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To implement the Marine Strategy Framework Directive (MSFD) of the European Union
(EU) in order to achieve the Sustainable Development Goals (SDGs) of the United Nations
(UN) regarding the biological sustainability of marine fisheries, it is fundamental to apply a
framework for prioritizing stocks. This process helps the regional managers to make the
best use of data and resources for management. The present study describes and applies a
standard framework for prioritization of stock assessment in the Azores. The current state
of the selected stocks is identified and the main issues and gaps for assessment are
presented and discussed. A total of 138 species were landed in the region during the period
2009-2019. Twenty-two (18 fishes, 2 molluscs and 2 crustaceans) were selected as priority
stocks according to the Food and Agriculture Organization of the United Nations (FAO)
and International Council for the Exploration of the Sea (ICES) criteria. Most of these
showed a decreasing trend in their abundances. Only four stocks are currently assessed
using data-limited approaches: Pagellus bogaraveo, Aphanopus carbo, Raja clavata, and
Trachurus picturatus. No biological reference points are defined and stock and exploitation
status relative to Maximum sustainable yield (MSY) are not assessed. The main issues
identified were the lack of information regarding catches and population structure and
validated analytical methods. Future studies should evaluate which methods for assessment
may be suitable for each stock and identify what additional data are needed to improve the
analyses.
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required to produce the maximum sustainable
yield (MSY) as determined by their biological

Member States of the European Union (EU) are
committed, through the implementation of the
Common Fisheries Policy (CFP), the Marine
Strategy Framework Directive (MSFD) and the
United Nations (UN) 2030 Agenda for
Sustainable Development and its Sustainable
Development Goals (SDGs), to keep exploitable
marine stocks at biomass levels above those

characteristics, at the latest by 2030.

Stock assessment involves the application of
various statistical and mathematical calculations
to estimate current and historical status and trends
of a fish stock, including abundance, mortality
and productivity (Hilborn & Walters 1992). Full
assessments utilize information on life history,
fishery-dependent data and stock abundance from

45



Santos et al.

fishery-independent surveys. These data feed
statistical models that fit available information to
provide simplified representations of population
and fishery dynamics (Cadrin & Dickey-Collas
2015). Therefore, if an assessment is based on
weak, inaccurate or outdated data, it might
provide guidance that leads to overfishing or
reduces available fishing opportunities.

Resources for providing accurate and timely
assessment for all stocks on a regional or national
scale are insufficient. The International Council
for the Exploration of the Sea (ICES) and the
Food and Agriculture Organization of the United
Nations (FAO) have discussed and proposed
criteria for selecting exploitable stocks to be
assessed according to environmental status
descriptors  and  sustainable  development
indicators, namely the MSFD 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™ and the SDG
Indicator 14.4.1 “Proportion of fish stocks within
biologically sustainable levels” (ICES 2011; FAO
2018).

Identification of stocks that are important for
small-scale/local fisheries should be conducted at
a regional level and EU Member States should
add them to their national list of commercial
stocks to be assessed and monitored (ICES 2011).
In this context, this study aims to apply a standard
framework for prioritization of stock assessment
in the Portuguese Autonomous Region of the
Azores (ICES Subdivision 27.10.a.2) aligned with
the ICES and FAO recommendations, collecting
information on each stock from available
databases and identifying the current stock status.
Case studies like this are of major importance for
the purpose of clearly describing the process of
stock prioritization adopted by the region to
respond with international commitments, and for
identifying gaps in data and knowledge.

MATERIAL AND METHODS

A taxonomic list of commercially exploited marine
stocks in the Azores was constructed based on the
official landings obtained from the Azores Auction

46

Service - Lotagor S.A. online database
(https://lotacor.pt/pescado-descarregado) ~ for  the
period 2009-2019. For each species, taxonomic
classification (Fricke et al. 2020; WoRMS 2020),
common name in Portuguese and English (Froese &
Pauly 2019; Palomares & Pauly 2019), FAO stock
code (http://www.fao.org/fishery/collection/asfis/en),
and landings in weight (t) and commercial value (€)
were provided. Habitat information (habitat zone and
depth range) was extracted from FishBase (Froese &
Pauly 2019), SeaLifeBase (Palomares & Pauly 2019)
and Santos et al. (2019a, 2020). Technical sheets of
commercial marine species from the Azores (Lotagor
2019) were used to classify the main fishing gear
associated with capture of each species. Fishing gear
codification was based on FAO’s International
Standard Statistical Classification of Fishing Gear
(ISSCFG) by adding a category for fishing without
gear (i.e. HPD: hand picking and diving). Stocks were
ranked based on landing value.

The selection of priority stocks for regional
assessment was in line with the procedures proposed
by FAO (FAO 2018) and ICES (ICES 2011). This
stock selection was based on the ranking of landings
by commercial value excluding stocks that migrate
through, or occur in, more than one Exclusive
Economic Zone (EEZ) (i.e. straddling stocks). These
straddling stocks should be assessed under
international agencies, as is the case of tuna and tuna-
like species, which are assessed under the
International Commission for the Conservation of
Atlantic Tunas (ICCAT). When clearly defined stock
units were not known, we used species and/or group
as units in order to report the information at the
regional level. The reference list includes stocks that
represent 90% of total landing value during the period
2009-2019 and stocks of major importance in terms
of ecosystem role and social/cultural considerations.
The latter evaluation was performed based on
available information and regional expert opinion
(Fig. 1).

For each selected stock, information was provided
on jurisdictional distribution (fishing areas; ICES
2020), stock category (ICES classification of stocks
into six main categories based on the available
knowledge; ICES 2019a) and assessment (if the
species is assessed or not, biological reference points
and current stock status), including MSFD capacity
of the stock and D3C3 - population age Descriptor
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Fig. 1. Overview of the stock assessment prioritization process in the Azores.

and size distribution) of Good Environmental
Status (GES) (EU 2017). When stock status could
not be determined, trend analyses of the Azorean
annual spring bottom longline survey-derived
abundance indices for the recent period (2017-
2019) were used to estimate the current stock
size. The analyses were performed only for stocks
which had data based on research surveys reliable
for management advice (Santos et al. 2019b;
Pinho et al. 2020). For species assessed under
ICES working groups, the stock size information
from ICES Advice sheet was used (ICES 2018a,
b; 2019b, c).

RESULTS

Landings composition

A total of 138 species of algae, molluscs,
crustaceans, echinoderms and fishes (teleost and
elasmobranch species) have been landed annually in
the Azores during the period 2009-2019 (Table 1
and Table 2). Total landings have varied between
6,203 t and 19,029 t and 25.9 M € and 39.6 M € per
year considering the studied period (Fig. 2).
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Fig. 3. Proportion of landings by commercial value for
(A) non-straddling and (B) straddling stocks pooled by
the main species categories in the Azores for the period
2009-2019. Table 1 and Table 2 detail which species
belong to each category.

Non-straddling species represented on average
64% of these landings in value (50% in weight)
and were mainly represented by demersal fishes
(Fig. 3). The main gear used to capture these
species were mechanized lines and pole-and-
lines, and set longlines (Table 1). Straddling
species represented on average 36% of the total
landings in value. Overall, the main species
caught were tuna and tuna-like species (Fig. 3) by
the hand-operated pole-and-line fishery (Table 2).

Priority stocks

Twenty-two stocks were selected as priorities for
local assessment and monitoring (Table 3). The
reference list is composed of 18 fish species

(Pagellus ~ bogaraveo  (Briinnich, 1768);
Trachurus  picturatus ~ (Bowdich, 1825);
Helicolenus dactylopterus (Delaroche, 1809);

Pagrus pagrus (Linnaeus, 1758); Phycis phycis
(Linnaeus, 1766); Conger conger (Linnaeus,
1758); Beryx decadactylus Cuvier, 1829; B.
splendens Lowe, 1834; Sparisoma cretense
(Linnaeus, 1758); Lepidopus caudatus
(Euphrasen, 1788); Scorpaena scrofa Linnaeus,
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1758; Scomber colias Gmelin, 1789; Serranus
atricauda  Gunther, 1874; Pontinus kuhlii
(Bowdich, 1825); Seriola spp. Cuvier, 1816;
Mora moro (Risso, 1810); Aphanopus carbo
Lowe, 1839; and Raja clavata Linnaeus, 1758), 2
molluscs (Loligo forbesii Steenstrup, 1856 and
Patella aspera Roding, 1798) and 2 crustaceans
(Palinurus  elephas (Fabricius, 1787) and
Scyllarides latus (Latreille, 1803)).

According to available scientific evidence, half of
the selected stocks have their distribution inside
the Azores EEZ (ICES Subdivision 27.10.a.2) but
the other half has no clearly defined distribution
(Table 3).

Assessment information and stock status
Twelve stocks were classified as ICES category
5, i.e. stocks for which only landings or a short
series of catches are available, and 10 stocks were
classified as ICES category 3, i.e. stocks for
which survey-based assessments or exploratory
assessments indicate trends (Table 3). Among all
these, only four stocks are assessed using data-
limited approaches: P. bogaraveo, A. carbo, and
R. clavata (category 3) and 7. picturatus
(category 5). However, no biological reference
points are defined and stock status relative to
maximum sustainable yield (MSY) are not
assessed for any of these stocks (Table 3).

Since the reference points for all selected stocks
are not known, the MSFD D3 criteria of GES has
not been possible to estimate (Table 3).

The current stock size was available for 11
stocks, and most of them (P. bogaraveo, H.
dactylopterus, P. pagrus, C. conger, B. splendens,
and R. clavata) showed decreasing abundance
trend (Table 3).

DISCUSSION

Prioritizing stock assessment is important in order
to provide a transparent and objective process for
determining which are the appropriate assessment
targets and how to best achieve them (Methot Jr.
2015). The reference list of priority stocks (Table
3) should remain unchanged for a number of
years to allow for comparability and monitoring
the effectiveness of the adopted management
measures (FAO 2018). Therefore, it is essential to
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Stock assessment prioritization in the Azores

include representative stocks of different
categories of marine resources which are
exploited locally.

The reference list comprises the main species of
small-pelagic and demersal fishes, crustaceans
and molluscs targeted by the main fisheries that
take place in the Azorean region. The demersal
(handline and longline) fishery is one of the most
important in terms of value, weight and number
of vessels (Santos et al. 2019a). It is a small-scale
fishery, whose vessels (mostly less than 12 m in
length) operate throughout the year around the
islands and in banks/seamounts targeting
demersal/deep-water species such as blackspot
seabream  Pagellus  bogaraveo, blackbelly
rosefish  Helicolenus  dactylopterus,  and
alfonsinos Beryx spp. (Santos et al. 2019a). Part
of this fleet occasionally changes its fishing
activity for targeting the veined squid Loligo
forbesi between November and February when
the latter appears in large quantities in the region
(cyclical resource; Martins 1982; Porteiro 1994).
In the pelagic zone, a small coastal purse-seine
fleet catches blue jack mackerel Trachurus
picturatus, which is used for human consumption
and as live bait in the tuna fishery. Other coastal
fisheries use gillnets, pots and traps, or hand-
picking to target coastal fishes (e.g. parrotfish
Sparisoma cretense, blacktail comber Serranus
atricauda), lobsters (e.g. common spiny lobster
Palinurus elephas and Mediterranean slipper
lobster Scyllarides latus), and limpets (e.g.
Azorean limpet Patella aspera).

Most of these Azorean fishery resources are
considered to be intensively exploited (ICES
2018c) and, just as the survey-derived stock sizes
are decreasing (Table 3), commercial landings
also exhibit a decreasing pattern for some species
(Santos et al., 2019a, 2020). These results should
be interpreted with caution as the observed trends
may reflect a variation in the survey catch process
(e.g. soak-time, gear saturation) or commercial
fleet operational regime (e.g. changes in targeted
species and fishing area as consequence of
fisheries regulations such as introduction of
restricted areas, total allowable catches and
closed period) and not a variation of stock
abundances caused by fishing exploitation
(Santos et al. 2019a). Thus, it is through stock
assessments that scientists attempt to understand

the long-term dynamics of populations and their
response to historical exploitation rates and to
define biological reference points. Biological
reference points provide guidance to decision
makers in determining whether populations are
too small, or fishing pressure is too high (Cooper
2006). However, for almost all priority stocks in
the Azores region, the exploitation and stock
status are unknown. Two main issues that may be
related to these knowledge gaps are the
deficiency of information regarding catches and
population structure and lack of validated
analytical methods for local stock assessment.
Fishery-independent data have been collected
annually in the Azores over the past c. 25 years
(Santos et al. 2019a). The Azorean spring bottom
longline survey (ARQDACO) has as main
objectives to: (i) provide annual fishery
independent estimates of abundance and size
composition for commercially important demersal
fish species, (ii) collect information for biological
studies on growth and reproduction, and (iii)
obtain information for ecological studies, such as
distribution and community structure (Santos et
al. 2019b). This information has been used for
stock assessment and advice for management of
commercially exploited demersal fish species but
has certain limitations. The survey is considered
reliable for conducting management advice for 10
species (Santos et al. 2019b), although abundance
indices better reflect populationabundance of
species mainly distributed down to 800 m (i.e. P.
phycis, P. bogaraveo, P. pagrus, H.
dactylopterus, R. clavata, B. splendens, and P.
kuhlii; Pinho et al. 2020). Nevertheless, the linear
relationship between longline catch rate and
density of these species (i.e. effect of factors such
as soak time, gear saturation and competition for
hooks on the longline catching process; Sigler
2000) should be assessed to reliably apply
longline catch rates for management advice
(Santos et al. 2019D).

Another issue is that some demersal fish stocks
are not fully sampled throughout their distribution
range and population dynamic aspects (e.g.
reproductive and growth parameters) are not fully
known. This issue is mostly related to the
difficulty of defining local management units,
given that most stocks have a spatial distribution
that goes far beyond the Azores EEZ and detailed
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data is only available for the Azorean sub-region
(ICES Subdivision 10.a.2). Beryx splendens and
B. decadactylus, for example, are currently
assessed by the ICES working group on biology
and assessment of deep-sea fisheries resources
(WGDEEP) as a single stock comprising both
species in the North Atlantic Ocean (ICES
2018c). Recent studies have shown, at least for B.
splendens, that the Azorean stock can be
considered a local management unit (Santos et al.
2019c). However, discrepancies in some life-
history parameters indicate that its stock structure
needs to be better studied.

Small pelagic fishes (e.g. blue jack mackerel
Trachurus  picturatus, Atlantic chub mackerel
Scomber colias),veined squid Loligo forbesii and
some coastal resources (e.g. common spiny
lobster Palinurus elephas, Mediterranean slipper
lobster S. latus, Azorean limpet Patella aspera)
are not being currently assessed under directed
and continued research surveys. For most of these
resources only landings or a short series of
catches are available and advice on that basis
(when performed) needs to be applied on a
precautionary basis (ICES 2012). Populations
with insufficient data to conduct a conventional
stock assessment are assessed using methods
applicable to data-limited stocks (ICES 2012).
Although a wide range (over 85) of data-limited
methods have been described (Carruthers &
Hordyk 2020), suitable methods to be used for
specific stocks in the Azorean region need to be
studied. This evaluation should be performed
exploring available dataset and requires both
simulation testing (e.g. Carruthers et al. 2014;
Wiedenmann et al. 2019) and validation (e.g.
Kokkalis et al. 2017; Sagarese et al. 2019).
Besides that, analyses should be carried out on
which additional data are needed to run better-
performing methods and so inform future data
collection priorities.

Stock assessments are often done using both
fishery-independent  (research surveys) and
fishery-dependent data (Hilborn & Walters 1992;
Cadima 2003). These two sources may provide
different types of information with additional
details. Fishery-dependent data (e.g. catch, effort,
time, fishing area, gear, biological samples of
target species landed for reproduction and growth
studies) have been collected in the Azores EEZ
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since 1990 within the European Commission’s
Data Collection Framework (DCF; EU 2008).
The structured interviews of captains of the local
fleet have been carried out in the main ports of
the Azores during landings. Differently from the
research surveys, fishing data have been collected
on a monthly basis, which allows a more robust
assessment of the exploitable populations. On the
other hand, degradation in data quality can occur
when fishermen do not trust stock assessments
and believe that these interviews (inquiries) are
responsible for increasingly restricted quotas and
reduced fishing opportunities. This degradation
can cause serious errors in stock assessments, as a
reduction in fishing pressure and Red-Listing of
healthy and commercially important stocks (Helle
et al. 2015). Therefore, even with legal
requirements, reported fishing data cannot
necessarily be assumed to be accurate (NRC
1998). Thus, in addition to  application of
techniques and diagnostics to standardize fishing
data to minimize confounding effects (Maunder
& Punt 2004), it is essential to promote
perception and understanding of fishermen about
the management mechanisms and procedures for
stock assessment (Mauser et al. 2013), seeking to
resolve conflicts and improve their participation
and involvement in these processes.

The main contribution of this study is to help
ensure effective and transparent decision-making
related to stock assessment planning within the
Azorean region. Once the reference list of priority
stocks is defined, the next step should involve
first-time assessments for previously not assessed
stocks, updating existing assessments using
established methods and data, and upgrading
assessments using new types of data and methods.
For this, it is necessary to catalogue and
document available information for assessment
on life history, fishery monitoring and stock
abundance data for each of the selected stocks
and propose new studies to collect them when
necessary. All information should be validated,
and adequate analytical methods for stock
assessment should be defined based on the data
quality. Exploratory analyses should be
performed to improve the assessments. Some of
these  analyses involves, for example,
standardization of fishery abundance indices and
effort unit, analyses of the effects of competition,
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gear saturation and soak time on the survey data
to better understand the reliability of abundance
indices for assessment, and analyses of the
reproductive biology and spatial distribution of
the species.
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