American countries regarding this issue, with an overall score lower than the regional and global averages (Heritage Foundation, 2019).



Property Rights and Responsibility

This component had a good performance (score: 4.2). This value is explained by the good performance of its two dimensions: Fishing access rights (4.5) and Harvest rights (4.0). Brown-shrimp fisheries are controlled by limited access, through fishery licenses granted by the Federal Government for vessels of this modality to operate in this region. Licenses can be transferred through a controlled administrative process. These management measures are important to mitigate ecological impacts (McConnaughey et al., 2019) and to prevent overcapitalization.



Co-management

Brown-shrimp fishery had an unsatisfactory average for the Co-management component (score: 2.4), and all dimensions had a similarly low performance (Figure 3). The low participation level of productive chain agents (fishers, skippers, and professionals of the industry) in decision-making processes involving fishery management explain the low performance.
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FIGURE 3. Shrimp industrial fishery input scores (yellow) and the average FPI dataset for developed countries and the average of the top 10 best performing world fisheries. DC – Developed Countries; T10 – Top 10 best performing fisheries.


The dimension Leadership and Cohesion (score: 2.0) had the lowest average performance, especially compared to the average of developing countries and of the top 10 fisheries with the best performance (score: 3.37 and 4.5, respectively). Although the professionals involved in shrimp fishery (whether they are shipowners or holders of fishery licenses, such as skippers and other members of the crew) have their own class representatives, organizations levels are inefficient and verticalization predominates in class entities. Therefore, decisions related to management are ultimately centralized in company owners with higher status and higher political and economic clout. Class entities that represent fishers are the most disorganized. They do not have a strong representative authority and, therefore, they have little influence management policies. They are in place nearly exclusively to defend labor issues between workers and companies. The good relationship between fisher class entities and regional or national government agencies is essential for better management of the system and higher levels of governance (Oviedo and Bursztyn, 2017).

This strategy of the industrial elite in keeping the low-tier professional estranged from decisions regarding resources reveals the lack of transparency of everything that occurs concerning this activity. It is assumed that a more aware and informed worker might have more arguments to question their superiors in labor relationships. Despite the fact that participation of and the sharing of responsibilities by all stakeholders involved in the process, as well as the strengthening of leaderships, are key attributes to ensure successful fishery management, many productive chain actors of shrimp trawling on the ACS are not aware either of their rights or of the characteristics of the entire process, which thus paves the way for exploratory relations (Berkes, 2009; Bailey et al., 2016; Purcell et al., 2017).

The Gender component (score: 2.3) resulted in a low score. The industrial brown-shrimp fishery is a predominantly male activity, with no women onboard the vessels. This condition has been historically bult and is explained by the low hygiene-sanitary conditions of the vessels, by the long duration of high-seas trips (on average, 45 days), by the risks of violence during fishery trips, and by the hardship of the work developed in this fishery modality (Figure 3). This characteristic is common in the Amazon region, as well as in the global fishery sector, which is reflected in the low score also assigned for this dimension in fisheries worldwide (Figure 3). According to FAO, only 12% of the workers in extractivism sectors are women, and higher participation of females (approximately 50%) only occurs in the post-harvest sector (FAO, 2020).

Aside from female roles that lie primarily in the processing and trade of fishery products, women are related to terrestrial activities and are indirect key players for a successful fishery, as they manage the homes and the financial resources obtained with this activity, thus ensuring the economic and emotional maintenance of the family, through caregiving activities and domestic chores, among others (Frangoudes and Gerrard, 2018).



Management

The Management component, related to the success level of fishery management and to governmental financial incentives and subsidies, such as scientific monitoring to ensure sustainable fishery, had an intermediate score (score: 3.3). Some measures, such as closure season or the limit of vessel numbers, were not enough to ensure satisfactory levels of sustainability for this fishery, since despite that, the fishery continues to use the non-selective trawling technique, remaining a high rate of incidental capture, and the yield and effort are decreasing along the time, showing that the activity does not have enough attractions.

The dimensions Management Methods and Data averaged a score of 3.0, as the data collected on production were not easily accessible and were discontinuous. Even though fleet activity has some punctual scientific monitoring. Aside from incomplete, data were mostly focused on biological data of the target species (with little data on by-catch), and social-economic information, which is as equally important, was not collected (Sena, 2005; Aragão et al., 2015a).

Furthermore, the development of studies in this sector has been facing resistance from agents of the fishery industry, as well as from the processing industry. The entrance of researchers is encumbered by processing companies as the latter are concerned by potential restrictions to current harvest practices. The paucity of data leads to uncertainty regarding the stock status and economic sustainability of the actors, which might compromise the economic and food security of users’ dependents, and might increase the chances of overfishing (Bradley et al., 2019).

The access to public policies was analyzed using the metric Level of subsidies. The vessel owners of the shrimp fishery can access to oil subsidy of 25% for trips of the trawlers. The access to economic subsidies is important to maximize fishery, as it reduces costs, especially in the case of fuel, which is the major variable cost of fishery vessels (Araújo, 2021). On the other hand, these subsidy policies might conceal resource limitations and lead to fleet overcapacity. Economic subsidies might encourage the increase levels of effort, making fishery more attractive economically by reducing costs (Pauly et al., 2002). Therefore, subsidies were not considered a long-term benefit for the activity from the ecological standpoint (Sumaila et al., 2008; Sakai et al., 2019).



Post-harvest

This component, which evaluates the conditions of fishery product trade, obtained an intermediate performance (score: 3.4). The dimensions Markets and Market Institutions (score: 2.7) helped to reduce the overall score. The southern brown-shrimp, which is the target of these fisheries, is predominantly sent to the international market (FAO, 2020), has fixed buyers, and its price is adjusted by foreign demand. This contributed with the low scores found for the metrics Landings Pricing System, Number of Buyers, and Degree of Vertical Integration. The international market primarily benefits from the main economic benefits of this activity and the value added in the product traded. Local actors such as fishers or skippers are the least favored in the production chain. This was considered a negative factor for the social sustainability of this activity (Swartz et al., 2010).

On the other hand, the dimension of Infrastructure resulted in a high score (score: 4.2). The processing companies are well located, have their own unloading ports, good operational structure, access to the power grid, as well as their own energy generators, to ensure the quality of frozen products, in cases of city power supply outages, which are common in Amazon region. They also have good access to paved highways, providing a more feasible distribution flow.




Output Indicators of TBL


Ecological Indicator

Although brown-shrimp stocks are not considered overexploited (Isaac et al., 1992; Aragão et al., 2015a; Peixoto, 2020), the ecological indicator had the worst performance of the entire analysis (score: 1.7), well below the average performance of fisheries in developing countries and of the top 10 fisheries with the best performance (Figure 4; Anderson et al., 2016).
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FIGURE 4. Comparison of TBL output scores for the Shrimp Industrial Fishery and the average FPI dataset of developed countries and the average of the top 10 best performing world fisheries. DC – Developed Countries; T10 – Top 10 best performing fisheries.


In the case of shrimp fishery on the ACS, the dimension related to ecological factors is closely related to the nature of the activity. Trawling carries unsustainability elements due to the low selectivity of this fishing practice, which is a threat to marine biodiversity, affecting the complex ecological processes in the oceans (Kumar and Deepthi, 2006; Worm et al., 2009), the biota and the ecosystem (Jørgensen et al., 2016; Mazor et al., 2020; Behera et al., 2021).

Although shrimp is abundant and typically an r-strategist (in the sense of Odum, 1983), which renders it a stock resilient to fishing pressure (Adams, 1980; García, 1988; Gillett, 2008), the by-catch, which is incidentally captured in this fishery, represents a drawback to environmental sustainability due to the large amount of organisms discarded (Pérez Roda et al., 2019; FAO, 2020). It is well known that, for each kilo of shrimp, at least 4.3 kg of other resources are captured, which are not always used (Paiva et al., 2009). Trawl nets harvest at least 201 species as by-catch, especially teleost fishes (Marceniuk et al., 2019) and over 200 invertebrate species (Nóbrega, 2019). There is also the risk of by-catch of species that are deemed vulnerable or endangered, as is the case of some shark and marine turtle species (Kumar and Deepthi, 2006; Lewison et al., 2014; Marceniuk et al., 2019; Peixoto, 2020). These factors reduced the score of ecological metrics.

Additionally, the dynamics of by-catch capture, regarding composition and spatial-temporal variation, is still poorly known as the total catch volumes are not reported (Uhlmann et al., 2014; Branco et al., 2015), which also contributed with the low ecological performance. The proximity of the fleet ground area to Amazon coral reefs (Moura et al., 2016) further emphasizes the unsustainability of this trawl fishery concerning ecosystem maintenance, although it is still considered attractive from an economic standpoint (Dias-Neto and Dias, 2015).

Shrimp fishery in the North of Brazil is inserted in the proposal “National Management Plan for the Sustainable Use of Marine Shrimps in Brazil” (Dias-Neto, 2011). This plan proposes the adoption of strategies to avoid by-catch capture, e.g., the use of technological reduction devices such as the so-called BRD (Bycatch Reduction Devices) (Eayrs, 2007). However, this document does not seem to have a significant effect on fishery methods and very few of its objectives have been translated into concrete actions to ensure sustainability, in practice, which might be due to the verticalization in its design.

Devices such as BRDs have been used in shrimp fleet nets in other countries such as Norway, the United States, and Australia (Cattani et al., 2012). From the perspective of operationalizing the use of these devices, FAO and funding agencies in Brazil have supported projects to experiment and disseminate these devices. Although that, the acceptance of BRDs by fishers is still low. Despite the results of scientific experiments that prove that BRD could improve the performance of trawling, vessel owners fear that these devices might decrease yield, which leads to doubts regarding the costs and benefits of this change (O’Neill et al., 2019).



Economic Indicator

The economic indicator resulted in an intermediate score (Figure 5), and the dimensions Harvest Assets and Post-Harvest Asset Performance (score: 2.3 for both of them) contributed with this performance. These dimensions evaluate the historical economic conditions of fishery. In the case of shrimp fishery, there have been historically different scenarios involving production, price behavior, and exportation (COMEX STAT, 2021).
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FIGURE 5. Comparison of TBL (three bottom line) output scores for the Shrimp Industrial Fishery (yellow), the average FPI dataset of developing countries (black) and the average of the top 10 best performing world fisheries (green).


One of the changes about seafood trade is related to changes in the behavior of the global consumer, who has been refusing products derived from fisheries considered unsustainable. The modality of fishery with trawl net, deemed as having low selectivity, has permeated discussions throughout the world, and many countries have banned this activity, as is the case of certain fisheries in Hong Kong (Tao et al., 2018), Italy (Pipitone et al., 2000), Indonesia (Bailey, 1997) and the Netherlands (Bergman et al., 2015), among others.

Changes in the export scenario have already been observed in the industrial fishery of northern Brazil due to the loss of markets that were previously consolidated. This is the case of the United States and European countries such as France, Spain, and Belgium, which were the major importers of the Brazilian brown-shrimp until 2017, yet have closed their markets to this product over the last years (COMEX STAT, 2021).

This loss is related to the adoption of new requirements in countries such as the United States, that refuse the purchase of products derived from trawling, which has high rates of discarded by-catch. This country has implemented the Seafood Import Monitoring Program (SIMP), which adopts measures to prevent the entrance of products that are either illegal or of unsustainable origins (Amaral, 2018). The countries that have banned discarded by-catch in their fishery activities, adopt similar stricter criteria regarding their imports. The European Union, for instance, has adopted the mandatory reduction of bycatch in fisheries since 2015, thus encouraging a higher selectivity in fishery practices to rebuild the stocks affected (Worm et al., 2009; Millán et al., 2014; Gullestad et al., 2015). Hygiene-sanitary conditions of the Brazilian product, especially due to structure of and handling on vessel decks, which lead to higher exposure to contaminations, have also contributed to the reduction in exports.

Therefore, the growing global demand for seafood of sustainable origin, which results from a global tendency toward conscious consumption, encourages certification initiatives and recommendations that have affected the preference of consumers (Belson, 2012). Certifications aim to support sustainability, providing information on production methods and resource origin and represent an attempt to provide visibility and acceptance of products in the international market, even increasing market values (Gutierrez and Thornton, 2014; Duggan and Kochen, 2016). However, there is no evidence that shrimp fisheries in the northern coast of Brazil have been headed toward the same direction.

Thus, to adapt to the changes of the market the ACS shrimp export industry adopt new sales strategies, intended for other markets with lower requirements (Dey et al., 2008). In this way, the industry has found a solution to maintain the activity, without having to perform changes in the production process that could lead to increased costs to improve the quality of the products.

This situation reveals the need for economic investigations to guide public policies for this sector or even to propose changes in how the production system operates. The search for better financial results is the primary cause for fleet behavior, sometimes leading to maximizing economic benefits with the lowest investment possible, a situation that has been occurring with other fisheries throughout the world (FAO, 2014).

From an economic standpoint, the shrimp industry in the ACS has a behavior that might be defined as “imperfect competition.” This means that, in practice, there are barriers to the entry of new companies in this sector, due to the level of tradition and experience that this activity requires (Pindyck and Rubinfeld, 2013). This decreases natural competition among companies (Dereli, 2015).

The elite of the sector has power to force public policies of interest in the productive sector, as is the case of diesel oil subsidies, which help reduce operational costs of this fishery, favoring the entrepreneur but not the sustainability of the activity. Moreover, the benefit gained with this subsidy is not necessarily passed on to end consumers, due to the product’s high demand, which prevents prices from dropping (Graça-Lopes, 1997). This is evident in the case of the brown-shrimp, as it is an asset of high commercial value, mainly accessible to higher-income consumers (Swartz et al., 2010).



Community Indicator

The Community indicator performance was high (score: 4.0), higher than the average of fisheries in developing countries and the 10 top fisheries with the best performance (Figure 5). This result is particularly associated to the social-economic conditions that the industrial brown shrimp fishery provides to its actors. The professionals involved in the harvest and processing shrimp industrial sectors have good, differentiated economic benefits, compared to other regional fisheries, such as those of the small scales fishery (Isaac et al., 2009).

The trawling fleet works with salaried workers, they receive labor rights, such as vacations, leaves and insurances, unlike small-scale fishers, who are autonomous. In order to be contracted, both shrimp fishers and workers of processing factory must have some qualification; therefore, this is a group with recognized experience.

Additionally, there is a hierarchy in labor division, which allows establishing a certain “professional career path,” which starts with fisher and scales up to master, which ensures prospects of professional valuation and higher benefits in wages and in work commissions.

Payments in the fishery activity are performed both through a fixed salary and through a share in production results, with bonuses and commissions, which encourage the crew to increase yield and seek a higher commercial value shrimp (Kessler, 2009; Guillen et al., 2019).

The social-economic benefits of fisheries allow for nearly all agents in the sector to have permanent residence in the city of Belém, capital of the state of Pará, considered the second most developed city in the northern region of Brazil (Instituto Brasileiro de Geografia e Estatística. Censo Demográfico [IBGE], 2010). This promotes access to community services, such as healthcare assistance, opportunities for formal education of children, job opportunities, and opportunities for income generation for other members of the family, as well as other public policies that are more accessible to city dwellers. These conditions increase life quality and the well-being of the actors of this activity and that of their family members (Teixeira et al., 2016).

Although there are many productive chain agents in shrimp fishery, the social and political dimensions of the FPI community obtained good results in general, which also results from the legal requirements set in place to establish a fishery company, as well as the organization of base groups, which aim to ensure labor rights (Pessanha and Artur, 2013). Social security collection in formal jobs also ensures them pension benefits, such as retirement and health insurance (Brasil, 2002).

These are the reasons why the industrial brown-shrimp fishery scenario in the ACS had a good performance in the community dimension, unlike other small-scale, regional, and national fisheries, which have precarious labor relationships and little or no access to public policies (Marschke et al., 2019).

Even seeing the good performance of the community, especially with regard to the benefits granted through the formalization of the labor relationship through salaried employment in relation to smaller-scale fisheries, this factor does not mean greater participation of workers in fisheries management, something that was visualized in the dimension of Leadership and Cohesion that shows an inferior performance.

Figure 5 shows that the FPI results of the industrial fishery in the northern Brazilian coast are lower regarding ecological and economic indicators, compared to the average of fisheries conducted in developing countries and to the top 10 fisheries with the best FPI performance. It is worth emphasizing that the ecological indicator obtained the worst indicators, owing to the conditions under which the fishery occurs in the trawling modality, which is considered to have low selectivity (Allen et al., 2017; Bomfim et al., 2019). The community indicators (4.00) obtained a higher score compared to the performance observed in developing countries, yet still lower than the average of the top 10 fisheries with the best performance, with higher structure provided for the fishery. Nevertheless, this score indicates that better conditions to supply the product to the international market (which brings an important return for the actors involved in this activity) are still necessary.





FINAL CONSIDERATIONS

Despite the challenges in obtaining environmental data and information on the economic and political performance of fishery management, the application of the FPI methodology allowed us to visualize the critical aspects of this activity, especially the co-management factor (among inputs) and the ecological factor (among outputs), as well as strengths such as Property Rights & Responsibility (among inputs) and the community factor (among outputs), which obtained the best scores. These results outline a current scenario that helps formulate proposals for changes to improve the performance of this activity regarding the environment and the harvest and post-harvest sectors (McCluney et al., 2019).

Our conclusion is that the activity is developed under poor sustainability conditions according to the set of ecological indicators, due mostly to the large impact on by-catch diversity and to the low selectivity of trawl nets.

The repercussions derived from the low selectivity of this fishery directly affect the other indicators analyzed by the FPI methodology, as they are directly related to each other.

The new market requirements, which result from changes in consumer demands, lead to the search for innovations that allow an adjustment of the products of these fisheries, in order to attract a public who seeks indicators of biodiversity conservation and the maintenance of life quality on the planet. Unfortunately, pleas for changes in fishery techniques have appeared outside the sector without the effect required to lead to the desired local adjustment.

The ecological appeal affects the economic dimensions, thus affecting the competitiveness of the traded products, thus contributing to the less favorable image of the sector. This limits the prices practised, affecting the profitability of the entire productive chain. This scenario, along with the economic crises in the country, has resulted in the closing of companies, unemployment, development of exploratory labor relations, lower payments, and the worsening of conflicts in the sector.

The plea to create ecosystem-based management mechanisms has increased globally, aiming to ensure the continuous provision of fishery products for present and future generations. A highlight among these initiatives are the projects for certification or ecological labeling, which enable to relieve poverty, increase income and food security in developing countries, ensure the long-term availability of fishes, and even improve their added value and increase trade (United Nations Environment Programme [UNEP], 2009; Deutsch et al., 2011).

Therefore, despite the good FPI results of the Community dimension, Amazon brown shrimp fisheries are in need of an urgent intervention so that the impacts on by-catch are mitigated.

We believe strategies for the education on and diffusion of this study results must be implemented, in order to marshal higher articulation and better dialogue between the social actors involved, enabling the rise of a culture of conscious consumption and sustainable catch, with the required adjustments for the activity to obtain higher sustainability levels. Cases of other fisheries in Brazil, such as trawling in the south of the country, might help convince the agents to take on these changes (Cattani et al., 2012; Schroeder et al., 2016). Other national fisheries have been following the path to sustainability in order to attract a more demanding market. One such example is the industrial snapper (L. purpureus) fishery, which has already been discussing rules designed to rebuild stocks (Freire, 2019).

Shrimp trawling in the northern region of Brazil has been the object of contention (Medeiros et al., 2013). That is why it is important that the participation of agents in the sector is equitative so that everyone feels responsible for the decision-making process regarding management. Furthermore, continuous monitoring of fishery results and of the effectiveness of this management is essential (and this is a dynamic process). Additionally, data should be made public to better allow further analyses and the disclosure of results to every public.
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