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Abstract

The Azorean demersal fishery sector is one of the most important in the archipelago. As a
small-scale fishery, it plays an important role in the livelihood of the community, being a
source of employment and income, and contributing to poverty alleviation. Because fisheries
are a complex system, a multidisciplinary approach that includes socioeconomic indicators is
required for a broader assessment of fishery sustainability. This study analyzes the Azorean
bottom longline fishery using the Fishery Performance Indicators tool, regarding its ecology,
economy, and community indicators. The findings indicated that the fishery is mostly
sustainable, although there is still opportunity for improvement. Its ecological indicators had a
good performance, mainly due to the effort and work of the scientific community that makes
continuous studies to examine the state of its stocks. The economic indicators are in good
condition as well, but some obstacles stopped the indicator from obtaining a better
performance; mainly the landing volatility and the fishery’s main source of capital
(subsidies), which can make the fishery less competitive. Finally, its community indicator had
a very good performance, which reflects the fishery's socioeconomic and cultural relevance

for the Azores.

Keywords: FPI; triple bottom line; sustainability indicators; bottom longline fishery; demersal

species; NE Atlantic.



Resumo

As pescarias de pequena escala desempenham um papel fundamental na subsisténcia das
comunidades pesqueiras. Sao uma fonte de emprego e rendimento, contribuindo para o alivio
da pobreza, sobretudo em paises subdesenvolvidos e em desenvolvimento. Apesar da sua
importancia social e econémica, este tipo de pesca costuma ser negligenciada, existindo uma
falta de informacgdo relativamente a sua estrutura e funcionamento, e uma falta de dados
socioecondmicos. No arquipélago dos Acores, a maior parte da frota pesqueira opera em regime
de pesca de pequena escala, sendo considerada uma pesca artesanal, com cerca de 90% das
embarcagdes com menos de 12 metros de comprimento. As espécies-alvo sdo maioritariamente
diversas espécies demersais, apanhadas usando diferentes técnicas de pesca, sendo por isso,
esta pescaria considerada multi-artes e multi-espécies. A técnica predominante para a pescaria
de espécies demersais € a linha e 0 anzol, sendo a linha de méo e palangre de fundo as técnicas
mais utilizadas no arquipélago. O palangre de fundo ¢ a técnica mais importantes na regido em
termos de desembarques, e valor economico. A dindmica de pesca € conduzida pela espécie-
alvo, geralmente o goraz, Pagellus bogaraveo. No entanto, dependendo da abundancia,
exigéncia de mercado, e restricdes a pesca, a espécie-alvo varia. Outras espécies
comercialmente importantes sdo o boca-negra, Helicolenus dactylopterus, o congro, Conger
conger, a abrétea, Phycis phycis, o imperador, Beryx decadactylus, e o alfonsim, Beryx
splendens, entre outras. Devido a importancia social, econdmica e cultural desta atividade para
aregido, uma avaliacdo da sua estrutura e funcionamento, no que diz respeito a sustentabilidade
é necessaria. Os estudos referentes a pesca demersal nos Agores sdo maioritariamente relativos
a biologia e ecologia de algumas espécies alvos. No entanto, porque a pesca é um sistema
multidimensional e complexo, uma abordagem mais holistica e multidisciplinar é necessaria.
Este estudo faz uma avaliagdo da pescaria de demersais que utiliza o palangre-de-fundo como
arte de pesca nos Acgores, com o objetivo de analisar o desempenho desta pesca face aos setores
ecologicos e socioecondmicos, chamados de Triple Bottom Line (TBL), um conceito
diretamente relacionado com a sustentabilidade. Para tal, utiliza pela primeira vez no
arquipélago, a ferramenta Indicadores de Desempenho da Pesca (FPI), que adicionalmente faz
uma avaliacdo dos fatores externos que possam afetar a pesca, tais como, direitos de acesso a
pesca, a co-gestdo da pesca, as suas estratégias de gestdo, a competitividade do mercado, entre
outros. Através de uma extensa pesquisa realizada através de revisdes, e analise da literatura,
realizacdo de entrevistas com pescadores e investigadores, e contacto com varias entidades e

empresas, 0s resultados foram obtidos e comparados com o desempenho das 10 melhores
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pescarias do mundo, e com 97 pescarias de paises em desenvolvimento, segundo a pontuacdo
dada pelo FPI. Os resultados indicam que a pesca de uma maneira geral, é sustentavel, embora
ainda haja oportunidade para melhorias. No geral, € mais sustentavel do que as pescarias
analisadas pelo FPI nos paises em desenvolvimento, mas ndo alcanca o nivel de sustentabilidade
das 10 melhores pescarias analisadas pela ferramenta. Os seus indicadores ecoldgicos tiveram
um bom desempenho. H& um esforco por parte do governo e da comunidade cientifica para
que o estado das unidades populacionais se mantenha sustentavel. Os indicadores econémicos
também demonstraram um bom nivel de sustentabilidade, no entanto alguns obstaculos
impediram que o desempenho fosse melhor. A volatilidade dos valores de desembarque afeta o
comércio e rendimento, refletindo um maior risco financeiro, e diminuindo o investimento na
pesca. Os indicadores comunitarios demonstraram um desempenho muito bom, refletindo a
relevancia socio-econémica, e cultural, da pesca para os Acores. No entanto, foi notado, durante
as pesquisas para este trabalho, uma falta de informacao social relativamente ao setor da pesca
de demersais, especialmente relacionado com os pescadores. Isto poderé levar a incertezas
guanto a avaliacdo do setor Comunidade, por parte da ferramenta, e consequentemente a
medidas de gestdo inadequadas. Face aos resultados obtidos relativamente a estes trés setores,
é recomendado um maior controlo da frota, especialmente relativo a bycatch, pesca ilegal, e
ndo reportada, através de observadores a bordo, auxiliando na criacdo de novas medidas para a
conservacao das unidades populacionais comerciais e ndo comerciais. Este estudo sugere ainda
a insercdo da pesca num Programa de Aperfeicoamento das Pescas que traria vantagens, ndo s
ecoldgicas, mas também para a economia e comunidade acoriana. E aconselhavel a recolha de
informacdo continua, e regular, relativamente a comunidade pesqueira, e a posterior realizacdo
de estudos cientificos. Relativamente a andlise dos fatores externos, concluiu-se que ainda ha
muitos poucos estudos relacionados com a polui¢do no meio marinho profundo no arquipélago
dos Acores. Por isso, os valores atribuidos a algumas das métricas do FPI poderdo nédo ser
precisos, uma vez que as espécies demersais com maior valor comercial sdo de ambiente
marinho profundo. Adicionalmente, seria importante iniciar a implementacao de uma co-gestao
na pesca agoriana. A co-gestdo demonstrou ser importante e eficaz, especialmente em pescas
de pequena escala, providenciando uma voz ativa para todos os participantes na pesca,
especialmente os pescadores. Este tipo de gestdo promove uma acdo coletiva e melhora a
resolucdo de conflitos, sendo uma mais-valia para a pesca no arquipélago. Outro fator que se
mostrou relevante aquando da avaliacdo dos fatores externos foi o alto nivel de subsidiacdo
existente no setor da pesca nos Acores, especialmente de subsidios que contribuem para um

reforco na capacidade. Estes subsidios reduzem, muitas vezes, o custo de acesso a pesca
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incentivando uma sobre capacidade que podera resultar numa sobre-explora¢do dos recursos
marinhos, sendo prejudiciais para a sustentabilidade das unidades populacionais, e do meio
marinho no geral. Consequentemente, prejudicam também a economia, e a comunidade de uma
regido. E aconselhavel haver uma reducdo destes subsidios nos Acores, e se possivel a sua
completa eliminagdo. Uma das melhores alternativas, e a que se mostrou mais bem-sucedida
noutros paises, € redirecionar esses subsidios para formas alternativas de apoio, como
melhoramento da técnica de pesca, assisténcia aos pescadores, investimentos na monitorizacéo
pesqueira, e na investigacdo, entre outros. Em suma, este estudo reflete o estado geral da
pescaria de demersais nos Agores, e 0s impactos ecolégicos e socioeconémicos da pesca, bem
como os possiveis efeitos que fatores externos poderao ter na atividade. Os resultados obtidos
poderdo vir a contribuir para a criacdo de melhores medidas de gestdo pesqueira no arquipélago.
E aconselhavel a realizacdo de estudos posteriores relativamente a sustentabilidade da pescaria
de demersais nos Acores, nomeadamente a nivel econémico e social, que carece de informagao.
E também recomendado, no futuro, uma nova anélise da pescaria de demersais utilizando

diferentes ferramentas multidimensionais, e comparar os resultados obtidos com o os do FPI.

Palavras-chave: FPI; triple bottom line; indicadores de sustentabilidade; palangre-de-fundo;

espécies demersais; Atlantico Nordeste.
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1. General Introduction

1.1.Fisheries industrialization and impacts

Fishing-dependent communities from around the world have relied upon fishing activities for
thousands of years as their primary source of food in a mode of subsistence [1,2]. With the
improvement of transportation and fish preservation techniques — particularly the invention of
canning — commercial fishing emerged and developed into a large-scale market [1]. Later,

fishing effort increased following industrialization in the early 19" century [3].

Currently, there are three main types of fisheries: recreational, artisanal/small-scale, and
industrial. Recreational fisheries represent the dominant fisheries sector in all industrialized
nations and yield numerous socio-economic benefits to a region [4]. The most common
recreational fishing technique is with rod and reel, but the use of spears, bows and arrows, rifles,
traps, and gillnets is also common in some countries [4]. Artisanal/small-scale fisheries uphold
national and regional economies by contributing towards issues of livelihood, employment,
poverty, and nutrition [5,6]. Much of this type of fishery occurs in developing countries, where
fishers work in small boats in coastal and inland waters [5]. Industrial fisheries are dominated
by wealthy nations, and while they support people’s livelihoods [7,8], they are the most harmful

type of fishery, prompting a variety of risks to ocean health [8].

There are a variety of fishing techniques, depending on the fishing environment, and target
species. Gillnets, longlines, purse seines, pole, and line techniques, Fish Aggregation Devices,
pots, and traps [9], are examples of low environmental impact fishing gears when compared to
dredges and bottom/pelagic trawls [10,11]. Bottom trawlers are considered the most
problematic and destructive fishing gear [12,13] due to their non-selective nature [13] and the
physical disturbance they cause in the world’s seabed [14], provoking detrimental effects on

the benthic environment and its communities [12].

Fishing is the major human activity at sea and the one with the most impact on fisheries
resources [15,16]. Most commercial fishing is carried out in the marine environment, in coastal
domains, and in the open ocean [17]. With fishery industrialization, fisheries had access to more
efficient fishing gears and fishing methods, which provided more autonomy at sea, and
improved fishing efficiency, increasing catches [18,19]. Industrialization led to a higher level

of pressure and to greater exploitation of marine resources. Consequently, there was a decline



in global catch per unit effort (CPUE), with estimated worldwide decreases of over 50% in
many stocks” biomass [18,19]. According to a report from the Fishery and Agriculture
Organization of the United Nations (FAO) [20], the percentage of stocks fished at biologically
unsustainable levels increased from 10% in 1974 to 34.2% in 2017 [20].

The increase in fishing effort impacts marine ecosystems in several ways, modifying their
structure and function, and triggering effects on marine communities [21,22]. Intense fishing
may induce behavioural and physiological changes in stock, such as changes in population
structure, reduction in fish size, early age of maturation, and decreases in selectivity
(proportional exploitation of juveniles), among others [23,24]. Overcapacity usually leads to
cascading effects — which happens when top predators are fished out, sometimes as bycatch —
causing an ecological disruption that has implications for the stability of fish stocks and
ecosystems [19,25,26]. Predator-prey dynamics, size composition, the structure of
communities, and the overall biodiversity of the ocean are all compromised by overcapacity
[19,27]. The compounding of major impacts on marine ecosystems produces negative effects

on the economy, community structure, and dynamics of any given region.

Fisheries contribute to the increase in Gross Domestic Product, foreign exchange earnings,
domestic nutrition, and employment [28]; exporting fishery products is essential for the
economy of many regions and countries [20]. Since 2016, the value of fish product exports,
including aquaculture, exceed those of terrestrial products (51% versus 49%) [20].
Additionally, the fishing industry not only contributes to direct employment but also indirect
employment, creating linkages with other industries, such as boat building, gear and net
manufacture, processing industries, marketing, and distribution, influencing income and

employment [28].

As a result of low stock size and overcapacity, many fisheries are far from being optimally
exploited, with low profitability in the fishing sector [29]. The lack of proper governance and
management strategies contributes to this problem and is particularly detrimental to fisheries-
dependent economies and communities [30]. The provision of subsidies, specifically capacity-
enhancing subsidies, is one of the major problems when it comes to fisheries mismanagement.
Capacity-enhancing fishery subsidies is a measure applied worldwide that reduces fishing costs
and boosts fisher’s revenue, artificially enlarging fishery profits [31]. It can result in
overcapacity, which is when fishing capacity exceeds sustainable harvest levels (either because

of too many vessels or fishers). [31,32].



Fisheries mismanagement can result in the loss of income, jobs, and sources of nutrition, crucial
to many low-income and food-deficient countries [19,29]. According to the World Bank [33],
net economic losses, due to overfishing and mismanagement, can reach 50 billion dollars per
year [33]. Developing countries are usually the most affected since they rely heavily on
fisheries, which contribute significantly to the country at national and local levels [34]. In 2011,
around 260 million people were involved in global marine fisheries, in the primary and
secondary sectors of fisheries, and of those 22 million were small-scale fishers [35]. Small-
scale fisheries are an integral part of the ocean economy, employing 44% of people directly
engaged in fisheries and producing around a quarter of the global fish available for consumption
[36].

Due to the increase of fish stocks overexploitation, and its consequences to the communities
and the environment, several studies have been conducted regarding this matter. The best-
known cases of overfishing are firstly of the Peruvian hake’s (Merluccius gayiperuanus)
overexploitation, which aligned with the El Nifio effect led to the fishery’s closure in 2002, [23]
and secondly of the Canadian cod fishery’s collapse in the 1990s that seriously impacted
peoples’ livelihoods and societal structure itself [37,38]. More recently, a study made in Asia
examined the demersal fishery resources in Malaysia, the Philippines, and Thailand [34]. Stocks
showed clear signs of overexploitation, which may be especially detrimental to these nations’
communities since they rely heavily on fisheries [34]. Another study examining 42 stocks from
the European Mediterranean showed an increase in the exploitation rate, deterioration of
selectivity, and shrinking of stocks [24]. Due to these impacts, and the fishery’s importance to
communities, the authors found to be fundamental the analysis of the socioeconomic viability
of management transitions in the Mediterranean [24]. Another potential case study is that of the
demersal fishery in the Azores archipelago. The state of most of its commercial deep-sea stocks
is unknown [39], and demersal deep-sea species are especially vulnerable to overexploitation
[40]. Additionally, there is very little information regarding the fishery’s economy and
communities. This highlights the importance of fish stocks assessment, as well as a

comprehensive view of the socio-economic aspects of the fishery.

1.2.The Azores archipelago

The Azores (36 to 40° N, 24 to 32° W) is a volcanic archipelago of recent origin. It is a deep-

sea ecosystem in the Northeast Atlantic (NE), constituted by nine volcanic islands, distributed



in three groups: oriental (Sdo Miguel and Santa Maria); central (Terceira, Faial, Graciosa, Sdo
Jorge, and Pico); and occidental (Flores and Corvo). The islands occupy a vast territory over
600 km wide, with an Exclusive Economic Zone (EEZ) of nearly 1 million km? (Figure 1.1)
[41]. The Azores marine ecosystem is characterized by very narrow shelves and steep slopes,
and a very irregular and rocky seafloor [41]; it has an abundant abyssal area, with a mean depth
of 3000m and numerous seamounts, allocated along the Mid-Atlantic Ridge (MAR) [41].
Despite its great depth, the exploitable fish habitat areas (mainly less than 600m in depth) cover
only about 1% of the EEZ (c.a. 7000km?), distributed along the archipelago [39].

Due to the high abundance and density of seamounts in comparison to other regions [42], the
Azorean marine ecosystem is considered an oceanic seamount ecosystem area [40], a very
important habitat for the benthonic and benthopelagic fauna due to seamounts’ characteristics
[43]. Seamount ecosystems are deeply vulnerable, with their communities being highly
sensitive and of limited resilience due to species' life histories [40]. Its habitats in the Azores
region are considered threatened and declining, according to the Convention for the Protection
of the Marine Environment of the Northeast Atlantic - OSPAR [41].
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Figure 1.1. — The Azores archipelago and its Exclusive Economic Zone (EEZ).

1.3.Demersal fishery in the Azores

In the Azores archipelago fishing is the main activity at sea, being an important source of
income and development [40,44]. Its fishery is considered a small-scale fishery, even artisanal
since its fleet is mainly composed of small vessels with limited autonomy (ca. 90% of the total
fleet is <12m in length) [41,44]. Most of the fleet targets different demersal species, using
different hook and lines gear, therefore regarded as a multi-gear and multi-species fishery [41].

After the harvest, all fishers are obliged to land their catch in the Azores auction house services
(Lotagor S.A.), whether they are independent or work aboard a vessel from a fishing company.
Lotacor S.A. performs and controls all operations for the first sale of fish and it has all the
necessary conditions for production, distribution, and marketing [45]. Landings are weighed,
ex-vessel® prices are defined, and everything is then registered, including total revenue, and

landings, per species. This is a means of controlling stock exploitation, allowing for fishery

L Ex-vessel price is the first price at which the catch is sold when it first enters the supply chain.



closure in case a certain species’ quota is met. After this, landings are sold in Lotagor S.A.
auctions to private buyers, regional markets, restaurants, and others, or they may go directly to

process industries to be traded in the export markets.

Regarding all fisheries, the Azorean demersal fishery is among the most important in terms of
landing values, which represent 60% of the total production in value [40]. Only hook and line
gears are allowed for demersal fisheries, such as handlines, drifting longlines, and set longlines,
also known as bottom longlines [39,41]. Handline and bottom longline fisheries are the

predominant forms of fishing gear for demersal species [41].

The bottom longline fishery is one of the most important types of fisheries in terms of vessels
(25.6% of the Azorean vessels), landings (26.6%), and economic value (€1.17M) [46]. There
are two types of bottom longline fishery: benthonic or stone-stone, and benthopelagic or stone-
buoy longline [43]. The fishery technique is comprised of a mainline of variable length
weighted to the seafloor (called “madre”). Other smaller lines called gangions or snoods are
attached to the mainline and have baited hooks. Longlines can have thousands of hooks and
soak time can range from hours to days [47]. The most common in the Azores is the stone-buoy
longline, characterized by a series of buoys spaced 74m apart that allows gear to float above
the seabed, alternating with stones that anchor the gear (Figure 1.2) [46]. It operates mostly in
seamounts due to fleet modernization and management regulations, which, for longline
fisheries, restrict fishing areas by vessel size[43]. Bottom longlining is carried out by bottom
longline vessels, also known as “palangreiros” (12m — 24m, or more, in length), and in smaller
boats (<12m in length) [48]. Azorean islands that most use bottom longlines are Faial, Pico,

Terceira, and Sdo Miguel, representing 98% of landings from 1998-2012 [46].
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Fishing dynamics are mostly driven by the blackspot seabream, Pagellus bogaraveo, which is
the main target species [41]. However, target species change according to species’ abundance,
market demand, and fishing restrictions [40]. Fishing effort is also directed at other
commercially important demersal species, such as the blackbelly rosefish, Helicolenus
dactylopterus; the European conger, Conger conger; the forkbeard, Phycis phycis; the
alfonsino, Beryx decadactylus; and the splendid alfonsino, Beryx splendens [40], among other
species. These stocks were selected from a total of 138 species that landed in the Azores
between 2009 and 2019 [50], representing 90% of the region’s total landings in value with 17
more other species [50]. They were identified as a priority for assessment and monitoring under
the Sustainable Development Goals of the United Nations (SDGs) 2030 Agenda for Sustainable
Development, allied with the implementation of the Common Fisheries Policy (CFP), and the
Marine Strategy Framework Directive (MSFD), to keep marine stock biomass levels above
their Maximum Sustainable Yield (MSY) by 2030 [50]. Unfortunately, for most stocks,
indicators are unavailable or insufficient for assessment purposes and biological reference
points have not yet been defined [48,50]. Status and exploitation levels for most priority stocks

are unknown [50].



Although the Azorean demersal fishery is small-scale, its resources are considered intensively
exploited [41] and commercial landings show a decreasing trend for almost all commercially
important species [44]. This probably has to do with Portugal’s merger with the European
Economic Community (EEC) in 1985, when the Azores received many public subsidies and
the fishery sector became one of the most heavily subsidized production sectors [46]. This
allowed for fleet modernization, including technologies such as sonar and radar, enlarged
storage capacity and autonomy, and larger vessels [46]. Fleet modernization combined with
fishing area restrictions and the decline of shallow water resources lead to an expansion of the
demersal fleet to greater depths and from island slopes to seamounts, increasing the demersal
fishing effort toward deeper resources [51]. Deep-sea species are more vulnerable to overfishing
due to their species’ life traits, which give them less population resilience and productivity than
shallow-water species [51,52]. Additionally, according to Santos et al. [40], CPUE indices for
the most commercially important demersal species in seamounts have decreased over the years,
meaning that the demersal fishery may be a threat to demersal fish populations in this

ecosystem.

1.4.Azores fisheries management

Management and conservation of Azorean marine resources have been challenging due to the
species’ biological traits, the ecosystem characteristics, and the fact that its fishery is multi-gear
and multi-species (excluding big tuna vessels) [39]. Additionally, the Azores’ marine
ecosystem management and governance processes are complex [39]. The archipelago is an
autonomous and ultraperipheral region of the European Union (EU) with an institutional
structure sometimes poorly adapted to the local reality [39]. The management structure is
covered by NEAFC (North-East Atlantic Fisheries Commission), the International Commission
for the Conservation of Atlantic Tunas (ICCAT), CEFAC (Fishery Committee for the Eastern
Central Atlantic), and national (Portugal) and the regional government of Azores [39]. Advice
on fisheries is provided by the International Council for the Exploration of the Seas (ICES), the
Southwest Waters Advisory Council (SWWAC), the European Commission’s Scientific
Technical and Economic Committee for Fisheries (STECF), and the Long Distance Advisory
Council (LDAC) [39].

Management is based on the EU CFP (Regulation (EU) 1380/2013, 11 December), and should
be aligned with SDGs, namely indicator 14.4.1 “Proportion of fish stocks within biologically



sustainable levels” and meet the requirements of the MSFD [53], especially Descriptor 3
“Populations of all commercially exploited fish and shellfish are within safe biological limits,
exhibiting a population age and size distribution that is indicative of a healthy stock”. To meet
these objectives, solid and well-founded scientific knowledge concerning the exploitation of

stocks is necessary[53].

Management regulations and monitoring programs have been applied to Azorean fisheries to
guarantee a good environmental status of the resources, as required by the EU; programs have
been established such as the bottom longline survey that estimates the abundance of demersal
deep-water species of the Azores archipelago (ARQDACO), and the Fisheries Observer
Program (POPA) for data collection of regional fisheries, particularly pole-and-line tuna fishery
[53]. Additionally, Total Allowed Catches (TACs) and minimum landing size (MLS) are
applied to several species, as well as minimum hook sizes and restrictions per area and vessel
[48]. In 2003 an area of 100 nautical miles was created around the Azores EEZ, where only
Azorean fleets are allowed to line fish for deep-water species, and in 2004 bottom trawls were
forbidden in the Azores EEZ [48]. Moreover, the usage of gillnets, entangling nets, and trammel
nets for demersal and deep-water species have been forbidden since 2005 [48]. The Azores EEZ
has a total of 63 marine protected areas (MPAS) — 35 coastal and 15 offshore — 13 of which (12
coastal and 1 offshore) are closed to fishing [39]. These MPAs only allow sustainable fishing

or function as no-take areas [39].

1.5.Fishery Performance Indicators

Historically, fisheries management is based on a single-species approach, which only uses data
from the species of interest to predict a fishery’s sustainability [54]. The most frequently
adopted management measures include TACs, MLS, and closure periods. However, this
approach disregards technical interactions such as species interactions, non-target species
caught as bycatch, biodiversity, changes in ecosystem structure or function, gear impacts on
habitat, and multi-species fisheries [55,56]. In this case, fleet or fishery-based advice would be
more proper than stock-based advice [56]. Additionally, conventional stock assessment, used
in single-species management, mostly evaluates the ecological domain; fisheries however are
multidimensional activities with social, technological, economic, and ethical implications

[57,58]. To successfully assess a fishery’s sustainability throughout all its components, a



holistic and multidimensional approach should be applied. This type of approach can help

conceive more adequate management measures for fisheries and ensure their sustainability.

Various multidimensional approaches have been developed, such as the Rapid Appraisal for
Fisheries (RAPFISH), a rapid, cost-effective approach that judges ecological, economic, social,
technological, and ethical variables [57]; the Delphi method, which turns solely to the opinion
of experts [59]; the Individual Based Model (IBM), modified to a bio-economic tool by
Bastardie et al.[60]; the Integration of Spatial Information for Fisheries simulation (ISIS-Fish)
version 3.0 simulation tool, which contains a bioeconomic model of fisheries dynamics [61];
and the Fishery Performance Indicators (FPI) tool [62], which evaluates both ecological and
socio-economic characteristics alongside external factors that may affect the fishery, applying

a holistic and multidimensional view to fishery systems.

FPI are a multidimensional tool developed through the combined efforts of The World Bank,
scientists from the universities of Washington and Florida, and several other institutions [63].
FPI were created to assess global fisheries performance holistically, considering not only
ecological aspects, as is frequently the case, but also addressing social and economic issues
[63]. Additionally, the design of this tool was created to promote assessments that are accurate,
cost-effective, and applicable both in data-poor and data-rich fishery systems. It is possible then
to compare different fishery systems, examine how fisheries are supporting their communities,
and understand how harvesters and processors are performing economically [62]. FPI assess
performance in individual fisheries, whether single or multi-species, establishing cross-
sectional links between enabling conditions, management strategies, and Triple Bottom Line
(TBL) outcomes [64]. These indicators were developed recognizing that management systems
are only effective when they are ecologically sustainable and socially acceptable, and when
they generate sustainable profits [65]. Developed in 2009 [63], the tool has been applied in 149
fisheries worldwide, allowing comparisons between the world’s distinct fisheries management
systems and the identification of strengths and weaknesses that promote the creation of

appropriate management measures meant to enhance fisheries’ sustainability [66,67].

FPI has been used in the Faroe Islands to evaluate which fishery model was most suitable for
their fisheries, between the wealth-based fisheries management model (WBFM) and the welfare
model [30]; in Ghana to understand the consequences of a hire-purchase arrangement to
fisheries [68]; in Colombia to judge the impacts of management reforms on the industrial deep-

sea shrimp trawl fishery [69]; in China to examine the overall condition of its fisheries, being
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the country the world’s largest seafood producer/exporter and crucial to international trade [70];
in California and Indonesia FPI appraised the countries’ Fisheries Management Systems [71];
and finally, FPI were applied in three case studies to illustrate the tool’s effectiveness when

evaluating wealth-based management systems [65].

These examples demonstrate that FPI can be applied worldwide to different fisheries and to
various situations, helping to understand correlations, causes, and paths that may lead to
successful and sustainable fisheries [62]. The tool can be used in various contexts, to compare
fisheries management at a global scale, study a specific species, or assess a specific initiative
using data collected before and after its implementation.

FPI is constituted of two categories: outputs (68 metrics) and inputs (54 metrics), totaling 122
metrics [65]. Each category has its own set of indicators, each indicator is divided into

dimensions and these in turn are subdivided into metrics.

Outputs identify and measure whether the fishery is delivering socio-ecological sustainable and
economically viable results [62]. They are embodied by two sets of indicators: Supply chain
indicators (Stock Performance, Harvest Sector Performance, and Post-Harvest Sector
Performance); and Triple Bottom Line indicators (Ecology, Economics, and Community).
Ecology and Stock Performance indicators are comprised of the same metrics, and metrics
attributed to the Economy and Community sectors are redistributed into the Harvest and Post-

Harvest sectors [62].

Inputs measure the weight of external factors in the fishery, and whether these are beneficial or
detrimental to the fishery. These metrics are thought to enable the generation of socioeconomic
prosperity and are the conditions required for a good performance of the fishery[62,67]. Inputs
are constituted by five indicators: Macro Factors; Property Rights & Responsibility; Co-

Management; Management; and Post-Harvest [62].

This study aims to highlight four of the FPI tool’s advantages, given their importance: (i)
Incorporation of economic and social metrics into the assessment process; (ii) Evaluation of
input factors that enable the outcomes; (iii) Evaluation of the post-harvest sector; (iv) The easy
accessibility of the tool, for both developed and developing countries; (v) Its low-cost-per-

evaluation [72].

Fisheries are complex systems and require transdisciplinary approaches to be assessed [67].

Changes in the ecology, community structure, and economy induced by fisheries prove that
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assessment should go beyond simple ecological metrics, and also include socio-economic data
[19]. The sustainability of fish stocks, the well-being of local fishing communities, and
economic benefits are interrelated, meaning that to achieve sustainable fisheries an

understanding of all three components is required [62].

2. Objectives

The objectives of the present dissertation are the following: (1) Understand the correlations
between the ecological, economic, and community dimensions of the demersal fishery in the
Azores, applying for the first time the Fishery Performance Indicators (FPI) tool; (2)
Understand what external effects might be affecting the bottom longline fishery performance;
(3) Have a broader view of the fishery and compare it with the top 10 fishery performers in the
FPI database, to understand its performance at a global scale; (4) Contribution to the
formulation and guidance of more sustainable and effective management measures applied for

the fishing sector in the Azores archipelago.
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Abstract

The Azorean demersal fishery sector is one of the most important in the archipelago. As a
small-scale fishery, it plays an important role in the livelihood of the community, being a
source of employment and income, and contributing to poverty alleviation. Because fisheries
are a complex system, a multidisciplinary approach that includes socioeconomic indicators is
required for a broader assessment of fishery sustainability. This study analyzes the Azorean
bottom longline fishery using the Fishery Performance Indicators tool, regarding its ecology,
economy, and community indicators. The findings indicated that the fishery is mostly
sustainable, although there is still opportunity for improvement. Its ecological indicators had a
good performance, mainly due to the effort and work of the scientific community that makes
continuous studies to examine the state of its stocks. The economic indicators are in good
condition as well, but some obstacles stopped the indicator from obtaining a better
performance; mainly the landing volatility and the fishery’s main source of capital
(subsidies), which can make the fishery less competitive. Finally, its community indicator had
a very good performance, which reflects the fishery's socioeconomic and cultural relevance

for the Azores.

1. Introduction

Demersal fisheries have been present for thousands of years as a major source of nutrition and
commerce for the different fishing communities around the world [1]. This fishery is established
in coastal and deep-sea environments and uses a wide variety of fishing gear [1,2] such as pots,
traps, hook-and-lines, and net techniques (entangling, gill-nets, and purse and seines) [2,3]. Due
to its evolution throughout the years, fishing efforts have increased, threatening stock

conservation, and leading to overfishing of some demersal marine resources [4].

Overfishing is the main cause of the decline in the abundance of many marine re- sources [5].
Stocks fished at biologically unsustainable levels increased from 10% in 1974 to 34.2% in 2017
[6,7]. Declines in fish stocks are mainly due to poor management conditions and can trigger
several effects on marine communities such as cascading effects; affecting predator-prey
dynamics; and changing marine communities’ structure, composition, and dynamics [8—12].
Consequently, the socio-economic conditions of fishers will also be affected, especially in
developing countries that rely heavily on fisheries [12,13]. Thus, it is important to continuously

evaluate fisheries to promote good management policies and prevent such consequences.
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1.1.Sustainability indicators for fisheries assessment

The ecosystem-based fisheries management (EBFM) is a comprehensive approach to managing
fisheries that consider many ecosystem components. This systematic, interdisciplinary
approach aims to include the ecological, socioeconomic, and political aspects of a fishery to
enhance management outcomes and keep fisheries resilient, productive, and healthy [14,15].
The concept of EBMF and the need to incorporate a fishery's ecological, socioeconomic, and
political dimensions into a single evaluation have recently given rise to several approaches (e.g.,
Rapfish, Delphi method, ISIS-fish [16-24]). One of these approaches is the Fishery
Performance Indicators tool (FPI), a comprehensive and multidimensional approach designed
to assess individual fisheries management performance in a single or multi-species fishery
context [24,25]. The FPI is a holistic tool that assesses the sustainability of the fisheries through
different indicators grouped into different dimensions of fisheries [26,27]. The design of this
tool was created to facilitate assessment that is accurate, cost-effective, and applicable both in
data-poor and data-rich scenarios helping to compare different fishery systems, understand how
the fisheries are supporting the community and how harvesters and processors are performing

economically [26,27].

The FPI tool is comprised of an array of metrics that evaluate stock status, Harvest and Post-
Harvest sectors, and three sustainability indicators: ecology, economics, and community - the
Triple Bottom Line (TBL) [24]. Additionally, exogenous factors that may enable fishery
impacts are also assessed [24]. It is important to notice that the TBL is a key to sustainability
and does not measure it directly [28]. These two concepts are interrelated, given that the TBL
is driven by sustainability [28,29]. Sustainability is defined as the ability to improve social and
environmental performance to meet present needs, without compromising the ability of future
generations to meet their own needs [30]. It is also the capacity of taking into consideration
environmental protection while considering the economic sphere and the individual, and
community, well-being [28]. The TBL is a method that measures these sectors’ performance
impact, giving equal importance to all sectors [28,29]. The TBL has its share of faults, related
to the way of measurement of social and ecological features, and understanding how certain
measures might contribute towards sustainability [31]. Despite its challenges, the framework
allows for a long-term perspective and leads to a better evaluation of future decisions [28]. The
better the performance, the higher the well-being of the sector, which will be more prone to

contribute to a sustainable fishery. When referring to sustainability, we mean the well-being of
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the TBL sectors (ecology, economy, and community), which provide us with an insight into
fishery sustainability.

The FPI tool has already been applied to 149 fisheries worldwide, allowing for comparison
between the world’s fisheries management systems, enabling the identification of strengths and
weaknesses, and promoting problem-solving measures [27,32]. The absence of an assessment
of the political, community, and economic diagnosis of the fishery makes it hard to determine
the effectiveness of the fishery’s management and the inputs necessary for the sustainable

success of the activity [27].
1.2.Demersal fisheries in the Azores

The Azores archipelago (from 36° to 40° N and from 24° to 32° W) is composed of nine islands
spread over 600 km and has an Exclusive Economic Zone (EEZ) with nearly 1 million km2 in
the total area [33]. Its marine ecosystem is characterized by an abundant abyssal area (mean
depth of 3000 m), a very narrow or lack of a coastal platform, steep slopes, numerous
seamounts, and reduced island shelves [34]. Demersal fishery occurs around the island slopes

and in the seamounts [34].

Landings of demersal fishery in the Azores represent 60% of the total value production, being
the region’s most important fishery in value and the second one in weight [35]. This fishery is
considered a small-scale fishery because 90% of the fleet is less than 12 m in length and uses
different hook-and-line gears to target many different species [33,34]. The bottom longline
fishery dynamics are mainly driven by the blackspot seabream Pagellus bogaraveo, which is
the main target species [34]. Fishing effort is also directed to other commercially important
demersal species such as the blackbelly rosefish Helicolenus dactylopterus, European conger
Conger conger, forkbeard Phycis phycis, and alfonsinos Beryx decadactylus and B. splendens
[36]. These species represent 6 of the 22 priority stocks for assessment and monitoring under
the European Union Marine Strategy Framework Directive (MSFD) Descriptor 3 and the
United Nations Sustainable Development Goal 14 (SDG; Indicator 14.4.1) [36].

Previous studies on the demersal fisheries in the Azorean region have mostly focused on the
ecological part of the fishery, and how the marine ecosystem and fish stocks are affected by
fishing [34,37-39]. However, the fishery is a complex and transdisciplinary system, its impacts
can affect not only the environment and stocks but also the economy and community of a region
by losses of jobs and income that can have a significantly negative impact [5,40,41]. Fisheries

worldwide contribute to employment and increase the Gross Domestic Product (GDP),
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nutrition, and foreign exchange [42]. Understanding the consequences of the fishing sector,
including the Harvest and Post-Harvest sectors, on the community and economy of the region

is essential given the socioeconomic importance of the fishing sector for the Azores [34].

The present study aims to evaluate the small-scale bottom longline demersal fisheries in the
Azores archipelago using FPI tools. The socio-economical relevance of this fishery on a local
and regional level, as well as its importance as a major source of income for the Azores, led to
its selection. This is the first attempt to evaluate this fishery in a comprehensive and holistic
manner that incorporates the environmental, economic, and social aspects of the fishery. The
outputs will make it possible to compare fishery systems around the globe and provide a broad
view of the state of the current situation of the fishery in the Azores, which can be used to plan
and suggest management actions. The outcomes assess the current status of fisheries and use
this as a baseline for comparisons in the future, evaluating the potential effects of management
measures on the performance of that fishery.

2. Materials and Methods
2.1.Methodological approach

The FPI tool is composed of two main categories: the outputs and inputs. The outputs measure
two sets of indicators: the triple bottom line (ecological, economic, and community), constituted
by 14 dimensions; and the sector performance of a fishery, constituted by 11 dimensions. Both
indicators share 68 metrics scored in different dimensions of those indicators. Outputs identify
and measure if the fishery is delivering socio-ecological sustainable and economically viable
results [24] (Figure 2.1). The inputs are constituted of 5 components divided into 15 dimensions
and 54 metrics [43]. Inputs capture the exogenous factors and management descriptors, which
might affect the outputs of the fishery [26]. Together, outputs and inputs make a total of 122

individual metrics distributed in different dimensions.

Each metric was scored from a 1 to 5 score system, where 1 was the lowest and 5 was the
highest score, all scores received a confidence grade: A (the reviewer was highly confident that
the score was correct), B (the reviewer was highly confident that the metric would be within
one of the given scores) or C (the reviewer made an educated guess, based on the available
information) [24]. To score the metrics, the authors relied on primary and secondary data
sources such as evidence from scientific articles; group discussions; and interviews with local
experts, businesses, fishermen, and local authorities, among others. The list of metrics, experts,

and stakeholders consulted is available in Tables Al and A2. After all the metrics were scored,
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they were all reviewed by the scientists of the present work. The average of the scores was

made per dimension, being comparable to other fisheries.

The dimension values were compared with the average scores of 97 fisheries in developing
countries (DC), and with the scores of the top 10 fisheries performers (T10) according to the
FP1 method (lceland 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 from the collaboration with the research group that
developed the method at the Institute for Sustainable Food Systems at the University of Florida
and the available literature [26,44].
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Figure 2.1. Schematic illustration of the hierarchical organization of the metrics evaluated in
the Fishery Performance Indicators approach. Data source: Anderson et al. [24].

2.2. Species selection procedure

For multispecies fisheries, the FPI tool advises using a maximum number of five species [24].
Considering the multispecies characteristic of the Azorean bottom longline fishery, a procedure
for the selection of the most important species was performed based on the official commercial
landings in value. To do this, commercial landings by métier were obtained under the European
Commission’s Data Collection Framework (DCF) for the years 2013 to 2016 (Table A3). This

corresponded to the most recent period for which this information was available separately for
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set longlines for demersal fish (i.e., LLS_DEF métier). The blackspot seabream P. bogaraveo,
European conger C. conger, blackbelly rosefish H. dactylopterus, forkbeard P. phycis, and
alfonsino B. decadactylus ranked as the top five species in terms of landed value, together

accounting for 63% of the total landings in value (Figure 2.2 and Table A3).

There was only one case where the number of species analyzed surpassed the selected ones.
For stock evaluation, the FPI tool requires an evaluation of the fishery itself, and not only the
selected species (for more information consult Anderson et al. [24]). Thus, 10 species were
considered from the 22 priority stocks (Table A4). For these species, the LLS DEF is
considered more effective in catching (i.e., more than 50% of the landed weight of these species

are caught by this métier [28,31]), and information about the stock status was available.
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Figure 2.2. Species contribution (%) to the total landing value for the bottom longline demersal
fishery in the years 2013 to 2016 in the Azores. The five most valuable species landed are in
yellow. Data source: European Commission’s Data Collection Framework (DCF).

3. Results

The accuracy of the 122 metrics analyzed, according to the quality of the information, was
approximately 76% type A, 21% type B, and 3% type C.

3.1 Outputs indicator

311 Triple Bottom Line (TBL) Performance
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The lowest score was attributed to the Ecology sector (3.5), followed by the Economics (3.86),
and the Community (4.36) sectors (Table A8). Azores’ bottom longline fishery performed
better than DC in all indicators but had lower scores than the T10 fisheries (Figure 3.1).

4.5

3.5

2.5

1.5

0.5

Ecology Economics Community

® This study =DC ®TI10

Figure 3.1. Comparison of TBL output indicators scores for the Azorean bottom longline
fishery and the average FPI scores of developing countries (DC) and the average FPI scores of
the top 10 best performing world fisheries (T10).

Regarding each dimension of the TBL performance, this study performed once again better
than the DC performance, and lower in general than the T10, but with close values, even
surpassing its scores in the Local Ownership, Local Labor, Career, Trade, and Product Form

dimension (Figure 3.2).
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Figure 3.2. Comparison of TBL output dimensions scores for the Azorean bottom longline
fishery and the average FPI scores of developing countries (DC) and the average FPI scores of

the top 10 best performing world fisheries (T10).

3.1.1.1  Ecological Performance
The Ecology indicators, which assess stock health, had a good performance (score: 3.50; Table
Ab), and in general, its metrics performed well. This indicator had the biggest difference
between its score and the T10 score (4.50), mainly due to the metric Proportion of Harvest with

a 3rd Party Certification (score: 1), which did not allow the indicator to score higher.

3.1.1.2 Economics Performance

The Economic indicator evaluates the fishery’s efficient capacity of generating the maximum
number of benefits. On average this indicator scored 3.86 and its dimensions ranged from 3 to
4.25 (Table A8). All its dimensions scores were very close to those of T10 scores, even
surpassing them. The only exceptions were the Harvest Assets and Risk dimensions, which
scored 3 and 3.33, respectively, and were notably lower and closer to the DC values (Figure
3.2).
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3.1.1.3  Community Performance

This indicator measures the social benefits generated by the fishery. It is made of 7 dimensions,
and it had a very well performance (score: 4.36, surpassing the T10 score (4.33)) (Figure 3.1).
Its dimensions scores ranged from 3.50 to 5 (Table A8), close, and higher values than those of
the T10 (Figure 3.2.).

3.1.2 Sector Performance
The Stock Performance indicator scored the lowest (3.5), followed by the Harvest Sector (3.85),
and the Post-Harvest Sector (4.14) (Table A9). All dimensions scored higher than the DC scores
(Figure 3.3). Besides the Stock Performance, the others dimensions’ scores were similar to the

T10 scores, even surpassing it in some cases (Figure 3.3).

3.1.2.1  Stock Performance
Although Stock Performance had the lowest score among the indicators, the score means that

this indicator performed relatively well, slightly higher than DC but still lower than the T10.

3.1.2.2  Harvest Sector Performance Indicator
This indicator measures harvesters’ social and economic benefits. On average this indicator
scored 3.85, and all its dimensions scored above 4, except for the Harvest Asset Performance

and the Risk dimension, which scored 3 and 3.43 respectively (Table A9).

3.1.2.3  Post-Harvest Sector Performance Indicator
The Post-Harvest Sector evaluates fish products processing and trade, and if these generate
sustainable socio-economic benefits. On average, this indicator had a very good performance
(score: 4.14), and all its dimensions scored equal to or above 4, except for the Processing
Workers dimension (score: 3.71) (Table A9).
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Figure 3.3. Comparison of Wealth Creation output dimensions scores for the Azorean bottom
longline fishery and the average FPI scores of developing countries (DC) and the average FPI
scores of the top 10 best performing world fisheries (T10).

3.2. Input indicators
Comparing inputs performance (Table A10), the highest score was attributed to the Macro
Factors component (4.0), followed by the Post-Harvest (3.9), Property Rights and
Responsibility (3.5), Management (3.2), and Co-Management (3.1). Comparing inputs
dimensions performance with DC and the T10 average results, there was a tendency for the
Azorean bottom longline fishery to score better than the DC, and lower than the T10 (Figure
3.4), following the same pattern of outputs results. Most of the component scores had similar
values to the T10 scores, except for the General Environmental Performance and Management

Inputs components, which scored relatively low in comparison with the T10 scores.
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Figure 3.4. Comparison of inputs dimensions scores for the Azorean bottom longline fishery
and the average FPI scores of developing countries (DC) and the average FPI scores of the top
10 best performing world fisheries (T10).

3.2.1. Macro Factors Performance
The Macro Factors component evaluates the institutional state of the region. On average, this
component had a very good score (4), and all its dimensions scored equal to or above 4, except
for General Environmental Performance, which scored 3 (Figure 3.4).

3.2.2. Property Rights and Responsibility Performance
This component evaluates the type and amount of control that individuals exercise in the
fishery. Its score was good (3.5), and its values were close to the T10 and always higher than
the DC scores (Figure 3.4).

3.2.3. Co-management Performance
The Co-Management component assesses the stakeholders’ role in fisheries management. It
had an intermediate score (3.13) on average and its dimensions scores ranged from 2 to 4
(Figure 3.4). The Gender dimension scored the lowest (2), mainly due to the poor influence of

women in the fishery, a tendency observed both in the T10 and the DC.
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3.2.4. Management Performance

The Management Performance component evaluates the efficiency of the management system,
and of the governmental financial incentives (scientifical monitoring) and subsidies. Its score
was intermediate (3.22) on average and its dimensions scores ranged from 2.67 to 4 (Table
A10). The Management Methods (score: 2.67), and Management Inputs (score: 3) dimensions,
contributed to the component’s low performance (Figure 3.4). The Management Inputs
dimension had the highest difference from the T10 values, and it was the only score lower than
the DC score.

3.2.5. Post-Harvest Performance
Post-harvest indicator evaluates the quality of the economic and physical infrastructure of the
region. It is made of two dimensions, Markets and Market Institutions, and Infrastructure, which
scored 4.17 and 3.67, respectively (Table A10). In general, this dimension obtained a good
score (3.92). The Market and Market Institutions dimension score outperformed the T10 score,

as opposed to the Infrastructure dimension, which was lower than the T10 score (Figure 3.4).

4. Discussion

4.1 Triple Bottom Line and Sector Performance

4.1.1. Ecology Indicator Performance
Overall, the Ecology indicator performed well (3.63). This may be related to the nature of the
fishing activity in the Azores region. The small-scale bottom longline fishery is more selective
and has less impact on the seabed, especially when compared to other fishing techniques such
as bottom trawling and nets, or industrial fisheries [27,45,46]. Some metrics such as Percentage
of Stocks Overfished, Regulatory Mortality, Illegal, Unreported, and Unregulated Landings
(IUU), and Proportion of Harvest with a Third Party Certification presented intermediate and
low scores, and to achieve a more sustainable performance of that indicator, an improvement
of these metrics is required.
Regarding the percentage of stocks overfished, the results showed that around 50% of the stocks
evaluated in this study displayed signals of overfishing (red porgy, silver scabbardfish, offshore
rockfish, thornback ray, and splendid alfonsino—Table A4). Stock status information is still
preliminary in the Azores, and the results obtained from this study are the outcomes of
exploratory analyses using length-based data-poor models. Even so, they provide good proxies
of the stock condition for stakeholders [47]. Stock overexploitation might happen due to the

general lack of biological knowledge of the exploited species. Additionally, demersal deep-sea
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species are more vulnerable to exploitation due to their life history traits, such as long life, slow
growth, and later sexual maturation [35], which might have contributed to the intermediate
score of the Percentage of Stocks Overfished metric.

The regulatory mortality and Illegal, Unreported, and Unregulated catches (IUU) percentages
of fisheries were relatively low for the selected species [46,48,49]. Nevertheless, bycatch rates
of vulnerable species associated with hook-and-line fisheries have been reported worldwide
[43] (e.qg., [50-52]). Having accurate and precise information on fishery discards is challenging
[53], and the numbers presented for the study might be an underestimation of the real values,
which may lead to inadequate fishery management measures. One way to gather more precise
estimations is with monitorization onboard. However, it is a difficult task for a small-scale
fishery with a high number of small boats with limited capacity and independent fishers.
Another alternative would be to use electronic monitoring (sensors and video), but it is
expensive and may require a certain level of computer experience [53].

The Azorean bottom longline fishery has some regulations to avoid overexploitation of the
resources [47]; however, the studied species, and all demersal species in general, possess no
Third Party Certification, of which its goal is to ensure sustainable practices of the fishery [24].
Applying for certification is an expensive process, and detailed research data is necessary (e.g.,
maximum sustainable yields—MSY and associated reference points) [54], which is only
recently being collected in the Azores archipelago for demersal species. It would be beneficial
to first join the Fishery Improvement Projects (FIPs) pro- gram to seek MSC certification in the
future, once fishery markets are increasingly demanding eco-labeled seafood products [55].
Such programs are also beneficial for the economy and community of the region, due to the

fishery contribution to these sectors [56].

4.1.2. Economy Indicator Performance

Small-scale fisheries can have a great impact on the economy of a region, or nation, contributing
to poverty alleviation [57]. Small island firms rely on exports to be their predominant
internationalization mode [58]. In the Azores, marine resources contribute to over 20% of the
total exports [59]. The bottom longline fishery products export (considering the studied species)
represents a substantial share of the trade market, with more than 90% of blackspot seabream
and alfonsino being exported (data provided by the Azorean Fish Traders Association—
ACPA). This trade is critical for income generation, growth and development, and job creation,
as it happens with many small exporters (e.g., Seychelles, Maldives, Cape Verde, Mozambique)
[60].
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The Economy indicator did not have a higher score due to the Harvest Asset Performance and
Risk dimensions, which evaluated the historical economic conditions. Fish prices are
determined by the demand and supply of producing centers and consumer markets, and usually
they may vary due to changes in supplies and other fish prices in the market [61]. Ex-vessel
prices and landings in the Azores, have been suffering fluctuations throughout the years [47],
probably due to the fishery’s multi-specific characteristic, where target species change,
according to abundance and market value. Price volatility happens all over the world [61,62]
and influences costs, trade, income, and food security, and may create financial obstacles and
be a risk for those who decide to invest in the fishery [24,63].

Moreover, Azorean fisheries are heavily subsided, being the main source of capital for the
fishery, which may reveal, once again, a higher risk for investment [24]. Investing in fisheries
always carries a risk, but if the investor is careful, he should have a capital return [64]. With
increased risk, fewer investors will emerge, which could have a negative effect on the fishery
economy. The use of subsidies is something that usually stirs up the economy and has a higher
impact than what is seen in the FP1 evaluation. With such a high level of subsidies, the Economy
score should have been lower since this impactful measure does not contribute to sustainability
itself. The higher performance presented by the tool highlights its limitations, which are
discussed further in Section 4.2.5.

4.1.3. Community Indicator Performance

The Community sector had a very good performance (score: 4.33), higher than the DC and the
T10 average scores. The results reflected the great impact of the fishery on the Azorean
community, and the good quality of the services that are provided for the fishery communities,
such as free education access for children, which creates job opportunities for the new
generation, and health care assistance, among others. Such conditions pro- mote comfort and
security for fishers and their families, increasing life quality [65].

The fishery sector is one of the most important sectors in the archipelago as it happens in many
small-scale fisheries worldwide (e.g., [66,67]), and it employs millions of people around the
world [65]. In the Azores, fisheries employ, on average, 2500 fishers per year (average from
the years 2008-2020 for all Azorean fisheries [68]), around 5% of the islands’ workforce [69],
and more in the Post-Harvest sector.

Fishers’ remunerations are conducted through a fishing sharing system: after deducting fishing
and other costs (insurance, operational costs, etc.) the crew receives a proportion of the revenue

from the sale (usually shared equally between the crew and the vessel owner) [69,70]. This
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method increases wages and incentivizes workers, preventing the shrinking of the crew [70,71].
Additionally, the government of the Azores supports the fishing community by providing
support facilities in the existing ports, and in the auction houses, preventing fish loss, increasing
the fish price, and improving food security and socio-economic well-being [72—-74].

All the reasons mentioned above contributed to the very good performance of the fishery in the
Community dimension. In addition, the sector’s high score might have been enhanced by the
high number of subsidies provided for the fishery, especially capacity-enhancing subsidies.
This type of subsidy incentivizes participation in the fishery [75], and due to the monetary help,
especially on fuel, this might enhance fishermen’s income since they would have fewer
expenses.

Even though the Community sector had a good performance, there was a noticeable discrepancy
between the Labour Returns performance, which was relatively low compared to the
Managerial Returns performance. Additionally, the Harvest and Post-Harvest sectors had the
same difference, where the Post-Harvest outperformed the Harvest sector. This same difference
is observed in the T10 and DC scores, meaning that it is a tendency worldwide.

Usually, commercial crews’ earnings are relatively high when compared to the average earnings
of a person with a similar level of education [76], as happens in the Azores. However, most
fishers have only grade school, which would not allow getting a different occupation with a
similar earning potential [76], in contrast to a Post-Harvest worker who usually has a high
school level of education. However, there is a lack of socio-economic information regarding
Azorean fishers, which may lead to some uncertainties regarding these dimensions. Therefore,
it is essential to regularly collect socio-economic information regarding both crew and captains
and promote transitional education and training among the fishery community, promoting

occupational mobility for individuals [76].

4.2.  Inputs Performance

4.2.1. Macro Factors Performance
There is no clear evidence that the Azorean bottom longline fishery is affected by pollution;
however, several studies have confirmed the high level of plastic pollution in the Azores
archipelago [77-82]. Islands easily accumulate marine debris on beaches, which are directly
affected by ocean currents, winds, waves, tides, etc., and for that reason are considered
vulnerable to plastic pollution [81]. The Azores archipelago is influenced by a variety of ocean
processes (e.g., Gulf Stream, North Atlantic Current, Azores current), which may bring plastic

to the islands originating from long-distance sources, as found by Pieper et al. [81].
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Very little is known about the effects of plastic pollution in the deep sea and its species, in the
Azores archipelago. However, it is known that this problem is affecting the deep sea [83-85]
and it has already been found in the north-east Atlantic at 2200 m depth [84]. Recent studies
discovered plastic in the stomachs of blackbelly rosefish and blackspot seabream with a
relatively high frequency for a remote area [86,87]. Despite these findings, more research is
needed, especially on the deep-sea environment. Likewise, there are no studies about diseases
and pathogens that affect the studied species, which could affect harvest and consumption. This
lack of information on such subjects, allied with the low interference of natural disasters,
contributed to the higher score of the Macro Factors dimension.

Despite the component’s good performance, the Environmental Performance Index (EPI)
metric had an intermediate score (3). The EPI tool evaluates how the country ad- dresses its
environmental challenges based on criteria such as environmental health, ecosystem vitality,
and climate [88]. Regarding the country’s score, decision-makers can create better and more
comprehensive sustainability policies to face its environmental problems [89]. In 2020,
Portugal occupied 27th place in the EPI global ranking of 180 evaluated countries [89].
Currently, Portugal occupies 48th place, meaning that its performance has decreased and that

improvement might be needed in national policies to face current environmental problems.

4.2.2. Property Rights and Responsibility Performance

The bottom longline fishery in the Azores has well-defined property rights, which are crucial
to determine fishers’ attitudes and behavior, and are crucial for economic efficiency [90,91].
According to Dimech et al. [90], a fishery with strong property rights incentivizes resource
protection and its conservation.

The Azorean bottom longline fishery has restricted access through licensing schemes (licenses
are required in the Regional Directorate for Fisheries—DRP), with a maximum number of boats
allowed to be registered in the regional fleet. Likewise, harvest access rights are restricted
through the implementation of quotas. Additionally, most of the interviewed fishers felt secure
and comfortable regarding their harvest and access rights and durability.

By contrast, neither fishing access nor harvest rights are transferable; one of the most important
property rights, according to Arnason et al. [91]. Transferability incentives the conservation of
marine resources and gives fishers the power to negotiate [92]. The lack of transferability right
in the Azores’ bottom longline fishery reflects a lack of flexibility in the fishery, which is
enhanced by several fishing restrictions that exist [47]. Although this reduced the Property
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Rights and Responsibility component score, the fishing restrictions that reduce flexibility are
necessary to avoid overexploitation of the resources.

4.2.3. Co-Management Performance
The Co-Management component score was low mainly due to the Gender dimension, which
scored the lowest. Women have always had a role in the Azorean fishery, but their work has
been undervalued for years, especially because working in a fishery is considered a man’s job
[93]. This is a global concept, and both DC and the T10 scored very low for this dimension.
However, around 50% of primary and Post-Harvest workers in the world in 2020 were women
(including aquaculture) [94]. Despite women’s importance to the sector, most of the time they
have the lowest payments, less stability, and less skilled segments of the work [95].
Because it is difficult to disaggregate data between fisheries concerning this matter, the Gender
dimension was evaluated regarding all fisheries in the Azores. Most workers in the Harvest
sector are men and have been for years, due to several reasons: fishery is a high-risk, very
physically demanding occupation with unstable incomes and is often associated with alcohol
consumption, violence, and being a sexual risk for women, with vessels also having low-
hygiene sanitary conditions. [27,96]. Most of the women that work in the fishing industry of
the Azores are employed in the Post-Harvest sector [93], and very few have management
influence. In 2008, two associations were established to support women fishers and their
communities [93], taking a step forward for the inclusion and recognition of women in fisheries.
The other three dimensions had relatively good scores. Harvesters’ organizations are well
established in the archipelago, and they intervene and give a voice to fishers, having a certain
influence on management and business decisions and participating in several meetings
throughout the year (information provided by the Azorean Fisheries Federation—FPA).
However, co-management is a work in progress in the Azores.
Co-management is a typical and important approach to the management of small-scale fisheries
[97]. Stakeholders’ inclusion in the management of fisheries improves collective action and
conflict resolution, leading to innovation and higher problem resolution through improved data
collection, analysis, and monitoring [97,98]. Although it is going in the right direction, the
management of Azorean fisheries would benefit from a more active participation of
stakeholders. Additionally, social cohesion between fishermen is not as strong, especially when
it comes to shared social norms, which is also a key determinant of effective co-management
[99].
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4.2.4. Management Performance
The Management component had a weak performance. The Management Methods dimension
contributed to the low performance of the component, mainly because of the lack of spatial
management in the Azores archipelago (this does not include Marine Protected Areas—MPAS).
Spatial management, such as Territorial Use Rights for Fisheries (TURFs), can be beneficial,
especially for a multispecies fishery, increasing its productivity and profitability [100]. They
are seen as a good measure to fight the overexploitation problem and economic problems by
preventing rent dissipation [101,102]. Although considered suitable for the management of
small-scale fisheries and having been applied in some [103,104], there is no certainty that such
a measure would be beneficial for the Azores, especially with fishers’ low social cohesion. It
could lead to more social conflicts and possible manifestations. Further studies should be
applied to evaluate the benefits of implanting TURFs in the archipelago since these can be
advantageous for the management of fisheries.
The metric Level of Subsidies, which analyses public resources, contributed to the low score of
the Management Inputs dimension, and consequently of the Management component. The
fishery is the most heavily subsidized production sector [105], and according to Clark et al.
[106], a greater amount of subsidies may be harmful to the economy and to resource health.
Some of the subsidies in the Azores are capacity-enhancing, used for boat construction, tax
exemptions, and fuel, among others [105]. This type of subsidy may lead to excessive fishing
capacity and [75] some authors believe that eliminating these subsidies will inherently improve
the overfishing global problem [107,108]. In fact, in 2001 the World Trade Organization
(WTO) negotiations were initiated to eliminate harmful fisheries subsidies, but with no deadline
[109].
This hypothesis was tested for the Azores archipelago by Carvalho et al. [105]. The reduction
and elimination of fisheries subsidies would have a substantial negative impact on fisheries,
and the fishery processing sector, as in contrast with a positive effect on the economy as a whole
[105]. Therefore, its complete elimination would not be possible for now. However, a reduction
of capacity-enhancing subsidies might be feasible, as shown in the Norwegian case [110]. The
fishing community would probably be negatively affected as a consequence of the negative
effects on the fishery economy. Nonetheless, that would be a short-term response, since
capacity-enhancing subsidies are not substantial for small-scale fisheries, and according to
Cisneros-Montemayor et al. [111], the elimination or reduction of such subsidies would
improve the fishery.
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The best solution would be to redirect the subsidies toward alternative forms of support, as this
has been proven to be the most successful strategy [112]. These could be fisher assistance, stock
enhancement, improved knowledge in fish harvesting, and scientific and technological
investments such as monitoring and co-management [109,112]. There would be an

improvement in economic viability and thus in the fishing community as well.

4.2.5. Post-Harvest Performance
The Post-Harvest component had a good performance. The infrastructure quality for product
trade helped with the good score. Processing companies have easy access to electricity and
refrigeration, and each auction house in the archipelago is supplied with ice for fishers and
small retailers, keeping the product fresh. Azorean ports have several support facilities for
stakeholders which include water, electricity, repairing gears, fuel supply, and sanitary
installations, among others [72]. Additionally, the scientific community tries to engage with the
fishing community, promoting workshops, and educational activities. This interaction is crucial
to facilitate communication and cooperation as this relationship is not always based on trust,
understanding, and efficient communication [113]. Regarding infrastructure, roads in the
Azores are not always in the best condition, which can prejudice the distribution flow inside
the island and increase transportation costs [24]. However, the score attributed (2) does not
reflect the road quality. A score of 3 would be more appropriate, but due to the global scale that
is used by the FPlIs, a score of 2 was attributed. This same issue occurs in Chu et al. [25].
The Markets and Market Institutions dimension had a very good performance, contributing to
the component’s good performance. This was mainly due to the free trade between European
Union countries, which benefits international transactions in Europe [114]. Additionally, the
Azorean fishery market is very competitive, comprising a high number of buyers, improving
efficiency, and generating positive outcomes [115].
The dimension did not score higher due to the lack of vertical integration in the fishery (linkage
between fishers and the processing industries). It is believed that the flow of information is
facilitated by vertical integration and the competition between the Harvest and Post-Harvest
sectors decreases [24]. However, most Azorean fishers are independent workers and are not
linked to any company. In fact, independent harvesters tend to fear vertical integration [116],
since it may lead to a few corporations controlling most of the industry, from harvesting to
market [117].
Finally, the FPI tool has some limitations in that it simply provides a single frame of the

fisheries while demonstrating how the organization is now doing. It should instead highlight
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which indicator or dimension is most crucial to laying the foundation for sustainability over the
long-term. Because it is not known if the indicators are equally important, averaging scores as
if they were can bring anomalies into the results and show a scenario that is not real. This could
impose negative consequences on management plans, affecting all three sectors of the fishery.
As a practical example, the Economy sector should have scored lower due to the negative
effects of the heavy subsidization that is employed in the fishery. The fact that it scored higher
shows that the tool gives equal value to all metrics and dimensions, instead of prioritizing those
that have higher impacts on sustainability. As with all tools, the FPI tool is not perfect, but it
still provides a reasonable insight into the sustainability of the fishery evaluated and it is a
starting point for a deeper, and possibly more complex, evaluation. Multicriterial frameworks
are a useful alternative when trying to evaluate fisheries holistically or in fisheries with limited
data, when only fragments of information in different dimensions are accessible. We suggest
that future studies using different multicriteria frameworks (e.g., Rapfish [16]) must be
performed and their results compared to determine the strengths and drawbacks of the different

tools when applied in small-scale fisheries.

5. Conclusions
For the first time, the Fisheries Performance Indicators were utilized to analyze the bottom
longline fishery in the Azores archipelago. The results suggested that the fishery is mostly
sustainable, in the sense that the TBL scores showed great well-being, which in return reflects
a higher state of sustainability in the long term. Nevertheless, there is still room for
improvement. Ecological indicators may benefit from continued research on the status of
exploited stocks. Collecting data on the socioeconomic elements of this fishery is also crucial
for gaining a deeper and more complete understanding of its social condition and economical
vulnerabilities. A notable weakness of Azorean bottom longline fishing is the high amount of
subsidies in the sector. Therefore, a decrease in capacity-enhancing subsidies, whose long-
term effects would become apparent, should be further investigated. Additionally, it would be
essential to implement a co-management strategy in fisheries management. By including
fishers in fisheries management, we may be able to im- prove data collection, analysis, and
monitoring, which could lead to more collaboration, conflict resolution, and problem-solving
skills. The fishing communities would feel a sense of belonging and value if they were given
a voice. This would likely also aid in enhancing the interaction between fishers and the

scientific community and their desire to interact.
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Annexes

Figure Al: Top five demersal fish species caught by bottom longliners in the Azores based
on their commercial landed value. A) blackspot seabream (Pagellus bogaraveo), B) forkbeard
(Phycis phycis), C) European conger (Conger conger), D) blackbelly rosefish (Helicolenus

dactylopterus), E) alfonsino (Beryx decadactylus).

Illustration credits: © Les Gallagher - Fishpics® & IMAR-DOP, UAG.
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Table A1 — List of indicators, metrics, and experts consulted and the form of consultation
(outputs), legend presented at the end of the table.

Form of
Indicator Metric Expert contact
Status of Critical Habitat DOP, Uac Meeting
Ecology  Proportion of Harvest with a 3rd Party DOP, Uac Meeting
Certification
Excess Capacity DOP, UAc Meeting
Season Length DOP, Uac Meeting
SREA Via email
Ratio of Asset Value to Gross Earnings APEDA Interview
Fishermen Interview
SREA Interview
Asset Value Compared to Historic High . .
Fishermen Interview
Borrowing Rate Compared to Risk-free Rate Fishermen Interview
(Harvest sector)
) DOP, Uac Meeting
Source of Capital (Harvest Sector) EPA Via email
o ) APEDA Interview
2 Functionality of Harvest Capital DOP, Uac Meeting
g International Trade ACPA Via email
§ Wholesale Price Compared to Similar Products Marine Foods company in Via email
w New Zealand
Capacity of Firms to Export to the US & EU ACPA Via email
Final Market Use DOP, Uac Meeting
Ex-vessel to Wholesale Marketing Margins Company inquires Via email
DOP, Uac Meeting
Processing Yield L . .
Company inquires Via email
Shrink Lotacor Via email
Capacity Utilization Rate Company inquires Via email
Borrowing Rate Compared to Risk-free Rate (Post- Company inquires Via email
Harvest sector)
DOP, Uac Meeting
Source of Capital (Post-Harvest sector) A . .
Company inquires Via email
Age of Facilities Company inquires Via email
Earnings Compared to Regional Average Earnings 'NE Via email
(Owner/Permit Holder/Captain Wages) Fishermen Interview
Fishery Wages Compared to Non-fishery Wages Fishermen Interview
(Owner/Permit Holder/Captain Fishery )
- Social Standing of Boat Owners and Permit DOP, Uac Meeting
= Holders
2 ; ; ; INE Via email
E Earnings Compared to Regional Average Earnings
S (Managers) Company inquires Via email
Managers Wages Compared to Non-fishery Wages Company inquires Via email
Social Standing of Processing Managers DOP, Uac Meeting
Earnings Compared to Regional Average Earnings INE Via email
(Crew) Fishermen Interview
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Fishery Wages Compared to Non-fishery Wages
(Crew)
Social Standing of Crew

Earnings Compared to Regional Average Earnings

(Processing Workers)

Fishery Wages Compared to Non-fishery Wages
(Processing Workers)
Social Standing of Processing Workers

Harvest Safety

Access to Health Care (Owner/Permit
Holder/Captain)

Access to Health Care (Crew)

Access to Health Care (Managers)
Access to Health Care (Processing Workers)
Contestability & Legal Challenges

Education Access (Owner/Permit Holder/Captain)

Education Access (Crew)

Education Access (Managers)
Education Access (Processing Workers)
Proportion of Nonresident Employment
(Owner/Permit Holder/Captain)

Nonresident Ownership of Processing Capacity
(Managers)

Proportion of Nonresident Employment (Crew)

Proportion of Nonresident Employment
(Processing Workers)
Crew Experience

Worker Experience

Fishermen

DOP, Uac

INE

Company inquires
Company inquires

DOP, Uac

INE

SREA

APEDA

DRP

DOP, Uac
APEDA

DRP

DOP, Uac

DOP, Uac

DOP, Uac

DOP, Uac
APEDA

DRP

DOP, Uac
APEDA

DRP

DOP, Uac
Company inquires
Company inquires
APEDA

DRP

Company inquires

APEDA
DRP
Company inquires

DOP, Uac
Company inquires

Interview

Meeting
Via email
Via email
Meeting

Meeting
Via email
Via email
Interview
Via email
Meeting
Interview
Via email
Meeting
Meeting
Meeting
Meeting
Interview
Via email
Meeting
Interview
Via email
Meeting
Via email
Via email
Interview
Via email
Via email

Interview
Via email
Via email

Meeting
Via email

49



Legend

Acronym Extended name
ACPA Azorean Fish Merchants Assodation
APEDA Azorean Demersal Species Productors Assocation

Company inquires

DOF, UAc

DETP
FTA
INE
SREA

Companies that were contacted: Lurdes Narciso; Antondio Mineiro &
Andrade, Lda.; Peixaria Filipe E Goreti; Peixaria Silveira; Flying Fish
Arzores; Grupo Vidinha; Fat Tuna, Comércio de Peixe, Lda.;
Cooperativa Piscatoria Agoreana, C.r.L.

Scientists from the Oceanography and Fisheries' Department of the
University of Azores (DOF, UAc).

Azores Regional Directorate for Fisheries

Azorean Fisheries Federation

Portuguese National Institute of Statistics

Azorean Regional Service of Statistic
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Table A2 — List of indicators, metrics, and experts consulted and the form of consultation

(inputs), legend presented at the end of the table.

Indicator Metric Expert Form of contact
Natural Disasters and Catastrophes DOP, UAc Meeting
§ Pollution Shocks and Accidents DOP, UAc Meeting
§ Level of Chronic Pollution (Consumption effects) DOP, UAc Meeting
% Natural Disasters and Catastrophes DOP, UAc Meeting
= Pollution Shocks and Accidents DOP, UAC Meeting
Level of Chronic Pollution (Consumption effects) DOP, UAc Meeting
Azores
Proportion of Harvest Managed Under Limited Access Government  Via email
DOP, UAc Meeting
Transferability Index (Fishing Access) APEDA Interview
-~ DRP Via email
% Security Index (Fishing Access Rights) APEDA Interview
§ Durability Index (Fishing Access Rights) APEDA Interview
§ Flexibility Index (Fishing Access Rights) DOP, UAc Meeting
4 Azores
3 Exclusivity Index (Fishing Access Rights) Government  Via email
=4 DOP, Uac Meeting
[ Proportion of Harvest Managed with Rights-based
2 Management DOP, UAC Meeting
&
§_ Transferability Index (Harvest Rights) APEDA In.terv1eva
DRP Via email
Security Index (Harvest Rights) APEDA Interview
Durability Index (Harvest Rights) APEDA Interview
Flexibility Index (Harvest Rights) DOP, UAC Meeting
Exclusivity Index (Harvest Rights) DOP, UAc Meeting
Proportion of Harvesters in Industry Organizations FPA Via email
Harvester Organization Influence on Management & Access DOP, UAc Meeting
Harvester Organization Influence on Business & Marketing FPA Via email
Days in Stakeholder Meetings FPA Via email
Industry Financial Support for Management APEDA Interview
= DRP Via email
% Leadership DOP, UAc Meeting
g Social Cohesion DOP, UAc Meeting
Eé Business Management Influence APEDA Interview
O DRP Via email
Resource Management Influence DOP, UAc Meeting
Labor Participation in Harvest Sector APEDA Interview
DRP Via email
Lotacor Via email
Labor Participation in Post-Harvest Sector Company
inquires Via email
g £ Enforcement Capability DOP, UAc Meeting
§ € Management Jurisdiction DOP, UAc Meeting
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Level of Subsidies FPA Via email
DOP, UAc Meeting
Data Availability DOP, UAc Meeting
Data Analysis DOP, UAC Meeting
Spatial Management DOP, UAc Meeting
Fishing Mortality Limits DOP, UAcC Meeting
Landings Pricing System Lotacor Via email
Availability of Ex-vessel Price & Quantity Information Lotacor Via email
Number of Buyers Lotacor Via email
Lotacor Via email
Degree of Vertical Integration Company
g inquires Via email
§ Level of Non-tariff Barriers ACPA Via email
‘é Road Quality Index DOP, UAc Meeting
o Technology Adoption DOP, UAc Meeting
Extension Service DOP, UAc Meeting
Lotacor Via email
Reliability of Utilities/Electricity Company
inquires Via email
Access to Ice & Refrigeration DOP, UAc Meeting
Legend
Acronym Extended name
ACTA Azorean Fish Merchants Association
APEDA Arzorean Demersal Species Productors Association

Company inquires

DOF, UAc

DETP
TrA
INE
SREA

Companies that were contacted: Lurdes Narciso; Antonio Mineiro &
Andrade, Lda.; Peixaria Filipe E Goreti; Peixaria Silveira; Flying Fish
Arzores; Grupo Vidinha; Fat Tuna, Comércio de Peixe, Lda.;
Cooperativa Piscatoria Agoreana, C.r.l.

Scientists from the Oceanography and Fisheries' Department of the
University of Azores (DOP, UAc).

Azores Regional Directorate for Fisheries

Azorean Fisheries Federation

Portuguese National Institute of Statistics

Azorean Regional Service of Statistic
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Table A3 — Average of the landing values (€) between the years 2013-2016 of species
targeted by the bottom longline fishery (data provided by scientists of DOP, UAC).

Ordered by value (million euros)

Species Mean 2013-2016 (M€)

Blackspot seabream (Pagellus bogaraveo) 20.647975
European conger (Europearn conger) 18.620598
Blackbelly rosefish (Helicolenus dactvlopterus ) 13.097300
Forkbeard (Phyeis phyeis) 12.962573
Alfonsino (Beryx decadactvlus) 8.336575
Red scorpionfish (Scorpaena scrofa) 6.301510
Wreckfish (Polyprion americantis) 6.070255
Red porgy (Pagrus pagrus) 4.163515
Common mora (Mora mora) 3.626308
Silver scabbardfish (Lepidopus caudatus ) 3.432265
Atlantic horse mackerel (Trachurus trachurus) 2.560090
Tope shark (Galeorhinus galeo) 2.543258
Offshore rockfish (Pontinus kuhlii) 2.431505
Greater forkbeard (Phyeis blermoides ) 2.302158
Blacktail comber (Serranus atricauda) 2.191425
Splendid alfonsino (Bervx splendens ) 1.468618
Atlantic chub mackerel (Scomber colias) 1.231685
Others 5.148520

Table A4 — 10 species that are mainly caught by the bottom longline fishery (>50%), (data
provided by scientists of DOP, UAC).

Species Stock status

Blackspot seabream (Pagellus bogaraveo) Possible rebuilding

European conger (Conger conger) Sustainable stock

Blackbelly rosefish (Helicolenus dactvlopterus) Sustainable stock

Forkbeard (Phycis phveis) Sustainable stock

Alfonsino (Beryx decadactyls) Sustainable stock

Red porgy (Pagrus pagrus) Possible rebuilding/Overfished
Silver scabbardfish (Zepidopus caudatus) Overfishing/Overfished
Offshore rockfish (Pontinus kuhlii) Possible rebuilding/Overfished
Thornback ray (Raja clavata) Overfishing/Overfished

Splendid alfonsine (Beryx splendens) Possible rebuilding/Overfished




Table A5 — Fishery Performance Indicators: Outputs (Measuring TBL).

Component Dimension

Measure Score

Summary

Fish Stock Health
Ecology & Environmental
Performance

Proportion of Harvest with a 3rd Party Certification
Percentage of Stocks Overfished

Overfishing or Rebuilding

Regulatory Mortality

Selectivity

Megal, Unregulated or Unreported Landings
Status of Cntical Habitat

Degree of Overfishing

[FE

ba e L

L

Harvest
Performance

Harvest Asset
Performance

Rizk

Economics

Trade

Product Form

Post-Harvest
Asset
Performance

Landings Lewvel

Excess Capacity

Season Length

Ex-vessel Price versus Historic High

Ratio of Asset Value to Gross Eamings
Total Revenue versus Historic High

Asset (Permit. Quota) Value versus Historic High
Borrowing Rate Relative to Risk-free Rate
Source of Capital

Functionality of Harvest Capital

Annual Total Revenue Volatility

Annual Landings Volatility

Intra-annual Landings Volatility

Annual Price Volatility

Intra-annual Price Volatility

Spatial Price Volatility

International Trade

Final Market Wealth

Wholesale Price Relative to Similar Products
Capacity of Firms to Export to the US & EU
Final Market Use

Ex-vessel to Wholesale Marketing Margins
Processing Yield

Shrink

Capacity Utilization Rate

Product Improvement

Borrowing Rate Relative to Risk-free Rate
Source of Capital

Aze of Facilities

L P o I S VT W R S S S I

g e e L

d lad e LA a LA

[

)

s

s
s
[

Managerial
Retums

Labor Retumns

Health &
Community Sanitation

Community
Services

Local Ownership

Local Labor

Career

Eamings Compared to National Average Eamings
Fishery Wages Compared to Non-fishery Wages
Social Standing of Boat Owners and Permit Holders
Eamings Compared to National Average Eamings
Manager Wages Compared to Non-fishery Wages
Social Standing of Processing Managers

Eamings Compared to National Average Eamings
Fishery Wages Compared to Nonfishery Wages
Social Standing of Crew

Eamings Compared to National Average Eamings

Worker Wages Compared to Nonfishery Wages

Social Standing of Processing Workers

Harvest Safety

Access to Health Care of Owners, Permit Holders, and Captains
Access to Health Care of Crew

Access to Health Care of Processing Owners and Managers
Access to Health Care of Processing Workers

Sanitation

Contestability & Legal Challenges

Education Access of Owners. Permit Holders. and Captains
Education Access of Crew

Education Access of Processing Owners and Managers
Education Access of Processing Workers

Regional Support Businesses

Proportion of Nonresident Employment of Permit Holders
Nonresident Ownership of Processing Capacity

Proportion of Nonresident Employment of Crew

Proportion of Nonresident Employment of processing Workers
Crew Experience

Age Structure of Harvesters

Worker Experience

B P L - L™ [ FE R I W}

(PR )

He ke e g Ln

S )

LhoLaon L

g d Ln

417
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Table A6 — Fishery Performance Indicators: Outputs (Measuring Wealth).

Component

Dimenszion

Measure Score

Summary

Ecologically Sustainable
Fisheries

Fish Stock
Health &
Environmental
Performance

Proportion of Harvest with a 3rd Party Certification
Percentage of Stocks Overfished

Orwerfishing or Rebuilding

Regulatory Mortality

Selectivity

llegal, Unregulated or Unreported Landings

Status of Critical Habitat

Degree of Overfishing

lad i Led LA lad e

[

Harvest Sector
Performance

Harvest
Performance

Harvest Aszeet
Performance

Risk

Owners, Permit
Holders &
Captains

Crew

Landings Level

Excess Capacity

Season Length

Harvest Safety

Ratio of Asset Value to Gross Earnings

Total Revenue versus Historic High

Asset (Permit, Quota) Value versus Historic High
Borrowing Rate Relative to Risk-free Rate

Source of Capital

Functionality of Harvest Capital

Annual Total Revenue Volatility

Annual Landings Volatility

Intra-annual Landings Velatility

Annual Price Volatility

Intra-annual Price Velatility

Spatial Price Volatility

Contestability & Legal Challenges

Earnings Compared to National Average Earnings
Fishery Wages Compared to Non-fishery Wages
Education Access

Access to Health Care

Secial Standing of Beat Owners and Permit Holders
Proportion of Nonresident Employment
Earnings Compared to National Average Earnings
Fishery Wages Compared to Non-fishery Wages
Education Access

Access to Health Care

Social Standing of Crew

Proportion of Nonresident Employment

Crew Experience

Apge Structure of Harvesters

i da dw fa

B L I S N S O R ¥ )

L o e L I P A e ]

dm s

343

433

Post Harvest Performance

Market
Performance

Post-harvest,
Processing &
Support
Industry
Performance

Post-Harvest
Asset
Performance

Processing
Oroners &
Managers

Processing
Workers

Ex-vessel Price versus Historic High

Final Markst Use

International Trade

Final Market Wealth

Wholesale Price Relative to Similar Products
Capacity of Firms to Export to the US £ EU
Ex-vessel to Wholesale Marketing Margins
Processing Yield

Shrink

Capacity Utilization Rate

Product Improvement

Sanitation

Regional Support Businesses

Borrowing Rate Relative to Risk-free Fate

Source of Capital

Age of Facilities

Earnings Comparad to National Average Earnings
Manager Wages Compared to Non-fishery Wages
Education Access

Access to Health Care

Social Standing of Processing Managers
Nonresident Ownership of Processing Capacity
Earnings Compared to National Average Earnings
Worker Wages Compared to Nen-fishery Wages
Social Standing of Processing Workers

Education Access

Access to Health Care

Propertion of Nonresident Employment

Worker Experience

o e e e

B O T & T T o o e e R S Co e E . — T = I [ W T Pop W o]

414

4.67

4.00

417

3
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Table A7 — Fishery Performance Indicators: Inputs (Enabling Wealth Creation).

Component

Dimension

Meazure

Fishery

Summary

Maero Factors

General Environm Environmental Performance Index (EFI)

Exogenous
Environmental
Factorz

Governance

Economic
Condition

Disease and Pathogens
Natural Disasters and Catastrophes
Pollution Shocks and Accidents
Lewel of Chronic Pollution (Stock effects)
Lewel of Chronic Pollution (Consumption effects)
Governance Quality
Gowvernance Responsiveness
Index of Economic Freedom
Gross Domestic Product (GDF) Per Capita

ode

3

46

Property Rights &
Responsibility

Fishing Access

Harvest Rights

Proportion of Harvest Managed Under Limited Access
Transferability Index

Security Index

Durability Index

Flexibility Index

Exclusivity Index

Proportion of Harvest Managed with Rights-based Management
Transferability Index

Security Index

Durability Index

Flexibility Index

Exclusivity Index

L o LI o S e I ]

dm b L e e L e B s

Co-MManagement

Collective Action

Participation

Community

Gender

Proportion of Harvesters in Industry Organizations
Harvester Organization Influence on Fishery Management & Access
Harvester Organization Influence on Business & Marketing
Days in Stakeholder Meetings

Industry Financial Support for Management

Leadership

Social Cohesion

Business Management Influence

Resource Management Influence

Labor Participation in Harvest Sector

Labor Participation in Post-Harvest Sector

(3]

MManagement

Management
Inputs

Data

Management
Methods

Management Expenditure to Value of Harvest
Enforcement Capability

Management Jurisdiction

Lewvel of Subsidies

Data Availability

Data Analysis

MPAs and Sanctuaries

Spatial Management

Fishing Mortality Limits

B I o S e R P L L B W R S PR S ]

Poszt-harvest

Marketz &
Market
Institutions

Infrastructure

Landings Pricing System
Availability of Ex-vessel Price & Quantity Information
Number of Buyers

Degree of Vertical Integration
Level of Tariffs

Lewel of Non-tariff Barriers
International Shipping Service
Road Quality Index

Technology Adoption

Extension Service

Reliability of Utilities Electricity
Access to Ice & Refrigeration

[P

[SFRNW

h

i e B e LA

[

417

3.67
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Table A8- Fishery Performance Indicators: Outputs of the bottom longline fishery of the

Azores archipelago — TBL Performance dimensions.

INDICATOR DIMENSION AVERAGE 5CORE TBL SCORE

Ecology Stock Health 3.63 3.63
Harvest 423
Harvest Aszets 3.00
. Rizk 3.33
Economics e 425
Product Form 433

Post-Harvest Azzet Performance 4.00 3.86
Nlanagerial Returns 417
Labor Returns 367
Health & Samiation 433
Community  Community Services 400
Local Orwnarship 3.00
Local Labor 3.00

Caresr 433 436

Table A9- Fishery Performance Indicators: Outputs of the bottom longline fishery of the
Azores archipelago — Sector Performance dimensions.

INDICATOR DIMENSION AVERAGE SCOERE SECTOR SCOERE

Stock Performance Ecologically Sustainable Fisheries 3.63 3.63
Harvest Performance 423
Marvest Sector Hmest Asszet Performance EE'E
Performance Risk . . 3:43
Orerners, Permit Holders & Captains 433

Craw 4.25 3.83
Mdarket Performance 414
Post Harvest [ ost-harvest Industry Performance 4.67
Parformance Post -He!n'est Aszzat Performance 4.00
Processing Ohwners & Managers 417

Processing Workers 3.71 414
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Table A10 — Fishery Performance Indicators: Inputs dimensions performance of the bottom
longline fishery of the Azores archipelago.

COMPONENT

DIMENSION

AVERAGE SCOERE

COMPONENT SCORE

Macro Factors

Property Bights
& Besponsibility

Co-DManagement

Mvianagement

Post-harvest

(General Environmental Performance

Environmental Rizk
Governance
Economic Conditions
Fishing Access Rights
Harvest Bights
Collective Action
Participation
Community

Gender

Nanagement Inputs
Data

MManagems Methods
Markets & Miarket Institutions
Infrastmecture

3.00
4.60
4.00
4.30
3.30
3.30
4.00
3.00
3.50
2.00
3.00
4.00
267
417

3.67

40
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