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The ORFISH project 

 
The ORFISH project aims at providing a platform for exchange of knowledge on low-impact offshore 
fishing techniques among fishers for the outermost regions with a view to developing and optimizing 
these techniques and with the principal objective of alleviating fishing pressure on coastal fish 
resources. The specific objectives of the project were the following:  
 

• Raising awareness of the opportunities to develop innovative fishing techniques allowing to 

divert fishing effort away from coastal resources 

• Developing and testing low impact fishing techniques adapted to the bio-geographical 

conditions of each outermost region 

• Creating alternative fishing opportunities that will help to consolidate jobs in the fishing 

industry and ensure a steady supply of fisheries products to local markets 

• Exchanging of best practice on low-impact offshore fishing techniques between ORs, which 

will also do good to overseas countries and territories and third countries 

• Improving communication among outermost regions’ fishing sectors as part of the good 

functioning of the Advisory Council on Outermost Regions 
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I. Introduction 
Marine resources in all outermost regions of Europe (ORs) make an important contribution to 

employment, livelihoods and food supply but fishing grounds are usually limited and scattered on the 
island slopes and seamounts (with the exception of French Guyana). Most fisheries are dominated by 
small-scale artisanal fishing fleets and therefore concentrated on the coastal fishing grounds which 
may have contributed to local overexploitation and biodiversity loss. During the last decades, 
experimental fishing projects have been implemented in ORs to promote the diversification and the 
geographical expansion of local fisheries. However, most of the results are dispersed and difficult to 
gather and one of the objectives of this project was to collate existing technical information on 
experimental fishing carried out over the last thirty years. 

The objective of this report was to raise awareness of the opportunities to develop innovative 
fishing techniques allowing the redirection of fishing effort away from coastal resources. Depending 
on regions and periods, the development of new techniques or the adaptation of existing techniques 
has covered very different situations. As a consequence, the approach selected was to adopt a broad 
definition of experimental fishing so as to cover different situations. Even this are key issues, analysis 
of experimental fishing can not be apprehended only in terms of fishing technique or knowledge on 
the biology of species. Fisheries experiments may cover a broader scope of assessment including 
potential landings and revenues and cost assessment of these new gears for fishers, conditioning and 
storage of fish products on board, marketability of fish or fish products, labor conditions and safety on 
board, etc.  

 
Recommendations for fisheries management and monitoring of experimental fisheries seem to be 
critical issues to consider.  Starting from this broader perspective, this report presents from a review 
of experimental fishing, the main findings of the experimental fishing highlighting the lessons learned 
and pointing ways forward to be shared. It identifies opportunities and main obstacles in experimental 
fishing and tries to establish some future needs in research and development. 

The specific objectives of this task were: 
 

• Collect data on existing technical information on experimental fishing in each OR over a period 
covering the last 30 years; 

• Build a collection of reports and database compiling the existing information; 

• Analyse the main findings of the experimental fishing highlighting the lessons learned and 
pointing ways forward; 

• Exchange and share the information among partners and stakeholders from different ORs. 
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II. Material and methods 

2.1. Definitions 

Experimental fishing or fisheries have often been carried out as a way to develop additional 
fishing opportunities for small scale vessels and allow the redirection of fishing effort away from 
coastal resources in ORs. Experimental fishing could be defined as the test under scientific protocols 
of new or modified harvest technology or methods of fishing (including post-harvest treatment at sea). 
It may include the assessment of the: 
 

• Catches and catches per unit of effort (CPUE) of commercial/non-commercial species; 

• Presence, abundance, distribution or other biological characteristics of fish stocks; 

• Gears or devices impact on ecosystems, habitats;  

• Storage, conditioning and processing of fish products on board; 

• Marketability of fish or fish products; 

• Revenues and costs for fishing vessels;  

• Labor conditions and safety on board; 

• Impact of on fleet adjustment, effort allocation and fisheries evolution;  

• Recommendations for fisheries management and monitoring. 

After trials at sea, experimental fishing or fisheries could lead to potential adjustment of harvest 
technology or methods of fishing. In some case, initial experimental fishing protocols could be 
replicated regularly to follow fish stocks evolution and improved knowledge about the ecology/biology 
of species as well the stock status and spatial distribution.  

We adopted this definition knowing that some experiments included only one or two items in their 
assessement.  By convention, we counted as an experimental project, the experiment of a given gear 
type in a given project to take into account the fact that different types of gears were tested in a given 
project.   

 

2.2. Literature review 

As mentioned before, experimental fisheries projects have been implemented in ORs during 
the last decades to promote the diversification and the geographical expansion of local fisheries but 
the results are dispersed and difficult to gather. To overcome this issue, ORFISH partners collected 
published articles but also grey literature in different format (paper or numeric) in each OR. The period 
covered is the last thirty years. A systematic literature review consisting in three steps was carried in 
each OR according to the following common approach:  

 
(1) Article/document/report selection; 

(2) Abstract screening; 

(3) Review of relevant articles/documents/reports. 
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2.3. Synthesis of information 

Considering that the level of information per OR and per case study may be heterogeneous, 

the objective was to identify a common set of variables that could be informed in a homogeneous way 

for each experiment. The metadata file was organized as follows (see table 1). 

Table 1: Metadata file providing information about experimental fishing in each OR 

 
*Depth of operation <10m/10-30m/30-50m/0-100m/100-200m/200-500m/>500m/500-1000m/1000-2000m/2000-3000m/3000-

4000m/4000-5000m/>5000m 

N.B.: A version of the medata file for a selection of OR is provided in annex. 

 

• Variables 1 to 11: “Where, When, Who” conducted and financed the experiments. 

Identification of the main aims of experiments; 

• Variables 12 to 22: Gears and type of gears used (FAO gear codification and MFAD for moored 

fishing aggregating device), depth of operation, number of trials, season of experiments, 

species (scientific name and group species) in the catches; 

• Variables 21 to 32: Type of assessment/analysis of impacts carried out (target or bycatch 

species, benthic impacts, CPUE, fuel dependency, ergonomy and working conduction, 

implication for fisheries management); 

• Variables 33 to 37: Success or failure of experiments and reasons, impact on fisheries; 

• Variables 38 to 39: References/number of the documents used to fill the medatafile and 

comments. 

Variable 

Number
Variable Variable format

1 OR Text

2 Main body that financed the project (most important %) Text

3 Co-funded project Text

4 Coord./leader of the project (institution) Text

5 Total cost (k€) Numeric

6 Fishers or fishers organisation involved Yes/No/Na

7 Beginning Year of the trial Numeric

8 Ending Year of the trial Numeric

9 duration in months [1-N[

10 Main aims of the project Text

11 What was mainly tested Text

12 Depth of operation Text (see depth references)*

13 Gears type used FAO gear codification / MFAD

14 Vessel size for the trials (in meters) < 6 m, [6-8[ m, [8-10[ m, [10-12[ m, [12-15[ m, [15-18[ m, [18-24[ m, [24-40[ m

15 Dimension (length, number of hooks, traps, …) Numeric

16 material Text

17 Mesh size Numeric

18 Seasons (quarters) [1-N[

19 Total number of trials [1-N[

20 Acoustic means Yes/No/Na

21 type of target species List of group species names (text)

22 Main species in trials (no more than 10) List of scientific names (text)

23 Assessment of debris/lost gears in the trials Yes/No

24 Assessment of non target species in the trials (discards) Yes/No

25 Assessment of non target species in the trial (bycatch) Yes/No

26 Assessment impact on benthic habitats in the trails Yes/No

27 Catch per unit of effort assessment Yes/No

28 Revenues and costs assessment Yes/No

29 fuel dependency assessment Yes/No

30 Ergonomy and working conditions/safety Yes/No

31 Fishery conservation regulations (TAC, landing minimum size, mesh size, MPA or fishing cantonment)Yes/No

32 Fishery access regulations (licence, vessel quota, individual spatial rights) Yes/No

33 Successful Yes/No

34 If successful experiment (Success factors) Text

35 Impact on fishing activities Text

36 If unsuccessful experiment Failure factors (text)

37 If unsuccessful experiment Identified potential solutions (text)

38 Reference numbers of the documents Text

39 Comments Text
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The objective of the metadata file is to provide a synthesis of the experiments carried out and a way 

to find more detailed information on each experiment. This file is included in the ORFISH web site 

including the numeric version of the articles/documents/reports1.  

The report is organized as follows.  A synthesis of fishing experiments is first provided based 
on a detailed review of projects per region. For each region, we described the ecosystem context, the 
fisheries history and main drivers of fishing experiments and their objectives. The way of funding of 
the projects and partnership were also considered including the main gears used, the depth of 
operation and species. The synthesis provides a first overview of experimental fishing per type of gear. 
Based on this synthesis, a more detailed description of each experiment is proposed. For each region, 
the experts tried to identifiy the reasons of successes and the main needs in research and 
development. In the results section were also discussed some of the lessons learnt from past 
experiments and future needs in research & development. 
  

                                                           
1 https://orfish.eu/library 
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III. Results 
 

3.1. Oceanographic and ecosystem context 

Located in the Caribbean Sea (FAO area 31, EEZ: 96 000 km²), Guadeloupe is an overseas region 
of France, comprising the islands of Grande-Terre and Basse-Terre and several smaller islands in the 
Leeward Islands. Martinique is also an overseas region of France located in the Lesser Antilles (FAO 
area 31, EEZ: 48 000 km²). The French Guyana (FAO area 31) is an overseas region of France on the 
North Atlantic coast of South America. EEZ is about 134000 km². 

 
 
Table 2 : Metadata file providing information about experimental fishing in each OR 

 

Conversely to the other ORs, the continental shelf is large. Coastal waters are very turbid because of 
sediments coming out from the Amazon river. The Azores is a Portuguese archipelago composed of 
nine islands for which marine resources are central to the local economy. With the absence of 
continental shelf and surrounding great depths, fishing occurs around the island slopes and many 
seamounts present in the area. The Madeira is also a Portuguese archipelago composed of 2 islands 
(Madeira and Porto Santo), and the inhabited Desertas and Selvagens islands. The sea floor is in general 
often rocky and irregular near shore, dropping almost abruptly along the slope. At around five nautical 
miles off the coast, depths can achieve more than 1800 m. The archipelago of Canaries (FAO area 34) 
consists of seven large and several smaller islands with a maritime territory spreading over 954 000 
km². The economy is based primarily on tourism, which makes up 32% of the GDP. The Reunion Island 
(overseas region of France) is located in the Indian Ocean (FAO area 51, EEZ 315 000 km²). The Mayotte 

MAYOTTE

Macaronesia’ ORs

Caribbean’ ORs

Indian Ocean’ ORs

ORs Country EEZ (km2) Island/Continental shelf Square surface (km2) Type of ecosystems

Azores Portugal 953 633 Island 2 346 Temperate

Madeira Portugal 446 108 Island 801 Temperate/Sub-tropical

Canaries Spain 954 000 Island 7 493 Sub-tropical/Tropical

Guadeloupe France 96 000 Island 1 628 Tropical

Martinique France 48 000 Island 1 128 Tropical

La Reunion France 315 000 Island 2 512 Tropical

Mayotte France 63 000 Island 374 Tropical

French Guyana France 134 000 Continental shelf 83 846 Tropical
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Island (fifth overseas region of France since 2011) is located in the Indian Ocean (FAO area 51, EEZ 
about 63 000 km²). Except French Guiana, the outermost regions are characterised by being islands of 
volcanic origin with a very narrow continental shelf which implies that the most accessible fishing 
grounds occur only in a narrow fringe around the islands. As a consequence, fishing pressure has been 
concentrated historically on the coastal fishing grounds, resulting in their chronic overexploitation, 
which contributed to global biodiversity loss. Biodiversity is exceptionally rich and is recognized as 
being of international importance in most of the areas. In Macaronesia, priority habitats can be found, 
such as sponge aggregation, deep-sea coral gardens, hydrothermal vents fields and reefs. Indian ocean 
and Carribean ecosytems are characterized by tropical coral reefs and mangrove habitats that can be 
found also in French Guiana. Indeed, deep demersal fish stocks are known for their vulnerability (slow 
growth, late sexual maturity, random recruitment ...). These ecosystems are highly vulnerable to 
human activities and that there is still a knowledge gap on the functioning of these marine 
communities. 

3.2. Drivers of experimental fishing projects 

In many cases and at least at first, experimental fishing projects were consequently developed to 
explore new fishing possibilities either in deep sea fisheries/ecosystems or/and more distant area in 
offshore fisheries/ecosystems. The main reasons were for example, coastal fisheries overexploitation, 
decrease in fisher’s incomes, or/and reduced fishing possibilities due to pollution in coastal areas 
(chloredecone in Lesser Antilles) or establishment of MPAs. The objective was to divert the fishing 
pressure towards fishing grounds further offshore on and beyond the edge of the continental shelf 
(see next figure). The history of the different regions is an important fact to consider but the 
international context has to be considered for the understanding of experiments. The presence of 
scientific support and their interest for fisheries is also a key driver of experiments. 

 

Figure 1 : Synthesis of experiments (source: Guyader et al. 2019) 

Experimental fishing projects were also progressively used to collect data and improve 
knowledge on ecosystems, status of fishing stocks and fisheries. At the end, projects became more 
integrated including socio-economic information and issues of fisheries governance. The previous 
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figure presents a generic description of the fisheries/ecosystem in the ORs including a bathymetric 
profile (see Guyader & al. 2019)2. An adapted representation was developed to describe and 
synthetize the history of experimental fishing projets in each region or group of regions. The main 
experiments and their drivers are presented hereafter, detailed per region in the second part of the 
report. 

3.3. Number of projects, way of funding and 
partnership between ORs 

It was difficult to estimate the number of experimental projects carried out over the period. 
First, of all, most of the results were dispersed and information difficult to gather. Some experiments 
were probably missed but probably the less important. Secondly, we can mention the heterogeneity 
of the project in size and scope. Some projects required high level of effort (time at sea involving 
vessels, data processing) when other involved less investment. A classification of projects as a function 
of total costs would have been interesting but it was not possible to collect this information for all the 
projects. By convention, we counted as an experimental project, the experiment of a given gear type 
or devices (pots, longline, gillnet, MFADs3) in a given project to take into account the fact that different 
types of gears could have been tested in a given project. Based on this definition, 54 projects were 
identified in all the OR. Most of them (46%) were carried in the Macaronesian islands (Azores, Madeira, 
Canaries), followed by the Lesser Antilles (Guadeloupe, Martinque, Saint Martin) (37%) and Indian 
Ocean (17%). No experiment was carried out in French Guiana over the period except the 
experimentation of turtle excluding devices for the shrimp trawling fishery which is out of the scope 
of the projetc. Average number of project per region was 7.7 with a minimum of 0 for French Guiana 
(2 for Mayotte) and a maximum of 13 for Guadeloupe. However, we can mention that the most 
significant projects in terms of effort and budget were carried in Macaronesia. The consideration of 
these efforts would probably give a very different picture of the past situation.  History of the projects 
is presented below. 

 

Figure 2 : Number of experiments per OR 

                                                           
2 Guyader & al. 2019. A fisheries/ecosystem approach applied to the case of outermost regions.  
3        Moored aggregating devices (MFADs) are not gears but devices used by fishers. For simplication and by convention, we considered 

MFADs as a gear in the reference list knowing that in most MFADs experiments, different type de gears were also tested (Handlines, 
drifting longlines, trolling lines etc)   
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Most of the experimental fishing projects involved scientific and professional organizations, 
links with administration, and outermost regions through funding mechanisms. We noticed a quite 
high level of cooperation between ORs within basins (Indian Ocean, Macaronesia, and Lesser Antilles) 
through especially interreg projects (i.e. Marprof in Macaronesia, Madgelesa in the Lesser Antilles), 
European fisheries funds mainly for regional projects. Over the last 30 years, there were few 
cooperation projects between ORs of the different basins except through personal contacts or through 
dedicated networks/conference4. This is one of the key results of the project, ORs in different oceans 
carried out similar project in most cases without exchange of information between them. 

Over time, fishing experiment projects have often been adjusted from fishery development 
projects to projects including a significant scientific component including in somes recent cases socio-
economic information and also fishery management issues. The following figure identifies the main 
motivations of the projects. 

 

Figure 3 : Mains motivations of experiments  

These motivaions depends also on the regional scientific capacity provided by universities, scientific 
institutes, etc. 
 

3.4. Main gears used, depth of operation and species 

In order to synthetize the results, we decided to present the results per gear using the FAO 
codification. The following figures do not represent the diversity fishing techniques or devices tested 
in the different contexts. In most of the cases, several gear types were tested during a given 
experiment.  Over the period, the most important number of experiments concerned the following 
gears; pots & traps, MFADs, longline (set or drifting) with respectively 30%, 28% and 24% of the 
experiments.  

                                                           
4 Example of the FADs conferences Martinique 1999, https://archimer.ifremer.fr/doc/00042/15326/ 

 Tahiti 2011 https://fads2011.sciencesconf.org/?lang=en 
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Figure 4 : Number of experiments per type of gear (FPO: pots & traps, GNS: Gillnets, GTR: Trammel nets, LHM: 
Mechanized handline, LL: Longline (set or drifting), MFADs: Moored fishing aggregating device, TB: bottom trawl)   

Mechanized Handline was concerned by 7% of the experiments, mainly carried out in La 
Réunion and Mayotte. One can mention that mechanized handline were not tested in other regions 
but were already used by fishers in Macaronesia. Nets (gillnets and trammel nets) represents a limited 
number of experiments and were tested in Guadeloupe and Martinique at the beginning of the 
period5. Bottom trawling was tested in 2001 in the Azores but the experiment for orange roughy 
(Hoplostethus atlanticus) revealed a significant level of by-catch and bottom disturbance. After this 
experimental fishery, the Government of the Azores decided to forbid this fishing technique. 

As indicated in the following figure, pots for deep crutaceans (crabs and shrimps) were mainly tested 
in Canaries and in Madeira and to a less extent in Azores. Coordinated projects between these regions 
like the Crustaço projects were also carried out. In Guadeloupe and Martinique where traps are 
currently used to harvest fishes, pots for deep crustaceans were also tested. MFADs experiments 
occurred mainly in the French ORs (La Réunion, Guadeloupe, Martinique and more recently Mayotte) 
and the number of projects does not reflect the investment and effort for the study of this device. 
Beyond first experiments at the end of the 80s, significant and continuous efforts have been dedicated 
to the understanding of the different dimensions related to the development of the MFADs fisheries 
in these regions, especially where collective/public MFADs were set. In Macaronesia, the first MFADs 
experiments were punctual and conducted later in the beginning and mid 90s. As mentioned in the 
following figure, longline techniques experiments were carried out mainly in Azores and Madeira and 
to a less extent in Canaries and also Guadeloupe but with different objectives in terms of target species. 
As mentioned earlier, the mechanized handline was mainly studied in La Réunion and more recently 
in Mayotte, at the beginning of 2000 as a new fishing technique and more recently as a way to study 
exploited deep sea resources and yields from the fishery. Jigs for cephalopods were also tested more 
recently in Martinique.  
 

                                                           
5 Recents studies related to these gears concerns more the bycatch of species like turtle, etc. 
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Figure 5 : Number of experiments per OR and type of gear Figure 6 : Percentage of experiments per OR and type of 
gear 

The next figure presents the main gears used and the bathymetry range for the experiments.  It shows 
the high range of experiments, from 0 to 3000m for most of the fishing techniques. The highest depths 
were explored in Macaronesia, especially in Canaries and Madeira.  For MFADs, the anchored depth is 
indicated. Most of the experiments with collective MFADs have been carried out until 2000 m. 
However, commercial fishers may operate on MFADs anchored set in deeper areas. 

 

Figure 7 : Synthesis of experiments per gear type/device and depth  

The following figures presents the history of fishing experiments per region and also a schematic 
representation of the gears used and group of species targeted during the experiments. The first figure 
gives the possibility to identify the trends in experiments. In Guadeloupe and Martinique, most of the 
experiments dedicated to the exploration of deep sea resources were launched before 2001. Most of 
the recent efforts have been focused on the study of the MFADs fisheries and their sustainable 
development, probably because of the development of these fisheries and their significant 
contribution to landings. In canaries and since the mid of the 70s, experimental fishing efforts have 
been concentrated on the testing of different pots for crustaceans, especially shrimps with at the end 
the aim to improve the assessment of the stock status for exploitation. Exploration and exploitation of 
deep sea resources with mechanized handline was more recent in La Réunion as indicated in the 
following figure. 
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Figure 8 : History of fishing experiments per gear and OR   

 

3.5. Synthesis per region 

In Azores, several fishing experiments have been conducted in the last thirty years. Until the 
mid-1970s, almost exclusively hand-line and hook gears were used on open-deck boats. The main goal 
of the fishing experiment carried out in the 1989 with bottom longline was to assess the hook 
selectivity of this gear on blackspot seabream (Pagellus bogaraveo), one of the most important species 
of this fishing technique in the archipelago of the Azores, and rockfish (Helicolenus dactylopterus 
dactylopterus) an associated species. Different sizes of hooks were tested between 80 m and 450 m 
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(MFADs) were in the Azorean waters. The main objectives were to determine if MFADs could attract 
and hold tuna schools and other big pelagic fishes in order to fish them profitably. The results were 
balanced with positive and negative results due to the distance of operation and maintenance. Fishers 
did not follow an adequate strategy of fishing on the MFADs and no fishery emerged from these 
experiments. From 1994 to 2005, three fishing experiments with drifting bottom longline were also 
tested in the Azores. Two of them focused on the fishing of black scabbardfish, between 700 m and 
1900 m depth, considering the fishing operation, the gear used, the catch per unit effort and fish size 
composition; while the third one had the main objective of analyse the possibility of catch large pelagic 
species with this technique between 65 m to 300 m depth.  There was, however, some concern with 
the by-catch of deep-water sharks and no fishery developed after these experiments.  

In 2000, a project involving also Madeira and Canaries was launched with the objective to 
increase knowledge about the biology and fishing of crustacean resources in the EEZ of the Azores, 
especially the deep-sea brachyura decapods (Cancer bellianus and Chaceon affinis), and shrimp of the 
family Pandalidae (Plesionika spp. and Heterocarpus spp). The fishing experiments tested the gear until 
1400 m depth using two different types of traps: bottom traps and floating traps. In 2001 and 2002 
two fishing experiments with large bottom trawler were carried out, between 800 m and 2000 m 
depth, with the objective the assessment of Hoplostethus atlanticus, in order to investigate the 
existence of unexploited stocks of this species or, if possible, other deep-sea species in the Azorean' 
EEZ . Total catch from the experimental fishery for orange roughy were high but the experiment also 
revealed a significant level of by-catch and bottom disturbance. After this experimental fishery the 
Government of the Azores decided to close large part of the EEZ to bottom trawling. 

In Madeira, many experiments concerned longlines. Between 1979 and 1986, new fishing 
grounds were explored using technological developments in fishing methods and gears (drifting 
vertical longlines with monofilament) with the ultimate objective to increase the annual catch of black 
scabbardfish. In 1995 a project was approved to implement abundance survey designs for the 
demersal fishing communities of the Macanosesian archipelagos. Several experiements with longline 
were carried in the context of different EU projects and detailed below in the report.  

 As in Canaries, the use of 
traps in Madeira was first 
experimented to explore 
the fishing potential of a 
crab (C. affinis) in several 
locations in the southern 
coast of Madeira Island 
between between 600 m 
and 1000 m depth. This 
project (1991-1994) 
allowed to conclude that 
C. affinis was present in 
several locations of the 
insular platform of 
Madeira6. Following these 
results and several years 
after (2000-2006), other 
experiments were 
conducted using bottom 

                                                           
6 In 1991-1994, set longlines were also used for the catch of benthonic species  
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traps (including floating traps) for the targeting of crustaceans such as deepwater crabs (500-2500m) 
and shrimps (150-800m). Other experiments were carried between 2009 and 2013 on P. Edwardsii and 
C. Affinis. In Madeira, a single experimentation with MFADs was carried out in the early 90's. The 
experience consisted of installing a MFAD, anchored roughly 1000 meters deep at 3 nautical miles off 
the coast, with the aim of aggregating tuna shoals. There is not much information of that time 
regarding the results of the experience. 

In the Canaries islands, several experiments have been conducted during the last three decades in 
deep sea species. Fifty-one deep fishery resources with proven or potential economic interest have 
been identified: sixteen species of decapod crustaceans (basically, shrimp and crabs), four species of 

cephalopod molluscs, five 
species of cartilaginous fish 
and twenty species of bony 
fishes. The fish and shellfish 
resources detected between 
200 and 3000 m deep have 
been considered, with the 
purpose of knowing them, 
valuing them and analysing 
their potentialities. Different 
bottom and semi-floating 
deep-sea traps adapted from 
the Spanish Mediterranean 
fisheries were tested in semi-
deep waters (100-400 m) for 
Pandálid shrimp (camarón 
soldado', Plesionika narval; 
camarón narval 'Plesionika 

edwardsii and camarón cabezudo' Heterocarpus ensifer), in increasing order of depth, all of them with 
commercial interest in the Canary Islands. The work with the crab (Chaceon affinis) had taken place 
between 600 and 1000 m. In general, the biodiversity of fish and crustaceans was catalogued and the 
necessary information was generated to publish biological and fishery parameters of selected 
resources and companion species. Currently, a small-scale fishery has been developed to catch shrimps 
during winter and spring seasons. Between 2004 & 2008, drifting longline projects projects (200-
3000m depth) were also launched to study the fishing impact of the black scabbardfish fishery off the 
Canary Islands (eg ‘pejesable negro’, Aphanopus carbo and Aphanopus intermedius). In 1990 and 
between 1995 and 1997, two experiences were also carried out with MFADs with the objective to 
study the fish community associated with MFADs but no exploitation involving fishers was carried out. 
The medium-drift longlines, maderense type, have practically not aroused any interest on the part of 
the artisanal fleet of the Canary Islands, nor has any appreciation been developed for the black 
scabbardfish resource. Recently, several experimental fishery methods have been developed to target 
deep-sea resources, i.e. squids which showed promising results but still need to be tested further in 
order to get a reliable picture of their effectiveness.  
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In the French Lesser Antilles 
(Guadeloupe, St Martin, 
and Martinique), MFADs 
testing and development 
began at the end of the 
80’s7. In the 80’s, some 
experiments were also 
carried to explore the 
abundance deep fish 
resources and to assess the 
abundance of the ciguatera 
resources of the banks of 
Northern Guadeloupe 
(Saint Barthelemy and Saint 
Martin Banks), but most of 
the experimental fishing 
effort was developped at 
the beginning of the 2000's 

with a special focus on the exploitation of deep-sea resources. The gears used were traps or nets for 
fishes, traps for crustaceans and longlines for snappers and sharks. The depths surveyed were between 
60 and 900 m for crustaceans, 100 and 1000 m for demersal fishes and 250 and 1000 m for sharks. 
Experiments on MFADs focused on the design and installation of experimental MFADs in Guadeloupe 
and Martinique. Experimental fisheries were conducted around MFADs primarily using lines (trolling 
line, horizontal or oblique longline moored to FAD and jigging). These experiments were done by day 
or night. In Martinique, experimental fishing aimed at identifying aggregated species around MFADs 
and their biology. More recent studies were developed to study the conditions for sustainable MFADs 
fisheries including selectivity, safety on board, quality and socio-economic conditions including the 
issue of MFADs fisheries governance. Nowadays, the exploitation of deep resources is mainly limited 
to the catch of snappers and related species around 200m with pots, nets and small longlines. Some 
vessels use pots to target crustaceans (nephrops, shrimps, bathinum) around 400m depth but the 
number of vessels involved and catches is very limited. Conversely, the large pelagic MFADs fishery 
developed rapidely in Martinique and Guadeloupe to reach a peak in the mid of the 2000s. In these 
regions, MFADs represents around 40-45% of the landings in quantity and value. 

As mentioned before, no significant experiment has been carried out in French Guiana. 

In the La Réunion, MFADs experiments were also carried out at the end of the 1980’s in the context of 
the decline of the small scale fleet8. After first experiments, local fishers rapidly got closely involved in 
the maintenance of collective MFADs and several fishing technics were tested (trolling, drifting longine 
and nets, etc). Several studies were launched to improve the design and life span of the devices, assess 
biomass and aggregation around MFADs and improve the monitoring of effort-landings including 
socio-economic informations.  The large pelagic MFADs fishery still represents a high proportion of the 
revenues for the small scale fleet. The development of an artisanal longline fishery targeting mainly 
swordfish then began during the 1990’s but is not considered in this report. In 2000, experiments led 
to the test to mechanized hand line with 4 to 8 hooks targeting deep demersal species (150-600 m) for 

                                                           
7 These experiments have to be replaced in the context of PNUD/FAO launched for the development of moored 
FADs fishing in the Caribbean 
8 Experiments also benefited from PNUD/FAO moored FADs programs developed in the Indian Ocean. 
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small scale vessels.  The rapid and poorly managed development of the deep-sea demersal fish 
exploitation raised concerns about the sustainability of the fishery and resource sharing issues. 
Projects using the same 
fishing techniques were 
launched in the 
beginning of the 2010s 
to better understand 
the evolution of deep 
sea species and fishery 
(50-600m) and provide 
recommandations for 
their management 
based the status 
assessment of the main 
species. The deep 
demersal commercial 
fishery seems to have 
expanded over the last 
years and recreational 
fishing pressure has also 
to be considered for the management of these resources.  

3.6. Lessons learnt and identification of future needs 
in research & development  

This report highlights that many experiments have been conducted over the past 30 years in 
the ORs. When the information exists, one of the difficulties encountered for the synthesis was the 
heterogeneity of the available reports and related data. Some results of past fishing experiments were 
published, others were found in the grey literature, sometimes in paper format. One of the conclusions 
is that over time, fishing experiment projects have often been adjusted from fishery development 
projects to surveys including significant scientific components considering in somes recent cases socio-
economic information and also the consideration of fishery management issues. As a consequence, 
the lessons learnt from projects must be identified not only regarding the objectives of fishing 
experiments but more globally of the objective of projects. 

 
Within the difficulties encountered for the assessment of experimental fishing, we can mention the 
lack of historical series of catches and fishing effort to follow the evolution of fisheries in the ORs, 
including those for which experimental fishing was developped. The reporting of effort and catches is 
often not relevant to characterize these new fishing activities. This situation is inherent to the small 
scale nature of the activity and the dispersion of the landings points. But in many cases, we can also 
mention the incompleteness of logbook/fishing forms registration that does not allow the following of 
the fishing activities precisely. In the French ORs, data collection systems were established in the mid 
of the 2000s and times series are now available but not always at the precision level required for the 
following of a given gear or métier. Data collected in the context of EU Data collection Framework, are 
also supposed fill the gap of information on fisheries. When fishing experiments are use as scientific 
campaigns to estimate stock abundance, the difficulties in estimating exploitation levels related to the 
incidence of oceanographic conditions on the distribution and availability of populations makes 
difficult the application of evaluation models for fish stock assessment. The conclusion is that scientists 
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have an important ignorance of the dynamics of the fishery resources subjected to exploitation. In 
cases of multi-specific multi-gear small scale fisheries, classical assessment methods must probably be 
adapted to data poor situations. In future experiments or when a new gear/technique is used by 
fishers, adaptation of data collection, especially references to new gear type/species should be 
required to improve the reliability of collected data. If data collection uses sampling methods, 
adjustment of sampling rate should also be considered to better follow emerging fishing techniques 
or/and the use of new devices for fishing. Due to project or budget constraints, the duration of 
experimental fishing or surveys including trials at sea is limited in time which is often insufficient to 
gather significant and robust results. One of the recommandation is to schedule the projects for several 
years including different seasons in order to get reliable information. 

Moreover, fishing experiments should better consider the human dimensions related to the 
use of fishing gears or devices. The human dimension related to fishing activities could be critical for 
the understanding of the locks for the adoption of new gears and the viability of fishing operations. 
Basically, experiments only consider the estimation of catch per unit of effort, sometime prices of 
landed species when available. Studies should better consider the socio-economic dimensions of the 
fishing activities including the economic potential of new species/products or the consequences higher 
sypply of given species on the market. In some cases, marketing channels should be adjusted to the 
scale of fishing operation and the misunderstanding of these issues may prevent the development of 
of a given fishing activity or the practice at a larger scale. Labor and working conditions for the crew 
should also be better considered as well as the need for anticipating issues related to interactions with 
other activities and fisheries management. When fishing experiments or surveys are scheduled, the 
following items should be studied more carefully:          

 

• Catches and catches per unit of effort (CPUE) of commercial/non-commercial species; 

• Selectivity of the gears or devices; 

• Presence, abundance, distribution or other biological characteristics of fish stocks and 

associated species; 

• Gears or devices impact on ecosystems, habitats including ghost gears/debris;  

• Storage, conditioning and processing of fish products on board; 

• Marketability of fish or fish products (value chain); 

• Revenues and costs for fishing vessels including energy consumption;  

• Labor conditions and safety on board; 

• Impact of on fleet adjustment, effort allocation and fisheries evolution; 

• Interaction with other fishing or maritime activities    

• Recommendations for fisheries management and monitoring with a specific focus on small-

scale fishing. 

The existence of qualified research centers where the availability of sufficient critical mass, 
composed of specialized researchers and versatile researchers/engineers, is important for the success 
of such projects. Despite some exceptions, ORs are often isolated and the teams that could be involved 
in the fishery-marine environment issues are limited in size. The consolidation and promotion of the 
creation of multidisciplinary groups including people from outside the regions would favor obtaining 
more financial resources from competitive calls as well as the shared use of the scientific 
infrastructures available in the different R & D centers and in the Universities. Local fisheries support 
services/technical assistances are often limited because of the limited funding capacity or in some case 
the absence of dedicated structures or facilities. Within these weaknesses identified for the launching 
of projects, was also the insufficient availability of research polyvalent vessels. In some contexts was 
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also mentioned the lack of sharing of available scientific-technical with the administration and more 
globally persons in charge of fisheries regulation. Finally and as mentioned previously, there were 
limited exchanges of information on experimental fishing between the different ORs and it would be 
crucial to develop mechanisms for the sharing of scientific expertise between ORs. In that context, 
CCRUP platform would be an opportunity for exchange of information and sharing of experience 
between the ORs. 
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ANALYSIS PER OUTERMOST REGION 
 

1. Azores 
1.1 Ecosystem context 

The Azores is a Portuguese archipelago composed of nine islands spread over an area of 600 
km divided in three groups: eastern (São Miguel and Santa Maria), central (Faial, Pico, São Jorge, 
Terceira and Graciosa) and western group (Flores and Corvo). They are located in the North Atlantic 
Ocean between 28°00′ N – 49°00′ N, and 17°00′ W – 41°00′ W9 with an EEZ of approximately 1 million 
km2,10. Although the Azores have a vast EEZ, there is a relative lack of biomass and primary productivity 
(due to the oligotrophic condition of the water) and their live resources are biologically fragile, 
particularly in terms of deep water and demersal species. This is also related to the absence of 
continental shelf and the surrounding great depth that characterize the whole archipelago11. The 
average depth in the Azorean’ EEZ is of 3000m depth, with only 0.8% of this area being less than 500m 
deep12. 

In this archipelago several priority habitats can be found, such as sponge aggregation13, deep-sea coral 
gardens, hydrothermal vents fields 14 15 and reefs. There are also economically important and 
ecological fragile species like the long lived and late maturing orange roughy (Hoplostethus atlanticus), 
which reflects the growing importance of knowledge of deep-sea ecosystems16. Above all, it is 
important to have the awareness that these ecosystems are highly vulnerable to human activities and 
that there is still a knowledge gap on the functioning of these marine communities17. 

                                                           
9 Peran, AD., Pham, CK., Amorim, P., Cardigos, F., Tempera, F. and Morato, T., 2016. 
10 Pham, Christopher K., et al., 2015. 
11 Pham, Christopher K., et al., 2013. 
12 Morato, T., Lemey, E., Menezes, G., Pham, CK., Brito, J., Soszynski, A., Pitcher, TJ. and Heymans, JJ., 2016. 
13 Tempera et al., 2012, 2013. 
14 Cardigos et al., 2005. 
15 Cuvelier et al., 2009. 
16 Abecasis, RC., Afonso, P., Colaço, A., Longnecker, N., Clifton, J., Schmidt, L. and Santos, RS., 2015. 
17 Sale, P. F., Cowen, R. K., Danilowicz, B. S., Jones, G. P., Kritzer, J. P., Lindeman, K. C., et al., 2005. 
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Figure 9: Map of the Azorean’ EEZ and its bathymetry.  

Source: Amante, C., & B.W. Eakins. 2008. ETOPO1 1 Arc-Minute Global Relief Model: Procedures, Data Sources and Analysis. 

 

1.2 Fisheries history and main drivers of fishing experiments 

From the beginning, due to the absence of continental shelf and to adjacent great depths, 
fisheries activities in the Azores were carried out around the islands’ slopes and, subsequently, also in 
the seamounts that are present in the area18 19 20. Whale hunting was the first large-scale fishery in this 
archipelago, which reached its peak in the 1940s and started to decrease in the 1960s as, along with 
the discovery of synthetic oils and other more profitable fishing, such as pole-and-line for tuna and 
demersal fisheries using hand-lines21. 

During the 1980s, the Azorean fishing industry faced significant changes due to the introduction of 
bottom and surface longlines22 23. In the same period, thanks to the better equipped vessels, the 
introduction of monofilament longline and the increase in number of hooks, fishermen were allowed 
to explore new fishing grounds also far away from the coast, such as unexploited seamounts, 
improving significantly their yields24 25 26. As well as in the 1980s, the expansion in air transportation 
allowed to transport fresh fisheries products to Portugal (mainland) and to foreign countries. 
Furthermore, subsidies for fishery sector gave rise to cabined fiberglass boats, more powerful, with 
higher autonomy and better safety and conservation capacity. Iron tuna vessels were also armed with 

                                                           
18 Morato, T., 2012. 
19 Morato, T., Machete, M., Kitchingman, A., Tempera, F., Lai, S., Menezes, G., Santos, RS., Pitcher, TJ, 2008a. 
20 Silva, H.M., Pinho, M.R., 2007. 
21 Martin, A.R., A.M.A. Melo, 1983. 
22 Pereira, J.G., 1988a. 
23 Menezes, G.M.M., 1996. 
24 Martins, R., C. Ferreira, 1995. 
25 Pham, C. K., Canha, A., Diogo, H., Pereira, J. G., Prieto, R., and Morato, T.,2013. 
26 Abecasis, RC., Afonso, P., Colaço, A., Longnecker, N., Clifton, J., Schmidt, L. and Santos, RS., 2015. 
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better technological equipment (e.g. sonar). Increased autonomy of the fishing boats allowed the 
expansion of the fishing activities further offshore and in deeper areas27 28. 

In recent years, the amount in number of species landed in the Azores increased to about 106 in 2010 
(Christopher Pham et al., unpub. data). This can be related to the introduction of new fishing 
techniques, the exploitation of new fishing grounds and changes on market value for previous 
unexploited species. 

Nowadays there are two main segments: a) small-scale fleet, bellow 12m, that represents 85% of the 
fleet and b) large-scale or semi-industrial fishing fleet. Considering the above, difficulties arise when 
trying to assign components or gear type to each boat as many vessels use a combination of fishing 
gears throughout the year, and often even on the same fishing trip29. Most of the small-scale fishing 
vessels are usually armed to use more than one fishing technique (e.g. hand-lines, jigs, bottom longline, 
surrounding nets, gill nets and traps) 10. They may change gear throughout the year (polyvalent 
segment) following both the dynamic changes of fish species caught and their market performance 

Nowadays, fishing activities in the Autonomous Region of the Azores can be divided into four main 
categories: a) a fishery targeting blue jack and chub mackerel (Trachurus picturatus and Scomber colias 
respectively) which uses small vessels, normally less than 12m in length, using purse seine nets; b) a 
pole and line fishery by vessels that vary in length between 15 and 30m which targets tuna, and is 
carried out between March/April and September/October; c) a fishery targeting demersal species, 
which uses vessels of less than 22m in length, and that uses bottom set longline and various hand-held 
instruments; and d) a fishery targeting swordfish (Xiphias gladius) using pelagic longlines. This fishery 
is carried out mainly between May and December, using vessels which vary between 12 and 30 m in 
length30 31. 

Over the year, the small-scale fishery sector in the Azores improved in terms of landed volume and 
value. One of the advantages of small-scale fisheries is that employ more people, disembark slightly 
more catches and their landings has higher value compared to the large-scale fisheries32. It also 
consumes less fuel and seem to have less impact on marine habitats, when compared to their larger 
counterpart, being a good example of long-term sustainable fishing33. In the archipelagos of Azores 
and Madeira, the strategy on how to manage the fisheries resources is based on the Common Fisheries 
Policy (CFP) of the European Union, applied, among other management measures, also through TACs 
(Total Allowable Catches) for different species, such as blackspot seabream (Pagellus bogaraveo), 
splendid alfonsino (Beryx splendens), alfonsino (Beryx decadactylus), blue jack mackerel (Trachurus 
picturatus) or bigeye tuna (Thunnus obesus) (EC Reg. 2340/2002; EC Reg. 2270/2004). 

Besides fish quotas, the Azores has put in force technical measures such as minimum landings sizes, 
minimum mesh sizes, distance from the coast, allowable percentage of bycatch species, area and 
temporal closures34 and prohibited the use of particular gears (like bottom trawling or industrial purse 
seiners). In 2003, under the CFP (EC Reg. 1954/2003), Azores, Madeira and Canaries were able to keep 
a 100 nautical miles Economic Exclusive Zone (exception to 12nm limit for mainland Europe due to 
social, economic and geomorphological conditions, along with the fragile dependence of our fleet on 

                                                           
27 Pinho, M.R., J.M. Gonçalves, H.R. Martins, G.M. Menezes, 2001. 
28 Machete, M., Morato, T., Menezes, G., 2011. 
29 Carvalho, Natacha, Edwards-Jones, G., and Isidro, E., 2011. 
30 Pham, Christopher K., et al. ,2013. 
31 Silva, M. A., Machete, M., Reis, D., Santos, M., Prieto, R., Da ˆmaso, C., Pereira, J.G., et al., 2011. 
32 Carvalho, Natacha, Gareth Edwards-Jones, and Eduardo Isidro, 2011. 
33 Pitcher, T. J., Clark, M. R., Morato, T., and Watson, R., 2010. 
34 Morato, T., T.J. Pitcher, M.R. Clark, G. Menezes, F. Porteiro, E. Giacomello, R.S. Santos, 2010. 



 

26 
 

Task 2.2 Desktop study to collate existing technical information 
Deliverable #10 

further distant seamounts), in which fisheries activities were restricted to vessels registered in the 
ports of these islands. In 2018, the active fishing fleet of Azores with licenses consisted of a fleet of 546 
vessels (with a combined Gross Tonnage (GT) of 8420 and a total engine power of 42794 KW)35 (see 
Table 3). 

Table 3: Composition of the Azorean fishing fleet with licenses in 1th of January 2018. 
Source: http://ec.europa.eu, 2018. 

Length OverAll (LOA) 
(m) 

 Number of vessels Total GT Total KW 

VL0010  393 1048 16589 

VL1012  74 785 6384 

VL1218  46 931 5714 

VL1824  4 363 940 

VL2440  28 4528 11990 

VL40XX  1 764 1177 

 
Concerning the main drivers for fishing experiments, the focus has been mostly on selectivity (hook 
sizes), new exploitable stocks (e.g. black scabbardfish – Aphanopus carbo) or new fishing techniques 
(traps or MFADs). The social and economic importance of fisheries for the Azorean society is generally 
recognized and its sustainability is of major concern for decision makers. According to this, it is 
important to increase knowledge, do experiments, find alternative exploitable resources and adjust 
the fishing effort to the sustainability of fishing activity. 

 
Figure 10: Time line of the main events in terms of fisheries, regulation and experimental fishing in the Azores. 

 

Box 1: Comment on Azores’ timeline legislation 

Regional Legislative Decree no. 29/2010/A, of November 9, establishes the legal framework for 
Azorean fishing, prior to this Regional Decree, National legislation was applied. 
The legal framework for Azorean fishing established that measures for the conservation, 
management and exploitation of living marine resources in the Azores to be applied to regional 

                                                           
35 http://ec.europa.eu. 

http://ec.europa.eu/
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vessels, catchers, underwater fishermen and coastal fishermen and to apply to the Azores fishing 
territory, would be defined by Ordinance of the member of the Regional Government responsible 
for fisheries. In this context, several Ordinances were published by the Regional Government, and 
the most relevant for the fisheries in the Azores were identified in the timeline. 
According to Article 20 of that regulation (legal framework for Azorean fishing), fishing methods 
using trawls, gillnets of a depth of more than 30 m, driftnets and gillnets of more than one panel, 
are not allowed in the Azores. 
Several measures were adopted, namely through the publication of Ordinance No. 91/2005, of 
December 22, of Ordinance No. 48/2006, of June 22, of Ordinance No. 7/2012, of January 11. The 
implementation of these measures stemmed from the need to ensure the safeguarding of the most 
sensitive fish stocks, such as demersal and deep-sea species, as part of measures to conserve the 
living resources applicable to fishing in the Azores. 
This type of option has been well received within the European Union's policy, and justifies the 
adoption of Council Regulation (EC) No 1568/2005 of 20 September 2005, a document expressly 
intended to protect deep-water coral reefs from the effects of fishing in certain areas of the Atlantic 
Ocean, banned the use of gillnets, entangling nets and trammel nets at depths greater than 200 
meters, and bottom trawls or similar towed nets in the "Azores" and "Madeira and Canary Islands" 
areas. 
On the other hand, Council Regulation (EC) No 2027/95 of 15 June 1995 laying down a system for 
the management of fishing effort relating to certain Community fishing areas and resources 
determined a zero-fishing effort for towed gears in the waters of the Azores (ICES X area - Solely in 
waters under the sovereignty/jurisdiction of Portugal). 

 

1.3 Way of funding and partnership 

The main sponsor of the experimental fishing projects carried out in the archipelago of the 
Azores was the Regional Directorate of Fisheries – Azorean Government. Most of the experiments have 
been coordinated by the Oceanographic and Fisheries Department of the University of the Azores. This 
has also allowed strengthening the relationship between these two entities, being linked not only by 
common research interests but also by the desire to understand and protect the marine environment 
that characterizes this unique and fragile archipelago. 
 

Table 4: Ways of funding and partnerships 

References 
Name of 

the 
project 

Co-
funded 
project 

Main body that 
financed the project 

Coord./leader of 
the project 

Paulo Jorge Morais, 
1990. 

__ NA NA 
University of 

Algarve 

Pinho, M. R. & J. 
Pereira, 1995a-b. 

__ Yes European Commission 

Oceanographic and 
Fisheries 

Department of the 
University of the 

Azores 

Pinho, M. R. & J. 
Pereira, 1995c. 

__ Yes European Commission 

Oceanographic and 
Fisheries 

Department of the 
University of the 

Azores 
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Melo, Octávio 
Emanuel B. M., 

1998. 
__ Yes 

Regional Directorate 
of Fisheries – Azorean 

Government 

Oceanographic and 
Fisheries 

Department of the 
University of the 

Azores 

Mario R. Pinho, 
Octavio Melo, Joao 
Gonçalves & Helen 

Martins 2001. 

CRUSTAçO Yes 
Regional Directorate 

of Fisheries – Azorean 
Government 

Oceanographic and 
Fisheries 

Department of the 
University of the 

Azores 

Gui Manuel 
Machado Menezes 

and Octavio 
Emanuel Barros 

Moura Melo, 2002. 

FISHOR Yes 
Regional Directorate 

of Fisheries – Azorean 
Government 

Oceanographic and 
Fisheries 

Department of the 
University of the 

Azores 

Machete, M., 
Morato, T., & 

Menezes, G. 2010. 
__ Yes 

Regional Directorate 
of Fisheries – Azorean 

Government 

Oceanographic and 
Fisheries 

Department of the 
University of the 

Azores 

 

1.4 Main gears used, depth of operation and species 

The information about the gears used, the depths explored for each experiment, the type of 
target species and the main species caught in each trial are shown schematically in the table below 
(Tab. 5). 
 
 
 

 
Table 5: Main gears used, period, depth of operation, type of target species and main species in trials. 

Gears type 
used (FAO 

code) 
Period 

Depth of 
operation 

type of target 
species 

Main species in trials, in 
number 

LLS 1989 180-450m Demersal 
P. bogaraveo 

H. dactylopterus 

MFAD 
 

1993-1994 
 

9 buoys: 
1) -965m 
2) -500m 

3) -1550m 
4) -953m 

5) -1016m 
6) -1011m 
7) -561m 
8) -987m 

9) -1570m 

Pelagic 

T. obesus 
K. pelamis 

P. americanus 
T. picturatus 

S. ovalis 
H. hippurus 
B. capriscus 
Seriola spp. 
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LLD 1994 65-300m 
tuna 

 

P. glauca=34 
A. ferox=3 

L. caudatus=2 
X. gladius=2 

Total catch=45 

LLD 1998 700-1600m 
Mesopelagic 

 
 

A. carbo =10158 
M. mora=30 

D. calceus=66 
C. squamosus=59 

Total catch=10296 

FPO 2000 0-1400m Crustaceans 

C. bellianus=3539 
P. edwardsii=3337 

P. narval=2794 
C. affinis=1637 

S. latus=120 
H. barbata=109 
P. elephas=17 

Total catch=13940 

OTB 2001-2002 800-2000m 
Hoplostethus 

atlanticus 
 

H. atlanticus=343 tons 
(92% of the total) 

A. carbo=15.5 tons (4% of 
the total) 

S. microcephalus=5.3 tons 
(1.4 % of the total) 

A. rostratus=1.2 tons 
A. bairdii=0.85 tons 

E. telescopus=0.82 tons 
C. rupestris=0.28 tons 

LLD 1999-2005 1000-1900m Mesopelagic 
Aphanopus carbo= 110244 

for a total estimates 
weight of 222t. 

 

1.5 Type of assessment carried out 

The main goal of the fishing experiment carried out in the 1989 with bottom longline was to 
assess the hook selectivity of this gear on blackspot seabream (Pagellus bogaraveo), one of the most 
important species of this fishing technique in the archipelago of the Azores, and rockfish (Helicolenus 
dactylopterus dactylopterus) an associated species. During this campaign three sizes of hooks were 
tested, 9 mm, 12 mm and 18 mm, between 80 m and 450 m depth in two different areas: Banco Condor 
and Banco Açores36. 

In 1993-1994, nine Moored Fishing Aggregating Devices (MFADs) have been set in the Azorean waters 
with three main objectives: 1) to design, build and evaluate the device that best suits the 
oceanographic conditions of the Region; 2) to evaluate the aggregating effect of the devices directed 
to the exploitation; 2) to characterize the structure of the shoals around the MFADs and to study the 

                                                           
36 Jorge Morais, P., 1990. 
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behavior (velocity and timing of aggregation, vertical and horizontal distribution) in order to define a 
pattern of behavior of the resources aggregated to the MFADs37 38. 

From 1994 to 2005, three fishing experiments with drifting bottom longline have been tested in the 
Azores. Two of them39 40 were focusing on the fishing of black scabbardfish, between 700 m and 
1900 m depth, considering the fishing operation, the gear used, the catch per unit effort and fish size 
composition; while the third one41 had the main objective of analyse the possibility of catch big pelagic 
species with this technique between 65 m to 300 m depth. 

In 2000, it was launched the project CRUSTAçO, with the objective to increase knowledge about the 
biology and fishing of crustacean resources in the EEZ of the Azores, especially the deep-sea brachyura 
decapods (Cancer bellianus and Chaceon affinis), and shrimp of the family Pandalidae (Plesionika spp. 
and Heterocarpus spp). The fishing experiments tested the gear until 1400 m depth using two different 
types of traps: bottom traps (1997 traps used) and floating traps (681 traps used). A total of 297 hauls 
were considered valid, 113 of which were made using floating traps42. 

In 2001 and 2002 two fishing experiments were carried out, between 800 m and 2000 m depth, with 
the objective the assessment of Hoplostethus atlanticus, in order to investigate the existence of 
unexploited stocks of this species or, if possible, other deep-sea species in the Azorean' EEZ 43. 
 

1.6 Bottom longline experiments 

In June and July of 1989, a bottom longline selectivity experiment was conducted in the 
Azorean waters with the goal of estimating hook selectivity related to blackspot seabream (Pagellus 
bogaraveo), one of the most important species in Azores bottom longline fishery and to rockfish 
(Helicolenus dactylopterus dactylopterus), an associated species. Sampling took place between 180 m 
and 450m depth in two different areas: Banco Condor and Banco Açores. 

Three sizes of hook were assessed: 9 mm, 12 mm and 18 mm (hook size referred to the perpendicular 
distance between hook point and shank). In the Azores the methods of fishing directed to demersal 
species are limited by the irregularity of the rocky bottoms, predominating hand and longlines as the 
most effective gear. Until the mid-1970s, almost exclusively hand-line and hook gears were used on 
open-deck boats. From the introduction of the bottom longline, a new fleet emerged with larger boats 
commonly known as bottom long-liners. Their numbers have increased in the 1990s, contributing to 
the dominance of longline fishing for demersal and benthic species until 2007. Since then, the bottom 
longline number of licenses and vessels decreased significantly.  

While using line and hooks gear, several factors are responsible for the selectivity: 
- Size, shape and color of the hooks; 

- Size and thickness of the lines; 

- Distance between hooks; and 

- Quality and quantity of bait. 

                                                           
37 Pinho, M. R. & Pereira, J., 1995a. 
38 Pinho, M. R. & Pereira, J., 1995b. 
39 Melo, O E., 1998. 
40 Machete, M., Morato, T., & Menezes, G.,2010. 
41 Pinho, M. R. & J. Pereira, 1995c. 
42 Pinho, M R., Melo, O.E., Gonçalves, J. & Martins H., 2001. 
43 Menezes, G. and Melo, O. E., 2002. 
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Concerning this experiment, from several methods available in the bibliography for estimating 
selectivity curves, only the modified Ishida method 44 was successfully used. For all hook sizes and for 
both species, the selectivity curves estimated from the size range of fish caught were of sigmoidal type, 
similar to the typical trawl selection curves. However, for blackspot seabream the selectivity curve may 
be more like a flat-topped curve. Assuming sigmoid type curves, the selectivity curves for both species 
and all hook sizes may be adequately defined by the length of first capture (length corresponding to a 
selectivity of 50%, S50%) and selection range (difference between the lengths corresponding to 75% and 
25%, S75% - S25%). The values of these parameters for both species and hooks used are: 

Pagellus bogaraveo: 
- Hook of 9mm., S50%= 19cm, and S75% - S25%= 22cm. – 16cm. 
- Hook of 12 mm., S50%= 26 cm, and S75% - S25%= 30cm. – 22cm. 
- Hook of 18 mm., S50%= 38 cm, and S75% - S25%= 43 cm. – 33cm 
 
Helicolenus dactylopterus dactylopterus: 
- Hook of 9 mm., S50%= 10 cm, and S75% - S25%= 11cm. – 9 cm. 
- Hook of 12 mm., S50%= 14 cm, and S75% - S25%= 15 cm. – 13 cm. 
- Hook of 18 mm., S50%= 21 cm, and S75% - S25%= 23 cm. – 19 cm 
 

1.7 Moored Fishing Aggregation Devices (MFADs) experiment  

In July 1993, the Oceanographic and Fisheries Department of the University of the Azores 
started experiments with Moored Fishes Aggregating Devices (MFADs). The main objective of these 
fishing experiments was to determine if MFADs could attract and hold tuna schools and other big 
pelagic fishes in order to fish them profitably 45 46 (Fig. 11). 
 

                                                           
44 Manzer, J.I., Ishida, T., Peterson, A E. e Hanavan, M.G., 1965. 
45 Pinho, M. R. & J. Pereira, 1995a. 
46 Pinho, M. R. & J. Pereira, 1995b. 
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Figure 11: Type of mooring system used for anchored FAD’s in the Azores.  

Source: Pinho, M. R., & Pereira, J., 1995. 

 
Nine MFADs were constructed, one with a spherical plastic buoy of 1 m of diameter, one with a conical 
PVC buoy and 7 using a spherical steel buoy with 1.5m of diameter. The buoys were equipped with a 
navigational warning light visible at 1nm and with a radar reflector in order to guarantee maritime 
security. Each buoy was armed until 30m depth with different kind of supplements, such as nylon, 
tires, plastic ropes, plastic flags, etc., to better attract fishes. 

Initially, the areas were to deploy the buoys have been selected based on the analysis of cartography 
of the catches of the local fleet. Different depth, distance of the coast, proximity to the banks and 
seamounts were selected within each area. With this method, buoys 1, 2 and 8 were located, at -965m, 
-500m and -987m depth respectively, in areas closed to the coast; buoy 9 was placed at -1570m depth 
near the coast but completely exposed to the currents and winds; buoy 5 was positioned at -1016m 
depth near a bank (Princess Alice); buoy 4 near a seamount at -953m depth; buoys 3 and 6, at -1550m 
and -1011m depth respectively, in an area of open sea; and buoy 7 was moored at -561m depth in an 
area near the coast but not frequently used by the fishing fleet (Fig.12). 
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Figure 12: The archipelago of the Azores and the position where the MFADs have been moored. 

Source: A. Zanella’s construct adapted from Pinho, M. R., & Pereira, J., 1995. 

 
Concerning the mooring, the buoys were first placed on the water at the selected sites and the anchors 
were released in a free fall to the bottom. 

Monitoring and maintenance of the buoys were scheduled on a bimonthly basis but ended up not 
being possible due to long periods of rough weather. Visits were made in the morning and observation 
of the present of bird flocks and fish schools near the buoy were made and recorded. In buoys 3, 5, 6 
and 9 underwater observations were made. The monitoring of fish catches from commercial pole-and-
line boats targeting tuna were made through log books and from interviews with skippers47 48. 

Regarding the performance of the buoys, they attract and hold, as expected, some marketable fish 
species, even though not in considerable quantity. Buoys 1, 2 and 8, after 5 months were cut by 
longline vessels. Buoys 3 and 6 were lost, after 5 months broke free. From the nine buoys, only one 
(buoy 3) remained in the position, six were lost and two were recovered. Despite these losses, all the 
buoys performed well concerning Oceanographic conditions. However, the sites selected for the buoys 
seemed to be too far way for monitoring and maintenance purposes, creating difficulties in the case 
of losses. 

Concerning the monitoring, a total of 12 visits were made and only the buoys of the oriental group (1,2 
and 8) were not visited. Schools of fishes, even if in a small number (1 to 100 fishes), were regularly 
observed. Nevertheless, all the species found were of marketable value: wreckfish (P. americanus), 
imperial blackfish (S. ovalis), dolphin fish (C. hippurus), grey trigger fish (B. capriscus), blue jack 
mackerel (T. picturatus), amberjack (Seriola spp.). The first four species were present in all the visits. 
Observations made during monitoring, although not conclusive, confirm that tuna was not frequently 
attracted to the MFADs. These results could be related with several aspects, as the period of the day 
when the visit was made or even with the sites where the buoys were placed. Tuna species, mainly 
skipjack (K. pelamis), and bigeye (T. obesus), were captured only in three occasions at different buoys, 
but the skippers revealed that sometimes catches were made in vicinity of the buoys located at the 
traditional fishing areas, but they did not report these catches as associated to the device. The catch 
of the other species was not recorded in the log books, but personal information from the skippers 

                                                           
47 Pinho, M. R. & J. Pereira, 1995a. 
48 Pinho, M. R. & J. Pereira, 1995b. 
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seemed to show that the catch of dolphin fish (C. hippurus), wreckfish (P. americanus) and imperial 
blackfish (S. ovalis) were significant, since catch of these species were made in almost all visits. Catch 
of baitfish (200Kg), blue jack mackerel (T. picturatus), made in the buoys was reported only by one bait 
boat, although schools of this species were observed in several occasions around the MFADs. 

The analysis of the logbooks and interviews to the skippers supported the conclusion that the visits 
were made occasionally and without any defined plan. The fleet did not modify the traditional pattern 
of operation even after the successful catches of tuna reported on three occasions. No skipper adopted 
a planning schedule of visits to the buoys, namely trying to visit them routinely at different periods of 
the day, following the suggestions made by scientists. Beside the scepticism of the skippers related to 
the effects of the MFAD in attracting and holding tunas, there is not a comprehensive explanation for 
this behaviour, especially during the year of 1994 characterized by a reduction of about 50% of the 
catches of bigeye tuna. If this reduction was due to the real variation of the abundance of this species, 
as a consequence of some environmental anomaly, it was possible that this fact influenced the results 
of the experiments. 

Albacore (T. alalunga) was captured in the vicinity of the MFADs but the fishermen believed that this 
species does not aggregate to the MFADs and it was difficult to have conclusions because they were 
caught in areas of traditional operation of the fleet. The impact of the MFADs in the tuna fishery seems 
to be poor but this conclusion must be interpreted with some caution because one year and half for 
this kind of experience was not enough, and fishermen did not follow an adequate strategy of fishing 
on the MFADs. They were reluctant in reporting the visits and catches, and the available quality data 
only covered 40% of the total fleet49 50.In the conclusion it was suggested to place buoys only in the 
central group, in sites near the coast and with a monitoring scheme on a monthly basis, in a way to 
permit to study with precision the species aggregated, the evolution of the aggregation or times of 
residence. 

 

1.8 Drifting longline experiments 

In the Azores, the catch of many pelagic species, mostly tunas (mainly T. obesus, K. pelamis 
and T. alalunga), is seasonal and it is not known if this seasonality is due to real change in biomass 
availability, or to changes in the catchability associated to the behavior of the species caused by the 
oceanographic conditions. Species like T. albacares and T. thynnus are not traditionally caught by local 
fleet, probably because they are not available to the local pelagic fishery. To assess these problems of 
catchability, scientists from the Oceanographic and Fisheries Department developed in 1994 a project 
of experimental drifting mid-water longline fishing in an effort to learn more about these species. The 
project aimed as well to assess the vertical distribution, the population structure and the variation of 
the catchability of tuna species related to oceanographic conditions 51. 

Drifting mid-water longline hauls were made on two surveys in April and September 1994, with depths 
ranging from 65 to 300m. Three hauls were scheduled in April and five in September. Information 
about navigation (cruise speed and position) and fishing (beginning and end time of the launch and 
collection of the device, number of launches, métier characteristics, type of bait and catch per hook) 
was collected per each set, as well as oceanographic information (vertical distribution of temperature, 
XBT). 

                                                           
49 Pinho, M. R. & J. Pereira, 1995a. 
50 Pinho, M. R. & J. Pereira, 1995b. 
51 Pinho, M. R. & J. Pereira, 1995c. 
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The drifting mid-water longline used was composed of about 30 baskets of mother line section 
suspended at each end by a float. Two types of buoys were used. White buoys, with ring, at the end of 
each basket and orange floats, with a hole in the middle, placed at the ends of the apparatus and after 
every 5 white buoys thrown. The flotation line, which connects the float to the mother line was 20 m 
length and the mother in each basket measured 650 m in length. Each basket contained 12 strokes 
(estrovos) of 20 m each, placed in the mother line every 50 meters. The stoppages consisted of 10 m 
of 3 mm polypropylene cable, connected by a screwdriver to 10 m of 2.4 mm monofilament. At one 
end a hook for tuna n ° 8 was placed and on the other was placed a fixing pin. In each haul a variable 
number of baskets were used, maintaining the standard design. 

The gear was launched between 4 am and 6 am and collected between 12 am and 4 pm. The time for 
launching the gear varied between 1h30 and 2h30, while its hauling varied between 3h00 and 4h10, 
at a variable speed between of 3 to 6 knots. The bait used was frozen mackerel and squid with an 
average size of 30cm. The total CPUE, considering the nº of caught fishes per number of hooks, was 
1.67 [CPUE= (n° of fishes caught/n° of hooks) *100]. Along the operation there were some technical 
difficulties due to the lack of experience of the crew, especially in the coordination of the line-setter 
with the speed of the ship and monofilament reel (moulinet), resulting in the frequent break of this 
and consequent stop of the survey vessel. The electronic system of the line-setter did not turn out to 
be adequate due to high levels of humidity. Alternatively, it was decided to perform the task manually, 
moving a second crew member to the line-setter controlling the amount of cable placed at sea. The 
operation of collecting the equipment was less problematic and was improving as the survey was 
evolving and captain and crew gaining experience 52. 

The estimation of the distance between the floats by basket was difficult because of the difficulties of 
coordinating the launching of the fishing equipment by the line-setter or by the impossibility of 
estimating this distance using navigation tools. In fact, the radar did not capture the return signal from 
the reflector, especially on bad sea conditions. Several attempts were made, using other alternatives 
but they were not practical. It was decided to estimate this distance indirectly, by calculating the 
distance that the ship was traveling from one end of the longline to the other, by the speed and time 
spent running through it. Dividing this distance by the number of baskets placed, the average distance 
between the buoys by baskets was obtained. 

Although the results appeared to be discouraging, some considerations can be assumed on vertical 
distribution of these species and on the technology. For the first, the information available seems to 
suggest that bigeye tuna and albacore are distributed preferentially in depths between 150 and 400 
meters, corresponding to temperatures between 8 °C and 17 °C, while other species are distributed 
closer to the surface. The results showed, however, that drifting mid-water longline fishing conducted 
during the day mainly catches sharks, which is not desirable since these species, considered as bycatch, 
seem to be the target of intensive fishing. 

1994 was a bad tuna fishing year, with a decrease of about 50% on bigeye tuna catches. These facts 
may have influenced the results. 
 
In 1998, the Oceanographic and Fisheries Department (DOP), carried a fishing experience targeting 
black scabbardfish (Aphanopus carbo) using drifting bottom longline53. The fishing experience was 
carried out by the 25m, 11 crew vessels ‘Baía dos Juncos’ from Madeira, between May and June in the 
eastern group of the Azores. The gear used is shown in the figure below (Fig. 13). 

                                                           
52 Pinho, M. R. & J. Pereira, 1995c. 
53 Melo, Octávio Emanuel B. M., 1998. 
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Figure 13: Fishing gear used in the experiment described by Melo Octávio Emanuel B. M. (1998). 

Source: Melo, Octávio Emanuel B. M., 1998. 

Before leaving the harbor, or while sailing, baiting with salted squid of the approximately 4000 hooks 
used in each haul took about 2,5h54. When in place, with an average of 1080m depth, and after 
assessing the current, the gear was launched on the water. The launching was usually during the 
afternoon, although it varied between 10h40m and 18h40m, at a speed of 2 to 4 knots depending on 
sea conditions, and its duration varied between 1 and 3 hours, depending on the number of hooks 
used per set. The fishing gear remained about 8 hours in the water. During this period the boat was 
drifting, however close to the device. After 8h fishing, the hauling starts and takes about 14 to 16 hours 
to be completed, depending on the number of hooks used (between 3750 and 4750 hooks). In total 15 
launches were made, 11 in the south coast of Santa Maria Island, 2 in the south coast of S. Miguel 
Island, 1 in Mar da Prata and 1 northwest of “Banco 70”. The average depth, the number of hooks used 
per launch, the number of catches and the weight of black scabbardfish caught, as well as the fishing 
yield obtained during this fishing experience, expressed as Capture Per Unit of Effort (CPUE) in number 
(n° of black scabbardfish caught per 100 hooks) and weight (Kg of black scabbardfish per hook) for the 
14 hauls (Banco 70 is excluded) are presented in Table 6. 

                                                           
54 Melo, Octávio Emanuel B. M., 1998. 
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Table 6: Effort and yield obtained during the fishing experience  
Source: Melo, Octávio Emanuel B. M., 1998. 

 
 

During this fishing experience, 11 species of fish were caught (Table 7). 
 

Table 7: List of species observed in terms of catches (in number). 
Source: Melo, Octávio Emanuel B. M., 1998. 

Scientific name Captures (N°) 

Aphanopus carbo 10158 

Mora moro 30 

Epigonus telescopus 3 

Taractichthyis longipinnis 2 

Nesiarchus nasutus 1 

Thunnus albacares 1 

Deania calceus 66 

Centrophorus squamosus 59* 

Hexanchus griseus 3 

Centroscymnus cryptacanthus 2 

Prionace glauca 1 

Total 10296* 
*This value does not include 2370 kg of Centrophorus squamosus discharged at the port of S. Miguel (90% of which was 

captured in "Banco 70"). 

Analysing the fishing yields obtained for black scabbardfish, these were higher on the shores of the 
Islands of Santa Maria and São Miguel than in 'Mar de Prata' and 'Banco 70', where practically only 
deep-water sharks were captured 55.On the other hand, based on a report by Reis (1996), it is 
concluded that the fishing yields obtained during this experimental phase can be considered good 
(mainly those obtained in the south coast of the Island of Santa Maria), when it is compared with those 
obtained in the archipelago of Madeira. 
When analysing the catches made during this experience, it was verified that, with the exception of 
the fishing hauls made at “Bank 70” where only deep-water sharks were captured, the by-catch was 
very low.This fact seems to indicate that the fishing gear used has a high selectivity for the target 
species. The main obstacles during this fishing experience were related with local fishermen in S. 
Miguel Island who cut the fishing devices and the low catches performed in Mar da Prata and Banco 
70. As well as the fact 
that the fishing 

                                                           
55 Melo, Octávio Emanuel B. M., 1998. 

Figure 14: Gear used during the fishing experiment. 
Source: Machete, M., Morato, T., & Menezes, G. (2010) 
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vessel was not 
originally built for 
longline fishing, 
therefore it showed 
some difficulties of 
manoeuvre and 
control of the fishing 
operation by the 
fishing master. 
Moreover, the 
equipment that was 
used was old and it 
undergone some 
modifications. In the 
conclusion it was 
suggested to carry out 
more fishing hauls and 
some additional studies in order to be able to draw definitive conclusions about the presence and 
possible exploitation of black scabbardfish resources in the archipelago. 
In 2010 started another fishing experiment using drifting bottom longline following the first experience 
51. The gear consisted of a main line linked to several perpendicular vertical lines, normally 900 (+/- 
100) m long with a buoy attached to the upper end 56 (Fig. 14). 

 
The main line drift along the bottom, fishing at different distances from the seabed, which ranges from 
1000 to 1900 m deep (average 1400 m). Mustad hooks number 5 were used in all sets. The total 
number of hooks varied from 840 to 7680 (average 3625 hooks). The gear passed on average 10 hours 
in the water 57. In this study was used data from 240 sets, collected by observers on board different 
fishing vessels during 1999 (n= 13), 2000 (n= 47), 2003 (n= 45), 2004 (n= 10), and 2005 (n= 125). 
These experiments created a unique opportunity to gather life-history data, which are often missing 
for deep-sea species, and at the same time allowed monitoring of fisheries activity from its inception.  

The total number of black scabbardfish caught during the fishing experiments was 110244 fish with a 
total estimated weight of 222 tons. most of the longline sets were on the island of Santa Maria (36% 
of all sets) and south of Pico (31%) on the island slopes. In 2005, some new areas were investigated 
between Pico and São Jorge islands (12%) and São Jorge and Graciosa islands (7%). Fishing areas 
changed inter annually; only the Santa Maria fishing grounds were sampled every year. Standardize 
catch in numbers per 1000 hooks varied from 103 to 210 with an overall average of 132. Standardize 
catch showed a positive logarithm relationship with the number of hooks which also varied between 
boats. 

Fish size ranged from 56 to 147 cm (fork Length), with a mean size of 108 cm. It is worth noting that 
the size frequency distribution of fish caught south of Pico was skewed towards smaller sizes than 
other areas (e.g. Santa Maria). 

                                                           
56 Machete, M., Morato, T., & Menezes, G., 2010. 
57 Machete, M., Morato, T., & Menezes, G., 2010. 
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In general, the fishing gear used experimentally in the Azores was similar to the gear described for 
other regions58 59. The average number of hooks per set applied in the Azores (~3625) was similar to 
that used in Madeira or the mainland Portugal fisheries in the early 1990s, but lower than used in 
recent years; 7000-8000 were reported recently in Madeira and 4000-10000 in the mainland60 61. 

In this study was found low bycatch values similar to those observed for other longline fisheries, such 
as in Madeira or mainland Portugal55 56 57. In the Azores, as in other regions, the main bycatch was 
deep-sea sharks. 

The results showed that the resource of black scabbardfish may still be regarded as a nearly virgin 
stock in the region that can be found between 800 m and 1500 m depth62. Concerning the Catch Per 
Unit Effort, standardized CPUE in the Azores was similar to that recorded in Madeira and the 
Portuguese mainland in the past63, but higher than that observed in mainland Portugal in recent years. 
This comparison suggested that Azores has relatively lightly exploited resources of this species with a 
likely potential for commercial exploitation and that the black scabbardfish in the Azores is an almost 
unexploited resource. Provided appropriated caution is taken to prevent exploitation developing 
beyond sustainable levels, there is a potential for a new longline fishery. 

Despite previous indications that a potential for a fishery exists, the black scabbardfish fishery in the 
Azores has received sporadic experimental activity64 65. Black scabbardfish has not been targeted by 
local fishermen, probably due to the low market price. Besides this, bottom long-lines has suffered 
several restrictions on the part of the Regional Administration because it is a gear with more impact 
than hand-lines (Regional Decree 50/2012 of 27th April). The purpose of this legislation is to guarantee 
the sustainable balance of fishing activities, by strengthening the protection of fishing communities 
that work with hand-lines in local fishing vessels, and limited fishing areas with no alternative fishing 
zones available, and, at the same time, the Regulation allows the access to any regional vessel to the 
coastal areas of any island in the archipelago, provided that they fish for traditional species with hand-
lines or pole and line. Consequently, the Regional Administration has been decreasing the available 
fishing ground and the number of bottoms long-lines licenses while number of hand-lines licenses has 
been quite stable (Fig. 15). 

                                                           
58 Martins, R., and Ferreira, C., 1995. 
59 Bordalo-Machado, P., and Figueiredo, I., 2009a. 
60 Reis, S., Sena-Carvalho, D., Delgado, J. H., and Afonso-Dias, M., 2001. 
61 Bordalo-Machado, P., and Figueiredo, I., 2009b. 
62 Menezes, G., Rosa, A., Melo, O., and Pinho, M., 2009. 
63 ICES, 2006. 
64 Vinnichenko, V. I., 1998. 
65 Hareide, N. R., and Garnes, G., 2001. 



 

40 
 

Task 2.2 Desktop study to collate existing technical information 
Deliverable #10 

 
Figure 15: Evolution of the number of licensed boats with hand-lines and Bottom long-line in Azores. 

Source: Regional Directorate of Fisheries in the Azores. 

1.9 Pots experiments 

In 2000, considering that commercial fishing activities were mainly carried out on a limited 
number of coastal and demersal species in areas near the coast, banks and seamounts and considering 
that some of the traditional resources were in a situation of intensive exploitation or over-exploitation 

that led to some protection proposals (i.e. limiting their capture), CRUSTAçO project came with the 

aim of exploring new or little exploited resources. Among these resources there was an increasing 
attention given to crustaceans, in particular the deep-sea décapodes (C. bellianus, C. affinis, Plesionika 
spp. and Heterocarpus spp.) that are present in all the Macaronesia region66. 

This project aimed to increase knowledge on the biology and fishing of the macro-crustaceans 
mentioned above in the Azores. 

For this, the Azorean fishery of crustaceans was characterized using fishing landings information and 
data from commercial fishing vessels' observers. For the analysis of the biological characteristics of the 
resources, research surveys were carried out using trap webs with a random stratified sampling design 
between 0 and 1200 m depth. 

A total of 297 hauls were made (1997 bottom traps and 681 floating traps). 

In total, 13940 individuals were captured, of which 87% were crustaceans and 8% fishes. Total catches 
were composed by C. bellianus (3539 ind.), P. edwardsii (3337 ind.), P. narval (2794 ind.), C. affinis 
(1637 ind.), S. latus (120 ind.), H. barbata (109 ind.) P. elephas (17 ind.). 

The results shown that the crustaceans’ fishery was mainly catching lobster (Palinurus elephas) and 
slipper lobster (Scyllarides latus), occasionally catching toothed rock crab (Cancer bellianus). The latter 
was not a target species of the Azorean fishery due to market problems. 

The distribution of crustaceans in the Azores was well defined and seemed to follow a pattern of depth 
association whose distribution limits for each species appear to be dependent on the type of substrate. 
As a first approximation we can speak of coastal (<200 m), intermediate (200-700 m) and deep 
resources (>700 m), that may correspond in practice to community associations. Thus, P. elephas and 
S. latus correspond to coastal resources and are species targeted by the current crustacean fishery. C. 

                                                           
66 Pinho, M R., Melo, O.E., Gonçalves, J. & Martins H., 2001. 
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bellianus can be considered an intermediate resource (200-700 m) with greater abundance between 
300 and 500 m and C. affinis a deep resource (700-1000 m) with greater abundance between 800 and 
900 m depth. These two resources were not the subject of a direct fishery, although there were 
landings of C. bellianus of 10 tons, they can be considered occasional catches. This general structure 
seemed to be the same in most of the archipelagos of Macaronesia (Azores, Madeira and Canary 
Islands). 

The direct fishing to these resources can be successfully carried out using bottom traps with mesh size 
greater than 30 mm, baited with mackerel, with an immersion period of approximately 24 hours. As 
bycatch, it is possible to capture other species, characteristic of each habitat. Therefore, if the fishery 
is targeting C. bellianus, in the intermediate strata (200-700 m), by-catch of fish and some other 
crustaceans is expected (mainly Dardanus spp., H. barbata, B. maravigna and C. granulate). 

In the Azores there are 3 species of shrimps belonging to the Aristaeidae’ family, 14 species of caridean 
shrimps, 2 species belonging to the Hyppolytidae’ family and 12 species of Pandalid shrimps. Among 
all these species only four have a potential for fishing (Plesionika narval, Plesionika edwardsii, 
Heterocarpus grimaldii and Heterocarpus laevigatus) considering both the abundance and commercial 
value67. 

The results of the surveys carried out during this project showed that, despite the high commercial 
value of H. grimaldii and H. laevigatus, their lack of abundance and the technological limitations on 
their captures limit their potential exploitation. This is why P. narval and P. edwardsii are the only 
species of shrimp that it could truly be considered profitable to be caught, both for the abundance and 
availability for the fishing gear. However, the results were not clear as to the economic viability of a 
fishery exclusively addressed to these species, mainly due to the great variability of abundance, which 
also seemed to be associated to the type of substrate. 
 
Experiences done with commercial vessels suggested that fishing is feasible when coupled with other 
resources (e.g. lobster). Currently, it is not known any major commercial fisheries targeting directly 
this species. Artisanal fisheries are known in Madeira and Canaries, but they work with the same 
characteristics as the Azorean fleet for crustaceans, where these species are a by-catch of the lobster 
target fishing. 
In accordance with the principle of sustainable management of resources, the development of a direct 
fishery to these species should be carried out on a precautionary basis, by introducing a limited number 
of small-scale vessels under scientific control, in order to be able to do both an annual assessment of 
the sustainability of the adopted fishing strategy and to assess the state of the stocks according to the 
fishing activities targeting these species. 
 
In this study, a first maturation size for females of 83 mm carapace length (117 mm Carapace Width) 
was estimated. The structure of catches per length class showed that about the 28% of females are 
caught smaller than this length. On the other hand, sexual segregation is observed in depth by length, 
with juvenile females being caught mainly below 800 m depth. Spawning is concentrated between 
October and March, with a higher incidence between October and December. Thus, the characteristics 
of technology applied to the C. bellianus may also be applied to this species, but it would be desirable 
to introduce a minimum size and ensure the discard of individuals with eggs. 

Bottom traps used by the commercial fleet in the capture of shrimps did not seem adequate. Yields 
can be increased by using traps suspended approximately 2 meters from the bottom. For these species, 
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it should be used a 20 mm mesh which, according to selectivity studies carried out in the Canaries, 
corresponds to a first capture length of 20 mm (Carapace Length) for P. edwardsii. 20 mm length 
(Carapace Length) corresponded to the minimum size suggested by the results of this work. 

C. bellianus and C. affinis seem to present fishing potential for the development of a small artisanal 
fishery using bottom traps, which can be used as an alternative to transfer fishing effort from fishery 
intensively exploited such as demersal fishing. 

In the case of C. affinis, low abundances were found in the coastal areas of the islands and banks, with 
high abundances found in very restricted areas such as the hydrothermal zone of Menez Gwen. The 
results seem to suggest a distribution by aggregations that are strongly related to the type of substrate 
(mainly muddy, or muddy/rocky). 

During the research surveys in the coastal area, it was not found abundances similar to the ones found 
in the Menez Gwen. This distribution by aggregations, coupled with preferential habitat 
characteristics, raised doubts about the sustainability of the directed fishery68. 

For future studies, it could be interested to compare and study the yield of the two types of traps used 
(bottom traps and floating traps) since this was not done in this work. As well as the differences in the 
catches of the two fishing systems were not analysed. 
 

1.10 Otter trawl experiment 

The objective of FISHOR project was to monitor the fishing experience targeting orange roughy 
(Hoplostethus atlanticus), in order to assess the existence of unexplored stocks of this and other deep-
sea species in the EEZ of Azores. Likewise, to establish whether these species could be exploited in a 
sustainable way, with a minimum of impact, in the fishing currently carried out in the Region and in its 
marine environment. This fishing experience took place in two periods: the first between 10th of April 
and 24th of June 2001 and the second between 4th of December 2001 and 31st January 2002 on board 
of the "Pakura" fishing vessel (LOA= 91.39 m and GT= 367) from New Zealand. Within these periods, 
246 fishing trips were carried out between 50 and 200 miles from the Azores EEZ, with a total catch of 
almost 373 tonnes. Of these catches, H. atlanticus reached 92% of the total catch by weight, 343 
tonnes, and catches of the main by-catch species black scabbardfish (Aphanopus carbo) which 
accounted for 4% of the total catch by weight. On the other hand, during this phase 95 different species 
of fish are captured: 73 teleosts, 19 elasmobranchs and 3 holocephalos, belonging to 45 families. 30 
of these species were given for the first time to the Azores. Likewise, some mollusks and crustaceans 
were also captured. Most of the catches of the H. atlanticus, were obtained at "Banco Sedlo", north of 
the island of Terceira 69. 

Catches of the H. atlanticus occurred mainly at a depth between 1000 and 1200 m and at a 
temperature between 5 °C and 7 °C. In relation to the yields obtained for the orange roughy, a CPUE 
spectrum by weight of 0.0-4455 kg / minute of effective trawling was observed. During the experiment, 
8113 individuals were measured and 2778 individuals were weighed, with a biological sample of 3141 
individuals. The females of H. atlanticus have a mean value of standard length and weight greater than 
the male, being able to reach 60 cm of standard length and 8 kg of weight. The time of reproduction 
of the H. atlanticus in the Azores occurs during the winter winter and the length of 1st expected 
maturation was 30 cm. 
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Comparing the average size of H. atlanticus caught during this experience with other areas, it was much 
greater than those found in the target fishing to this species in the South Pacific and South Atlantic. 

The prospecting approach together with the fishing methodologies and techniques used in this 
experience were innovative for the Region and in particular to the potential unexplored resources in 
the Region. 

Due to very slow growth rates, H. atlanticus is very susceptible to overexploitation, and even with 
management and enforcement measures, industry cooperation and research, its catch should be 
limited under the precautionary approach until the necessary data and knowledge about the behaviour 
and dynamics of the stock is obtained 70. 

It was not possible, from the data obtained, to evaluate the distribution and the actual abundance of 
the resource in the EEZ of the Azores. Therefore, the development of this fishery will always have to 
be preceded by further investigation and coverage of a larger area of prospection. It will also be 
important to maintain a precautionary approach until the ecological and biological aspects of species 
are better known, while maintaining the conditions set out in the Code of Conduct, if the experience 
will be developed in the future. 

1.11 Successes/failures and main identified obstacles and opportunity 

The fishing experiment described by Paulo Jorge Morais (1990) was a trial aiming at estimate 
the hooks selectivity of three sizes of hooks on Pagellus bagaraveo and Helicolenus dactylopterus 
dactylopterus. This first attempt was useful to collect data and information which, together with 
subsequent experiments, made it possible to fix the legal size of hooks concerning these two species, 
in particular P. bogaraveo (Fauconnet, Laurence; personal communication; April 2018). The conclusion 
of this study, if tested on other species and with different sizes of hooks, could represent a very 
important result to be implemented concerning the selectivity in other fishing techniques 71.  

The experiments with the nine MFADs 72 73 was not a success due to the a) poor monitoring of the 
experience; b) five of the devices have been lost, generating problems with the Port Authority 
concerning maritime safety; c) there have been problems with fishermen that sometimes cut the buoys 
as opposed to their anchorage; d) and, one of the main conclusions, fishing activities have been carry 
out only in the surface strata without exploring intermedium/deep sea strata, therefore affecting the 
outcomes about the catchability/presence of tuna/big pelagic species (Pinho, M. R.; personal 
communication; April 2018). 

The fishing experiment made in 1994 targeting tuna 74 cannot be considered a success because no tuna 
has been caught71 (Pinho, M. R.; personal communication; April 2018). The main reason was probably 
due to the fact that it has been used a small boat with a small number of hooks compared with the 
same technique looking for the same target species carried out in the Atlantic by other fleets (e.g. 
Japan) (Pinho, M. R., personal communication, May 02, 2018). And at the time there was little 
knowledge about deep-sea technology for tuna (e.g. hooks, baits, lines) (Pinho, M. R.; personal 
communication; April 2018). Besides the fact that there has been a high bycatch of deep-sea sharks 
(Pinho, M. R.; personal communication; April 2018). 
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The experiment with drifting bottom longline carried out in the 1998 75, was a success as the stock of 
Aphanopus carbo was still not explored and the yield was quite high. Moreover, the size of fishes was 
big (mainly in Santa Maria Island) compared with other area in the Atlantic (Melo, Octávio; personal 
communication; April 2018). Despite these positive outcomes, there weren't development in this 
fishery mainly due to economic/market reasons; also the number of fishermen needed, the high costs 
of the fishing gear and the time needed for launching and hauling it, worked as a constraint to further 
development and implementation of this fishery in the Azores.  

Also, the experiment with drifting bottom longline described by Machete, M., Morato, T., & Menezes, 
G. (2010) can be considered a success because the stock of black scabbardfish could still be considered 
as almost unexploited and new fishing grounds were assessed. However, there was no further 
development in this fishery for the same reasons listed above, besides the fact that little is known 
about the distribution of this species in the region and fishing areas changed between years, with the 
exception of the fishing grounds of Santa Maria that were sampled throughout all years since then 76 
(Fauconnet, Laurence; personal communication; April 2018). 

The fishing experiment with pots held in 2001 77 cannot be considered a success because the CPUE was 
not high enough in order to justify future experiments. C. affinis had no marketable value besides the 
fact that it is a deep-sea species with high operational costs. At the time, the Azorean vessels were 
small so this limit also the number of pots that could be used, considered the space available on-board, 
hence affecting the yield (Melo, Octávio; personal communication; April 2018). There was a market 
demand in the USA, but the product needed to follow already processed, not possible at the time 
(Melo, Octávio; personal communication; April 2018). C. bellianus had the same problems of C. affinis 
plus the fact that it has not much edible parts, not allowing for good market prices (Melo, Octávio; 
personal communication; April 2018). 

Regarding shrimps, the species gather in shoals that depend on the substrate and, for such depth, 
there is not enough information about substrate type’s distribution. Furthermore, like C. affinis, this is 
a deep-sea species and, so, the fishing faced the same physical/technical problems related to the 
dimension of the boats and so to the yield and CPUE of this species (Melo, Octávio; personal 
communication; April 2018). 

The experiment carried out between 2001 and 2002 targeting H. atlanticus 78 can be considered a 
success mainly due to its very high CPUE (4455 kg/minutes of effective trawling) and its high 
marketable value (Melo, Octávio; personal communication; April 2018). But there was not a 
development of this fishing activities because H. atlanticus is a very sensitive species with a long life 
cicle, slow growth rate and little is known about its biology. Besides the fact that this fishery was carried 
out with trawling and this technique is banned from the Azores. Moreover, H. atlanticus aggregate 
only during spawning season and the bycatch (mainly deep-sea sharks) was high (Melo, Octávio; 
personal communication; April 2018). 

1.12 Needs in research and development 

Concerning the fishing experiments on hook selectivity 79 and considering the importance of 
small-scale fishing activities using hooks in the Azores, the experiments that focus on hook selectivity 
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should be tested on a larger variety of species and on a wider spectrum of environmental conditions 
(e.g. depth, temperature). 

Regarding the experiments with MFADs 80 81, in the conclusion it was suggested to place buoys only in 
the central group of the Azores, in sites near the coast and with a monitoring scheme based on monthly 
surveys, in order to allow research on the aggregated species, the evolution of the aggregation and 
times of residence. Moreover, it was suggested to test the appropriate fishing technique, meaning 
deeper (Pinho, M. R.; personal communication; April 2018 and Reynal, Lionel; personal 
communication; March 2018). Furthermore, little is known about deep-sea distribution of tuna species 
in the region and the patterns of distribution in the surface of the main three species of tuna caught 
(bigeye, albacore and bluefin tuna) in the Azores change yearly (Pinho, M. R.; personal communication; 
April 2018). Hence, gather more information about distribution and behaviour on these three species 
will be needed and important for the fisheries in the region (Pinho, M. R.; personal communication; 
April 2018). 

Regarding surface mid-water longline fishing experiments, it should be test at greater depths, around 
150m and 400m depth, which in the Azores correspond to temperatures between 10°C and 15°C, 
values that are within the limits of preferences of the target species of this study 82. Even if the major 
problem of this experiment concerned the characteristics of the Azorean boats, namely too small to 
be considered really efficient in terms of yields and CPUE to use this kind of fishing gear targeting tuna 
species (Pinho, M. R.; personal communication; April 2018). 

Concerning the experiments with longline on black scabbardfish, it was highlighted the need to carry 
out more fishing hauls and some additional studies in order to be able to draw definitive conclusions. 
The absence of a local market and the complexity of the gear and labour requirements for its operation 
have thus far limited the development of the fishery, even if the commercial value of this species is 
well established in other regions (Melo, Octávio; personal communication; April 2018). CPUE 
monitoring should be maintained in the future to allow abundance-trend analysis 83 84. 

Regarding the experiments on deep-sea crustaceans 85 the only way to make this fishing activities 
targeting these species and to make them profitable is to improve the fishing vessels that, currently, 
are too small (Melo, Octávio; personal communication; April 2018). Concerning the fishing of shrimp 
species, improving information on substrates distribution could have advantageous implications, 
always considering the limitations mentioned above (Melo, Octávio; personal communication; April 
2018). 

Concerning the experiment with otter trawling 86, there is no need in research and development for 
this technique and above all for this technique targeting H. atlanticus (Melo, Octávio; personal 
communication; April 2018). Trawling was and is banned from the EEZ of the Azores since 2005(EC 
1568/2005). There was an experiment to fish H. atlanticus with hand-lines technique but no fish was 
caught (Melo, Octávio; personal communication; April 2018). 
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2. Canaries 
The purpose of this section is to present the main findings of the experimental fishing in the 

waters of the Canary Islands, in terms of "new" fish resources with demonstrated or potential 
economic interest, highlighting the lessons learned and pointing ways forward. This report presents a 
summary of the scientific and technical information generated between 1996 and 2012 by the extinct 
Canary Islands Institute of Marine Sciences (ICCM) of the Government of the Canary Islands, in relation 
to the state of fisheries and shellfish resources detected between 200 and 3000 m depth in the waters 
of the Canary Islands, with the purpose of knowing them, valuing them and analysing their 
potentialities. The information presented here originates from a work developed by the main expert 
in experimental and deep fishing of the Canary Islands, the PhD. José Antonio González Pérez 
(ULPGC)87. Any error or omission is not due to this author, but to the synthesis exercise carried out. In 
addition, information is provided on experiences with Moored Fish Aggregating Devices (MFADs)88,89. 

2.1 Ecosystem context 

In the Canary Islands, fifty-one deep fishery resources with proven or potential economic 
interest have been identified: sixteen species of decapod crustaceans (basically, shrimp and crabs), 
four species of cephalopod molluscs, five species of cartilaginous fish and twenty species of bony 
fishes. The fish and shellfish resources detected between 200 and 3000 m deep have been considered, 
with the purpose of knowing them, valuing them and analysing their potentialities. Highlights are the 
works developed in semi-deep waters (100-400 m) for Pandálid shrimp (camarón soldado', Plesionika 
narval; camarón narval 'Plesionika edwardsii and camarón cabezudo' Heterocarpus ensifer), in 
increasing order of depth, all of them with commercial interest in the Canary Islands. The work with 
the crab (Chaceon affinis) had taken place between 600 and 1000 m. In general, the biodiversity of fish 
and crustaceans was catalogued and the necessary information was generated to publish biological 
and fishery parameters of selected resources (eg ‘pejesable negro’, Aphanopus carbo and Aphanopus 
intermedius, ‘cangrejo rey’ (C. affinis) and ‘camarón soldado’ (P. edwardsii). In addition, information 
has been provided on the companion species of the target species and, in general, on epibenthic 
megafauna (fish and crustaceans). 

                                                           
87 González, J.A., 2018. 
88 Bortone et al., 1994. 
89 Castro, Santiago & Hernández-García, 1999. 
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Figure 16: Location map of the Canary Archipelago. Depth in meters (the EEZ is not defined in Canary Islands). 

 
Figure 17: Canary Islands Archipelago, Digital Land Model 2002. 

Source: Working group Exclusive Economic Zone. Spanish Institute of Oceanography-Hydrographic Institute of the Navy. 

 

2.2 Fisheries history and main drivers of fishing experiments 

From a normative point of view, the main milestones in the Canary fisheries are the prohibition 
of trawling, the division of fishing competences between the Canary Islands and Spain, and the state 
and Canary fishing law. Finally, the celebration of the First Scientific Seminar on the State of Fisheries 
Resources of the Canary Islands90 where the scientific community participated (more than 70 
researchers from the Marine Sciences in the Canary Islands) stands out. The more than 40 campaigns 
on deep fishery resources, can be framed in 5 initiatives called 'CAMARÓN', 'PESCPROF', 'REDECA', 
APHANOPUS 'and' MARCPROF ', and in a series of precursor projects whose main keys are detailed are 
indicated in section ‘ 

Also noteworthy is the realization of two experiences with Moored Fish Aggregating Devices 
(MFADs) carried out by the two Canarian universities. On the other hand, in Erreur ! Source du renvoi 
introuvable.ure 18, the ‘Time line of fishing experiments’ it is indicated.  

                                                           
90 González, J.A. (editor), 2008. 
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Figure 18: Time line of fishing experiments in Canaries 

For the development of the aforementioned investigations, the ICCM preferably used its 
oceanographic vessels: B/O ‘Taliarte’ (39.60 m, 267 GRT) and B/O ‘Professor Ignacio Lozano’ (25 m, 
95.63 GRT). Artisanal fishing vessels were also used to carry out the campaigns: M/P ‘Mary Nere’ (15.47 
m, 19.79 GRT), M/P ‘Juan Carlos Primero’ (13.79 m, 15 GRT ), M/P ‘González López’ (24.15 m, 78.82 
GRT), M/P ‘Nuevo San Francisco Javier’ (18.20 m), M/P ‘Juan Ramón I’, M/P ‘Río Nilo’, M/P ‘Mary Nere’, 
M/P ‘Juan Carlos Primero’ and M/P ‘New José Primero’ (10 m), as we can see in the following figure. 

 



 

49 
 

Task 2.2 Desktop study to collate existing technical information 
Deliverable #10 

 
Figure 19: Oceanographic vessels and artisanal fishing boats91 

 

2.3 Way of funding and partnership 

The main financial resources for the research entities of the Canary Islands have been the 
FEDER funds and more specifically the Interreg MAC Programs. These resources have allowed the 
design, implementation and consolidation of lines of work in the field of cooperation, research, 
technological development and innovation (Table 8). The ICCM participated in other projects of 
regional or Macaronesian scope, generally before 1996 and dedicated to obtaining specimens for 
biological studies of species of fishing interest (potential or proven). Most of the results of these 
precursor projects (1992-1998) were capitalized by the successor projects that are compiled in this 
report and that have constituted authentic and robust lines of research and technological 
development, referring to new deep-water fishery resources. With respect to the two experiences with 
MODs, these were subsumed by an NGO (Bortone et al. 1994) and by the Canary Islands Government 
(Castro et al. 1999) (Erreur ! Source du renvoi introuvable.8). 

                                                           
91 González, J.A., 2018. 
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Table 8: Ways of funding and partnerships 

 

 

2.4 Main gears used, depth of operation and species 

This information is shown schematically in the Table 9 and Erreur ! Source du renvoi introuvable.. 
Table 9: Depth of operation, gears, target and main species. 

Gears type used 
(FAO codification)  

Depth of operation Type of target species Main species in trials  

LLD 200 and 3000 m 
Benthopelagic or 

bathyal fishes 

Aphanopus carbo and 
A. intermedius 
(Osteichthyes, 
Trichiuridae) 

FPO 400-1300 m Benthic crustaceans 

Chaceon affinis 
(Decapoda, 
Geryonidae) 

FPO 120-750 m Benthic crustaceans 
Cancer bellianus 

(Decapoda, Cancridae) 

FPO 120-1300 m Epibenthic crustaceans 

Plesionika narval, 

Plesionika edwardsii 

and Heterocarpus 

ensifer (Decapoda, 

Pandalidae) 

FPO 
 

50-500 m 
Epibenthic crustaceans 

Plesionika edwardsii 
(Decapoda, 
Pandalidae) 

MFAD 18-20, 50-500 Benthopelagic 

Balistes carolinensis 
Coryphaena spp. 

Katsuwonus pelamis 
Sarda sarda 

Serranus cabrilla 
Sparisoma cretense 
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Figure 20: Gears type used92,93. 

 

2.5 Type of assessment carried out 

Between 1974 & 1998, 12 research surveys were conducted94,95 whose main objectives were: 
to report on biometric and biological parameters of the Canary Islands Cancer bellianus population. 
Were mainly tested: Carapace length, carapace width, total wet weight, sex and ovigerous condition 
were determined. Also, allometric relationships, sex ratio and size at first maturity were estimated. 

Between 1997 & 2006, mainly 3 Projects: PESCPROF, 2 and 3 (03/MAC/4.2/M11, 3/MAC/4.2/M8, 
05/MAC/4.2/M11)96, whose main objectives were: A comparative study to provide information on 
several biometric and biological parameters of H. ensifer off the Macaronesian archipelagos (Canaries, 
Madeira and Azores), in order to make possible the implementation of anticipative, regulatory 
measures contributing to the sustainability of potential fisheries and the conservation of the species 
involved from an ecosystem approach. Were mainly tested: size composition, length-weight 
relationships, growth and sex-ratio and reproduction (not in Azores) in the Canaries, Madeira and the 
Azores archipelagos. Were mainly tested: Size composition, length-weight relationships, growth and 
sex-ratio and reproduction (not in Azores) in the Canaries, Madeira and the Azores archipelagos. 

Between 2003 & 2004, mainly 1 Project: PESCPROF (03/MAC/4.2/M11)97 whose main objectives were: 
To examine a subset of data from different surveys to investigate the best fishing method (i.e. 
traditional bottom traps versus semi-floating shrimp traps) for catching target species and to examine 
the bycatch associated with using these traps. The effect of shrimp morphology on trap efficiency was 
also investigated. Were mainly tested: Two types of traps were used in these surveys: bottom traps 
and semi-floating shrimp traps: (i) To investigate possible differences among averages of CPUE per trap 
type. (ii) Bycatch and discarded species collected were also quantified (CPUE) to explore possible 

                                                           
92 González, J.A., 2018. 
93 Castro, Santiago & Hernández-García, 1999. 
94 Quiles et al., 2001. 
95 Pajuelo et al.,2015. 
96 Tuset et al., 2009. 
97 Arrasate-López et al., 2012. 
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effects of trap types in competition and predation of the target species as a contribution to the 
development of an ecological approach to the fishery. 

Between 2004 & 2008, mainly 2 Projects: PESCPROF-2 and 3 (03/MAC/4.2/M8 and 
05/MAC/4.2/M11)98,99,100 whose main objectives were: (i) To analyse morphological characterization 
of the two black scabbardfish species and (ii) The fishing impact of the black scabbardfish fishery off 
the Canary Islands. Were mainly tested (i) based on the largest genetically validated sample obtained 
to date and (ii) evaluate the composition, structure and fishing impact. 

Between 2003 & 2011, Mainly 4 Projects: PESCPROF, 2 and 3 (03/MAC/4.2/M11, 
3/MAC/4.2/M8,05/MAC/4.2/M11) and MARPROF (MAC/2/M065)101 whose main objectives were: (i) 
Describing different aspects about distribution and fishery management of the populations of P. 
edwardsii in the Canaries, Madeira and the Azores archipelagos, (ii) Estimating latitudinal variations in 
the life-history traits of P. edwardsii, including depth distributions and demography, are analysed as 
indicators of biogeographic trends along a latitudinal gradient in the three island regions (the Canaries, 
Madeira and the Cape Verde archipelagos) and (iii) the goals were to investigate ovarian and egg 
development of P. edwardsii, and its brood size and establish a maturity scale for this species in the 
eastern Atlantic. Were mainly tested: (i) Mean distribution (200-400 m), density by area: sector and 
total biomasses (Bt) were calculated from areas (km2) and mean min/max densities (kg/km2). 
Maximum sustainable yield (MSY in tons/year), capture per unit effort (g/trap/night) (ii) Depth 
distribution, sex ratio, spawning period, sexual maturity of males and females, egg volume and number 
of eggs, growth. Some of these biological variables were associated to main environmental variables; 
in the Canaries, Madeira and the Cape Verde archipelagos and (iii) Relationship between brood size 
and the carapace length, egg size by egg developmental stage as a function of the carapace size, 
maturity ogive estimated by means of the ovarian condition. iv) Macroscopic scale of the stages of 
sexual maturity, so on, from Madeira, the Canaries and the Cape Verdes.  

Between 2005 & 2011, mainly 4 Projects: PESCPROF and PESCPROF-2 (03/MAC/4.2/M11, 
03/MAC/4.2/M8), REDECA (CTM2005-07712-C03/MAR) and MARPROF (MAC/2/M065)102,103 whose 
main objectives were: (i) To investigate the biology of Chaceon affinis in two isolated populations of 
the Atlantic Ocean, including depth distribution, sexual structure, reproductive patterns and 
intermoult period and (ii) the spatial and temporal biomass distribution of Chaceon affinis and its 
vulnerability to fishing activity in Gran Canaria (Canary Islands). Were mainly tested: (i) the first goal 
was to assess the influence of the slope steepness and substrate on the size of crab patches, size of 
the crabs, and crab biomass. The second goal was to evaluate spatial and temporal variation in the 
biomass over a 15-month period. The last goal was to assess the influence of fishing activity upon the 
reduction in the biomass over the same 15-month period. 

In 1990 (one month)104 and between 1995 and 1997 (nine months)105, two experiences were carried 
out with MFADs whose main objectives were, respectively, (i) to establish artificial habitats consisting 
of both artificial reefs and midwater fish attracting devices (FADs) and to determine their efficacy in 
improving the nearshore fishery resources of a heavily used tourist area; and, (ii) to study the fish 
community associated and the variations in the number of species and biomass aggregated in relation 

                                                           
98 Biscoito et al., 2011. 
99 Delgado et al., 2013. 
100 Pajuelo et al., 2010. 
101 González et al., 2010. 
102 Biscoito et al., 2015. 
103 Triay-Portella et al., 2017. 
104 Bortone et al., 1994 
105 Castro, Santiago & Hernández-García, 1999. 
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to season, depth of anchoring and immersion time. Observation of the behaviour of the species 
associated with FADs was also recorded to provide further details on the fish community structure. 
 

2.6 Camarón soldado’ (Plesionika edwardsii) & ‘cangrejo rey’ 
(Chaceon affinis) 

The detail of the information by experiments is not available. The available information tries 
to explain the 40 experimental campaigns (1997-2011) aimed at unconventional resources, developed 
in semi-deep and deep waters of the 7 Canary Islands. That is why the information provided in this 
section focuses, more than on the equipment used, on the main target species. Thus, the two main 
target species have been: ‘Camarón soldado’ (P. edwardsii) and ‘cangrejo rey’ (C. affinis). 

Considering the information discussed in the preceding paragraphs (e.g. ‘6.2.4. Main gears used, depth 
of operation’ and ‘6.2.5. Type of assessment carried out’), in this section we will focus on describing 
other aspects related with the experiments: 

Concept of stock 
The basic purpose of stock assessment is to advise on the optimal exploitation of living aquatic 
resources such as fish, cephalopods or crustaceans (shrimp and crabs). Living resources are limited 
although renewable. When describing the dynamics of an exploited aquatic resource, a fundamental 
concept is that of stock. For evaluation purposes, a group of animals can be considered as stock to 
which geographic limits can be established and, therefore, also to the fishery that it constitutes. In the 
context of this report, stock will be understood as the set of ‘camarón soldado’ (P. edwardsii), or 
‘cangrejo rey’ (C. affinis) or other species with fishing potential, which coexist in the same space and 
time, mixing little or scarcely with other adjacent island populations, apparently with low migration 
rates, maintaining their own and characteristic biological parameters and with a common gene pool. 
For practical purposes in this report we will assume the insular stock as a unit of exploitation (shellfish 
or fishing) and management (regulation, monitoring), that is: an island, a stock. 

Fishing systems and selectivity of pots for crustaceans 
Semi-floating shrimp trawl gear (NCSF) consists of a string (train) of pots suspended by a small buoy 
and attached to a mother line pierced on the bottom (Erreur ! Source du renvoi introuvable.). 
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Figure 21: Semi-floating shrimp trawl gear (NCSF)106 

The NCSF gear is a highly selective fishing system (at least in exploited ecosystems), innovative in the 
archipelagos of the Azores, Madeira and the Canary Islands. On the other hand, as described, the MMF 
consists of a string (train) of bottom or benthic pots, joined by a mother line. The gear of MMF is a 
selective fishing system, equally innovative in the Azores, Madeira and the Canaries. Given the 
geomorphological characteristics of the funds (generally abrupt and irregular) of the Macaronesian 
archipelagos, during exploratory fishing (survey phase) directed to soldier shrimp we fish with NCSF 
gears formed by 75-100 pots, which is equivalent to a mother line with maximum length between 1110 
and 1480 m. Regarding king crab prospection fishing in Gran Canaria, we used gear of MMF crabs 
armed with 5 pots107 (PESCPROF) and with 13 pots108 (PESCPROF-2) , which is equivalent to a mother 
line with maximum length between 80 and 240 m respectively. 

Baits used 
In order to minimize by-catches and to maintain the catchability coefficient of the target species 
approximately constant, it was (and is) advisable to use the same type of bait during all the prospecting 
and evaluation experiences (situation ideal). This ideal situation, however, depends on several factors, 
such as the nature and origin of the vessel used, the temporary availability of the bait and even 

                                                           
106 González, J.A., 2018. 
107 Carvalho et al.,2006. 
108 Carvalho et al., 2007. 
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financial aspects. The homogeneity of the bait was maintained as far as possible and, under no 
circumstances, mixtures of bait were carried out in any campaign. 

The effective fishing time (EFT) was defined as the time that the gear remains stable in fishing situation 
and fishing. The EFT begins to be counted when the float buoy of the tail of the gear is released 
overboard until the tail buoy is lifted. The optimal EFT for fishing with NCSF gear for ‘camarón soldado’ 
ranged between 18 and 24 hours. The optimum EFT for fishing with NC MMF gear for ‘cangrejo rey’ 
was established at 36-38 hours for the first pot-lift and about 24 hours for successive fishing. However, 
in the recent surveys of this resource in Gran Canaria (CHACE GC and CHACE GC2 campaigns, MARPROF 
project), the EFT was standardized around 40h. 

Determination of the art influence area 
When working with fishing gear or gear whose area of influence is not measurable by objective 
methods, it is necessary to estimate this area of influence (the maximum distance that the attraction 
capacity of the art can reach over the target species) in order to obtain reliable values of density. The 
area of influence is very variable and depends on a multitude of factors, such as the type of bait used, 
the nature and olfactory capacity of the target species (s) and the prevailing environmental conditions 
at all times. 

To estimate the area of influence of the NCSF gear, the following considerations were taken. The 
distance between two pots on the mother line was set at 15 m. This distance was multiplied by the 
average number of pots used in each experiment (discounted in a pot, corresponding to one of the 
extremes). Two art influence intervals were considered: 50 m (minimum influence) and 100 m 
(maximum influence). This last value of the area of influence was obtained from empirical knowledge 
of Mediterranean fishermen. With all these data, the minimum and maximum area of influence for the 
NCSF gear was calculated. 

However, the use of chicken thighs (bait) aboard the B / O "Professor Ignacio Lozano" (campaigns of 
prospecting and evaluation of the stocks of Lanzarote, El Hierro and Fuerteventura), advised to modify 
the range of influence of the art: 100 m (minimum influence) and 150 m (maximum influence), based 
on our own empirical knowledge and in order not to overvalue the biomass estimates of the soldier 
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shrimp resource. Estimates of the area of influence of the MMF crabs gear have not yet been made, 
since evaluation experiences have not yet been addressed. 

In the Table 10 is included the ‘type of assessment carried out’ in each case (species). 
Table 10: Type of assessment carried out: ‘Camarón soldado’ (Plesionika edwardsii) & ‘cangrejo rey’ (Chaceon affinis) 

Species Main aims of the projects What was mainly tested 

C
. a

ff
in

is
 

To investigate the biology in two isolated 
populations of the Atlantic Ocean, including depth 
distribution, sexual structure, reproductive 
patterns and intermoult period. 

 The spatial and temporal biomass distribution 
and its vulnerability to fishing activity in Gran 
Canaria (Canary Islands) were investigated 

The first goal was to assess the influence of the slope 
steepness and substrate on the size of crab patches, size of 
the crabs, and crab biomass. The second goal was to evaluate 
spatial and temporal variation in the biomass over a 15-
month period. The last goal was to assess the influence of 
fishing activity upon the reduction in the biomass over the 
same 15-month period  

P
. n

a
rv

a
l, 

P
. 

ed
w

a
rd

si
i &

 H
. 

en
si

fe
r 

 To examine a subset of data from different 
surveys to investigate the best fishing method 
(i.e. traditional bottom traps versus semi-floating 
shrimp traps) for catching target species and to 
examine the bycatch associated with using these 
traps. The effect of shrimp morphology on trap 
efficiency was also investigated. 

Two types of traps were used in these surveys: bottom traps 
and semi-floating shrimp traps. (i) to investigate possible 
differences among averages of CPUE per trap type. (ii) 
Bycatch and discarded species collected were also quantified 
(CPUE) to explore possible effects of trap types in competition 
and predation of the target species as a contribution to the 
development of an ecological approach to the fishery. 

P
. e

d
w

a
rd

si
i 

Describing different aspects about distribution 
and fishery management of the populations of 
Plesionika edwardsii in the Canaries, Madeira and 
the Azores archipelagos. 

Estimating latitudinal variations in the life-history 
traits of P. edwardsii, including depth 
distributions and demography, are analysed as 
indicators of biogeographic trends along a 
latitudinal gradient in the three island regions 
(the Canaries, Madeira and the Cape Verde 
archipelagos). 

The goals were to investigate ovarian and egg 
development of P. edwardsii, and its brood size 
and establish a maturity scale for this species in 
the eastern Atlantic  

Mean distribution (200-400 m), density by area: sector and 
total biomasses (Bt) were calculated from areas (km2) and 
mean min/max densities (kg/km2). Maximum sustainable 
yield (MSY in tons/year), capture per unit effort 
(g/trap/night). 

Depth distribution, sex ratio, spawning period, sexual 
maturity of males and females, egg volume and number of 
eggs, growth. Some of these biological variables were 
associated to main environmental variables; in the Canaries, 
Madeira and the Cape Verde archipelagos  

Relationship between brood size and the carapace length, egg 
size by egg developmental stage as a function of the carapace 
size, maturity ogive estimated by means of the ovarian 
condition. iv) Macroscopic scale of the stages of sexual 
maturity, so on, from Madeira, the Canaries and the Cape 
Verdes.  

 
In the Table 11 is included the ‘success and failures /Impact of experimental on fishing activity / 
identify obstacles ‘in each case (species). 
 

Table 11: Success and failures//Impact of experimental on fishing activity / identify obstacles: ‘Camarón soldado’ 
(Plesionika edwardsii) & ‘cangrejo rey’ (Chaceon affinis) 

Species 

Successful If successful experiment  
If unsuccessful 
experiment
  

Identified 
obstacles  

Yes  Not Success factors  
Impact on fishing 
activities 

Failure 
factors 

Identified 
potential 
solutions 

 

C
. a

ff
in

is
 

Yes   - 

Monthly samples of target species 
morphologically and histologically 
analysed during an annual life 
cycle. Macroscopic and 
microscopic methodologies 
combined. Good experimental 
designs, yielding data analysed 
with a robust statistical analysis 

Better knowledge of 
biological, distributional 
and ethological 
parameters of a deep-sea 
exploited big crab. For the 
first time on isolated 
populations of the crab, its 
spatio-temporal variation 
in biomass was studied 
and its vulnerability 
pointed out 

 -  - N/A 

P
. 

n
a

rv
a

l, 
P

. 
ed

w
a

rd
si

i 
&

 H
. 

en
si

fe
r Yes  -  

Distributional and CPUE historical 
data on pandalid shrimps from 

The effectiveness and 
efficiency of different 

 -  - N/A 
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experimental fishing were 
compiled and validated 

types of crustacean traps 
were assessed, and 
interesting information on 
the target species' habitat 
preferences were inferred 

P
le

si
o

n
ik

a
 e

d
w

a
rd

si
i 

Yes   - 

Fresh representative samples of 
Plesionika edwardsii shrimp from 
Macaronesian archipelagos were 
comparatively studied. 
Macroscopic and mainly 
microscopic (including histology) 
methods combined were applied. 
Good experimental designs on 
board specialised fishing vessels or 
research vessels were conducted, 
yielding acceptable results by 
applying appropiated 
mehodologies to assess pandalid 
shrimp populations 

Better knowledge on 
biological and 
distributional parameters 
of a shrimp of commercial 
interest, followed by their 
first-time assessment of 
their insular populations 
was carried out in the 
Macaronesian 
archipelagos. Adequacy of 
specialised traps and baits 
was also tested 
 
 

 - -  N/A 

In 2018 they operate with this NCSF technique, between 200 and 350 m deep, three (8-10 m in length) 
craft boats: two based in La Santa (Lanzarote) and one based in Arguineguín (Gran Canaria). 

On the other hand, the train of semi-floating shrimp trawls (NCSF), imported from the Spanish 
industrial fishery in the Mediterranean and adapted to the conditions of Canary Islands artisanal shell 
fishing, in this archipelago has turned out to be more efficient than conventional shrimp traps. In 
addition to having much less impact on the seabed (operates about 2.4 m above the substrate and 
minimizes losses) and provide a higher quality product (minimizes the capture of predators). However, 
the results of these studies have not yet been inferred in the regulatory regulations, having as 
consequence: a) inadequate regulation (which needs to be corrected) of this selective shellfish farming 
system that makes this activity practically unfeasible (economically); b) a transfer process (technology, 
knowledge and know-how) to the incomplete and insufficient Canarian artisanal fleet. 

As for the train of crabs (MMF), from an experimental model of the Marine Biology Station of Funchal, 
in this Archipelago has proved to be as effective and efficient as the large benthic pots infrequently 
directed to this and other crustaceans. The MMF pots are suitable for the selective shell fishing of 
‘cangrejo buey canario’ and ‘cangrejos rey’. In addition, they are lighter and cheaper and take up less 
space on board and in storage than conventional pots. The process of transfer (technology, knowledge 
and know-how) to the Canarian artisanal fleet has been very insufficient and has been limited to Gran 
Canaria (ICCM and Canary Islands public universities) and Tenerife (IEO). 
 

2.7 Moored fish aggregating devices (MFADs) 

For the 1990 experience109, the description of the MFAD was: ‘Resembled a tennis net 
(polypropylene mesh 65 mm diagonal stretched), 10 m long, 1 m wide, anchored to the bottom with 
5 cinder blocks, and supported at its upper extension with three polystyrene floats or buoys, each 20 
cm in diameter. The nets functioned as a mid-water FAD in that the net extended to a height of 10 m 
off the bottom in water 20 m deep. The FADs were placed in two rows of 5 with no two FADs closer to 
each other than 30 m. At the base of 5 of the FADs, 100 cinder blocks (40 cm x 20 cm X 20 cm) were 
positioned in a loosely organized pile no more than three blocks high and 4 m in diameter’. With 
respect the 1995-1997 experience110; ‘blocks (200x 100x 12.5 cm). These blocks were covered with a 
black plastic film to protect the foam (of expanded polystyrene) from the sun and damage caused by 
seagulls. Each unit was netted to hold the flotsam to the anchor. The submerged float volume was 

                                                           
109 Bortone et al., 1994. 
110 Castro, Santiago & Hernández-García, 1999. 
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increased by adding fragments of old nets (about 1.5 m in length) hanging from the float. No float unit 
surpassed 10 Kg in weight. The anchorage of each FAD was composed of four concrete blocks, each 
weighing 50 Kg, held together with chains. The floats were tied to the anchorages using synthetic ropes 
about 20% longer than the depth of the area, to avoid sinking the FAD due to current or tidal drag’ 
For the 1990 experience the dependent variables were the number of species, number of individuals, 
species diversity and average total length (cm) for each species. In the other hand for the 1995-1997 
experience they tested the number of fishes of each species and their approximate size; and also, video 
recordings were also taken to verify the census and to provide records for use in subsequent studies 
of the behaviour and spatial distribution of fish around the FADs. 
 

2.8 Successes/failures and main identified obstacles and opportunity 

LESSONS LEARNT FROM SUCCESSES AND FAILURES 

Fish or shellfish resources 

Deep and semi-deep waters (up to about 1000 m depth) contains a rich diversity of benthic 
Benthopelagic and Mesopelagic; some dozens of species of megafauna (mainly fish, crustaceans and 
mollusks) have, a priori, commercial interests. Regardless of potential economic interest that 
innovation and biotechnology can bring to light, the deep and semi-deep waters megafauna of the 
Canary Islands is home to three large groups of fish / shellfish resources with commercial interests 
shown: Bony fish (17 species), shrimp pandalids (5 species), deep-water Big crabs (3 species). 

‘Camarón soldado’ (P. edwardsii) 
Biological information available. Prospecting and evaluation of the Canary Islands island stocks made. 
Target species of shellfish, together with P. narval. The product is sold, depending on the size and the 
island, between 15 and 40 euros / kg. Without any sign of overexploitation. Current catches absolutely 
lower than the nearly 80 tons / year available in terms of sustainability. This value of the Maximum 
Sustainable Yield (MSY) for the whole of the stocks of the Canary Islands will be refined soon in light 
of recent research on the biological parameters of the species. 

 

‘Cangrejo rey’ (C. affinis) (Geryonidae) 
Biological information and available space-time distribution, complete and updated data. Maximum 
weight of a specimen observed in the Canary Islands, 2150 g. Maximum abundance at 600-1000 m 
depth. Discontinuous and scanty / moderate catches in Gran Canaria, by means of benthic pots 
directed to the crab itself and to the big-headed shrimps. The specimens above 600 g, are sold whole 
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at 14-18 euros / crab. Given their low level of exploitation, the Canarian populations enjoy an excellent 
state of conservation. 

 

‘Pejesables’ or ‘conejos diablo’ (A. carbo and A. intermedius) (Trichiuridae)  
Resources exploited in Canary waters (especially in La Palma, El Hierro and adjacent seamounts) by 
Maderense fleet. This bi-specific resource has already shown clear signs of overexploitation. Despite 
being the emblematic marine product of gastronomy of Madeira, in the Canary Islands it has no 
commercial interest. This fishery has the disadvantages of consuming important quantities of squid 
such as bait and catching various sharks such as discards or by-catch. 

Shellfish or fishing systems 
The ‘tren de nasas camaroneras semi-flotantes ‘(NCSF), imported from the Spanish industrial fishery 
in the Mediterranean and adapted to the conditions of Canary Islands artisanal shellfish fishing, has 
proved to be more efficient and efficient than conventional shrimp traps in this archipelago. Present 
much less impact on seabed (operates about 2.4 m above the substrate and minimizes losses) and 
provide a higher quality product (minimizes the capture of predators). 

The ‘tren de nasas cangrejeras’ (MMF), coming from an experimental model of the Marine Biology 
Station of Funchal, in this Archipelago has proved to be as effective and efficient as the large benthic 
pots infrequently directed to king crab, ox crab and shrimp high. The MMF pots are suitable for the 
selective shell fishing of Canarian ox crab and king crab. In addition, they are lighter and cheaper and 
take up less space on board and in storage than conventional pots. 

The medium-drift longlines, maderense type, have practically not aroused any interest on the part of 
the artisanal fleet of the Canary Islands, nor has any appreciation been developed for the black 
scabbardfish resource. 

Valorization of marine products and communication actions 
During the last 15 years (FEDER funds and MAC Programs), a series of communication actions was 
implemented in each project, aimed at various target audiences or targets: web pages, scientific and 
informative publications, exhibition of itinerant exhibition, activities or gastronomic events for 
promotion of marine products, identification, organization and deposit of specimens for the creation 
of reference biological collections, etc. 

Creation and consolidation of Partnership 
A Network of Institutions and research groups in Marine Sciences, Fisheries, including the sustainability 
of resources, the valorization of products and the ecosystem approach, has been created and 
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consolidated in the Cooperation Space of Macaronesia, including the Azores, Madeira, Canary Islands 
and Cape Verde. 

MFADs 
For the 1990 experience111 short time study (due to storms) was a problem, also for recreational 
activities in the vicinity (noise) they suggest the relocation of recreational activities or distancing of 
MFADs from these areas. With respect to the 1995-1997 experience112, according to J.J. Castro (pers. 
Com.) had some success with respect to the yields obtained from the tuna bait-boat fleet (hand or 
pole), however, it’s necessary further investigation to know the impact of this technique, because 
among other things, not even it was possible to know the ratio of catch sizes. Special mention deserves 
the opinions of the fishing sector that pointed out the difficulty of managing this type of fishing among 
all fishermen in the area. In addition, some recreative fishermen went to the structure to fish and, also, 
to tie the boat. 

MAIN IDENTIFIED OPPORTUNITIES 

Biological characteristics of deep-sea species 
Pandalid shrimps have the advantage of presenting permanent breeding activity accompanied by high 
fecundities. On the other hand, fish generally have a medium-long life cycle that is very sensitive to 
high levels of exploitation, in addition to tending to the formation of reproductive or trophic 
aggregations. 

Exploitation models and the availability of fishery statistics 
The deep-water resources show a pattern of fractioning and reduction of fishing effort by species 
(which is conditioned by the seasonality of other fisheries) and are subject to capture by fishing 
systems with high selectivity. On the other hand, it is necessary to contemplate as opportunities the 
possibility of developing scientific bases for the adequate use of scarce or nonexploited resources. 

Fisheries management 
Existence of solids scientific and technological bases to support the development of certain crustacean 
fisheries, in particular soldier shrimp (P. Edwardsii) and, to a lesser extent, king crab (C. affinis), 
canarian ox crab (C. bellianus) and big-headed shrimp (H. Ensifer). They mean, therefore, the real 
possibility of applying an early precautionary management in scarcely or none exploited resources and, 
on the other hand, the ability to contribute and advise in the elaboration of a fishing regulatory 
improvement. 

Canarian fishing fleet 
Polyvalent and high capacity to change the type of activity (rotary harvests). In addition, it requires few 
technological requirements for the development of the activity in most of the fisheries on the RAP and 
the availability of funds / public aid for the renewal of boats, fishing technologies and professional 
training. 

Fishing effort 
Regarding the fishing effort to be exercised over the deep-water resources, the development of new 
fishing activities with target species of shrimp and large crabs as target species, would mean the 
diversion - permanent and / or temporary - of a part of the current fishing effort towards deep areas 
through the relocation and specialization of a part of the fleet, thus promoting the recovery of fishing 
resources and coastal shellfish. The allocation of fishing effort in artisanal fisheries, especially in deep 

                                                           
111 Bortone et al., 1994. 
112  Castro, Santiago & Hernández-García, 1999. 
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waters, in a complex issue that requires specialized scientific-technical advice that has solid knowledge 
bases and monitoring capacity. 

Suitable fishing systems 
Excellent capacity of the R & D centers and Universities of the Canary Islands to transfer innovative 
fishing technology and "know-how" (how it is done) to the extractive sector. In addition, innovative 
fishing techniques (selective gear for invertebrates) have been developed and tested in the 
archipelago, which are still susceptible to study and improve their selectivity and incorporate 
biodegradable elements that positively affect the reduction of by-catch and the minimization of 
environmental impact, particularly on the seabed. 

Research and technology transfer on RAP 
The existence in the Canary Islands of qualified research centers and the availability of a sufficient 
critical mass, made up of both specialized researchers and highly versatile researchers, stands out. In 
addition, the consolidation and promotion of the creation of multidisciplinary research groups will 
favor obtaining more financial resources from competitive calls; and, on the other hand, the shared 
use of the scientific infrastructures available in the different R & D centers and in the Universities. 

‘Camarón soldado’ (P. edwardsii) 
The soldier shrimp resource, as a new shellfish species for the Canary Islands, could propitiate the 
emergence of a Canary Islands shellfish fleet specialized in sea-leveling as an exclusive activity or as an 
alternative / complementary to other fisheries. If the hypothetical Canarian seafood fleet was able to 
take advantage, in a sustainable way, the almost 80 tons of sold shrimp available for the first year of 
activity, the gross income of the artisanal fishing subsector generated by this resource would be around 
2 million euros annual. 

MAIN UNDERLINED OBSTACLES 

Exploitation models and the availability of fishery statistics 
The general absence of historical series of catches and fishing effort, a situation that is partly inherent 
to the dispersion of the discharge points and the variability of the target species; ignorance of 
exploitation levels and the incidence of oceanographic conditions on the distribution and availability 
of populations; and the difficulty in applying evaluation models to the use. 

Fisheries regulation  
Some weaknesses detected in this field are: the fisheries management and regulation process in the 
Canary Islands has not generally considered the available scientific-technical information; the scarce 
relation between Administration, scientists and fishermen to elaborate the bases of order and 
regulation of the fishing; and the resistance to innovation and the development of new activities by 
the competent Administration. 

Dynamics of fishery resources subject to exploitation 
However, at present we still have an important ignorance of the dynamics of the fishery resources 
subjected to exploitation. In the archipelago this fact has been aggravated by a numerous and diverse 
series of weaknesses, such as: insufficient availability of research vessel, lack of polyvalent 
oceanographic vessel, scarce research effort on the marine environment-fishery resources, low level 
of coordination among researchers, limited support to researchers for the proper development of 
administration and management tasks, absence of short, medium and long-term fishing R + D + i 
planning, shortage of funds and local funding sources, very low involvement of the private company in 
marine R + D + i, discontinuity of research that negatively affects the usefulness and validity of the 
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results, and scarce disclosure of the results of the research activity. Aspects such as the dissemination 
and promotion of new fishery products acquire special relevance in this context. 

The ‘tren de nasas camaroneras semi-flotantes’ (NCSF) 
At the normative level, it presents an inadequate regulation (which needs to be corrected) of this 
selective tax collection system that makes this activity practically unfeasible (in terms of economic 
profitability); In addition, a transfer process (technology, knowledge and know-how) to the artisanal 
fleet of the Canary Islands is necessary because it is currently incomplete and insufficient. 

The ‘tren de nasas cangrejeras’ (MMF) 
The process of transfer (technology, knowledge and know-how) to the Canarian artisanal fleet has 
been very insufficient and has been limited to Gran Canaria (ICCM and Canary Islands public 
universities) and Tenerife (IEO). 

MFADs 
It is necessary to carry out more basic research in order to know if it is a viable type of fishing from a 
biological, economic, social, etc. point of view. For the waters surrounding the Canarian archipelago 
there are regulations that indicate which fishing modalities are allowed ... as in these rules there is no 
MFAD, then it could be concluded that (now) it cannot be used... 
 

2.9 Needs in research and development 

Although there are generic recommendations113, only more specific ones are indicated (in 

summary). 

Conducting biological studies and establishing fisheries management measures 

Good part of the fishing / shellfish resources of the semi-deep and deep waters of the Canary Islands 
can represent an alternative or complement to those currently exploited (especially in the coastal 
domain). In this sense, it is necessary to promote and support studies to determine, complete or 
update the basic biological parameters of the following target species of 15 species. We consider it 
convenient, and of some urgency, to establish a minimum catch size for those resources that have 
been sufficiently studied: 7 species. Also, with a precautionary nature and based on the best available 
biological information, also set a TMC for resources yet to be studied. 

Improvement of the Canarian system of First Sale 
The Canarian system of First Sale, more specifically its IT platform, has to be improved to capture 
adequate and correct statistical information, useful for the continuous evaluation and the permanent 
improvement of the management of the fisheries. We also deem it necessary that the markets receive 
technical support in this regard. 

Support for the transfer for the sustainable development of "new" fishing / shell fishing activities 
In addition, it is necessary to address actions aimed at demonstrating and developing responsible 
fishing technologies, including social innovation and new business models. We are talking about 
development, demonstration, transfer and prospecting campaign with selective, specialized and 
responsible fishing systems (more respectful) with the environment. 

  

                                                           
113 González, J.A., 2018. 
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3.  Madeira 
 

The Archipelago of Madeira is located in the Northeast Atlantic (Figure 22), between 32° 22.3′ 
N, 16° 16.5′ W and 33° 7.8′ N, 17° 16.65′ W. It is situated roughly 579 kilometres from the African coast, 
861 kilometres from Lisbon, 370 kilometres from Gran Canaria, and 772 kilometres from Santa Maria, 
Azores114,115. Madeira Island is the largest island of the archipelago, with 742 km2, 57 km in length at 
its longest West-East axis, 22 km in width at its widest point, and a coastal perimeter of roughly 135 
km. The island is characterized by mountainous terrain and profound valleys, in which about 35% of 
the terrain attains heights above the 1000 m quota, and 90% of the island is above 500 m3. A mountain 
chain extends along its centre, with several mountains surpassing 1800 m, such as Pico do Arieiro (1818 
m), Pico das Torres (1853 m) and Pico Ruivo, the highest (1862 m).  

The archipelago also includes the island of Porto Santo, with 41 km2, 11 km in length and 6 km width, 
lying just 28 km NE from Madeira. Unlike Madeira, Porto Santo is characterized by sandy soils, with 
very little rainfall throughout the year. With a rather flat profile in the centre of the island, a sign of 
advanced erosion, possesses low mountains. A unique feature of this island and of the archipelago is 
the yellow sand beach that covers the southern part of the island, with 9 km in length. The north coast 
is characterized by rocky cliffs116 117 118 119. 

The archipelago also includes several islands and islets with no permanent population, such as the 
Desertas Islands, located southeast of Funchal at a distance of 20 km– Deserta Grande (10 km2), the 
largest island and only safe haven for the endemic population of wolf spider Hogna ingens (Blackwall, 
1857), one of the largest and rarest wolf spider species in the world120, Bugio (3.3 km2) and Ilhéu Chão 
(0.43 km2). It is also an important site for the critically endangered Mediterranean monk seal, 
Monachus monachus (Hermann, 1779), in which a small colony of about 30-40 individuals inhabit the 
islands121 122 123. 

The archipelago also includes the Selvagens Islands. It is composed of Selvagem Grande (2.46 km2), 
which features steep cliffs along the coast, reaching a height of 163 m (Pico da Atalaia), Selvagem 
Pequena (0.16 km2) characterized by gentle cliffs and sandy/rocky beaches, with high tidal amplitude, 
and Ilhéu de Fora (0.071 km2). The islands are located relatively near the Canary Islands, at about 165 
km, and roughly 250 km southeast from Madeira. 

 

 

 

 

                                                           
114 Vallerani et al., 2017 
115 SRA, 2014 
116 Mata et al., 2013 
117 Geldmacher et al., 2000 
118 Geldmacher et al., 2006 
119 Delgado, 2007 
120 Crespo et al., 2014 
121 Pires et al., 2008 
122 Hale, 2009 
123 Pires, 2011 
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3.1 Ecosystem context 

The archipelago is located within the African plate124, on a 140 Myr old oceanic crust, rising from more 
than 4000 m depth up to 1862 m above sea level (Pico Ruivo mountain). It stands as a part of the 
Madeira-Tore Rise (MTR) complex, stretching roughly 1000 km125 126 127 (Fig. 22). It is consensually 
considered a hotspot product, whose origin is attributable to an oceanic magmatic source from which 
a mantle plume originated a series of underwater eruptions128. The archipelago is located on a 
Northeast trending submarine ridge in the Central-Eastern Atlantic, bounded by abyssal plains to the 
west and south, and by several large isolated seamounts on its eastern side (Ampère/Coral Patch, 
Gorringe Bank, Unicorn, Hirondel, Seine). 

A marking aspect of the islands is their sheer morphology. These are true mountains, standing above 
the sea floor, isolated in the African continental shelf and separated by huge depths between them by 
thousands of metres (Figure 23). The insular shelves are very narrow, in which steep declines 
characterize the bathymetry of these islands 129 130 131. As such, these series of physiognomies in 
conjunction with the isolation from the nearest mainland masses of Africa and Europe, grant these 
islands a distinctly oceanic nature, being one of the determining factors of its marine and terrestrial 
faunas, and the availability of the extant fishery resources, a situation common to other islands with 
similar characteristics, such as the Azores and the Canary Islands132. 

                                                           
124 Pitman and Talwani, 1972 
125 Geldmacher et al., 2000 
126 Geldmacher et al., 2006 
127 Silveira et al., 2010 
128 Mata et al., 2013 
129 Delgado, 2007 
130 Silveira et al., 2010 
131 Mata et al., 2013 
132 SRA, 2014 

Figure 22: The Archipelago of Madeira, consisted by the main island of Madeira, the second largest Porto 
Santo and 3 small islands southeast of Madeira named Desertas Islands. Selvagens are another group of 

islands and islets that are part of the territory, located southeast of Madeira, at roughly 250 km. 
Source: IHO Data Centre for Digital Bathymetry (DCDB) 
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N                                                  133 

 
Regarding its hydrology, the region is influenced by three water masses: the North Atlantic Deep 
Outflow (NADO), the North Atlantic Central Outflow (NACO) and the Mediterranean Outflow (MO). 
The NADO predominates below 1400 m (although it is mostly present under 2000 m), while the NACO 
is mainly present down to 500-600 m depth134. 

In terms of climate, the islands are mainly influenced by the tropical anticyclone of the Azores. The 
archipelago is in a subtropical region, exhibiting mild temperatures all year round. In addition, it is 
classified as mediterranean and temperate135. The archipelago is part of the Macaronesia region, 
sharing common features with other archipelagos from the NE Atlantic, including the Azores, Canary 
Islands, Cape Verde and also an African enclave, between Moroccan Atlantic coast and Western-Sahara 
coast. 

With the disappearance of this type of forest in continental Europe during the inferior Pliocene due to 
severe climatic changes, many genera are only found today in the Atlantic archipelagos, confined in 
them and designated as paleoendemisms, owing this term to the resemblance of the forests from 
those periods to those predominant in the archipelagos 136 137. The Macaronesian region due to its 
geographical location, singularity in terms of ecological circumstances and isolation from other land 
masses, which is one of the single greatest tool for speciation and endemism, possesses considerable 
diversity of animal and plant species, some of them unique in the world. Thus, it is considered a relic 
from a long past age, and an unmatched place for species biodiversity. 

The width of the territorial waters and the establishment of the Economic Exclusive Zone (EEZ) of 
Portugal was consecrated by the United Nations Convention on the Law of the Sea in 1982 and settled 
by the Portuguese Law-Decree nº 119/78138 139. The sub-area 2 of the Portuguese EEZ, designated the 

                                                           
133 Gomes, 2016 
134 Pissara et al., 1983 

135 Capelo et al., 2007 
136 Barrón et al., 2010 
137 Marques, 2013 
138 Delgado, 2007 
139 SRA, 2014 

Figure 23: Seabed topography of the Archipelago of Madeira 
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Madeiran EEZ, covers an area of approximately 446108 km2
 (Figure 24). Besides the islands and islets 

referenced above, it also includes several fishing banks (Seine, Lion, Unicorn, Dragon, Susanna, Ampère 
and Josephine, these last two extending beyond the Madeira EEZ) mainly distributed along a North-
Northeast direction, in which the nearest, Seine seamount, is located roughly 300 km northeast from 
Madeira. 

 

 

 

 

 

 

 
 
 
 
 

140 

 

3.2 Fisheries history and main drivers of fishing experiments 

Fishing has always been important in Madeira, since the early settlers arrived in the 15th 
century. As such, the historical socio-economic relation that the population has with this activity is very 
much an intrinsic part of the archipelago’s historical roots. Although rather usual an insular region 
having such background, at the present, the fishing sector has seen better days, resulting from a 
combination of economic development, world trade and subsequent globalization. Currently, it 
possesses a small influence in the archipelagos’ economy, exposed by the decaying influence of the 
sector. Consequently, the fishing sector accounts for only 0.71% of the regions’ gross domestic product 
(GDP) and employs a mere 0.64% of the islands’ working force, even though accounting for 36% of the 
total exports141. The region possesses several ports important for the fishing industry, being the ports 
of Funchal and Caniçal the largest and busiest. 

The fishing sector in the archipelago lies within an enormous oceanic region, strongly influenced by 
several natural variables, which in turn, determine the environmental characteristics of marine 
ecosystems. Within these, it should be emphasised the oligotrophic nature of Madeiran waters, 
although sporadic periods linked to oceanographic phenomena known as the ‘island effect’ in which 
deeper, colder and nourished waters rise to upper layers in the water column promoting punctual 
surges in primary production rates142 143. 

The volcanic origin of the archipelagos’ islands, steep mountains emerging from an abyssal plain, 
determined the geomorphological features of the seabed, where the narrowness of the insular 

                                                           
140 Gomes, 2016 
141 Vallerani et al., 2017 
142 SRA, 2014 
143 Caldeira et al., 2002 

Figure 24: Madeira's EEZ 
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platform, to the depth of 200 meters, stands as a limiting factor for fishing activity, reducing the area 
of available habitat for coastal demersal species. On the other hand, the slope, marked by steep 
inclines and submarine canyons, led to the use of certain fishing gear, particularly those that do not 
necessarily come into direct contact with the seafloor. 

These series of features led the industry towards the exploitation of oceanic fishery resources, namely 
large pelagic migratory species, such as tunas, and also deepwater species, such as scabbardfishes, a 
situation that was accentuated from the 80’s onwards when the autonomy of the fleet, carrying 
capacity and conditions for captured fish conservation improved substantially. In addition, the sector 
gradually transitioned from a family activity developed mainly by small boats, often non-motorized, 
along the coast, for an activity that has become more specialized, covering greater distances, reaching 
fishing grounds off Canary Islands and south of the Azores. 

The fishing sector in Madeira is subdivided in several types, varying according to the type of fishing 
resource, fishing vessel and fishing methods. Therefore, four categories can be clearly distinguished: 
the tuna sector, the scabbardfish sector, the small pelagic sector (locally known as “ruama”) and other 
types of fisheries144. 

Madeira possesses a very concentrated fishing sector. Only two fisheries, scabbardfish and tuna, 
represent around 80% to 85% of catches. Tuna is particularly important as it represents around 50% 
of total catches, and black and intermediate scabbardfish (Aphanopus carbo and Aphanopus 
intermedius respectively) around 30% to 40% of total catches145 146. Also, regarding the economic 
output of this activity, black scabbardfish and tuna represent most of the revenue.  

Tuna is a fundamental fishing resource for the archipelago, being a deeply-rooted tradition, with many 
decades of activity. The main targets are bigeye tuna (Thunnus obesus) and skipjack tuna (Katsuwonus 
pelamis), but other species are also present such as the longfin tuna (Thunnus alalunga), the yellowfin 
tuna (Thunnus albacares) and the Atlantic bluefin tuna (Thunnus thynnus). Capture is made through 
the pole and line method, using live bait. It is performed by throwing the bait (usually mackerel) onto 
the tuna shoal, from which the vessel is positioned upon, pulling them out of the water with a pole 
and line (hence the name), catching one individual at a time147 (Figure 25). Occurring from late March 
to September, this fishery comprises the biggest boats in the fleet and is influenced by the 
environmental conditions that determine the tunas’ migration routes148. Although most catches are 
from vessels with more than 12 m, many small boats target this resource, specially near the coast, with 
few crew members. 
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Figure 25: Tuna fishing with pole and line gear in Madeira Archipelago 

The deepwater fishing is an ancestral fishing activity in the Archipelago Madeira and has, for the local 
population, a high cultural, historical and socio-economic value149 150 151. This fishery, targeting 
particularly black scabbardfish [(currently it is now known that in fact the black scabbardfish catch 
include also the sympatric species Aphanopus intermedius (Parin, 1983)152] has centuries-old historical 
roots, in which its first historical records date back to the 17th century, and it is thought to have 
developed due to the fishing of deepwater sharks 153. A symbol of Câmara de Lobos town off which 
have arisen, it subsequently expanded to fishing areas scattered throughout the sub-area of Madeira 
EEZ. Thus, this fishery in Madeiran waters has unique features, being one of the oldest fisheries of an 
abyssal resource globally 154. 

Vessels carrying this activity in Madeira EEZ are licensed to use the horizontal mid-water drifting 
longline, locally known as “espinhel” or "aparelho de espada. The longline is a passive fishing gear, set 
in the water column, usually between 800-1200 meters deep, with each line with roughly 10000 
hooks155. For bait, it is usually used squids from the Ommastrephidae family. This fishery is well 
developed, admittedly being very selective, capturing adult black scabbardfish with very little capture 
and discards of non-target species. 
In terms of fishing operations, it usually begins at dusk following a specific pattern, in which vessels 
leave port early at sunset, carrying a previously equipped longline. An offshore course is placed and 
the time to reach the intended fishing ground may take several hours. At the fishing ground, two 
operations generally follow: the longline is deployed into the water and set, and another longline 
previously set in the last 24h–48h is recovered with the support of a hauling winch installed on board 

156. In addition, from time to time reports reach the authorities of occasional encounters with 
cetaceans and other species such as the swordfish which prey upon the caught black scabbardfish 
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while making their way to the surface. These episodes can result in significant economic losses for the 
fishermen. 

Moreover, for fisheries purposes, these two species have been treated as A. carbo in Madeira, thus 
landing statistics and fisheries research prior to 2010 refer to a combination of these two species. 
Much less prevalent, A. intermedius represents 20% of total catches157, and it is worthwhile pointing 
out that the main variables by which A. carbo may be separated from A. intermedius (dorsal fin and 
vertebral counts) are rather difficult to use in the field and are entirely inappropriate for large scale 
fisheries-purpose identification, on board vessels or at landing sites. 
 

 
 
 
 
 
 
 
 

  

The other also relevant fishing resources exploited in the archipelago are the ones targeting blue jack 
mackerel (Trachurus picturatus) and Atlantic chub mackerel (Scomber colias). Its status relies on the 
significance it has on the local gastronomy as well on the socio-cultural value to the local population. 
Although significant for the archipelago, this fishery is going through hard restrictions in terms of quota 
and fishing effort. Since the latest studies revealed that the stock has not recovered from years of 
continued fishery, restrictions have been imposed until it recovers.  

Limpets (Patella candei and Patella aspera) are also important for the local economy, being a delicacy 
and an important part of the local gastronomy. Its fishery is performed by small-scale vessels (< 12 m), 
mostly on the northwest coast of Madeira. It consists on catching early on at sunrise with a small crew 
of 4-5 people per boat, where people dive to catch (Figure 27), or single individuals on foot along the 
shore. A maximum of 200 kg a day is allowed to fish per vessel and up to 15 kg a day per person 
(contingent of having a specific licence), with a closed season between December 1st and March 31st, 
to prevent the reproductive specimens from being caught, conferring sustainability to an already 
overexploited resource. In addition, it is found in the tidal area, being very accessible to anyone. Due 
to this feature and because of abundance issues, the local parliament issued legislation for limpets 
catch (Ordinance nº 11/2006/M and Ordinance Amendment nº. 40/2016), which demands, amongst 
others, the possession of a fishing licence, a limit of catch per day and respecting the closed periods, 
as mentioned previously. 

                                                           
157 Delgado et al., 2013 

a) b) 

Figure 26: Left: General disposition of the horizontal drifting longline in the water column ; right: a section of 
the longline with the baited hooks ready to be deployed 



 

71 
 

Task 2.2 Desktop study to collate existing technical information 
Deliverable #10 

 
Figure 27: Limpets harvesting in Madeira Archipelago. 

Included in this segment are several demersal species, that although are not significant in terms of 
catches, are considered important for the local gastronomy and an intrinsic part of many people’s 
lifestyle. From these can be mentioned the forkbeard (Phycis phycis), the red porgy (Pagrus pagrus), 
the blacktail comber (Serranus atricauda), the grey triggerfish (Balistes capriscus), and others. These 
species are greatly valued, being the target of a multi-specific fishery, with small vessels in artisanal 
processes158 159. 

In terms of fleet characteristics, in 2017, 434 vessels consist the entire fleet, with roughly 387 vessels 
< 12 m length (small-scale)160. Considering the active fleet, i.e., that effectively landed fish in 2017, 
commercial fishing fleet of Madeira consisted of 87 vessels. The fleet have different features, as follows 
in Table 12. 
 

Table 12: Madeira active fishing fleet per length segment at the end of 2017 
Source: DRP-Madeira) 

Classes of length-
over-all (LOA, m) 

Number of 
vessels 

Vessel 
average age 

(years) 

Total Gross 
Tonnage (GT) 

Total Engine 
Power (Kw) 

VL0006 27 26,19 33,55 397,88 

VL0608 17 23,00 49,25 622,87 

VL0810 9 26,00 56,92 663,62 

VL1012 5 39,40 53,03 530,67 

VL1218 18 23,11 412,97 2786,24 

VL1824 6 23,67 324,98 1561,93 

VL2440 5 15,50 704,38 2454,45 

Average 25,27 233,58 1288,24 

 
The Madeiran active fishing fleet consists of 87 vessels, with an average gross tonnage (GT) of 233,58, 
an engine power of 1288,24 Kw, and average age of 25,27 years. Of these, 58 are lower than 12 metres, 
and 29 are vessels longer than 12 metres. The polyvalent small-scale segment of the fleet represented 
by the 58 boats below 12 m uses passive fishing gears such as longlines, which is the case of fishermen 

                                                           
158 Delgado, 2007 
159 SRA, 2014 
160 Vallerani et al., 2017 
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targeting deep-water species, but also other methods such as the pole and line to catch tunas. Other 
subsegment of the small-scale fleet is the limpets’ fishery, which is an active fishing method, where 
catches occur by diving to the seabed and scratching off the limpets from the surface of stones. 

Outermost Regions (ORs) fishing fleets have been granted a specific regime for fleet modernisation in 
2004 with derogation from the entry-exit scheme and extended use of public aid for construction of 
new vessels or increase in fishing capacity of existing vessels implemented through Regulation (EC) nº. 
639/2004. However, this opportunity has not been taken up by all ORs. Madeira fishing fleets appears 
to have remained at previous levels and even decreased. The small-scale fleet is dangerously aging, 
with average age of 28 years. These vessels are less secure, less efficient and provide less attracting 
working conditions for new fishermen compared to modern vessels. This feature is probably related 
to the evolution of today’s society, where youngsters are encouraged to take higher degrees of 
education. This prevents people from embracing fishing, even though incomes may be inconsistent 
but quite fairly among the country’s average GDP per person.  

It is on this perspective that research programs and fishing experiments come to light. These programs 
are essential to keep track on our stocks, not only on their healthiness but also on discovering new 
species with fishing potential capable of withstanding continued commercial exploitation. In Madeira, 
many have been conducted, especially since the late 70’s, where their contribution to our knowledge 
and understanding of the sea around us was valuable (Figure 28). These cover several types of fishing 
resources, from deepwater to demersal species, crustaceans, and others. In addition, a FAD 
experiment was carried out in the 90’s.  

 
Figure 28: Time line of fishing experiments and relevant legislation in Madeira since 1970. 
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3.3 Way of funding and partnership 

 
Table 13 : Way of funding and partnership of research projects 

References 
Co-

funded 
project 

Main body that 
financed the project 

Coord. / leader of the 
project 

Martins and Ferreira, 
1995 

No 
Regional Government 

of Madeira 
Portuguese Institute for Marine 

Research (IPMA) 

PMCT/C/MAR/985/90 
(Biscoito et al., 1994) 

Yes 
JNICT Portugal (now 

FCT) 
Natural History Museum of 

Funchal (MHNF) 

DG XIV/C/1 - Study 
contract 95/095 

(Menezes et al., 1998) 
Yes 

Comission of the 
European 

Communities 

Oceanographic and Fisheries 
Department – University of 

Azores 

PESCPROF-1  
(DSIDP, 2006) 

Yes 
INTERREG III-B 2000-

2006 (FEDER) 
Regional Directorate of 

Fisheries of Madeira (DRP-M) 

PESCPROF-2  
(Carvalho et al., 2007) 

Yes 
INTERREG III-B 2000-

2006 (FEDER) 
Regional Directorate of 

Fisheries of Madeira (DRP-M) 

PESCPROF-3  
(DSIDP, 2007) 

Yes 
INTERREG III-B 2000-

2006 (FEDER) 
Regional Directorate of 

Fisheries of Madeira (DRP-M) 

ORPAM I 
(Delgado et al., 2006) 

Yes 
INTERREG III-B 2000-

2006 (FEDER) 
Regional Directorate of 

Fisheries of Azores (DRP-A) 

ORPAM II 
(Delgado et al., 2007) 

Yes 
INTERREG III-B 2000-

2006 (FEDER) 

Oceanographic and Fisheries 
Department – University of 

Azores (DOP – UAç) 

MARPROF 
(Freitas et al., 2014) 

Yes 
PCT-MAC 2007-2013 

(FEDER) 

DRP-M; Funchal Marine Biology 
Station (EBMF); EFTH; EPHTM; 
DOP - UAç; HECANSA; ACIISI-

ICCM;  

MACAROFOOD Yes 
MAC 2014-2020 

(FEDER) 
University of Las Palmas de 

Gran Canaria 

MARISCOMAC Yes 
MAC 2014-2020 

(FEDER) 
University of Las Palmas de 

Gran Canaria 

3.4 Main gears used, depth of operation and species 

Table 14: Main gears used, depth of operation and main target species for research projects. 

Gears 
type 
used 
(FAO 
code) 

Period 
Depth of 

operation  
(m) 

Type of 
target 

species 

Main species in 
trials 

LLS 

1991-1994 
(PMCT/C/MAR/985/90) 

100-1000 Benthopelagic 

P. narval 
P. edwardsii 
C. affinis 
H. ensifer 
H. laevigatus  
S. kaupi (6 specimens) 

1995-1998 
(Study contract 95/095) 

0-1200 Demersal 
P. bogaraveo (146) 
P. phycis (127) 
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H. dactylopterus (214) 
B. decadactylus (56) 
B. splendens (359) 
P. kuhlii (130) 
C. conger (33) 
L. caudatus (1) 
P. pagrus (315) 
S. japonicus (3717; 
caught during hauling, but 
not the intended target of 

the study) 

2000-2006 
(PESCPROF-1) 

1000-2500 
Bathypelagic / 
Benthopelagic  

Species from the 
families: 
- Centrophoridae (122) 
- Etmopteridae (31) 
- Somniosidae (35) 
- Moridae (89) 
- Synaphobranchidae 
(93) 
- Trichiuridae (12) 

 

LLD 

1979-1986 
(R/V Noruega) 

1300-1400 
 
Benthopelagic 

 
Aphanopus carbo 

2000-2006 
(PESCPROF-2) 

1000 Benthopelagic 
Aphanopus carbo 
(1490) 

ORPAM-II 
(2000-2006) 

0-1200 
Pelagic and 

benthopelagic 
/ demersal  

D. profundorum (340) 
P. pagrus (274) 
H. dactylopterus (127) 
P. bogaraveo (69) 
S. japonicus (418) 

2009-2013 
(MARPROF) 

700-1300 Benthopelagic 

*Aphanopus carbo 
*Aphanopus 
intermedius 
*Caught by commercial 

vessels and bought for 
the MARPROF Project 

FPO 

1991-1994 
(PMCT/C/MAR/985/90) 

600-1000 Benthonic 

1,2C. affinis (885) 
1,2C. conger (128) 
1,2P. narval (report I -> 
~12 kg; report III -> 
3356 ind.) 
1not on trial but was 
caught in large 
numbers 
2numbers from the 
progress report I and III 

2000-2006 
(PESCPROF-1) 

1000-2500 Benthonic 

Species from the 
families: 
- Benthesicymidae (26) 
- Geryonidae (68) 
- Pandalidae (47) 
- Synaphobranchidae 
(211) 
- Oplophoridae (56) 
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2000-2006 
(PESCPROF-2) 

500-1000 Benthonic 

Chaceon affinis (626) 
1Synaphobranchus 
affinis (487) 
1not on trial but was 
caught in large 
numbers 

2000-2006  
(PESCPROF-3) 

150-300 Benthopelagic 
Plesionika edwardsii 
(~270 kg) 

2009-2013 
(MARPROF) 

200-350 
600-800 

Benthonic / 
benthopelagic 

Plesionika edwardsii 
Chaceon affinis 

MFAD Early 90’s 1000  Pelagic 
Thunnus spp. 
K. pelamis 

3.5 Type of assessment carried out 

Accordingly, the next sections will describe in greater detail several experiments conducted in 
Madeira. An attempt was made to place them in a chronological order, following the accounts of the 
reports of each program.  
▪ Multiple surveys onboard R/V Noruega (1979-1986): 

Between 1979 and 1986, nine cruises were carried out on board the Research Vessel Noruega to 
study the black scabbardfish fishery in the eastern central Atlantic area around the island of 
Madeira, to search for new fishing grounds and to introduce new fishing technologies. 

 

▪ Project Nr. PMCT/C/MAR/985/90 – Ecological and biological study of fish and benthonic decapod 
crustacean communities of Madeira’s continental slope (1991-1994): This project emerged from 
the principle of increasing the knowledge of several fish and crustacean communities around 
Madeira. 
It proposed the following objectives: 

1. Study the composition of fish and benthonic decapod crustacean fauna of Madeira’s 
continental slope (100 to 1000 metres); 

2. Study the dynamic and structure of fish and benthonic decapod crustacean in the area 
referred in 1, with special emphasis to the fauna vertical distribution and limiting factors 
of that distribution, determination of food webs, reproduction of some species, and 
biomass determination over the course of 2 years;  

3. Examine several stocks and their capacity to withstand continued commercial exploitation; 
4. Test different fishing gears and techniques; 
5. Physical characterisation (temperature and salinity) of the water column between 100 and 

1000 metres. 
 

▪ Commission of the European Communities DG-XIV/C/1 - Study contract 95/095: Design 
Optimisation and Implementation of Demersal Survey Cruises in the Macaronesian Archipelagos – 
II (1995-1998): 
The project aimed to implement abundance survey designs for the demersal fishery communities 
of the Macaronesian archipelagos of Azores and Madeira. The objectives were as follows: 

1. To implement abundance survey designs for the demersal fishery communities of the 
Macaronesian archipelagos of the Azores and Madeira using longlines. 

 
▪ BASBLACK – Environment and biology of deep-water species Aphanopus carbo in the NE Atlantic: 

basis for its management (1998-2000): 
The aim of this project was to lay the foundations for the future development of a regular research 
and management program of black scabbardfish (Aphanopus carbo Lowe, 1839). Due to the lack 
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of biological and environmental information, essential for a good evaluation and management of 
this resource, the project gave special relevance to the studies of biology, population dynamics 
and habitat description. To achieve the above-mentioned objectives, several tasks were designed 
as follows: 

Task 1 - Review of historical information on black scabbardfish 
Task 2 - Development of a Land Sampling Program 
Task 3 - Differentiation of populations  
Task 4 - Study of aspects of its biology: reproduction, growth and feeding 
Task 5 - Characterization of the environment 
Task 6 - Bioaccumulation studies 
Task 7 - Data Management 

PESCPROF – Deepwater Fisheries Resources of the Central Eastern Atlantic 
(2000-2006): 

o PESCPROF-1 – Deepwater Fisheries Resources of the Central 
Eastern Atlantic: 

The project "Deepwater Fishery Resources of the Central Eastern Atlantic” 
PESCPROF-1 (MAC/4.2/M12), developed with the support of the Community 
Program INTERREG III B (2000-2006), Madeira-Açores-
Canarias Space, aimed at the development of a series of 
research activities, including research into new fishing 
areas, exploration of unconventional deepwater resources, 
testing and technology transfer procedures for selective 
fishing methods, initiation of studies on on-board 
conservation and processing of catches, and preliminary 
experiences of marketing them. 
The project had the following objectives: 
1. Develop a range of research, transfer of experience, 

fisheries technology and innovation to enable the 
sustainable exploitation of new deepwater fisheries 
resources as an alternative to some traditional fisheries, 
in-process or threatened, of over-exploitation. 

2. Explore new fishing areas, testing and technology 
transfer processes for new selective fishing techniques, 
pilot fishing plans, trials of conservation and processing 
(on-board and on land) of fishery products, and 
preliminary experiments in the marketing of new deepwater fishery products. 

3. Attain information in terms of Island slopes between 1000 and 2500 metres deep. Gather 
information regarding ecological and biological parameters for fishing potential evaluation of 
deepwater fauna. 

4. Study the distribution and relative abundance of prawns in the Pandalidae Family -Plesionika 
edwardsii (200-400 m); Plesionika williamsi (400-600 m); Heterocarpus laevigatus and H. grimaldii 
(600-1100 m) - with a view of improving the current knowledge of their basic biological and 
ecological parameters, and testing fishing technology (floating coves), innovative for the regions 
of Madeira and the Azores, traditionally used by Spanish fleet in the Mediterranean, for the 
capture of these species and already tried with success in the Canary Islands. 
 
 
 
 



 

77 
 

Task 2.2 Desktop study to collate existing technical information 
Deliverable #10 

o PESCPROF-2 – Deepwater Fisheries Resources of 
the Central Eastern Atlantic: Alternatives to 
fisheries in Macaronesia: 

The PESCPROF-2 (03/MAC/4.2/M8) project was developed 
under the INTERREG III B Community Program (2000-2006), 
comprising the project "Deepwater Fisheries in the Eastern 
Central Atlantic: Alternatives to Fisheries in Macaronesia". 
space Madeira-Azores-Canary Islands. This initiative emerged 
as a continuation of the PESCPROF-1 project "Deepwater 
Fisheries in the Central Eastern Atlantic" and aimed at pursuing 
a range of research activities in the field of deep marine 
resources, including the exploration of unconventional marine 
resources, exploration of new fishing areas, development of 
procedures and transfer of technology on selective fishing 
methods and conservation and processing of catches. 
Furthermore, the promotion of new fishery products from 
marine deep areas, with the potential to be alternatives to 
traditionally consumed marine products, was defined as one of the priorities of the project.  
The project had the following objectives: 

1. Develop research, transfer of knowledge, experience, and fishing technology to enable a 
sustainable exploitation of new deepwater fishing resources, as alternatives to traditional 
fisheries that may be in jeopardy of being overexploited. 

2. Explore new fishing areas, test procedures and transfer of technology in terms selective fishing 
techniques, pilot fishing plans, tests of conservation and processing of catches, (on the sea and 
on land), and preliminary commercialization experiences of new deepwater fishing resources. 

3. Study the distribution and abundance of the deepwater crab (Chaceon affinis), between 500 
and 1000 metres, through bottom traps. Contribute to greater knowledge of the biological 
features of this species and evaluate its fishing potential. Attain information regarding the 
composition of catches with bottom traps. In addition, the characteristics of the seabed the 
water column at different depths was also an objective to fulfil.  

4. Planning and conducting test runs with new gears and fishing methods, that might be 
alternatives to the standard fishing techniques utilised in the capture of black scabbardfish 
(Aphanopus carbo), potentially contributing to automation and greater profits. Also, the 
prospection of new fishing areas and additional studies on hook selectivity in the capture of 
black scabbardfish is one intended objective. Lastly, to contribute to a better knowledge about 
the biological and ecological parameters of this deepwater species. 
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o PESCPROF-3 – Deepwater Fisheries Resources of the 
Central Eastern Atlantic: Evaluation of its potential and 
dissemination of results: 

PESCPROF-3 follows the lines defined by its precursors and has 
developed new actions, with emphasis on the evaluation of stocks of 
Madeira shrimp (Plesionika edwardsii) and the valorisation and 
dissemination of the results of the PESCPROF program (2003-2008). 

The PESCPROF project was extended to complement the evaluation 
of the Madeira shrimp in the different archipelagos (Project 
MADGAMBA - Evaluation of Insular Stocks of Plesionika edwardsii in 
the Canary Islands, Madeira and Azores), to complete the survey and 
to try to evaluate the deepwater crab stock in Madeira, to promote 
and disseminate to the public the projects activities, and finally, to 
promote workshops of scientific and technical publications of the PESCPROF program. Another 
important point for Madeira, included in the extension of the project, is the clarification of the 
taxonomic status of black scabbardfish in the Eastern Atlantic using genetic validation. 

▪ ORPAM – Network Observatory of Fisheries and Marine Environment in the Macaronesia (2000-
2006): 

o ORPAM – Phase 1: 
The ORPAM project aimed, through cooperation between scientific institutions, to carry out the 
necessary research for the good management of marine biological resources exploited in the three 
archipelagos of Macaronesia. This project is divided into two main areas: the monitoring of fisheries 
and fishery resources, and ecological and environmental monitoring.  
The project had the following objectives: 

1. Monitoring of demersal and pelagic fishery resources through research campaigns of these 

species, which allows the standardization of methodologies and indicators of abundance of 

commercial fishing in the Azores and Madeira (from a common research platform - the R/V 

Arquipélago - and the participation of technicians from both regions in research cruises); 

2. Biological/ecological studies on the growth of snapper (P. pagrus) in the Azores and Madeira; 

3. Environmental monitoring applied to fishing, in which a study was carried out on the surface 

oceanic variability (surface water temperature and colour) of the Atlantic region through 

satellite images calibrated by in situ data obtained in the Azores and the Canary Islands; 

4. Monitorization of the activity of the tuna fishing fleet by observers in the Azores. 

 

o ORPAM – Phase 2: 
This 2nd phase of the ORPAM Project has as its general objective to foster the cooperation of 
Macaronesian research institutions that develop activities applied to fisheries (in the field of biology 
and oceanography). In addition, it was intended to standardize methodologies and ensure greater 
inter-regional and inter-institutional consistency in terms of ecological and environmental monitoring, 
acquisition, exchange and analysis of information, research, advice and support in the management of 
fishery resources.  
The project had the following objectives: 

1. Studies of fishing resources (Azores - Madeira) focused on limpets, since it is the coastal 

resource with the most problems in terms of management and commercial exploitation; 

2. Research campaigns for the marking of demersal species (Azores - Madeira; 

3. Study of the biology of demersal and pelagic fish in Madeira, and of small pelagics of the 

Azores; 
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4. Studies on oceanic surface variability (Azores - Madeira - Canary Islands); 

5. Monitorization of commercial fishing activities; 

6. Publication of several scientific studies. 

 
▪ APHACARBO - The black scabbardfish in Portuguese waters: measures of conservation and quality 

control (2005-2008): 
The stock structure was investigated using a combination of methodologies including life history 
parameters, otolith shape analysis, parasites, landings-and-effort data, genetics and contaminants. 
This project concluded that the majority of the techniques used showed the existence of different 
black scabbard fish population units in the three study areas, (mainland Portugal, Azores and Madeira) 
or at least between two of them, namely mainland Portugal and Madeira161. 
However, the project also recommended that further genetic techniques be used in the future to 
complement the results found by this project. 

▪ MARPROF - Establishment of scientific and technological bases for the 
management and sustainable use of new deep-water resources in the 
Macaronesian area (Madeira, Azores and Canaries) and its gastronomic 
valorisation (2009-2013): 

The MARPROF project (2009-2013) aimed to establish scientific and 
technological bases for the management and sustainable use of new 
deepwater resources in the Macaronesian area (Madeira, Azores and 
Canaries) and its gastronomic valorisation. Acting through increased 
knowledge and conservation of deep-sea life, the project aims to contribute to the creation of a market 
for new fishery products, starting from a solid basis of sustainability in the exploitation of marine 
resources. 

The main target species in the three archipelagos were the Madeira’s prawn (Plesionika edwardsii), 
deepwater crab (Chaceon affinis) and black scabbardfish (Aphanopus carbo and Aphanopus 
intermedius), as well as several accessory species. 

The MARPROF project created conditions for the development of artisanal fleets, with maximum 
admissible catches, control of fishing effort and scientific monitoring of the activity. As an example, in 
the Canary Islands alone, gross revenues from operating this resource would lead to job creation, 
around 2€ million a year on first sale and other economic benefits. It recommends that the future fleet 
combines the shrimp with the deep-sea crab catches in a sustainable and responsible fishing scientific 
and technical follow-up.  

Analyses of the nutritional properties and the development of culinary applications to study the food 
quality and health benefits were carried out. The project also carried out the dissemination of the 
results and the promotion of new fisheries products and catering. Several technical conferences were 
held for the transfer of technologies and information. In this area, it is important to highlight the 
creation of the website: www.marprof.org. There were also produced brochures, posters, publications 
and several public presentations were made. Other promotions of the project were the traveling 
exhibition "Deep Treasures of the Atlantic" and the collaborations established in Madeira with the 
Professional School of Hospitality and Tourism of Madeira (EPHTM), in the Azores, with the School of 
Tourism and Hotel Formation (EFTH) and, in the Canaries, the collaboration agreement between 

                                                           
161 Gordo et al., 2009 
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Secretariat of Tourism, through the Canarian Hotels-School S.A. (HECANSA) and the Canary Agency for 
Research, Innovation and the Information Society through ICCM. 

In addition, the MARPROF cookbook was created (Figure 29162), which generates synergies between 
three basic ingredients: marine science, quality gastronomy, and a society reciprocal in receiving new 
products of excellence, especially when originated from regional products. However, this represents 
only the beginning of a long way of the consortium to generate knowledge, employment and business 
opportunities. In the field of marine research, technology and innovation, new studies will be 
developed, in addition to determining the biological parameters of different species, to identify and 
disseminate the deep-water biodiversity of  
Macaronesia and to ensure its conservation and sustainable exploitation.  

 
▪ MACAROFOOD - Valorisation of Macaronesian marine products: tourism, gastronomy and training 

(2017-2019):  
The MACAROFOOD Project is a multidisciplinary venture, with scientific-technical and socio-economic 
approaches.  
It contemplates the following subjects: 

1. Sustainability of marine resources of commercial interest, transfer and diagnosis of the value 

chain of products. Biological/environmental studies of tunas and emerging species. 

Introduction of respectful fishing systems. Proposals for rational fisheries management. Good 

practices and encouragement of synergies between actors; 

2. Reinforcement of the competitiveness of SMEs and enhancement of quality/food security and 

value added by creating conditions of internationalization. Feasibility of new businesses, 

strategies of valorisation/commercialization and integration of products in catering/hotel, 

community and consumers. Nutritional and biotechnological properties. Transformation of 

tunas with promotion in the catering sector; 

3. Training and contribution to the integration of knowledge in teaching programs of the 

hospitality and tourism centres. 

                                                           
162 Freitas et al., 2014 

Figure 29: MARPROF Project [adapted from MARPROF cookbook] 
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▪ MARISCOMAC - Development of technical and scientific bases, training 

and transfer of technology and knowledge for the exploration, 

transformation and commercialization of shellfish in Macaronesia (2017-

2019): 

It aims to develop technical conditions and scientific bases for the sustainable 
exploitation of shellfish and fish in the waters of Madeira, the Canary Islands 
and Cape Verde and their commercialization. The transfer of knowledge and 
technology to SMEs in the fishing industry, vocational training in the exploitation of these 
valuable/innovative marine products and their responsible use in extractive, catering and tourism 
activities will be their pillars. ICTs will be used for the dissemination of knowledge/technology, aiming 
at the training and promotion of SMEs and the creation of jobs, contributing to the blue economy.  
This strategy will improve the competitiveness of SMEs and create conditions for their 
internationalization. Entrepreneurship will be promoted in the sectors involved.  
It is aligned with the Common Fisheries Policy: sustainable exploitation of resources and 
monitoring/obtaining good environmental status. It is consistent with European, national and regional 
strategies. 
 
To conclude, many more projects could be mentioned as part of this compilation, although the ones 
referred here represent an important part of Madeira’s scientific contribution to marine science and 
adjacent subjects. 
 

3.6 Moored Fishing aggregating Devices (MFAD) experiment 

In Madeira, a single experimentation with MFADs was carried out in the early 90's. The 
experience consisted of installing a MFAD, anchored roughly 1000 meters deep at 3 nautical miles off 
the coast, with the aim of aggregating tuna shoals. There is not much information of that time 
regarding the results of the experience. 
 

3.7 Trawls 

No bottom trawl fishery is authorized, according to Regulation 114/2014, since Portugal 
banned this kind of fishery in the Azores and Madeira. Regarding mid-water or pelagic trawls, no 
information is available.  

3.8 Vertical/horizontal longlines experiments 

In 1979, the Portuguese Institute for Marine Research (IPMA, formerly INIP) was requested by 
the Madeira’s Regional Government to carry out the first studies of the deepwater fishery targeting 
black scabbardfish, to assess the possibilities of implementing technological developments in fishing 
methods and gears, and to conduct explorations for new fishing grounds, with the ultimate objective 
to increase the annual catch of this species. These activities were carried out on board the R/V Noruega 
between 1979 and 1986163. 
The operations were carried out using drifting vertical longlines. During the tests, two types of drifting 
vertical longlines were used. The traditional longline (Figure 30a), known in Madeira as "Aparelho da 
espada" or “Espinhel”, made entirely of hemp fiber and divided in two parts: the upper part or buoy 
rope, and the lower part or main line with hooks164. The other longline used (Figure 30b), was designed 

                                                           
163 Martins and Ferreira, 1995 
164 Leite, 1988 
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and made using new manufactured synthetic materials (monofilament) and based on the longline 
traditionally used by the fishermen of Câmara de Lobos. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In addition, traditional longlines are set out at nightfall and hauled during darkness after 8 to 9 hours 
of fishing. The immersion time during the experiments varied between 7 and 15 hours but, for the 
most part it, was of 11 to 13 hours duration165.  

 
The results obtained allowed to conclude the following: 

1. It was found that an increase in the immersion time did not correspond to an increase in 
catches. 

2. Drifting vertical longlines made from monofilament are more easily worked and have greater 
durability, as well as having a higher catch efficiency. 

3. The monofilament drifting vertical longline presented highest yields in both kg/100 hooks and 
nº fish/100 hooks. 

4. Seamount Susan presented the highest yields, in April 1985. 
5. The lowest yields were obtained in Madeira area166 

Black scabbardfish landings in Madeira, in the period 1960-1980 were roughly 900-1200 tons167, and 
these increased very much in the following years. This can be explained partly by the increased use of 
monofilament drifting vertical longlines by most of Madeira’s fishermen, which occurred during 1982, 
and by the search for new fishing grounds by vessels with better equipment for longer voyages. 

                                                           
165 Martins and Ferreira, 1995 
166 Biscoito et al., 1994 
167 Leite, 1988 

a) b) 

Figure 30: a) Traditionnal drifting vertical longline; b) Monofilament drifting vertical longline 
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In the early 90’s, the Project PMCT/C/MAR/985/90 started to conduct several surveys alongside the 
Funchal bay, between 100 and 1000 m deep. A bottom longline, i.e., a longline placed along the 
seabed, was deployed, composed of polypropylene (Ø = 3 mm). Each hook was placed 3 m apart from 
each other, and to secure the gear on the seabed, weights were placed to hold it (Figure 31).  

 
Figure 31: Scheme of the traditional longline used in the beginning of the experiments. 

The outcome was not prolific so a new one was designed, based on a model used in the Canary Islands, 
which was henceforth designated as “MUSTAD longline” (Figure 32). This line was ordered to MUSTAD, 
a Norwegian company, composed of twisted polypropylene (Ø = 5 mm), where each hook was spaced 
3m from each other. 

 
Figure 32: Scheme of the MUSTAD longline 

Also, to avoid the same outcome with the previous gear, glass floaters were used in the middle of each 
longline section, with a weight of 5 kg to serve as ballast. At the surface, 2 buoys were used in each 
end with a signal flag168.  
 
It was proved in this project PMCT/C/MAR/985/90 that longlines cannot be used in this part of the 
sampling process due to being stuck in the seabed. On the other hand, the MUSTAD longline proved 
to be much more efficient in this regard, due to placing buoys several metres apart to give positive 
buoyancy to the gear, avoiding the contact with the seabed. In addition, the fishing yield of longlines 
was incomparably lower than bottom traps. However, the usage of longlines allowed the capture of 

                                                           
168 Biscoito et al., 1994 
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many species, which in turn, contributes to the increasing knowledge of benthic communities off 
Madeira. From this perspective, another contribution arose. The capture of 3 species of the genera 
Deania was quite interesting, since D. profundorum had never been captured in Madeira, which was a 
further extension of its previously known area of distribution. The specimens were designated as 
Deania mauli. 

In 1995, a project (DG-XIV/C/1 - Study contract 95/095: Design Optimisation and Implementation of 
Demersal Survey Cruises in the Macaronesian Archipelagos – II) was approved to implement 
abundance survey designs for the demersal fishery communities of the Macaronesian archipelagos169. 
Considering this longline experiment, its design used in the cruise surveys of the Azores and Madeira 
was identical to the one often used in the commercial fishery in the Azores. The longline is composed 
of the mainline, which is made of 1.80 mm monofilament nylon, to which the branch-lines, made of 
0.80 mm monofilament nylon, are attached. The hooks used here were MUSTAD hooks number 9, 
which were fixed at the end of each branch-line. 

Longlines were set in skates, each with 4 sides (skate-sides), each skate-side with roughly 30 hooks. 
Prior to the line setting, the head-rope was set (10 mm nylon cable). The head-rope was then attached 
to a signal-buoy with a radio and light emitter, in the emerged tip, and a 50 kg main-stone in the 
immersed tip. The depth of the site determined the length of the head-rope. The latter is then 
connected to the mainline (10 mm nylon rope), which was set at the same time as the mainline. The 
mainline was connected to the rope and a floating buoy through a tying rope (4 mm nylon rope), set 
every two skate-sides. In addition, in between two consecutive floating buoys, a stone was connected 
to the mainline, and a head-rope to the end of the mainline (Figure 33). 
 

 
Figure 33: Schematic representation of the bottom longline gear used in the Azores and Madeira cruise surveys. 

 

The gear is locally known as a stone/buoy longline and results in the effective fishing of some 
benthopelagic species, in addition to those exhibiting a greater dependency from the seabed.  

                                                           
169 Menezes et al., 1998 
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Preliminary results of the longline survey cruises made in Azores and Madeira to estimate the 
abundance of several demersal and deep-water species seemed encouraging. It was suggested that 
the survey cruises would be a valuable tool for the assessment and management of these species in 
both the archipelagos. 

Many of the problems encountered, due to the use of longlines in the estimation of relative abundance 
indices, could be controlled within the survey design. These include factors such as feeding activity and 
feeding habits, bait type and form, species distribution, hook type and form or size selectivity, amongst 
others. Once implemented on a regular basis, several variables would be maintained constant and 
most of the problems would become negligible, e.g. same type of bait, same time of the year, same 
time of the day for each long-line set, the same depth strata, the same hook type and size, etc. 

For several selected species, the Relative Population Numbers and the confidence limits of those 
estimates were assessed. Comparisons of annual abundance estimates obtained in 1995, 1996 and 
1997 in the Azores and Madeira were made. In Madeira, results indicated no significant changes in the 
abundances of the species analysed. As in the Azores, Pagrus pagrus also presented an increasing trend 
in abundance. This phenomenon occurred simultaneously in both regions and was considered to 
deserve more detailed analysis. 

Accuracy and precision of abundance estimates needed improvement. Regarding the survey design 
used, it was concluded that more sets must be allocated in some of the survey areas to decrease the 
current error levels of the RPN estimates. The accuracy and precision of the results obtained varied 
among species due to their type of distribution, their abundance and their mobility. The survey design 
used was less suitable for those species with clumped distributions with higher mobility and with more 
pelagic habits. 

Growth studies of several species were conducted during this and previous projects. Other results on 
the biological condition, reproduction, feeding habits and ecological aspects of demersal fish 
assemblages of the two archipelagos were also reported. 

Prospecting new fish resources in waters deeper than 1200 m were also accomplished in the last cruise 
surveys both in the Azores and Madeira and some preliminary results were reported. The project 
suggested that the results of the longline survey cruises made in Azores and Madeira are likely to be a 
valuable alternative to using trawls in these regions, which was not possible due to the bottom type. 
Abundance estimates from those surveys could be useful as indicators on the state of several demersal 
and deepwater populations. This would also allow the increment of the stock assessment and would 
be critical for any future management actions. 

Several years after these trials, a new program was launched in order to further investigate the many 
fishing resources in Madeira and in other outermost regions of Europe. The PESCPROF (2000-2006) 
Project emerged from the need to continue to research deepwater resources. In Madeira, a research 
cruise took place, named RECPROFMAD-1, along the slopes of Madeira archipelago and nearby 
seamounts. During the cruise, which occurred onboard R/V “Arquipélago”, the demersal fauna 
between 1000 m and 2500 m deep was surveyed. The longline design was very similar to previous 
gears (Figure 34170). Overall, the longline showed lower fishing yields than the coves throughout the 
campaign. 

                                                           
170 DSIDP, 2006 
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Figure 34: Schematic representation of the longline used in the PESCPROF-1. 

 
Following the methods under PESCPROF-1 project, PESCPROF-2 aimed to develop three research 
actions for the study of marine resources, transfer and technology innovation with a view to presenting 
alternatives to traditional fisheries171. Two types of longlines were used: the bottom longline, for the 
capture of deepwater crab Chaceon affinis, and the mid-water drifting longline used in the fishery of 
black scabbardfish (Figure 35). 
 
 
 
 

                                                           
171 Carvalho et al., 2007 

Figure 35: Schematic representation of the bottom longline (a) and the drifting mid-water longline (b) used in PESCPROF-2 
project. 
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The catch reflects the fishing method used (longline drift) which is, by its intrinsic characteristics and 
by the depth to which it is deployed, a fishing gear with high selectivity. It is not surprising, therefore, 
that in the campaigns that used this apparatus, the catches of accessory species were small compared 
to the target species (A. carbo). In Madeira, the A. carbo fishery has been firmly established for more 
than a hundred years. Thus, this study focused successfully on in aspects important to a well-
established fishery and acting on an intensively exploited resource, such as the discovery of new 
alternative fishing grounds to those habitually frequented by the commercial fleet. In particular, some 
underwater elevations with good concentrations of the resource, which have since been the target of 
interest by professional fishermen and the study of the selectivity of the hooks used, as a way of 

b) 

a) 
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transferring the knowledge acquired to the sector benefiting from the advice in the use of more 
selective hooks, that is, with low catch rates of juvenile and by-catch species. 
Other research projects (e.g. BASBLACK, APHACARBO, MACAROFOOD) are mentioned in this report 
but are not analysed in detail, since these do not add scientific knowledge in terms of fishing gear 
research and other adjacent subjects. These are mentioned due to their importance for the 
archipelago, and for the reader to understand their significance in all its objectives and areas of 
influence. 

3.9 Bottom traps/coves 

One of the first works to be reported in terms of bottom traps experiments relates to the Project Nr. 
PMCT/C/MAR/985/90. Apart from investigating the marine fauna from 100 m to 1000 m deep, it had 
the objective to assess the fishing potential of C. affinis, between 600 m and 1000 m deep, in several 
locations in the southern coast of Madeira Island. With an emersion time of roughly 16-19 h, the traps 
(Figure 36172) were deployed with S. japonicus as bait173. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

This project allowed to conclude that C. affinis is present in several locations of the insular platform of 
Madeira. In addition, the MUSTAD equipment showed great results, in preference over another gear 
used, although exhibited lower yields than the traps used. The surveys made with bottom longlines 
were disappointing and with successive losses of equipment, leading to the suspension of the work in 
1993.  
 

                                                           
172 Biscoito, 1993 
173 Biscoito et al., 1994 

Figure 36: Schematic representation of the traps used in this project. 
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Following such results, several years after another experiment was conducted using bottom traps, in 
the early 00’s. In PESCPROF-1 project, bottom traps (Figure 37) were used to conduct several fishing 
experiments targeting crustaceans such as shrimps and deepwater crabs174.  
In addition, survey campaigns were designed to perform experimental catches targeting this group of 
species (Figure 38), to study the distribution and relative abundance of Pandalid shrimps: Plesionika 
edwardsii (200-400m); Plesionika williamsi (400-600m) and Heterocarpus laevigatus and Heterocarpus 
grimaldii (600-1100m). In Madeira, the network of floating coves (CFC) was built in Alicante according 
to the specifications indicated by the Canaries who already had experience in using this method. The 
fishing methodology used in that region was also reproduced to ensure the possibility of comparing 

                                                           
174 DSIDP, 2006 

Figure 37: Schematic of bottom traps used in the PESCPROF-1 project. 
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the results. In this way, the technological benefits resulting from the introduction of an innovative 
fishing technique and methodology for this region were harvested. 
 
 

Considering the species of potential 
fishing interest and all other species caught, 
at roughly 250 m deep, the only one that obtained a significant fishing yield was the crustacean 
Plesionika edwardsii. For P. narval, the second species in terms of fishing yield in the group of 
crustaceans, it should be remembered that the depth range prospected was at depths, as a rule, below 
its optimal distribution limit. 
For species with potential fishing interest, at roughly 500 m deep, the highest fishing yields were 
obtained by the species Plesionika williamsi and Chaceon affinis. In the case of bony fish, the species 
Synaphobranchus affinis also obtained a good fishing yield, although it is not currently a species of 
commercial interest. 
In regard to species with potential fishing interest, at roughly 1000 m deep, the highest fishing yields 
correspond to the crustaceans Chaceon affinis and Heterocarpus laevigatus, Mora moro and 
Synaphobranchus affinis. 

The results obtained are, as expected, a consequence of the high selectivity and specificity of the single 
type of cove used in this Action (shrimp cove), which are designed and drawn to maximize the captures 
of epi-benthic shrimp, resulting in a composition of catches in which accessory species are almost 
residual. 

In the 250 m stratum, the species of potential fishing interest that fully meet the criteria of abundance, 
frequency and yield are the Madeira prawn (Plesionika edwardsii), the Madeira shrimp P. narval 
(although it should be taken into account that this species, not being deep, can be captured up to 
about 200-250 m) and conger (Conger conger) that, not complying with the above criterion, it is 
nevertheless the third most fishing yield. For the first two target species, their capture is effective with 
a floating shrimp cove, the only fishing gear used, in this action in Madeira. The conger can be classified 
as a species common in this depth stratum, but is the main species captured as by-catch with this 
fishing gear. One fact, already mentioned, and here again evident is the extreme selectivity of floating 
baits. In the stratum of the 500 m, in Madeira, the only species with potential interest which meets 

Figure 38: Floating shrimp traps used in PESCPROF-1 project. 
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the criterion of abundance, frequency and presents a reasonably high fishery is P. williamsi. For this 
objective species, its capture is effective with a shrimp cove, however, visibly its abundance does not 
leave much scope for possibilities feasibility of their commercial capture. In the 1000 m depth stratum, 
the species with potential interest fish caught during action 2 with floating shrimp, which meets the 
criteria of abundance, frequency and yield is the shrimp Heterocarpus laevigatus. The species of 
potential interest that do not meet the said criterion, in this bathymetric interval and the non-target 
companion species, are the crustacean Chaceon affinis and the Moro fish bone Mora. At 1500 m depth, 
species of potential fishing interest that meet the criterion of abundance, frequency and yield are the 
fish Cartilaginous plants Centroscymnus coelolepis and Centroscymnus cryptacanthus. For these two 
target species, their capture is effective with covo benthic PESCPROF. Species of potential fishing 
interest that do not meet this criterion in this bathymetric interval and the accompanying species are 
the crustaceans Chaceon affinis, Heterocarpus laevigatus and H. Grimaldii, cartilaginous fish 
Centroscymnus coelolepis, C. cryptacanthus and Deania hystricosa. At depth of 2000 m, the species 
with potential fishing interest that meets the criterion of abundance, frequency and yield is 
cartilaginous fish Centroscymnus coelolepis. For this target species, its capture results effective with 
the PESCPROF cove. Species with potential fishing interests that do not meet the said criterion in this 
bathymetric interval and the non-target companion species are cartilaginous fish Centroscymnus 
coelolepis, and the Antimora rostrata bonefish. At the depth of 2500 m, not one species meets the 
criterion of abundance, frequency and defined fishing yield. The species with potential fishing interests 
that do not meet the said criterion in this bathymetric and non-target companion species are fish 
Cartilagine Centroscymnus coelolepis, and Antimora rostrata bonefish. 

Following these experiments with traps, PESCPROF-2 Project continued the sampling procedures. This 
project approached several aspects of fishing methods and biological variables for the deepwater crab 
Chaceon affinis and for the black scabbardfish Aphanopus carbo175.  

Regarding the first, which used bottom traps or coves as fishing method, the main goals were to assess 
the distribution and abundance of C. affinis, between the bathymetry of 500 m and 1000 m, as well as 
studying biological parameters for this species. The fishing gear used is as follows (Figure 39). 

                                                           
175 Carvalho et al., 2007 
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In Madeira, the deepwater crab constitutes 59% of the catch, followed by conger (21%) and congrinho-
de-fundo (16%). When analysing the CPUE by geographical area, it was determined that the area with 
the highest yields is the Island of Porto Santo, with 1,387.21 g/cove/day. However, there were no 
significant differences between this island and the south coast of Madeira.  

Analysing abundance (number ind/cove/day), it was verified with yields calculated by weight, where 
abundance is highest on the island of Porto Santo followed by the south coast of Madeira. Thus, for 
future suggestions, preferential fishing areas should include the island of Porto Santo and the south 
coast of Madeira.  

Chaceon affinis has proved to be an interesting alternative to traditional fisheries, with an average 
potential in the three archipelagos. Being a deepwater resource and a species with a slow growth, its 
future commercial exploitation should be carried out in a rational and sustained way. Thus, the number 
of fishing licenses and the number of coves to be licensed must follow precautionary principles, with 
permanent monitoring of catches. Crucial factors in the scenario of a regulation should consider the 

Figure 39: Schematic representation of bottom traps or coves used in CHACMAD campaigns in Madeira 
(PESCPROFRO-2) 
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"insular stock" as a unit of exploration and management and take advantage of the basic biological 
parameters provided (size of first maturation and the time of posture) to control catches. Regarding 
the selective covens to be used, new campaigns should be implemented to study the selectivity of the 
coves meshes. 

Coves were used as well further as part of the PESCPROF-3 Project. The campaigns PANDMAD and 
MADGAMBA used coves or bottom traps, as used in previous PESCPROF campaigns, to catch shrimp P. 
edwardsii, with the ultimate objective to study its abundance and fishing potential in the archipelago. 
This project allowed to conclude that this resource appears to have low mobility and great vulnerability 
to exploitation, although a commercial exploitation is viable, with certain degrees of regulation on 
catches. Also, it was reiterated the need to study in more detail the selectivity of the fishing gear and 
its area of influence176. 

For the MARPROF project (2009-2013), research campaigns were carried out in the three archipelagos 
to obtain crustaceans and deepwater fishes. Three types of coves were used (semi-floating for shrimp 
and benthic for fish and crab) (Figure 40). Fishing was located between approximately 200 and 1400 
m deep. Throughout the MARPROF project, three experimental campaigns were carried out in Madeira 
(2011, 2012 and 2013), aiming at the preparation of the MARPROF cookbook and organization of 
dissemination journeys. The majority of the campaigns involved the use of a fishing vessel (Baía de 
Câmara de Lobos), and were carried out, in synergy, by the two institutions of Madeira linked to this 
project (DSIDP and EBMF), complementing each other with the various types of gears used in different 
sampling stations in the south coast of Madeira (Cabo Girão and Baía do Funchal), at appropriate 
depths for the target species (200-350 m for shrimp and 600-800 m for crab)177. 

P. edwardsii forms dense and continuous aggregates in all types of bottoms, with some differences in 
their vertical distribution, preferentially distributing between 150 and 400 meters of depth. In the 
archipelago of Madeira, the minimum biomass of 40 tons was estimated, respectively, which allow for 
an annual sustainable exploitation of 10 tons with an innovative fishing gear in this area (semi-floating 
coves) and with little impact on the environment and marine resources, given the selective nature of 
catches and the reduction of “phantom fishing” associated with the eventual loss of coves, through 
the incorporation of biodegradable materials as part of the structure. 

                                                           
176 DSIDP, 2007 
177 Freitas et al., 2014 

a) 

b) 

Figure 40: Semi-floating shrimp coves (a) and benthic crab traps (b). 
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C. affinis forms discontinuous colonies on mud and/or rock seabeds. The project tested a new (geo-
statistical) methodology for exploration and population assessment using innovative coves.  

The MARPROF Project recommends that the future fleet combines catches of Madeira’s shrimp (P. 
edwardsii) deep-sea crab (C. affinis), in a sustainable and responsible fishing scientific and technical 
follow-up. Fishing with semi-floating coves also captures appreciable quantities of other prawns 
(Plesionika narval) and deepwater crab (Heterocarpus ensifer), being the last accompanied by 
accidental by-catches of the crabs Cancer bellianus and Paromola cuvieri, which may contribute to 
economic viability of the fisheries to be developed. Analyses of the nutritional properties were carried 
out and the development of culinary applications of a group of crustaceans and deep-sea fish of 
commercial interest were fostered to study the food quality and health benefits for consumers. 
 

3.10 Successes/failures and main identified obstacles and opportunity 

Project PMCT/C/MAR/985/90 
Main underlined obstacles 

- The results from the surveys made with the bottom longline were disappointing and with 

successive losses of equipment, leading to the suspension of work in 1993. 

- Low numbers of traps deployed resulted in the failure of the biological sampling of C. affinis. 

Lessons learnt from successes and failures 
- The longline MUSTAD (newly developed fishing gear) proved to be much more effective than 

bottom longline. 

- The yield of the longline MUSTAD is incomparably lower than that of the bottom traps. 

Main identified opportunities 
- From the disappointing results of the use of bottom longline (MMF), a gear with different 

characteristics was developed. This new fishing gear, longline MUSTAD, proved to be much 

more effective and was used in the 1994 surveys. 

- Harvests obtained from the experimental fishing with bottom traps with a different bait 

confirmed that the selectivity of the bait influences not only the specific composition but also 

the relative abundance of the species. 

- The bait used from Atlantic chub mackerel seems to release substances that have particular 

attraction in the C. conger. 

Commission of the European Communities DG-XIV/C/1 - Study contract 95/095 
Main underlined obstacles 

- During the cruise surveys in Azores and Madeira, some problems occurred. The accident of 

1996 in Madeira almost compromised the project. Fortunately, the ship repairs permitted the 

accomplishment of the surveys in 1997. 

- The weather conditions preclude that some of the sets couldn’t be realised, within the 

previewed ship schedule for this project. 

 
 
Lessons learnt from successes and failures 
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- The modification introduced in the depth strata considered (with 50m of interval each) and 

the option to extend some of the sets until the 1200m revealed positively. First the resolution 

of the data concerning the depth distribution of the species along the depth gradient 

increased. Second, the knowledge about the species composition of deeper strata also grows 

(some of them reported for the first time for the Azores). 

- Many of the problems putted in the use of longlines in the estimation of relative abundances 

indices can be controlled within the survey design. In this case these factors can be include: 

the changes in the species availability, feeding activity and feeding habits, bait type and form, 

species distribution, hook type and form or size selectivity. 

Main identified opportunities 
- Results of the longline survey cruises conducted in the Azores and Madeira archipelagos, could 

be a valuable alternative to the impossibility of using trawls on these regions. 

- Preliminary results of the longline survey cruises made in Azores and Madeira seems 

encouraging to monitor the abundance of several demersal and deep-water species and will 

be a valuable tool for the assessment and management of those species in both archipelagos. 

PESCPROF-1 
Lessons learnt from successes and failures 
Task: Prospecting new deep fisheries resources (1000-2500 m) 

- In all the three archipelagos (Madeira, Azores and Canaries), there was a decrease in the 
diversity of captured with increasing depth. 

- Fisheries carried out with the PESCPROF benthic traps obtained the best fishing yields in the 
three archipelagos in the whole range of depths considered (1000-2500 m), except in Madeira, 
where at 2500 m depth the best fishing yields were obtained with MMF traps. 

- In the stratum of 1000 m the maximum fishing yields corresponded to Chaceon affinis and 
Mora moro, with the exception of the Azores. In the stratum of 1500 m, 2000 m and 2500 m 
the species with the highest fishing yield and common to the 3 archipelagos was  
Centroscymnus coelolepis, with the exception of Madeira in the 2500 m. 

Task: Prospecting of Pandalid shrimps (200-1100 m) 
- In the strata of 250 m depth, the species common to the three archipelagos and that presented 

the highest fishing yield was Plesionika edwardsii. In the 500 and 1000 m depths of the 
Canaries and Madeira, C. affinis is the common species with the highest yields of C. affinis, 
whereas in the Azores it corresponds to P. edwardsii (500 m), reflecting a deeper distribution 
of this species in this region and no target species at 1000 m. 

Main identified opportunities 
- In the stratum of 250 m, the species that undoubtedly arose with potential fishing interest in 

the three archipelagos was P. edwardsii. 

ORPAM I 
Main underlined obstacles 

- In the case of stratum 1 (0-50m), the effort does not correspond to the actual bathymetric 
area since, due to boat operational reasons, the bids were usually initiated between 25-30 m 
depth. 

Lessons learnt from successes and failures 
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- Catch of crustaceans showed residual values, as would be expected since the fishing gear used 
was bottom longline, and only one individual of Plesiopenaeus edwardsianus was captured. 

Main identified opportunities 
- By analysing the fishing yields of Pagrus pagrus, it has been found that these are superior, both 

in number and weight, from 0 to 100m. The area where the best yields were obtained was in 
Porto Santo. 

- Phycis phycis was captured between 25 and 600 m depth and reached the best yields in the 
depth range 100 to 200 m in all areas analysed. 

- The depth range between 300 and 600 m is the one with the best fishing yields, by weight and 
in number, for Beryx splendens. 

- The species Helicolenus dactylopterus was captured between 100 and 800 m depth and 
presents higher fishing yields, in number and weight, in the area of Porto Santo, along the 
various strata depth. 

- Mora moro was captured between 550 and 1250 m deep and reached better yields in the area 
of Porto Santo. 

ORPAM II 
Main underlined obstacles 

- The mark-recapture program was not entirely executed since no campaign was approved in 
2006 to recapture marked specimens from the previous campaigns.  

Main identified opportunities 
- All WLRs (Weight-Length Relationship) obtained in this work are for the first time recorded in 

Madeira area and will be used in studies dealing with the commercial fisheries of demersal 
species inside Madeira’s EEZ. 

- An important work was done covering biological traits of Deania profundorum, which 
underlined the circumstance of Madeira slopes being a nursery and reproduction area for this 
species (Sousa et al., 2009). 

PESCPROF-2 
Main underlined obstacles 
Task 1: Prospecting fishing, biological characterization and assessment of the distribution and potential 
of deep-sea crab Chaceon affinis 

- The biology of this target species is very complex, especially in relation to the spatial, temporal 
and bathymetric distribution. The crabs are mainly distributed between 500 and 1000m deep, 
with important seasonal bathymetric movements (migrations) and even with gender 
segregation. This seemingly large displacement capacity was one of the factors that made it 
difficult to carry out the experimental designs for the evaluation of the resource.  

Lessons learnt from successes and failures and Main identified opportunities 
Task 1: Prospecting fishing, biological characterization and assessment of the distribution and potential 
of deep-sea crab Chaceon affinis 

- Chaceon affinis proved to be an interesting deep resource alternative to traditional fisheries, 
with an average potential in the three archipelagos. Consequently, it might be prudent to 
license additional fishing licenses based in precautionary principles, with permanent catch 
monitoring. 

Task 2: Prospecting and experimental fishing of black scabbardfish (Aphanopus carbo). 
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- The discovery of new fishing grounds alternative to those usually frequented by the 
commercial fleet, having been mapped some submarine elevations with good concentrations 
of the resource. 

Main identified opportunities 
- Commercial exploitation was considered viable, although possible authorizations must follow 

precautionary principles with permanent scientific stock monitoring. 
- Definition of the “insular stock” notion as a unit of exploration and management. 
- The study of hook selectivity unfolded in a way where the knowledge acquired during this 

campaign was passed to commercial fishermen, with the anticipation that it would bring better 
practices amongst the industry, reducing catches of juveniles and bycatch species. 

PESCPROF-3 
Main underlined obstacles 

- The complexity of the variable "fishing effort" and the various ways of defining and quantifying 
it. 

Lessons learnt from successes and failures 
- This resource appears to have low mobility and great vulnerability to exploitation. 
- The concept of "island stock" as a unit of exploration and management was adopted. 

Main identified opportunities 
- Commercial exploitation of Plesionika edwardsii. 
- The need to study the selectivity of fishing gear and its area of influence over the resource 

was also highlighted. 

MARPROF 
Main identified opportunities 

- Innovative fishing gear in this area (semi-floating coves), with little impact on the environment 
and marine resources, given the selective nature of catches and the reduction of “phantom 
fishing” associated with the eventual loss of coves, through the incorporation of biodegradable 
materials as part of the structure. 

- New (geo-statistical) methodology for exploration and population assessment using 
innovative coves. 

- Instigate the regional administrations to adapt, update and develop appropriate regulations in 
each specific case, seeking to ensure the sustainability of "new" fisheries resources, promoting 
the use of fishing gears with limited impact on deep ecosystems. 

 

3.11  Needs in research and development 

Project PMCT/C/MAR/985/90 
1. Experimental fishing using simultaneous as bait the mackerel and guts of black scabbardfish 

and squid. 

Commission of the European Communities DG-XIV/C/1 - Study contract 95/095 
1. Accuracy and precision of abundance estimates must be improved. 
2. Regarding the survey design used, it is concluded that more sets must be allocated in some of 

the surveys areas in order to decrease the current error levels of the Relative Population 
Number (RPN – an index of relative abundance) estimates. 
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3. Most of these deep-water species are not being explored, in the near future they can become 
important, considering that this is the general trend observed in the development of many 
fisheries in most of the countries. 

PESCPROF-1 
1. Prospecting and transfer of fishing technology from other deep-sea species (and / or 

exploration of new fishing areas), not covered by PESPROF-1, which are potentially of interest 
to the fishing industry, through further prospective use of different fishing gears than those 
used in the course of the PESCPROF-1 project. 

2. The assessment of the fishing potential in the Madeira and Azores archipelagos of  
P. edwardsii which showed, through the indicators of abundance and fishing yields obtained 
in the course of the PESCPROF-1 project, that can be an asset that may be exploited by the 
commercial fishing fleet. 

3. The continuation and development of trials for the processing and marketing of "new deep-
sea fishing products". 

ORPAM I 
1. It is of great importance the future continuation of the monitoring surveys of these fishery 

resources, as a way to prevent situations of overexploitation, allowing to anticipate eventual 
needs of regulatory measures of the fishing activity. 

ORPAM II 
1. Based on the results and conclusions drawn, projects such as this are fundamental and whose 

continuity should be a reality due to the added value they bring to the management of the 
fisheries sector. In addition, they are important tools to the increase of knowledge of the 
ictiodiversity of the archipelago. 

PESCPROF-2 
1. A new investment should be made in sampling on the North Coast, including assessing the 

bathymetric distribution of the species, which, as the data seem to suggest, may be slightly 
different from the bathymetric distribution on the South coast. 

2. Regarding the selective traps to be used, new campaigns should be implemented to study the 
selectivity of the traps meshes. 

PESCPROF-3 
1. The need to continue studies in the three archipelagos in order to complete the knowledge of 

biology and population dynamics. 
2. The need to study in more detail the selectivity of fishing gear and its area of influence. 
3. Particular conditions (by archipelago) of the respective commercial exploitation should be 

established, taking into account the results obtained in this evaluation. The need for a dynamic 
monitoring of the activity is reiterated, through the permanent monitoring by local institutions 
of commercial exploration that is developed in each archipelago in the future. 

4. The need for a revaluation of the resource, after the initial commercial exploitation period, 
with the possibility of changing its the conditions. 

MARPROF 
1. On the field of R&D, the procurement of drugs and enzymes from organisms that live in 

extreme conditions of temperature, light and pressure. There are already pharmaceutical 
companies looking for aquatic organisms, molecules for their use as active substances or 
principles. 
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4. La Réunion & Mayotte 
4.1 Ecosystem context 

The Reunion Island (overseas region of France) is located in the Indian Ocean (FAO area 51, 
EEZ 315 000 km²). Réunion Island which is part of the Mascarene archipelago is located between 
21°07'S and 55°32'E. It is a volcanic island 2.1 million years old, with the first reef colonization as a reef 
bank, dating back to 8500 BC, when the sea level was 20 m lower than it is today178. The surface area 
of the island is about 2512 km2 and the diameter 70 km. The rainfall regime of the island is controlled 
primarily by the southeast trade winds. During the cool season (from June to October), the winds 
produce ocean swells of 1–2 m while during the hot season (from November to May) weak winds 
generate swells of 0.5 m. Occasional hurricanes and storms generate very rough conditions. The tidal 
range varies from 0.9 m (springs) to 0.1 m (neaps). There are 3 main categories of coastal environment 
in Réunion namely: coral reefs with sandy beaches, volcanic rubbles, and steep cliffs. The common reef 
geomorphology includes an outer slope, outer and inner reef flats and a back reef. The fringing reefs 
are discontinuous and narrow (less than 550 m wide) and they only cover 7.3 km2. The reef flats are 
exposed at low water. The reef communities constitute dynamic assemblages with thousands of 
species interacting biologically, and with the physicochemical environment. Since the volcano is young 
and the continental shelf is narrow, the depth increases very rapidly near the shore. With the exception 
of a few seamounts the ocean is very deep and possibilities for bottom fishing are few. Being situated 
at the southern limit of the South Equatorial Current, sea surface temperature varies between 22° and 
28°C. At the depth of 200 m the temperature is around 20°C throughout the year. Environmental 
conditions are not favorable for the concentration of large tuna schools; however, tunas and other 
large pelagic species are abundant. 

The Mayotte Island (fifth overseas region of France since 2011) is located in the Indian Ocean (FAO 
area 51, EEZ about 63 000 km²). 

4.2 Fisheries history and main drivers of fishing experiments 

In La Reunion, catch histories dates back to 1949179. The period 1949-1990 can be divided into 
two main stages before and after 1972, the year in which the official landings of the small-scale fleet 
capped at 800 tons per year (see next figure) As mentioned by Biais & Taquet (1992), the growth phase 
of catches was explained by an increase in the number of vessels (157 in 1950, 244 in 1970) and their 
motorization, which began only in 1953 to be total in 1966. The first increasing phase (1949-57) was 
due to an increase in the demersal fishery while the second (1968-72) originated from a strong increase 
in the landings of small and especially large pelagic fish, probably resulting from vessel motorization. 
The decreasing phase of the landings of the commercial fleet begun in 1972 and was mainly explained 
by the decrease in annual landings per vessel, which was continuous from 1972 to 1982. The average 
landings per vessels decreased from 3 tons per year to 1.5 tons per year and a decrease in the fishing 
activity seemed to be the main cause. According to Biais & Taquet (1992), the decline affected 
demersal fish and pelagic fish in a similar manner and that time it seemed unlikely that the abundance 
of these two groups of species could have similar variations over several years. The decline in catches 
was amplified after 1983 by the reduction in the number of commercial vessels (Figure 41). Over the 
1985-87 period, total landings were around 320 tons. At the same time, the number of so-called 
recreational vessels increased to be four times the number of commercial vessels (200 units) in 1989. 
Landings estimations carried out 1988 were respectively 332 tons and 370 tons for commercial and 
recreational fleet. 

                                                           
178 Conand, 2002. 
179 Biais, G., Taquet, M., 1992. 
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Figure 41: Annual landings reported for the small-scale fleet in the La Réunion. 

Source: Biais & Taquet 1992 

In 1988, the fleet was mainly composed of 5.5 m vessels called “canots” made of wood or fiberglass 
but also of small-scale vessel of larger size called “vedettes” equipped with a cabin or shelter. The fleet 
was essentially distributed on the leeward coast. The “canots” were used for trips at sea which did not 
generally exceed 12 hours with regulations that did not allow them to travel more than 5 naut. miles 
from a shelter. These vessels were equipped with outboard motors of variable power, most often 
between 6 and 25 CH. The “vedettes” length was between 6.50 m and 11 m offering better safety and 
comfort conditions for the crew. Unlike the “canots”, the “vedettes” were frequently equipped with 
electronic equipment for navigation and fishing (radar, depth sounder) and some of them were used 
as a charter for big game fishing.  

The end of the 80s marks a turning point in the evolution of small-scale fleet. As mentioned before, 
the small scale faced difficulties due to the fall in landings and income of fishers leading to a mass 
disaffection of fishers from the sector180. A way to revitalize the commercial fleet was to experiment 
MFADs experiments in 1988 and onwards. Experiments on the deep-sea species were developed in 
the beginning of the 2000s. This report does not cover the development of the drifting longline fishery 
for the targeting of swordfish during the 1990’s because it mainly concerns vessels over 12 m181. The 
domestic swordfish (Xiphias gladius) longline fishery started in 1991. Two main factors promoted the 
development of this fishery; the success of the Asian fleet based on the La Réunion inspired local 
fishers to carry out longline trials on a 12-meter boat; a new tax regulation, offering exemption for 
certain investments in French overseas departments, which gave incentives fishing companies to 
establish in the La Réunion. 

                                                           
180 Tessier, E, Poisson, F., 2000. 
181 Poisson, F., Taquet, M., 2000. 



 

102 
 

Task 2.2 Desktop study to collate existing technical information 
Deliverable #10 

 
Figure 42: Time line of fishing experiments 

 

4.3 Way of funding and partnership 

As mentioned before, the launch of MFADs experiments in 1988 and the development of a 
collective MFADs park in the beginning of the 90s were funded by the La Réunion region. In order to 
maintain a collective MFAD park, EU co-funding was used. In 2007, the European Fisheries Fund (EFF) 
made the maintenance and installation of FADs ineligible probably based on confusion between 
coastal MFADs mainly used by small scale vessels and drifting FADs used by tuna large scale purse seine 
vessels182. The funding of collective MFADs has been resestablished since the European Maritimes and 
Fisheries Fund (EMFF). At the beginning of the operation in 1988, the technical and scientific support 
was provided by Ifremer. From the beginning, local fishers, marine school and fisher’s organization 
(comité regional des pêches et des élevages marins) were directly involved in the setting, maintenance 
and the management of the MFAD park. Several studies involving mainly local scientific partners 
(Ifremer, IRD, University) and also fishers’ organization were also launched to improve knowledge 
about MFADs, aggregations and related fishery issues. Some of these studies have become part of 
international research and operational programs like the Tuna Regional Project of the Indian Ocean 
(PTR I & 2)183.  
 
Table 15: Ways of funding and partnerships 

References 
Gear / 
device 

Main aim Co-
funded 
project 

Main body that 
financed the 

project 

Coord. / leader 
of the project 

No acronym  
(Biais & Taquet 

1988) 
(Biais & Taquet 

1990) 

 
MFAD 

Experimentation 
of MFADs and 
related fishing 

gears 
No La Réunion region   

No acronym 
(Detolle 1996). 

 
MFAD 

optimization the 
cost and longevity 

of devices 
   

 (Marsac & al, 
1995; 1998) 

(Conand 1997)  

 
MFAD 

Tagging and 
acoustic 

experiments 
around MFADs 

  IRD 

                                                           
182 Article 16, paragraphe 2 du règlement CE N°498/2007 de la Commission du 26 mars 2007e 
183 Association Thonière-Commission de l’Océan Indien. Projet Thonier Régional no 1. 
 

201820102000199019801970

Prospection of deep
sea resources with
mechanized hand 
line (150-700m)

1988-
MFADs

first trials

Main events in the fisheries and regulation

Main events in terms of experimental fishing

Development of 
the MFADs

fishery

Drifting
Longline trials

ANCRE DMX A&B 
(2010-2012)
Improving 

knowledge on deep 
sea resources and 
mechanized hand 

line fishery

ANCRE DMX 2 (2014-2015)
Improving fisheries 

indicators obtained during 
the previous campaigns 

Development of the mechanized
handline fishery (commercial & 

recreational)

Decline of the small scale commercial landings 
& fleet

Development of 
the drifting

longline fishery

2005. Establishment of data collection 
system to follow small scale fleet

1994 MFADs
regulation
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Pernak & Rodriguez 
2012) 

MFAD Spatio-temporal 
distribution of 
pelagic species 
around MFADs. 

   

(Biais & Taquet 
1992) 

(Tessier & Poisson 
1997) 

(Ross & al. 1998) 
(SIH 2016) 

MFAD Landings and 
effort monitoring 

  IFREMER 

(Guyomard & al. 
2012) (CRPMEM, 

2016) 

MFAD Socio-economics 
and management 

plan 
Yes ? CRPMEM La Réunion 

No acronym 
(Roos et al. 2001) 

 
 

LHM 

 
Prospection of 

deep-sea 
resources 

Yes 

Financial 
Instrument of 

Fisheries Guidance 
(FIFG)/Conseil 

Général 

Comité Régional des 
pêches maritimes et 
des élevages marins 

ANCRE-DMX A & B 
(Fleury et al. 2011) 
(Fleury et al. 2012) 

(Bertrand et al. 
2012) 

 
 

LHM 

 
Monitoring of 

fishery indicators Yes 

European Fisheries 
Funds (EFF), La 

Réunion Region, 
Ifremer 

Direction de la mer 
sud océan Indien 

(DMSOI) 

ANCRE-DMX 2 
(Ross et al. 2015) 

LHM Monitoring of 
fishery indicators, 
diagnosis on the 
state of health of 

the main 
exploited stocks  

Yes 
European Fisheries 
Funds (EFF), State 

Direction de la mer 
sud océan Indien 

(DMSOI 

DIPPLO 
(Leclerc & 

Esposito)184  

  
   

 
In 2000, the study of the fishing potential of deep demersal resources was initiated by the Regional 
Committee for Marine Fisheries and Marine Aquaculture (CRPMEM) and supported by Ifremer. The 
rapid and poorly managed development of the deep-sea demersal fish exploitation at La Reunion 
raised concerns about the sustainability of the fishery and resource sharing issues. The ANCRE DMX 
project (2011-2012) was initiated in this context followed in 2014-2015 by the ANCRE DMX2 project 
with the aim to improve knowledge on these issues. European funds (FIFG, EFF) and national/regional 
funds were used for these projects. The total cost of the ANCRE project was around 600 k€. 
  

                                                           
184 Leclerc, F., & Esposito, C., 2013. 
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4.4 Main gears used, depth of operation and species 

The next table presents the main gears used during the experimentation and the species 
caught with these gears. The species currently harvested by fishers may change from these trials that 
were carried out in a context of a given data collection protocol.  
 
Table 16: Main gears used, depth of operation and main target species for research projects. 

Gears 
type 
used 
(FAO 
code) 

Period 
Depth of 

operation  
(m) 

Type of 
target 

species 
Main species in trials 

 
MFAD 

LLD (1989-1990) 0-150 
Large 

pelagic 
C. longimanus (3) 
H. Pelamis (1) 

LLD ou LHD (vertical 
line) (1989-1990) 

0-200 
Large 

pelagic 

C. longjmanus 
Thunnus albacares 
L. Oxyrinchus 
Thunnus allalunga 
C. Hippurus 
R. pretiosus 
Thyrsites sp. 
E. bipinnulata 
K. Pelamis 

GND (1989-1990) 0-20 
Large 

pelagic 
 

LTL (1989-1990)    

LTL, LLD, 2012  
Large 

pelagic 

 

LHM 2000 150-600 Demersal 

Eumegistus illustris (70) 
Etelis coruscans (45), 
Etelis carbunculus (28) 
Squalus megalops (77),  
Beryx decadactylus (18)  
Thyrsitoides marleyi (11) 
Epinephelus octofasciatus 
Muraenidae Branchiostegus 
doliatus  
Rexea sp. 
Polymixia sp. 

LHM 
2011 

(ANCRE DMX-B) 
 

200-700 Demersal 

Commercial species 
Beryx decadactylus (14)  
Eumegistus illustris (15) 
Taractichthys steindachneri (1) 
Etelis carbunculus (88) 
Etelis coruscans (3)  
Pristipomoides argyrogrammicus 
(36)  
Polymixia berndti (24) 
Epinephelus radiatus (3) 
Epinephelus octofasciatus (2)  
Cookeolus japonicus (1) 
Branchiostegus doliatus (3) 
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Ostichthys kaianus (1)  
Lepidion capensis (1) 
Argyrops filamentosus (2) 
Pontinus nigerimum (4)  
Setarches guentheri (1) 
Pterygotrigla guezei (1) 
Upeneus sp (vittatus) (2)  
 
Non-commercial species 
Squalus megalops (129) 
Centrophorus moluccensis (19)  
Hexanchus nakamurai (1)  
Thyrsitoides marleyi (10) 
Rexea prometheoides (25) 
Promethichthys prometheus (4) 
Synaphobranchus kaupi (2) 

LHM 

2014-2015 
(ANCRE DMX2) 

 
 
 
 
 

50-700 Dermersal 

Commercial species 
Etelis carbunculus (1334)  
Pristipomoides argyrogrammicus 
(466)  
Pristipomoides multidens (193)  
Lutjanus notatus (138)  
Etelis coruscans (130)  
Lutjanus kasmira (118)  
Eumegistus illustris (113)  
Pristipomoides filamentosus (86)  
Epinephelus radiatus (85)  
Myripristis chryseres (63)  
Argyrops filamentosus (57)  
Polymixia berndti. (37)  
Ostichthys kaianus. (34)  
Beryx decadactylus. (32) 
 
Non-commercial species 
Squalus megalops (509)  
Rexea prometheoides (101)  
Promethichthys prometheus (78)  
Decapterus tabl. (63)  
Centrophorus moluccensis. (50) 

 

4.5 Objectives and type of assessment carried out 

In the La Réunion, MFADs were introduced at the initiative of Ifremer in 1988 based on the 
technical adaptation of the Mauritius MFADs model185. The main objective was to revitalize the 
declining small-scale fleet. Over the period studied, different types of assessment have been carried 
out that goes beyond technical issues. Technical issues were studied the first years of the project in 
order to identify conception problems, to improve MFADs life span and reduce maintenance costs.  
More recently, MFADs have been improved to benefit from technical innovation in other regions. The 
first years after the first settings, different gears were tested to assess their landings/catch per unit of 
effort (per day and hours at sea) and per species. Tagging studies including in some case telemetry 

                                                           
185 Biais G., Taquet, M., 1988. 
Biais, G., Taquet, M., 1990. 
Biais, G., Taquet, M., 1991. 
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were also developed to study the influence of MFADs on aggregation behavior. Echo-sounder surveys 
near MFADs were also developed186. Beyond catch and effort survey, the objective of socio-economic 
surveys was to analyze the characteristics of fishers operating in the MFADs fishery and the degree of 
dependency to MFADs.  
Last but not least, a MFADs management plan was developed by the regional fisher’s organization with 
the objective to consider MFADs management as an integrated framework. A more detailed analysis 
of the projects is provided hereafter. 

In 2000, the Regional Committee for Marine Fisheries and Marine Aquaculture (CRPMEM), supported 
by Ifremer, initiated a prospective study on the fishing potential of deep demersal resources between 
200 and 700 meters187. The objective was to highlight complementary resources for the professional 
coastal demersal fishery and to test a new fishing method with electric reel. At that time, the 
exploitation of deep demersal resources (150-400 m) was relatively limited because fishing operations 
required technicality. There were also few incentives for fishermen to target these species because of 
the irregularity of commercial catches. 

The rapid and poorly managed development of the deep-sea demersal fish exploitation at La Reunion 
raised concerns about the sustainability of the fishery and resource sharing issues. Conflicts and fears 
caused by the absence of regulatory measures gave rise to better understand the evolution of the 
deep-sea resources and fishery. The ANCRE DMX project (2011-2012) was initiated in this conflictual 
context followed in 2014-2015 by the ANCRE DMX2 project with the aim to improve knowledge on 
these issues. The specific objectives pursued by the ANCRE-DMX2 project were the following: 

• Establish the basic knowledge not available to date, on growth, reproduction and feeding of 

the main deep-sea demersal species exploited in Reunion; 

• Strengthen the fisheries indicators obtained during the previous campaigns (specific yields, 

size structure, including spatio-temporal dimensions); 

• Check the hypothesis of the presence of a second cryptic species of Etelis carbunculus in La 

Reunion; 

• Submit a first diagnosis on the state of health of the main stocks exploited and their 

sensitivity to exploitation; 

• Develop decision support for the implementation of a management plan for deep sea 

demersal resources. 

For each of the trials using commercial vessels (2000, 2011, 2014-2015), mechanized (electric) hand 
lines were used to estimate catch per unit of effort (CPUE) indicators. During the ANCRE-DMX projects 
more specific data collections were carried to better understand life cycle and growth (biometric 
analysis), Stomach contents, genetic analysis. Complementary fisheries statistics were also used. 
 

4.6 Moored Fishing Aggregating Devices (MFADs) 

4.6.1 Experimentation of MFADs and related fishing gears 

In 1982-83, Organization of Nations United Nations for Food and Agriculture (FAO) initiated 
several MFADs (moored fishing aggregating devices) projects in the Indian Ocean (Sri Lanka, Maldives, 
Seychelles and in Mauritius). One of the first reviews of MFAD implementation programs in Indian 
Ocean - Thailand, Maldives, Sri Lanka, Seychelles, Mozambique and Comoros - showed little 

                                                           
186 Conand, F., 1997. 
187 Roos, D., Tessier, E., Taquet, M., 2001. 
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encouraging results except for the Maldives188. Devices established in 1983 in Mauritius were lost or 
destroyed by the fishers. New settings were carried out at the end of 1985 in Mauritius, as part of an 
assistance project of FAO and UNDP. Several types of MFADs were tested, with successive 
improvements that allowed the increase of their service life189. As mentioned by Rey (1998)190, the 
Mauritius MFAD model was then transferred to the Comoros in 1987, to the La Réunion in 1988 and 
finally Madagascar in 1989. 

In the La Réunion, MFADs were introduced at the initiative of Ifremer in 1988 based on the technical 
adaptation of the Mauritius model with the financial support of the La Réunion region191. "Semi-heavy" 
models (see next figures) were initially anchored all around La Reunion and MFADs. Monitoring over a 
year and a half including catches reporting showed the success of the operation192. 

“Light” MFADs less expensive as well as unused fishing gears were also tested in 1989-1990. A sounder 
and camera were also used around MFADs. Horizontal longline (1100 m with 50 hooks) and vertical 
longline (200 meters and 19 hooks) placed upstream of the MFADs were tested. The horizontal longline 
was considered as non-efficient (1 bonito and 3 sharks for 20 settings) and required a bigger vessel 
with at least three people. A line-string appeared highly desirable for this type of gear. Vertical lines 
quite easy to handle with a small-scale vessel (5,5m) led to better results for Thunnus albacares (26% 
of the catches in weight) mainly caught between 100 and 150 m, sharks (Carcharhinus longimanus et 
Isurus oxyrinchus) (57 %). Thunnus alalunga were also caught at 120-180 m depth (cf. previous table). 
Driftnets were also tested but with no significant results probably because the low level of species 
concentration during the tests193. 

 
Figure 43: Schema of the “semi-heavy” MFAD set at La Reunion in 1989 

Source: Biais & Taquet 1991 

  

                                                           
188 Marsac, F., Stequert, B. 1986. 
189 Roullot, J., Venkatasmai. A., Soondron, S., 1988.  
Roullot, J., Venkatasmai, A., 1988. 
190 Rey H. 1998. 
191 Biais G., Taquet, M., 1988. 
Biais, G., Taquet, M., 1990. 
Biais, G., Taquet, M., 1991. 
192 Biais, G. & Taquet, M., 1989. 
193 Biais, G., Taquet, M., 1990. (Ibid.) 
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Figure 44: Schema of the “light” MFAD set at La Reunion in 1990. 

Source: Biais & Taquet 1991 

Following a first phase (1988-1991), the installation and the maintenance of the MFADs were 
transferred to the marine school (Ecole d’apprentissage maritime) promoting the involvement of 
fishermen in the construction of MFADs. IFREMER continued to follow technical and scientific issues. 
In 1991, a MFAD technical committee was established by the Comité regional des pêches and the 
maintenance was transferred to a fisher’s association (Apropêche). In 1994, the financial support for 
the setting and maintenance of the MFADs collective ark was transferred to the Comité regional des 
pêches et des élevages marins who entrusted the setting and the maintenance to a number of 
fishermen194. In 1997, 36 collective MFADs were established around La Réunion Island (cf. next figure). 
 

 
Figure 45: Map of the distribution of MFADs in 1997. 

                                                           
194 Ah-Nième, D., 1997. 
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Since the beginning of the program in 1988 until 1997, the number of FADs (fishing aggregating 
devices) in place around the Region increased steadily. During this period, the average lifespan of 
MFADs increased from 12 to 19 months. Increasing the duration is an important aspect of the 
program's success and its sustainability. This increase was mainly the result of exchanges with other 
experiments conducted in the intertropical belt and local studies195. This makes it possible to reduce 
the maintenance and renewal operations of the MFADs and therefore their cost and thus to ensure a 
greater regularity in the activity of the fishermen196. 

Since 2002, the CRPMEM, as the park manager of MFADs, has a precise database of events concerning 
FADs (settings, disappearances, maintenance). In 2007, the European Fisheries Fund made the 
maintenance and installation of FADs ineligible probably based on confusion between coastal MFADs 
mainly used by small scale vessels drifting FADs used tuna large scale purse seine vessels197. The 
CRPMEM of Reunion, with the support of the Regional Council used the remaining EFF funds until 2009 
to maintain the park of MFADs but faced the lack of financial resources.  

In February 2010, an expert mission in Guadeloupe to compare the "PLK600" heavy MFAD model, the 
"PLK Rosary reinforced" intermediate model and the Reunion model (GUY). In 2012, the CRPMEM 
proposed to test a more resistant and better signaled model (MFAD in rosary) proposed by the 
specialized company PLK MARINE located in Guadeloupe. The model was already tested in several 
Caribbean islands (Guadeloupe, Martinique) and in Mayotte. Of the 5 MFADs of this model originally 
installed, 3 were still present in 2016 which represent a life span of almost 4 years. Following the test 
of the PLK model in rosary, a so-called "enhanced historical" or "Intermediate" model presenting of a 
good compromise between strength and cost was adopted.  
Since 2012, the CRPMEM has progressively replaced all "historic" models with "enhanced historical" 
models. Technical adjustments made in 2014 and 2015 resulted in the model presented below. These 
changes have reduced the number of annual losses of MFADs, 10 per year since 2011 compared to 18 
per year before. 

  

                                                           
195 Detolle, J.P., 1996. 
196 Tessier E. et Poisson F., 1997. 
197 Article 16, paragraphe 2 du règlement CE N°498/2007 de la Commission du 26 mars 2007. 
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Figure 46: Schema of “enhanced historical” model used at the Reunion. 

Source: CRPMEM 2016. Ibid.198 

  

 
Figure 47: Schema of PLK in rosary model used at the Reunion . 

Source: CRPMEM 2016 

In Reunion Island, the MFADs consist of a string of surface floats connected at the bottom by a 
weighted anchor line, 500 to 2000 m deep depending on their location199. The distances between 

                                                           
198 CRPMEM 2016. Ibid. 
199 CRPMEM de La Réunion (2016). Plan de gestion de la pêcherie artisanale sur DCP côtiers ancrés à la Réunion 
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MFADs are variable, since they are more numerous in the western and southern parts of the island 
where there are more fishermen than in the Northern and Eastern areas. In 2016, the average distance 
between two MFADs were 4.24 naut. miles. The minimum and maximum distances to the coast were 
2.56 and 12 naut. miles respectively (see next map). 

 
Figure 48:  Map of the collective MFADs in 2016. 

Source: CRPMEM 2016 

As mentioned before, the collective organization and management of the MFADs park, entrusted to 
the CRPMEM of La Réunion, allowed to involve the fishermen since the building of the devices, uthe 
settings, the maintenance and the search for technical improvement tools. This mode of governance 
has also been recognized as exemplary by the European Commission, which awarded in 2004 the Best 
Project Europe Award to the CRPMEM. 

 
4.6.2 Tagging and acoustic experiments around MFADs  

In 1989-1990, Tunas and dolphinfish caught around MFADs were marked to better understand 
the biology of the tuna (migrations, growth) and to demonstrate the effectiveness of live bait fishing 
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around MFADs. Tag returns took place very quickly after marking. Fifteen days later, there was no 
more catch of tagged fish reported which means a time-limited attachment of fish to MFADs200. 

Tagging and tracking experiments acoustic data on yellowfin caught on FADs Reunion Island (Marsac 
et al., 1995). Acoustic tagging of yellowfin tunas (Thunnus albacares) was undertaken around MFADS 
in La Reunion Island between 1994 and 1996201. Emphasis was laid on the horizontal movements and 
thus completed previous studies on vertical movements. The first result showed that distributions of 
dwelling time were different between day and night. During daytime, the fishes remain in the close 
vicinity of the FAD (mostly within a 1.8 km radius), whilst a drastic disassociation to the FAD occurs at 
night. During the day, the attractive influence of the FAD disappears 9.3 km away; this finding leads to 
the suggestion that a minimum distance of 18 km between neighboring MFADs should be applied in 
La Reunion to avoid overlapping radii of influence. These recommendations were also used in the 
recommendation setting of MFADs in the Guadeloupe and Martinique. Prospection with echo-sounder 
was also carried out202.  
As mentioned by Conand (2002), the ACTIVE program also conducted by IRD, focused on research 
concerning the behavioral ecology of pelagic fish. It studied the behavioral mechanisms which lead fish 
to school or to form aggregations around fish aggregating devices (FADs).  
 

4.6.3 Spatio-temporal distribution of pelagic species around MFADs 

In 2011-2012, a survey was carried was to analyze the spatiotemporal distribution of five big pelagic 
fishes (wahoo, albacore tuna, yellowfin tuna, skipjack, and dolphinfish) around the MFADs. Fishing 
trips were carried on small fishing units between August 2011 and February 2012 to collect data on 
catches rather than on landings. This survey provided detailed information on the catch (number, 
weight, length of the fishes, fishing site, time as well as an estimation of catch depth) and on the gears 
used203. The main gears used by fishers were trolling line (LTL) Hand-line (LH) and drifting longline (LLD) 
targeting species between 0-15 m and drifting vertical line targeting species beyond 15 m mostly 
between 50-100m.  
This study provided information on catches per unit of effort in number and weight, around and out 
the MFADs and as a function of the depth. Between 50-100m, mainly large albacore tunas and a 
yellowfin tuna were harvested. On the surface were harvested mainly dolphinfish and skipjack, 
yellowfin, wahoo of low to medium weights. Seasonal patterns in CPUE were also characterized with 
high seasonality for albacore tuna.  

                                                           
200 Biais, G., Taquet, M., 1990. (Ibid.) 
201 Marsac, F., Cayré, P., & Conand, F., 1995. 
Marsac, F., Cayré, P., 1998. 
202 Conand, F., 1997.  
203 Pernak, M. & Rodriguez, P., 2012. 
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Figure 49: Distribution of catches per in surface and sub-surface. 

Source: Pernak & Rodriguez 2012 

4.6.4 Landings and effort monitoring and recent trends in the fishery 

The next figure shows the evolution the number of MFADs and the landings of large pelagic catches 
over the period 1986-1996. After a decade, it appeared that the implementation of MFADs allowed 
the development and restructuring of the small-scale fleet including the modernization of the vessels. 
Fishers adjusted their strategy and developed more and more effective fishing techniques  204. This led 
to a significant increase in the landings and to the development of land infrastructure for fish storage 
and sale thus improving the landing conditions 205 206. In the mid-2000s, Reunion Island's park of MFADs 
stabilized around 34 devices. 

 
Figure 50: Evolution of number of MFADs and large pelagic landings 1986-1996 

The MFAD fishery is an exclusively hook-type fishery using the following techniques: hand-line, troll 
line, vertical longline and drifting longline. In fact, there is strictly no unwanted bycatch (turtle, marine 

                                                           
204 Conand, F., & Tessier, E., 1996. 
205 Roos, D., Tessier, E., Guyomard, D., 1998. 
206 Tessier, E., Poisson, F., 1997. 
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mammal, bird, shark ...) and therefore no captured species other than the targeted species. The only 
species of shark caught is now the mako shark or the Shortfin mako (Isurus oxyrinchus), the last species 
to be valorized and authorized by the IOTC and the international regulations in force. A few rare 
catches of other species; silky shark (Carcharhinus falciformis), copper shark (C. brachyurus ...) can be 
caught, but individuals are most of the time released alive or kept by fishers for their own Interactions 
pêche récréative et longliners207: 

Hand line for large pelagic fishes (LHPLPF) 

 
Figure 51: Evolution of the number of vessels and month of activity 

  
Figure 52: Evolution of the number of trips (left) and evolution of trip durations (right) 

 
Figure 53: Evolution of landings (kg) per trip (left) and per value (right) 

 
Figure 54: Evolution of the total landings: in tons (left) and  in value in k€ (right) 

Source: Ifremer-SIH 

Drifting vertical line for large pelagic fishes (LLDLPF) 

                                                           
207 Tessier, E., Poisson, F., 2000.  



 

115 
 

Task 2.2 Desktop study to collate existing technical information 
Deliverable #10 

 
Figure 55: Evolution of the number of vessels and month of activity 

 
Figure 56: Evolution of the number of trips (left) and evolution of trip duration (right 

 
Figure 57: Evolution of landings per trip in kg (left) and in value (right) 

 
Figure 58: Evolution of the total landings in tons (left) and in value (k€) (right) 

Source: Ifremer-SIH 

Trolling line for large pelagic fishes (LTLLPF) 

 
Figure 59: Evolution of the number of vessels and month of activity. 
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Figure 60: Evolution of the number of trips (left) and of trip duration (right) 

 
Figure 61: Evolution of landings per trip in kg (left) and in value (right) 

 
Figure 62: Evolution of the total landings in tons (left) and in value (k€) (right). 

Source: Ifremer-SIH 
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4.6.5 Socio-economics and management 

 
Socio-economics of MFADs fishers were also studied to better understand the fisher’s 

behaviors and their different strategies in terms of MFADs exploitation208. Management of MFADs is 
detailed and discussed in another report. One can just mention that the increasing frequentation of 

MFADs by commercial and recreational fishers resulted in 1994 in a regulation imposing MFAD access restrictions 
to recreational fishers’. The MFADs fishery is also regulated through a licence system.  

 

4.7 Mechanized hand line for the targeting and assessment of deep-sea 
demersal resources 

4.7.1 Prospection of deep-sea resources with mechanized (electric) hand line 

In 2000, the Regional Committee for Marine Fisheries and Marine Aquaculture (CRPMEM), 
supported by Ifremer, initiated a prospective study on the fishing potential of deep demersal resources 
between 200 and 700 meters209. The objective was to highlight complementary resources for the 
professional coastal demersal fishery and to test a new fishing method with electric reel. At that time, 
the small-scale vessels operated mainly on coastal demersal resources (0-150 m) with hand line or on 
a wheel and horizontal bottom longline. The exploitation of deep demersal resources (150-400 m) was 
relatively limited because fishing operations required technicality. There were also few incentives for 
fishermen to target these species because of the irregularity of commercial catches. 

A review of the main deep-sea fishing techniques, tested in particular in New Caledonia was described 
with potential application to the regional context210. For the prospection carried out from 23/02/2000 
to 28/07/2000, a small artisanal fishing boat measuring 9 meters long and developing 200 HP was 
equipped (electrical equipment, fishing equipment). To cope with the technical difficulties of catching 
deep sea species in Reunion Island, the choice of equipment implied the acquisition of two DNG brand 
C-600i electric reels (figure 63), equipped with electronic keyboards and crystal screens to visualize the 
selection and configuration of fishing programs. The originality of this low-cost material allows the 
fishers to explore the entire water column either dynamically ("jigging") or static. 

 
Figure 63: Electric reel used for the prospection of deep-sea resources  

Source: Roos et al. 2001 

                                                           
208 Guyomard, D., Hohmann, S., Fleury, P.G. & Bissery, C. 2012. 
209 Roos, D., Tessier, E., Taquet, M..2001. 
210 Hoareau, T. & Conand, F. 2000. 
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The fishing technique developed and tested consists of a mechanized hand line with 4 to 8 hooks. The 
40 cm snoods spaced one meter apart from each other. Variants were tested by adjusting the number 
of hooks, the length and distance between snoods, the hook size (7/0 to 13/0) or their shape 
("toothfish” hook, circle and wide-gap hooks). Various baits were also tested during the first fishing 
operations, mainly squid, skipjack and big-eye scads. The characteristics of the electric reels allowed 
to test different fishing methods based on vertical "jigs" movements, which were adapted and 
gradually adjusted according to the catching results. Fishing operations did not follow any particular 
sampling design. The choice was made to place the exploratory fisheries under the best conditions 
(meteorological, bathymetric, and hydrological). Thirty-eight sea trips with an average duration of 8 
hours (4:00 to 12:00 am) allowed to make 340 fishing operations for 2005 hooks on the whole of the 
studied area at depths ranging from 200 to 580 meters. 55% of the fishing operations took place 
between 300m and 400m. 

 
Figure 64: Area prospected in 2000. 

Source: Roos et al. 2001 

The spinning positions of the mechanized hand line were determined according to the meteorological 
conditions observed the day before the departure (direction and strength of the current and the wind), 
output and plots of isobaths. For each spinning operation, positioning data, fishing characteristics and 
catches by species, number and weight, were noted. For each fish caught, information on species, size 
(fork length), live weight and sex were collected. Biometric relationships (sizes and weights), size 
structuring, as well as observations on fish maturity, were collected in addition to the original 
objectives. 

Total catches (all species combined) of the trials were at 1126 kg with average daily yields ranging from 
20.8 to 38.4 kg per day (average of 3.5 kg by spinning for a mechanized hand line equipped with 6 
hooks). These yields were considered as high compared to the demersal landings (3-12 kg) per day in 
the 2000s211212. Catches included the following species [% of individuals, % of kg]: brilliant pomfret 
(Eumegistus illustris) [21%;34%], longtail red snapper (Etelis coruscans) [12%; 28%], red snapper (Etelis 
carbunculus) [8%;8%], shortnose spurdog (Squalus megalops) [49%;17%], beryx (Beryx decadactylus) 
[5%:3%], black snoek (Thyrsitoides marleyi) (3%, 8%). Other incidental catches were Epinephelus 
octofasciatus, Muraenidae, Branchiostegus doliatus, Rexea sp. and Polymixia sp. The distribution of 
these species is strongly related to bathymetry. The results highlighted the exploitation potential of 
the longtail red snapper (Etelis coruscans) and a less known commercial interest species, the brilliant 

                                                           
211 Biais, G. & Taquet, M., 1992. 
212 Tessier, E., 1996. 
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pomfret (Eumegistus illustris). This species represented more than 60% of the overall catches made 
during the survey. 

An assessment of the area available for their habitat around the island showed that the abundance of 
these resources was limited and incompatible with intensive level of exploitation. A precautionary 
approach was recommended to avoid the development of exploitation with new efficient fishing units 
targeting mainly those resources sensitive to exploitation but rather to consider this fishery as a 
potential complementary activity for the fishing units operating on other coastal demersal species or 
MFADs. More specific recommendations for the conservation of deep resources included: 

• Regulation of access to the resource 

• Use of mechanized hand line equipped with large hooks to ensure gear selectivity (species, 

size) 

• Ban of nets (gill, trawl, …),  

• Ban of electric reels or lines beyond 150 meters for non-commercial fishermen (use of 

traditional hand line and wheel type),  

• Periodic fishery closure based on biologic criteria.   

Following this study, the use of the line-hauler or the electric reel has grown exponentially in Reunion 
allowing diversification for professional fishermen. The recreational fishery on these species has also 
increased. This diversification towards the deeper zones probably reduced fishing pressure on the 
target species of the coral-reef areas. However, this development has not been followed by 
management and monitoring measures, as recommended in the 2000 initial report. The balance 
between the different metier (gears) and practices appeared quickly unstable, even conflictual, on 
these stocks of deep demersal fish sensitive to the exploitation and vulnerable in their particularly 
restricted 

4.7.2 Mayotte 

A similar experiment was conducted in Mayotte in 2005213, but with bottom vertical longline 
gear. With an average yield of 30 kg per day, this experiment showed that the sole exploitation of 
deep-sea species in Mayotte was hardly profitable, with the methodology used. On the other hand, 
this fishing practice could be a complementary activity for small artisanal fishing boats in Mayotte 
Island. 

4.7.3 Improving knowledge on deep sea resources and mechanized hand line fishery 

The rapid and poorly managed development of the deep-sea demersal fish exploitation at La 
Reunion raised concerns about the sustainability of the fishery and resource sharing issues. Conflicts 
and fears caused by the absence of regulatory measures gave rise to better understand the evolution 
of the deep-sea resources and fishery. Two projects were launched in 2011-2012 (ANCRE-DMX) and in 
2014-2015 (ANCRE DMX2) to improve knowledge on these issues.  

In 2011, trials at sea were carried out by Ifremer with the aim 1) to replicate the survey carried in 2000 
(ANCRE-DMX-A) and 2) to extend the area surveyed (ANCRE-DMX-B)214. The project (ANCRE-DMX) was 

                                                           
213 Herfaut J., 2005. 
214 Fleury, P-G., Evano, H., Le Ru, L., Aureche, V., 2012. 
Fleury, P-G., Evano, H., Le Ru, L., 2012. 
Fleury, P-G., Cadet, C., Turban, S., Le Bonniec, S., 2012. 
Fleury, P-G., Aureche, V., Le Ru, L., 2011. 
Bertrand, G., Le Ru, L., Evano, H., 2012. 
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financed by the European Fisheries Funds (EFF), the La Réunion region and Ifremer for a 182 k€ total 
cost. This project was not a stock assessment study including a biomass assessment, but a monitoring 
of fishery indicators on two sets of fishing periods in 2000 and 2011 respectively. 

The same protocols were applied in 2011. On the western part of the island, 36 fishing trips were 
carried out for 263 fishing operations with for 1938 hooks set. 50% of fishing operation took place 
between 300m and 400. The second cruise carried out in 2011 extended the prospection area to all 
waters surrounding Reunion Island. 

 

 
Figure 65: Pictures of an electric reel (top) and schematic representation of a bottom line (bottom) 

Source: Fleury et al. 2011 

On the basis of the protocols deployed, the first signs of unsustainable exploitation of resources, in 
western and northern part of the La Reunion island were highlighted, with a 90% decrease in the yields 
of the main commercial species assessed in 2000s especially for the following species; (Eumegistus 
illustris), (Etelis coruscans), (Beryx decadactylus), (Thyrsitoides marleyi). The catch per fishing operation 
was 0.260 kg in 2011 compared to 3.48 kg in 2011. The sizes of commercial species also decreased 
over the period and only 13% of the red snappers harvested were at a mature state in 2011 (see Fleury 
et al. 2011 for more details). The authors noted also the moderate appearance of "new species", less 
known and less popular for local consumtion and the stability in the catch per unit of effort of the 
shortnose spurdog (Squalus megalops), a non-commercial species representing 50% in number and 
weight of total catches and discarded at sea with a chance of survival not known.  

Based on the second cruise, the overexploitation was confirmed in the west of Reunion Island, and in 
to a lesser degree in the north. Yields were better along the east and the south coasts. Concurrently, 
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the efficiency of 2 hook sizes was compared: small hooks caught significantly more fish but of 
significantly smaller body sizes, resulting in comparable total weight of fish 

 
Figure 66: Prospecting sectors and general location of fishing operation DMX-B (2011).  

Source: Fleury et al. 2012 

Medium size hooks (i.e. type 7/0) have a significant selectivity on the fish size without loss in the global 
catch yield. Various types of baits were also tested with the flesh of small local pelagic fish species 
(Selar crumenophtalmus and Decapterus macarellus) appearing to be the most efficient215. 

It was then recommended to remove significant gaps in the biology and ecology of species, to assess 
the state of these stocks and finally to define biological and fishery indicators to monitor the evolution 
of these different stocks. Indeed, deep demersal fish stocks are known for their vulnerability (slow 
growth, late sexual maturity, random recruitment ...), especially since their habitats are particularly 
restricted to the Réunion island. In this context, the Direction de la mer sud océan Indien (DMSOI) in 
charge of fisheries management in the area, with the support of the professional fishermen 
organisation (CRPMEM) called for the continuation of fisheries indicators monitoring, in order to 
improve assessment as well as recommendations for management of deep demersal resources in 
Reunion. 

The ANCRE-DMX2 project funded by the FEP and the state was carried out by Ifremer over the 2014-
2015 period for a 420 k€ total cost216.217 This project was complementary to the study of the deep-sea 
                                                           
215Bertrand & al., 2012 (ibid.) 
216 Roos, D., Aumond, Y., Huet, J., Bruchon, F., 2015. 
217 Roos, D., Aumond, Y., Huet, J., Bruchon, F., 2015: http://doi.org/10.13155/45812 
Mahe, K., Aumond, Y., Rabhi, K., Elleboode, R., Bellamy, E., Huet, J., Gault, M., Roos, D., 2017 
Mahe, K., Rabhi, K., Bellamy, E., Elleboode, R., Aumond, Y, Huet, J., Cresson, P., Roos, D., 2016.  
Mahe, K., Rabhi, K., Bellamy, E., Elleboode, R., Aumond, Y, Huet, J., Roos, D., 2016. 

http://doi.org/10.13155/45812


 

122 
 

Task 2.2 Desktop study to collate existing technical information 
Deliverable #10 

resources (ANCRE DMX1 2011-2012). It made it possible to complete the information described as 
missing or incomplete in previous studies, particularly those on the exploitation situation of deep 
demersal fish stocks (200-600 m) as well as the biological and ecological data of the main species 
exploited. Finally, the sampling plan was extended for the first time to shallower habitats (80 meters 
deep), to gradually integrate the more coastal transition zones, for which, none fishery indicators were 
available. Ten commercial fishermen practicing deep-sea fishing with electric reels were involved in 
the experiments. 

 

Figure 67: Fishing operation sectors for DMX2 (2014-2015). 
Source: Roos et al. 2015. 

A total of 143 fishing trips were made between April 15, 2014 and April 23, 2015, to cover a complete 
annual cycle. This represented 133 validated trips for 2948 fishing operations between 52 m and 695 m 
depth with most of the operation between 200m and 400m. 3984 individuals belonging to more than 
60 species different were caught (see previous table for the list of species). The catch composition in 
number and weight for the following groups is detailed hereafter. 
 

                                                           
Trystram, C., Roos, D., Guyomard, D., Jaquemet, S., 2015. 
Rabhi, K., Bellamy, E., Elleboode, R., Aumond, Y., Huet, J., Roos, D., Mahe, K., 2015. Projet DMX2.  
Rabhi, K., Bellamy, E., Elleboode, R., Roos, D., Aumond, Y., Huet, J., Mahe, K., 2015. 
Jaquemet, S., Aumond, Y., Sadeyen, A., Trystram, C., Huet, J., Roos, D., 2015. 
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Figure 68: Catch composition per species group DMX2 (2014-2015) 

Source: adapted from Roos et al. 2015 

6 species of commercial interest were selected for their fisheries interest and their interest in term of 
the health assessment of the stocks and / or habitats exploited. The species were the following: Etelis 
carbunculus, Etelis coruscans, Pristipomoides argyrogrammicus, Pristipomoides multidens belonging to 
the family of Lutjanidaes, Eumegistus illustris-(Bramidae family), Epinephelus radiates (Serranidae 
family) and a non-commercial species (Squalus megalops) This selection of seven species represents 
62% by weight of total catches sampled during this study. 

For the main species selected, the monitoring of catches at sea and the biological samples collected 
allowed to estimate yields, demographic structures, biometric relationships, growth parameters, 
spawning cycle, sizes at first maturity, the relative composition of diet, as well as the variability of the 
body condition according to the seasons and the geographical areas of the island. For some species, 
the biological and ecological parameters obtained had never been studied. Average catch per day was 
14.22 kg but driven by the extreme values but remain relatively close to the values medians observed 
(10.80 kg). More than a quarter of the trips showed catches less than or equal to 4.65 kg/day. These 
results reflect the activity of hook fishing with high variability in daily yields. CPUE analysis per species 
were also carried out to consider habitat (bathymetry) and species circadian rhythm (period of the 
day).  

Finally, the analysis of optimal catch depths for each species (Figure hereafter) provided information 
on the vertical distribution of species and on the potential overlap of habitats. Thus, the vertical 
distribution of deep-water red snapper (ETA), fully encompasses that of the longtail red snapper (ETC) 
and in a lesser extent that of the ornate jobfish (LRY). Brilliant pomfret (EBS) and shortnose spurdog 
(DOP) partly shares the same isobaths but their behavior is well separate. The goldbanded jobfish (LRI) 
and the oblique-banded grouper (EZR) occupy areas well separated from other species. 
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Figure 69: Optimal catch depths of the main target species in the deep demersal fisheries in Réunion (mean ± 2 standard 

deviations) Squalus megalops (DOP), Eumegistus illustris (EBS), Etelis carbunculus (ETA), Etelis coruscans (ETC), 
Epinephelus radiatus (EZR), Pristipomoides multidens (LRI), Pristipomoides argyrogrammicus (LRY). 

Source: from Roos et al. 2015 

From the population and bio-ecological indicators selected in the project, it was possible to assess the 
health status of the six main deep-sea stocks exploited and to compare them with the situation and 
evolution of the professional fishery targeting these species. Based on a precautionary approach, 
diagnoses were variable depending on the state of health of each stock and their sensitivity to 
exploitation. One of the main stocks identified (Etelis coruscans) showed signs of over-exploitation. 
Increasing of the fishing pressure on deep demersal resources tends to encourage the growth 
overexploitation of the main targeted stocks, not in agreement with sustainable and profitable 
exploitation. The need for knowledge about the bioecological characteristics of deep-sea species is still 
relevant. An assessment of the state of the main deep-sea stocks is suitable every 3 to 5 years, as well 
as the establishment of a management plan for these demersal resources at Reunion Island. 

Exploitation levels of deep demersal fish (100-700 m), mainly harvested by mechanic (electric) hand 
line (LHMDX) appear to have been very high during these last years. Indeed, the analysis of available 
historical data (2010-2013) highlighted a situation of significant decrease in total landings concomitant 
to a high level of fishing effort. This past situation highlights stock limits deep demersal fish to 
withstand an increase in fishing effort. Beyond a threshold value that remains to be defined for the 
entire La Réunion fishery (commercial and recreational), there would be no more benefit from an 
increase in fishing effort on total production of deep demersal fish. The tendency to increase the 
fishing effort since 2012 would not be favorable to the maintenance of stocks and yields for the viability 
of fishing activity. As mentioned by Roos 218, this situation could jeopardize the deep demersal fishery 
in the short term, with a collapse in landings, combined with effects of reallocation of effort to other 
métier (gears) at the risk of destabilizing the artisanal fisheries system and creating conflicts of use. 
This was the case in 2010 and 2011, binding the administration as well as the fisheries managers to 
take regulatory measures to manage uses to support stocks and maintain fishing activities. The 
previous DMX1 project (2011-2012) was initiated in this conflictual context.  

                                                           
218 Roos D. et al. 2015 (Ibid.) 
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4.7.4 Landings and effort monitoring and recent trends in the fishery 

As mentioned by Roos et al. (2015) data collection for the following of the small-scale fleet has 
not provided landings and effort per gear and métier until 2010. Landings per species were provided 
but with difficulties to distinguish trips targeting the different species (deep sea demersal species from 
demersal species). Since 2010, data have been provided per gear giving the possibility to improve the 
following the deep-sea commercial fishery (see below). The recreational fishery  

As mentioned by Roos & al (2015), the use of the mechanized hand line (LHMDX) continued to increase 
between 2010 and 2013 (from 21 to almost 60 vessels), up to more than 80 in 2016 in while 
paradoxically, the number of vessels specialized in the fishing of demersal fish (all gears combined) fell 
sharply. The interest of commercial fishers for deep-sea demersal species has increased leading to a 
switch from demersal species to deep sea demersal species.  

Mechanized hand line targeting deep sea demersal resources (LHMDEF) 

 
Figure 70: Evolution of the number of vessels and month of activity 

 
Figure 71: Evolution of the number of trips (left) and evolution of trip duration (right) 

 
Figure 72: Evolution of landings per trip in kg (left) and in value (right) 
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Figure 73: Evolution of the total landings in tons (left) and in value (k€) at the right 

Source: Ifremer-SIH 

 

4.8 Successes/failures and main identified obstacles and opportunity 

 Following the prospection of deep-sea resources, the use of the line-hauler or the electric 
reel has grown exponentially in Reunion since the early 2000s, allowing diversification on these new 
fishery resources for commercial fishermen, but also for recreational fishermen. These deep-sea 
species were exploited at low level because difficult to harvest with hand lines. This diversification 
towards the deeper zones made it possible to alleviate, a priori, the fishing pressure on the target 
species of the reef areas. This project on deep sea resources highlighted the potential for exploitation 
of new resources, with an efficient fishing method for a lower cost. The interest for this fishing activity 
in Reunion, with attractive selling price, leads to the establishment of an informal market for fish from 
deep-sea fisheries. The balance between the different gears and métiers appeared quickly unstable, 
even conflictual on deep demersal stocks sensitive to exploitation and vulnerable to harvesting. 
However, this development has not been followed by management and monitoring measures, as 
recommended in the initial report (Roos et al 2001). 

The conservation of deep resources in Reunion Island still requires preventive management measures 
to limit access to the resource. In order to maintain stocks and guarantee the profitability, it is desirable 
that techniques for fishing with electric reels or lines are, for example, prohibited beyond the 150 
meters for non-professional fishers. Others traditional hand-line or wheel-type fishing techniques 
could be maintained. Similarly, it would be necessary to ban this gear periodically for the entire fishery 
(a period of biological rest), in order to support the regeneration of stocks. These experiences allowed 
collaboration between professional and scientific organizations. It did not give rise to external 
collaborations. A similar experiment was conducted in Mayotte in 2005 (Herfaut 2005), but with 
bottom vertical longline gear. With an average yield of 30 kg per day, this experiment showed that the 
exploitation of deep-sea species in Mayotte could be profitable. The experience of the La Réunion 
Island shows that management measures should be established very soon before the development of 
the fishery.  

4.9  Needs in research and development 

The need for knowledge about the bioecological characteristics of deep-sea species is still 
relevant. An assessment of the state of the main deep-sea stocks is suitable every 3 to 5 years, as well 
as the establishment of a management plan for these demersal resources at Reunion Island. 
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5. Guadeloupe, Martinique and Saint-Martin 
Located between the Caribbean Sea and the Atlantic Ocean (FAO area 31, EEZ: 96 000 km²), 

Guadeloupe is an overseas region of France, comprising the islands of Grande-Terre and Basse-Terre 
and several smaller islands in the Leeward Islands. Martinique is also an overseas region of France 
located in the Lesser Antilles (FAO area 31, EEZ: 48 000 km²). Martinique and Guadeloupe are the two 
largest islands of the Lesser Antilles in terms of surface area (1100 km² for Martinique and 1700 km² 
for Guadeloupe) and population (380 877 in Martinique and 397 990 in Guadeloupe219). Surrounded 
by mostly independent islands and English-speaking countries, they have the distinction of being 
French departments and regions. Initially, Saint-Martin and Saint-Barthelemy were dependencies of 
Guadeloupe but their status changed in 2007220. Saint-Barthelemy and Saint-Martin (French part) 
changed from a municipality status to an overseas countries and territories (OCT) and an Overseas 
collectivity (COM) respectively. According to these changes Saint Marteen is considered as an OR.  

 

5.1 Ecosystem context 

The marine environment of French Antilles is marked by its tropical character and the 
narrowness of the island shelf. Located at latitude between 14° and 18° N, they are bathed all the year 
by the waters of the north-equatorial current with temperature between 24 and 28 °C favorable to the 
growth of coral reefs. Primary production is generally low in the Lesser Antilles but increases seasonally 
under the influence of Amazon rivers plumes between May and October. Zooplankton production and 
mesopelagic fish densities are low. Outside the islands of St Martin and St Barthelemy, the submarine 
shelf that surrounds them is narrow and cut by the channels that separate the islands from each other. 
Thus, coastal resources are dominated by fish, crustaceans and mollusks that are subservient to coral 
reefs and associated ecosystems (seagrasses, mangroves). These populations are rich (many species), 
diverse (few individuals per species) and little or no migratory. Very often the only exchanges between 
populations are made only by the larval displacements221. Their relatively low abundance does not 
allow them to provide as high a fish production as that of temperate regions. Coastal resources also 
include some small coastal pelagic species. The main pelagic resources are offshore and consist of 
migratory offshore species (exocets, tunas, dolphinfish, marlins, ...)222. 

 
Figure 74: Map of the OR with bathymetry and EEZ.  

                                                           
219 Le recensement de la population – INSEE 2015. 
220 According to the organic law n ° 2007-223 of February 21, 2007 published in the Official Journal n ° 45 of February 22, 2007, Saint-
Barthelemy changed from a municipally status to an overseas countries and territories (OCT) and Saint-Martin changed from a municipally 
status to an Overseas collectivity (COM). 
221 Cowen, R.K., Paris, C.B., Srinivasan, A., 2006. 
222 Blanchet, G., Gobert, B., Guérédrat, J-A ,2002. 
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Source: SHOM. 

 

 

5.2 Fisheries history and main drivers of fishing experiments 

 The fishery resources around the French West Indies (proximity, abundance) and the small 
importance of the island markets have not been favorable to the development of a large-scale fishing 
industry. Only artisanal small-scale fishing is practiced using undecked units. It was initially the so-
called “gommier”, boats made of hollowed tree trunks, and then wooden so called “yole” or 
“saintoise”. Fishing was mainly operated on the insular shelves. The main fishing gears used in the 50s 
were first, the hand lines and then the wire mesh traps. In the 60s, technical assistance to the sector 
spread gillnets and trammel nets. In the 70s, fiberglass boats emerged through the development of 
local shipyards223. These vessels were frequently used to sometimes go up to 100 nautical miles from 
the coast in search of schools of pelagic fish exploited with hand lines224. During the 90s, shipyards 
developed larger but small scale in response to fisher's demand. However, these did not meet 
regulatory safety requirements and should not go outside the 5 nautical-miles limit of the coast225. 
More comfortable, these units were also heavier and require more powerful engines. Recently, big 
yoles and Saintoises from 8 to 10 m were developed specially to operate on MFADs. Given the 
narrowness of the commercial fishing activity, local shipyards adapted their commercial vessels to 
recreational activities. 

Since the mid-1970s, public authorities give incentives to the development of decked units of around 
12 m long to allow fishers to make trips of several days. Some of these units proved to be operational 
from Guadeloupe where they were going to exploit the banks around St Barthelemy, Saint Martin and 
other islands in the area. During the 1990s a large part of these fishing areas had to be abandoned due 
to the establishment of countries EEZs. Saint-Barthelemy and Saint Martin banks are still exploited by 
few decked vessels.  

In Martinique, the remoteness of the fishing zones did not allow these units to emerge. Ownership 
shares in Venezuelan longline vessels were purchased by ship owners at the end of the 1950s. This 
activity lasted until the 1990s. To make their business profitable, these vessels had a crew composed 
mainly of Venezuelan crews. Martinique fishers began to develop the snapper fishery on the French 
Guiana shelf using traps since the 1990’s. They must travel 5 days to reach the fishing grounds. They 
remained in limited numbers (less than 10 in total) and have, seen since the sharp increase in the price 
of fuel in the early 2010’s, difficulties in making their business profitable. 

Despite the increasingly intensive exploitation of the island shelf's demersal resources, imports of 
seafood products have steadily increased. 

From the 80's, experimental fisheries were conducted to assess the non-exploited resources around 
the French West Indies in order to try to redeploy the activity off the island shelves deemed too 
exploited and to achieve sea products self-sufficiency in the islands. 

                                                           
223 Archives of the Directorate of the Sea 
224 Sacchi, J., Lagin, A., Chaudemar, V., Langlais, C., 1981. 
225 Lerique, P., 2010. 
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Figure 75: Time line of fishing experiments 

 

5.3 Way of funding and partnership 

 Technical assistance to fishing in the French West Indies was provided by SATEC (Technical 
Assistance and Cooperation Society)226 from the end of the 1950’s for 20 years. Its activity was mainly 
focused on credit, especially to promote the purchase of engines and the experimentation of new 
vessels (Mediterranean “Pointu”) and fishing gears. Its funding was mainly provided by state funds 
such as the FIDOM (Intervention Fund of the Oversea Departments). Then, the SDAT (Service of 
Development and Technical Aid to the Fishing) takes over in the late 1970s, within the Maritime Affairs 
Department with the funding of the FASSO (Fund for Action Sanitary and Social Mandatory), FIDOM 
and regional councils. In Martinique, the activities of the SDAT were transferred to the Local 
Committee of Fisheries in 1990. In Guadeloupe this structure stopped its activities at the beginning of 
the 1990s at the benefit of the IRPM (Regional Institute of Fishing and Marine). 

The exploration and experimentation of fishing techniques on resources that have been little or no 
exploited has been undertaken by IRPM, in Guadeloupe, and Ifremer (Institut français de recherche 
pour l’exploitation de la mer)227, from the middle of the 1980s and recently by the regional fisheries 
comity of Martinique. The funding used comes from the State: Ifremer, PITE (program of territorial 
interventions of the State), regional councils and Europe: FEDER (European Regional Development 
Fund) and its program INTERREG, IFOP (European Fund for Maritime Affairs and Fisheries). 
 

5.4 Main resources prospected, gears used and depth of operation  

 The main resources prospected were the deep resources of crustaceans, fishes and sharks; 
the offshore large pelagic species and the ciguatera resources of the banks of northern Guadeloupe 
(Saint Barthelemy and Saint Martin Banks). Work was then conducted on the sustainable development 
of fishing associated with moored fish aggregating devices (MFADs). 

                                                           
226 SATEC Martinique, 1976. 
227 Located in Martinique (but competent for the French lesser Antilles area). 
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The gears used were traps or nets for fishes, traps for crustaceans and longlines for sharks. The depths 
surveyed were between 60 and 900 m for crustaceans, 100 and 1000 m for demersal fishes and 250 
and 1000 m for sharks. On the banks of northern Guadeloupe experimental fishing were conducted 
between 0 and 300 m and tests were conducted on fish to assess ciguatera risks. 

Experiments on FADs focused on the design and installation of experimental FADs in Guadeloupe and 
Martinique. Experimental fisheries were conducted around FADs primarily using lines (trolling line, 
horizontal or oblique longline moored to FAD and jigging). These experiments were done by day or 
night. In Martinique, these experimental fisheries were aimed at identifying aggregated species around 
FADs and working on their biology. In Guadeloupe, this work aimed at obtaining technical and 
economic data on this fishery and in particular from underdeveloped decked vessels in Antillean 
fisheries. However, much of the data collected on fisheries around FADs comes from professional 
fishermen whose catches have been monitored using logbooks. 

Table 17: Main gears used, depth of operation and species 

 

St Martin and St Bartheleme 

Gears type used (FAO 
code) 

Period Depth of 
operation 

(m) 

Main species in trials 

GTR 1984-1987 0-300 

Centrophorus granulosus 
Hexanchus vitulus 
Mustelus canis 
Lutjanus vivanus 
Etelis oculatus 
Pristipomoides 
macrophthalmus 

FPO 1984-1987 0-300 

Holocentrus ascensionis 
Epiniphelus guttatus 
Epinephelus striatus 
Lutjanus buccanella 
Lutjanus vivanus 
Myctroperca venenosa 
Rhomboplite aurorubens 

  MARTINIQUE   

Gears type used (FAO 
code) 

Period 
Depth of 

operation 
(m) 

Main species in trials 
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GTR 1986-1988 100-300 

Sphyrnidae 
Lutjanidae (Lutjanus 
vivanus & Etelis oculatus) 
Carcharhinidae 
Hexanchidae 
Gempylidae 
Squalidae 
Odontaspididae 
Scyliorhinidae 

FPO 1991-1992 60-900 

Plesionnika edwardsi,  
P. polyacanthomerus 
P. laevi 
Heterocarpus ensifer 
H laevigatus 
Eunephrops cadenasi 
Bathynomus giganteus  

LL & LTL 1995-1997 0-600 

Thunnus atlanticus 
Thunnus albacares 
Katsuwonus pelamis 
Coryphaena hippurus 
C. equiselis 
Sphyranea barracuda 
Xiphias gladius 
Dasyatis violacea 
Alepisaurus spp. 
Taractichthys longipinnis 

Jiggers on vertical 
drifting line 

2016-2018 
300 to 

600 
Thysanoteuthis rhombus 
Ommastrephes bartramii 

 GUADELOUPE   

Gears type used 
(FAO code) 

Period 
Depth of 

operation 
(m) 

Main species in trials 

FPO 
1983-1989-1993-

1994 
250-600 

Plesionnika edwardsi 
P. polyacanthomerus 
P. laevi 
Heterocarpus ensifer 
H laevigatus 
Eunephrops cadenasi 
Bathynomus giganteus  
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LLS 1994-1995 250-1100 

Hexanchidae 
Odontaspididae 
Scyliorhinidae 
Pseudotriakidae 
Squalidae 
Rajidae 

LLS 1995 60-600 

Priacanthus arenatus 
Etelis spp 
Rhomboplites aurorubens 
Lutjanus buccannella 

FPO 2001 150-1499 

Eunephrops cadenasi 
Heterocarpus laevigatus 
Heterocarpus oryx 
Plesionika edwarsii 
Plesionika ensis 
Plesionika laevis 
Bathynomus giganteus 
Cynoponticus savanna 
Géphyroberyx darwini 
Lutjanus vivanus 

LLS 2001 92-515 
Centrophorus granulosus 
Hexanchus griseus 
Cirrhigaleus asper 

GNS 2001 195-410 

Etelis oculatus 
Squalus cubensis 
Gephyroberyx darwini 
Centrophorus granulosus 
Carcharias taurus 
Hexanchus vittulus 
Hexanchus griseus 
Sphyrna lewini 
Sphyrna zygaena 
Squalus cubensis 

LTL 2001 0-200 

Thunnus albacares 
Coryphaena hippurus 
T. atlanticus 
Katsuwonus pelamis 
Makaira nigricans 
Xiphhias gladius 
Canthidermis maculatus 
Elagatis bipinnulatus 
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5.5 Type of assessment carried out 

 The method used was the same for the study of all demersal resources namely, a 
stratification of areas to be surveyed, a random fishing with professional fishing gears and the analysis 
of catches per unit effort (CPUE).  

The tests used to detect ciguatera in fish caught on St Bartheleme and St Martin banks were mosquito 
and chicks’ tests. 

The program on the optimization of new resources exploitation in Guadeloupe, deep-sea resources 
and MFADs was carried out from 15th January 2001 to 31st December 2001. The main objectives were 
to ascertain that the condition needed for a sustainable development of new resources fisheries were 
reached, while optimising fishing techniques and improving data on the biology of the targeted 
species. The principal stakes are to offer alternatives for the deployment towards exploitation of new 
resources in the Guadeloupean archipelago, in order to reduce fishing effort on the overexploited 
insular shelf. The experiment was mainly aimed at providing information on the profitability of 
different techniques on ground fish resources and on crustaceans as well as fishing around FADs. The 
data by species may concern in this case a set of gears. 

The first trials of MFADs setting were carried out in the mid-1980s by the ISTPM (Scientific and 
Technical Institute of Maritime Fisheries) in Martinique and by the SDAT in Guadeloupe. The first 
operational MFADs appeared in Martinique and Guadeloupe at the end of the 1980s. An assessment 
of fishing yields around MFADs was made using logbooks completed by professional fishers and 
experimental fishing using different line techniques, carried out by Ifremer. A symposium on tuna 
fishing and Fish Aggregating Devices (FADs) was organized in Martinique in 1999228. Then a project 
(“DAUPHIN”) was launched for an optimization of fishing by comparing the observation of aggregations 
around MFADs using scientific echo sounder and the catches made by fishers according to the different 
fishing techniques implemented. Finally, the conditions for sustainable exploitation of fisheries 
associated with anchored FADs were sought in the framework of the Interreg project “MAGDELESA” 
(Moored fish AGregating DEvice in the LESser Antilles). 

At the 1999 symposium, the decision was made with the concerned participants of the region, to 
initiate a Lesser Antilles and Haïti working group on the sustainable development of fisheries 
associated with anchored FADs229. This working group was led by Ifremer and WECAFC / FAO (West 
Central Atlantic Fisheries Commission). It met formally in 2001230 and 2004231 and organized several 
workshops, particularly in 2013 in Saint Vincent and the Grenadines in partnership with the Caribbean 
Regional Fishieries Mechanism (CRFM) and the Japan International Cooperation Agency (JICA)232, in 
2014, on the occasion of the MAGDELESA project review meeting, at Les Trois Ilets in Martinique and 
in 2015233, under the aegis of the CRFM in Saint-Vincent and the Grenadines for the preparation of 
extension documents and a management development plan of anchored FADs234. 

                                                           
228 Le Gall J.-Y., Cayré P., Taquet M. (eds), 2000. 
229 Rapport de la dixième session de la Commission des pêches pour l’Atlantique Centre-Ouest et de la septième session du Comité pour le 
développement et l'aménagement des pêches dans les Petites Antilles. Bridgetown, Barbade, 24-27 octobre 2001. 
230 National reports and technical papers presented at the First Meeting of the WECAFC Ad Hoc Working Group on the Development of 
Sustainable Moored Fish Aggregating Device Fishing in the Lesser Antilles. Le Robert, Martinique, 8-11 October 2001. 
231 Report of and papers presented at the second meeting of the WECAFC Ad Hoc Working Group on the Development of Sustainable Moored 
Fish Aggregating Device Fishing in the Lesser Antilles. Bouillante, Guadeloupe, 5–10 July 2004. 
232 CRFM, 2013. 
233 Reynal, L., Dromer, C., Eugène, F. et al., 2015.  
234 Gervain, P., Reynal, L., Defoe, J., Ishida, M., and Mohammed, E. 2015. 
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The meetings of this working group were an opportunity for exchanges of information between 
countries, preparation of projects to be carried out in intersession (projects DAUPHIN and 
MAGDELESA) and presentation of their results. The exchanges were an opportunity to develop a 
multidisciplinary approach to the sustainable development of a métier of fisheries and to deal in 
particular with the following topics: 
 - Status of FADs Fisheries Development in Partner Countries (2001, 2004, 2013 meetings) 
 - Design and implementation sites of anchored FADs (2001, 2004, 2013, 2014) 
 - Fishing techniques used around anchored FADs (2001) 
 - Potential effects of anchored FADs fisheries development to the resources of large offshore  

    pelagic fish (2001) 
 - Characterization of aggregations around FADs and their exploitation (2004) 
 - Selectivity of fishing around anchored FADs (2013) 
 - Quality of anchored FADs fishery products (2013, 2014, 2015) 
 - Working conditions and safety of FADs fishing (2013, 2014) 
 - FAD management systems and their impact on the sustainable development of fisheries 
(2004) 
 - Socioeconomics and governance of fisheries associated with anchored FADs (2013 and 
2014) 

 - Dissemination of information to developers and professionals, FAD fishery management 
plan and recommendations (2014 and 2015). 

5.6 Estimate of species abundance and distribution of ciguateric fish 
species on the Saint Barthelemy and Saint-Martin grounds with 
pots and trammel nets 

 Three cruises with passive fishing gears (trammel nets, Antillean fish traps,) were carried out 
by Ifremer with co-financing from the Regional Council of Martinique on the Saint-Barthelemy banks, 
located at the northern end of Lesser Antilles 235. Three vessels of 25, 24 and 12 m were used for this 
study between 1984 and 1987. The depth prospected ranged from 0 to 300 m. The surface area of the 
banks surveyed was 2903 km². These cruises provided: 

- Estimations of potential yields on these traditionally under-exploited banks  
- Catch descriptions (specific compositions, length frequency distributions and sex ratio of main 

species) 
- An assessment of the ciguatera impact for resources valorization236. 

The results obtained by this work showed that some sectors were the most productive probably 
because less accessible to the fishers of Saint-Martin and Saint-Barthelemy and therefore less 
exploited. On the slope of the banks, there were higher yields than on the shelf. Between dry and wet 
seasons there was no significant difference in overall abundance, but a higher proportion of 
commercial fish during the wet season. With the trammel net, there was no significant difference in 
abundance (all species combined) between wet and dry seasons, but commercial yields were higher 
on the shelf during the wet season. On the deep slope were registered the best commercial yields (61 
kg / 100m instead of 6 to 19 kg / 100m on the shelf), the dry season being more favorable to the 

                                                           
Eugene, S., Andrews, C., Dromer, C., Ishida, M. and Mohammed, E. 2015. 
Le Roy, Y., Reynal, L., (et al.). under press.  
CRFM, 2015. 
235 Lorance, P. et Huet, J., 1988. 
Lorance, P., 1988.  
Lorance, P., 1989.  
Battaglia, A., Guillou, A., Lorance, P., et Reynal, L.,1989. 
236 Ciguatera fish poisoning is a foodborne illness caused by eating reef fish whose flesh is contaminated with certain ciguatoxins. 
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exploitation of this zone. However, sharks were almost always more than half of the total yield. On the 
deep slope the number of species was less important than on the shelf. 

 
Figure 76: Map of the area surveyed around St Barthelemy and St Marteen 

To assess the impact of ciguatera on the valorization of the resources of the banks of the north of 
Guadeloupe, the toxic species were determined thanks to two types of biological tests: chick tests 
which were carried out by the Departmental Laboratory of Hygiene of Martinique, mosquito tests, 
more delicate to implement, but also more precise, required the intervention of the Institute of 
Medical Research, Louis MALARDE from Tahiti. The assessment of the variability of the ciguateric 
phenomenon led to the conclusion that it was impossible to draw a precise chart of ciguateric zones 
in such an extensive area. Taking away dubious species remains the best method to avoid intoxications. 

The exploitation constraints of these demersal resources were identified during this work. They focus 
on: 1) the resources, their seasonality which was the cause of a fluctuation of the yields, their unequal 
commercial value and sometimes their ignorance by the consumers. The abundance of sharks that 
deteriorate fishing gears and whose exploitation should not be encouraged because of the 
vulnerability of these species. 2) Fishing grounds whose distance or depth and sometimes the nature 
and the steep slope of the grounds penalized the profitability of the exploitation. Currents that were 
sometimes high in some areas make also fishing difficult. 

The area prospected in the mid of the 80s has been exploited by decked vessels operating for 5-10 
days trips. Less than 10 vessels located in Guadeloupe or Saint Martin currently harvest this area, 
mainly with pots, hand lines and nets. The depth harvested is mainly between 50-100m (Diaz, comm 
pers.).   

5.7 Experiments carried out on deep demersal resources 

5.7.1 Prospection with nets of demersal resources between 100 & 300 m depth around 

Martinique 

Between November 1986 and March 1988, experimental fishing was carried out with a 12 m LOA 
cruiser, around Martinique, at depths of 100 to 300 m. This action was funded by the Regional Council 
of Martinique and Ifremer. A total of 124 fishing operations were carried out using a trammel net of 2 
m high and 200 m long, set up for about twenty hours, between the beginning of the afternoon and 
the end of next morning. The area surveyed was the insular slope of Martinique which covers 240 km², 

St Barthelemy 

St Martin 

Anguilla 
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the equivalent of 1/5 of the insular shelf area between 0 and 100 m237. The stations were randomized 
so as not to over or under evaluate the abundance of resources in each of the 5 zones defined. These 
were divided into 50-meter-deep areas to identify the relationships between depth and resources 
abundance. The results obtained were indices of abundance and not commercial returns.  
 

  
Figure 77: Map of 100 to 300 m zones surveyed around Martinique 

Maximum abundance was obtained between 200-250 m due to high shark yields. Below 250 m catches 
decreased and were offset by larger catches of bony fish. The catch of snappers (Lutjanus vivanus) was 
the most important between 100 and 150 m and practically nil below 200 m. On the other hand, the 
"Gros-yeux" (Etelis oculatus) became abundant below 200m and it is probable that it still gives 
interesting yields beyond 300m. The best yields obtained with this species were 15 kg per 100 m net. 
The yields obtained at these depths also varied according to the season; they decreased during the 
wet season (December-June). However, the exploitation of these resources between 100 and 300 m 
depth presents a certain number of difficulties which are due to the fact that they are limited and that 
the capacity of renewal of the stocks is weak at such depth. In addition, many sharks were caught 
during experimental fishing. These species may cause damage to the gears and their landing price was 
low. In addition, these species are fragile resources with low reproduction rate and low growth. 

Moreover, the depth was considered as a constraint for the identification of the bottom floor and the 
handling of fishing gears. The very important slope in some places could be the cause fishing gear 
losses or decrease of their effectiveness. The hard bottoms, generally rough cause the hooking of the 
gear, which complicates the lifting and deteriorates the fishing equipment. Currents are also very 
strong in some places. Many species caught were not well known to consumers and the landing prices 
were low at least during the initial phase. At the end of study, because of tears caused to the net and 
debris left on the bottom due to hilly and steep bottoms and strong currents around Martinique, the 
use of longlines was recommended. Indeed, in St Martin a fixed bottom “rod line” was used to target 
the E. oculatus or a reinforced bottom line238. 
 

                                                           
237 Guillou, A., 1989 
Battaglia, A., Dhellemmes, R., Guillou, A., Lagin, A., Reynal, L., et Sacchi, J., 1989 
Battaglia, A., Guillou, A., Lorance, P., et Reynal, L., 1989. 
Guillou, A., Lagin, A. and Murray, P., 1996. 
238 Guillou, A. et Lagin, A., 1997. 
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Figure 78: Bottom long lines used to target Etelis oculatus: right « rod line » and left reinforced line 

These resources have not allowed the development of the Martinique fishery. Only a few vessels (2 to 
3 decked units) operate on these species. These vessels use bottom nets but also longlines, 
recommended at the end of this study. 

5.7.2 Deep-sea nets targeting mainly lutjanids around Guadeloupe 

The program on the optimization of new resources exploitation in Guadeloupe including deep-sea 
resources was carried out from 15th January 2001 to 31st December 2001 in Guadeloupe. The main 
objective was to reduce fishing effort on the overexploited insular shelf by testing the profitability of 
different fishing technics on “new” (under or unexploited) resources. Deep-sea nets were tested with 
the aim of targeting Lutjanids239. 28 440 m of deep-sea gillnets were set in 142 sampling sites, between 
–195 and –410 m in the south of Basse-Terre (Guadeloupe). 2394 individuals belonging to 48 species 
were caught. Average commercial yields were over 229 Euros per hour of fishing240. Average weight 
yields of 19.5 kg / 100 m net or 47.9 kg / hour of fishing were obtained. The target species is the "oeil 
de boeuf" (Etelis oculatus), with 52% of the weight captured for 77.5% of the commercial value. 
Interesting bycatch of "empereurs" (Geohyroberyx darwini) were recorded: 7.5% of commercial value. 
This makes it possible to largely ensure the profitability of the operation of decked units practicing this 
metier.  

In this case, the concern is with the ability of the target species stocks to withstand sustained fishing 
effort. The example of an uncontrolled development of this fishery around the Desirade, which has 
rapidly led to a collapse in catches, encourages recommending moderate levels of exploitation. The 
recommendations concern the measures to be taken to limit the fishing effort on these resources. 

                                                           
239 Diaz, N., Druault-Aubin, V. et Gervain, P., 2001. 
240 Diaz, N., Gervain, P., et Druault-Aubin, V., 2002. 
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Figure 79: Main target species of the deep-sea net, left: Etelis oculatus, right: Geohyroberyx darwini 

Specimens and photos of the species were collected throughout the campaign. An illustrated catalog 
was published with known information on the fishery and biology for each species241. 

5.7.3 Experimentation of deep long lines (200-1200m) 

The objective of this work was to continue the exploration of the deep resources between 200 and 
1200 m using shark longline and Portuguese longline gear. This work was carried out by IRPM with 
FEDER funding for a total amount of 59,000 € and with SDAT and the University of the West Indies and 
Guyana (UAG) as partners242. 
 

• Sharks longline (November 1994 to February 1995)  

The gear used is a longline rigged at first with 180 hooks. The number of these could be gradually 
increased to 700 hooks with a 4000 m line. The experimental fisheries were carried out by a 12 m 
vessel and 192 hp, equipped with a winch of 1.5 tons of traction, sounder and GPS. 

 
Figure 80: Scheme of the snood of the bottom longline shark 

The duration of the sets has never been greater than 24 hours in order to avoid predation of catches. 
Several frozen baits were used (cuttlefish, balaoo, and mackerel) as well as catch waste. 29 sets were 
made between November 1994 and February 1995. Six were made during the day (with poor results) 
and 23 at night. The area surveyed was limited to the leeward coast of Guadeloupe and the Saintes 
Channel. The tests occurred between 250 and 1100 m, then the depths between 300 and 500 m were 
preferred because of the better results. 

                                                           
241 Gervain, P., Diaz, N. et Druault-Aubin, V., 2002. 
242 François-Lubin, V., 1995. 
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The number of fishes caught during this experiment amounts to 623, that is, on average 21.5 catches 
/ trip. On average, there were 5.8 catches per 100 hooks for the entire campaign. 28 species were 
caught mainly sharks. The most common being Centrophorus granulosus with 418 individuals, that is 
67% of the catch in number and 25% in weight. The highest yield weight was obtained with Hexanchus 
griseus (47% of the total weight of the catches). The yields of straight hooks are two times lower (5.76 
sharks per 100 hooks) than those obtained with round hooks (13.16 per 100 hooks). The average catch 
per trip was assessed at 389 kg. However, it should be noted that the proportion of the commercial 
weight represents only one third of the live weight. The liver is estimated at 25% of the weight of the 
animals.  

The results obtained by these experiments led to the conclusion of a relative poverty of catches and a 
fragility of the resources. Exploitation of these was therefore not encouraged. 

• Portuguese longline (April 1995) 

The experimentation of this technique was carried out by the IRPM within the framework of the 
EUROFORM program, which allowed associating a Portuguese partner: the “Escola das Marinhas de 
Comércio e Pesca" of Lisbon. It was funded by the European Social Fund (ESF) of the Guadeloupe region 
and the Departmental Directorate of Labor and Employment. 

 
Figure 81: Scheme and photo of bottom Portuguese longline 

The gear used is a longline with 1,900 hooks, set up in Guadeloupe by a Portuguese fisherman. The 
implementation was carried out by a vessel of 12 m and 192 hp equipped with sounder, GPS and winch. 
The longline was set for about 2 hours. Only 4 trips could be made during this operation between 200 
and 300 m. The results obtained are very low (in total, 59 demersal fishes of 1.02 kg on average). 
Subsequently, 3 trips were made aboard a traditional Guadeloupe boat. The results were also poor 
with a dozen fish caught in total. This experiment highlighted the possibility of transposing this 
Portuguese technique to Guadeloupean boats, without any difficulty. However, the implementation 
of such a technique requires a large staff, which implies that the catches and returns must be high to 
cover the costs. The disappointing results obtained did not allow to the possibility of reaching the 
break-even point in Guadeloupe. But given the very limited number of trips made, it is impossible to 
make a definitive judgment on the effectiveness of this type of fishing technique. 

In 2001, experiments using hook and line to target sharks gave very poor results243. Experimentations 
using this technique were conducted actively throughout the campaign. Average yields were 0.16 kg 
per hook or 7.3 Euros per hour of fishing and the species had low commercial value. Certain signs 
revealed that the stock of sharks in Guadeloupe is declining thought they are not actively exploited 

                                                           
243 Diaz, N., Druault-Aubin, V. et Gervain, P., 2001. 
Diaz, N., Gervain, P. et Druault-Aubin, V., 2002. 
Gervain, P., Diaz, N. et Druault-Aubin, V., 2002. 
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locally. Moreover, the state of the regional stock of sharks being threatened, the use of this technique 
was not promoted. 

5.7.4 Prospection with pots of deepsea crustacean  

 Inventory of deep crustacean resources in Martinique 

The principal objective of the work carried out between July 1991 and April 1992 in the deep waters 
(60 to 900 m depth) adjoining the island shelf around Martinique was to establish an initial inventory 
of potentially exploitable deep benthic resources244. A fishing boat of 12 m LOA, equipped with a 
hydraulic winch and acoustic means, was used for 54 trials. The experiment was funded by Ifremer. 
Cylindrical lobster pots (1 m X 0.50 m of diameter, with 1 cm mesh size) were used during fishing 
experiments. 
 

 
Figure 82: Pot used for experiments and pots line set. 

Source: Paulmier and Gervain, 1994. 

These gears allowed the catch of a varied carcinological marine organisms of which six species at least 
have economic interest: 5 species of shrimp belonging to the sub-order of Caridea of the Pandalidae 
family: Plesionika edwardsi, P. (macropodia) polyacanthomerus, P. laevis, Heterocarpus ensifer and H. 
laevigatus and one species of prawn of the Nephropidae family / Nephrops cadenasi. 

The yields, compared to those of commercial fishers, were medium or good: for Pelsionika edwardsi 
and P. (macropoda) polyacanthomerus between depth of 200 – 300 meters, for Plesionika laevis and 
Eunephrops cadenasi in the vicinity 500 meters, for Heterocarpus laevigatus below 700 meters. The 
vertical distribution of Heterocarpus ensifer spread from 170 to 600 meters. The species seems divided 
in two populations which provide good yields around 300 meters and below 450 meters. 

Data on the environment and the biology of the species where also established especially on growth 
and breeding. For example, growth of the pandalidae is relatively rapid and their life cycle rather short, 
between three and four or five years according to the species. At least 2 principal egg laying seasons 
occur in the annual cycle. Information is given on the isopoda or the family of Cirolanidae, Bathynomus 
giganteus (next figure), which could eventually, under certain conditions, become of interest to fishers. 
 

                                                           
244 Paulmier, G., 1993. 
Paulmier, G. et Gervain, P., 1994. 
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Figure 83: Photo of Bathynomus giganteus captured with a deepsea pot 

Only one vessel harvests these resources in Martinique. The main difficulty remains the low level of 
the catches. 
 
 Pots targeting deep crustacean stocks in Guadeloupe 

This work brings together a series of experiments carried out by the SDAT and the IRPM using FEDER 
funds. The objective is to diversify the fishing activity "facing with the obvious decrease of the fish 
stocks of the insular shelf (between 30 and 50 m) and the difficulties met by the fishermen"245. The 
main aim was the search for unexploited or under-exploited stocks for the structuring and 
modernization of fishing in Guadeloupe. 

Experimental campaigns were carried out by several decked vessels in 1983, 1989, 1993 and 1994 
around Guadeloupe and near the islands of Saba, Saint Martin and Saint Barthelemy. Different 
crustacean pots were tested between January and May from 100 to 700 m depth. The catch per trap 
and fishing day data made it possible to draw the first conclusions on the conditions for exploitation 
of these resources. The presence of shrimps and lobsterettes was observed in all waters of 
Guadeloupe. The yields obtained vary according to the fishing depth. The shrimp, Plesionika 
polyacanthomerus, is present between 100 and 700 m while the other species P ensis, P longicauda 
and P edwardsii were fished between 300 and 500 m. lobsterettes, Eunephrops manningi is caught 
between 100 and 500 m and E cadenasi is observed between 200 and 700 m depth. The best 
crustacean fisheries occur between 400 and 550 m with yields between 124 and 327 g / trap / day 
(1993 campaign). 

Over the traps tested the 2-entries cylindrical section (Bourrolle type – Fig. 84) proved to be more 
practical and most effective for catching lobsterettes than rectangular ones with 2 or 4 entries. The 
optimal time of setting of the traps was estimated at less than 24 hours. Beyond this, the reduction in 
catches can be half. This loss of yield may be due to predation by Bathynomus giganteus. This work 
concludes of a possible profitability of this fishery but with reservations expressed on the stability of 
the yields during the year, especially in the case of development of the exploitation of these resources. 

During the program on the optimization of new resources exploitation in Guadeloupe (see above, 
6.1.8) from 15th January 2001 to 31st December 2001, deep-sea traps targeting mainly crustaceans 
were tested246. 
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Figure 84: Different crustacean pots tested in 2001: top left-"Bourolle", top right-Saint-Marteen, bottom left-Saint 

Marteen plastic and bottom right-pyramidal pot 

Different techniques and fishing devices were used and compared for the crustacean fishery. 
Throughout the campaign, 439 traps have been hauled on 149 sampling sites from 195 m to 1 499 m 
depth, in the south of Basse-Terre. 3985 individuals (excluding Isopods) belonging to 76 species have 
been caught. Species offering the best commercial yields were the deep sea lobsterettes (Eunephrops 
cadenasi), trapped between – 400 and –600 m, as well as various shrimps species belonging to the 
Pandalidae family, present at the same depth. The mean financial yields obtained were 71 Euros per 
hour of fishing. The results obtained are not economically profitable to allow new fishing vessels for 
this fishery. Moreover, lack of data concerning the biology of the deep-sea crustaceans (stock, growth) 
implies cautions approach and moderate fishing effort on those stocks. The deep-sea crustacean trap 
fishery is recommended only as a complementary fishing activity for the existing decked vessels fleet. 
  

                                                           
Diaz, N., Gervain, P. et Druault-Aubin, V., 2002. 
Gervain, P., Diaz, N. et Druault-Aubin, V., 2002.  
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5.8 Moored Fish Aggregating Devices to target large pelagic species  

5.8.1 Brief history of the beginning of FADs in the Antilles 

The first Moored Fish Aggregating Devices (MFADs) program in the Caribbean region occurred 
between 1965 and 1971 under a PNUD/FAO project for developing fishing in the Caribbean247. In the 
French lesser Antilles, the first experiments in setting up MFADs were tried in 1981 by the SDAT in 
Guadeloupe and then in 1989. In Martinique, a similar program was launched in 1983 by the ISTPM. 
These MFADs had a very short life span, but commercial fishers started to build and set up their own 
MFADs. 

The monitoring of fisher's catches around MFADs by Ifremer in 1992 made it possible to assess fisher's 
yields in Martinique at an average of 32 kg per trip over the year, with a peak of 96 kg in September. 
This fishery also began to develop on the Caribbean coast of Guadeloupe and spread over all the island 
in the mid of the 90s. 

Between 1998 and 1999, the FAD fishing yield in Martinique was 26.7kg per fishing trip whereas the 
offshore fishing yield without the use of FAD was 59 kg per fishing trip but this last activity strongly 
depends on the season. In Guadeloupe, the FAD yield was 30 kg per fishing trip in 1992 and 43 kg in 
1995248. 

In 1995, a new experiment was attempted in Guadeloupe with 10 MFADs funded by the FEDER, the 
FRILE and the Guadeloupe National Park for a total amount of 486 000 francs (74 000 €). This project 
led by the IRPM involved many partners: SDAT, fishermen's unions, administration of Maritime Affairs, 
Guadeloupe National Park and Prefecture of Guadeloupe for the establishment of appropriate 
regulations. 

At the end of this experiment, observations were made on the design defects of the devices and causes 
of failure were identified. The increase in catches by fishermen thanks to the development of MFADs 
has highlighted the lack of equipment for the conservation and marketing of local products. The 
conclusion of this experiment was that the development of MFADs is ongoing, should continue and 
that an adaptation of the value chain is essential for the valorization of the products of this new fishery. 

 Optimization of the MFADs construction 

The first FADs launched were made using bamboo raft or drums. Many FADs are still made 
using available materials or recoveries such as strings of cans, used as a float, banana string, electric 
cable or boats used hawsers, instead of rope, old engines and various materials are used as anchor, 
coconut leaves or plastic sheets are off-hand aggregators. All these materials are hardly hydrodynamic, 
fragile or hazard for navigation (hawsers, cables), and sometimes pollutants (old engines ...). 

Scientific and technical support for the design of FADs consisted of the adaptation of calculation 
software to improve the sizes of floats and anchors249, and the monitoring of experimental FADs to 
identify the causes of failure. Better suited materials could be selected and tested and a two-headed 
DCP was proposed during the 2001 working group250. Maintaining 4 FADs for several years has been 
done by Ifremer in Martinique for the DAUPHIN project (2003 to 2006). The 2 heads FADs have enabled 
to secure statistics of causes of loss, by analysis of the rope ends kept by the second head. In 
Martinique, with four experimental FADs totaling 167 months of monitoring, there were a total loss of 

                                                           
247 Wolf, R.S. and W.F. Rathjen., 1974. 
248 Reynal, L., Van Buurt, C., Taquet, M., 2000.  
249 Anonymous, 2004. 
250 Gervain, P., Diaz, N., 2002. 
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26 head devices, 58% due to cuts by stringing fishing line, 15% by collision with a cargo, 15% due to 
the corrosion of metallic bonds and the remainder (12%) by other causes. The propping up of several 
FADs, after several years of installation, shows that the first 200 meters below the surface are the most 
sensitive area when the devices are properly mounted with rope floating in the lower part to prevent 
breakage by friction on the bottom251. 

 
Figure 85: Scheme of a two-headed moored FAD presented in Guadeloupe in 2001 and tested during the DAUPHIN 

project 

A new generation of FADs was being developed For the MAGDELESA project with a string of buoys 
because of their lower cost, but the first 200 -300 meters are made of composite rope to avoid cuts in 
fishing lines. The use of metal bonds is limited or the material better selected (steel lifting purposes) 
and protected by anodes. For aggregators, polypropylene foils are used for their strength and because 
the hooks cling less. A special buoy has been designed to carry the night and day beacons of the FADs 
because this material does not exist commercially with the necessary characteristics to improve their 
visibility by cargoes252. 

 
Figure 86: Moored FAD developed for the MAGDELESA project 

The search for more sustainable FADs intended to be operated collectively led to propose FADs using 
a 600 liters buoy in synthetic materials, "PLK 600", best seen on the water, and designed with 
standardized regulatory lightening and solar lights. A fitted GPS, whose information is transmitted over 
the Internet, is used to track the positions of the FADs and be warned if it comes out of its circle of 
protection. These FADs were tested for the first time in Guadeloupe as part of the setting up of a fleet 
of collective FADs (see below). 
 

                                                           
251 Taquet, M., Gervain, P. et Lagin, A., 1998.  
252 Gervain, P., Dromer C. and Reynal, L., 2012. 
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Figure 87: Buoy of FAD “PLK600” tested in Guadeloupe 

The final thinking on FAD design has been to look for solutions to limit the debris left on the bottom 
(anchor and rope) as the DCP head leaves. A prototype was made of FAD maintained in a fixed position 
thanks to a GPS and an electric motor powered by solar panels. Such a costlier FAD would have the 
advantage of being able to position itself autonomously and to return to shore for maintenance 
without the need to move a ship, which exempts it from the cost of setting up. However, legal problem 
(registration or not of this device) remains to be solved. Moreover, such material seems technically 
too elaborate for a collective use by a community still insufficiently organized (Gervain, com pers.). 
 

 
Figure 88: Prototype of MFAD without rope and anchor to avoid marine debris 

In practice, the manufacture of anchored FADs is always done by the fishermen themselves. In order 
to facilitate access to all the information and calculations needed to improve the design of their 
devices, a good practice manual for the design, construction and deployment of FADs has been 
published for them as well as Excel software253. 
 

 From MFADs experimentation to sustainable development 

After some experimentation, the MFAD fishery developed in Martinique and Guadeloupe254.  

                                                           
253 Gervain, P., Reynal, L., Defoe, J., Ishida, M. and Mohammed, E., 2015. Vol. I. 55 pp. 
254 Mathieu, H., Reynal, L., Magloire, A. and Guyader, O., 2013. 
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Figure 89: Number of MFADs vessels in Martinique and Guadeloupe (1985-2010). 

Source: Mathieu et al. 2013. 

It was mainly between the mid-1990s and 2000s that the development of the anchored FAD fishing 
fleet took place on both islands. From the mid-2000s, there is a stabilization of the number of vessels 
fishing this fishery. 
In order to ensure that this booming fishery is developing sustainably, various works have been carried 
out on: 

- the working and safety conditions for fishing for MFADs255; 
- the conservation of products256; 
- ways to improve the selectivity of this fishery257; 
- fishing strategies, economic performance and management of MFADs258; 
- the census of MFADs in Guadeloupe and Martinique in connection with fishing strategies259; 
- monitoring catches and fishing effort. 
 

This work has highlighted the importance of FAD fishing anchored in the French West Indies which is 
responsible for 39% of the landings of fishermen from Martinique in 2017 (SIH, 2018). However, the 
production tools are poorly adapted and do not allow to respect the French and European standards 
in terms of working conditions and safety or conservation of products. The management of MFADs 
parks can also be improved, in particular to improve their monitoring and to limit the multiplication of 
debris on the seabed. The management of MFADs by the fishermen themselves, without any 
coordination or rule of well-established access to the concentrations of fish around the devices, is 
causing conflicts. 

Manuals of good practices are (or will be) available to fishermen to facilitate their access to the results 
of scientific and technical work on: 

- working and safety conditions (Leroy, in press); 
- conservation and post-harvest treatment of fish260. 

 
Experiments were also conducted to improve the governance of FADs park and to seek alternative 
resources and selective techniques. 

5.8.2 Setting of collective MFADs in Martinique and Guadeloupe 

• Martinique 

                                                           
255 Le Roy, Y., 2014. 
256 Dromer, C., Eugène, S., Régina, F., Reynal, L., Etienne, M., Mathieu, H., Pau, C., 2015 
257 Reynal, L., Guyader, O., Pau, C., Mathieu, H. and Dromer, C., 2014. 
258 Guyader, O., Frangoudes, K., Timor, J., Reynal, L., Dromer, C., 2015. 
259 Guyader, O., Robert, B., Reynal, L., 2017. 
260 Eugene S., Andrews, C., Dromer, C., Ishida, M. and Mohammed, E., 2015. 
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A formal system for the management of FADs in Martinique was defined by the prefectural decree of 
30 December 1996 approving the deliberations of the Regional Committee for Maritime Fisheries 
(CRPM) of Martinique of 15 December 1996; it had the force of law for a period of 5 years from 5 
December 1996. This text precise that it is prohibited for any unauthorized person to build, deploy and 
exploit fish aggregating devices. 

Legally, the peculiarity of the official management system of FADs in Martinique was therefore based 
on two aspects: 

- Any implementation is subject to authorization; 
- All authorizations are given to the Regional Committee for Maritime Fisheries which regulates 
the use of FADs (areas, periods, licenses, catch reports, etc.) 
 

On this basis, the CRPM owns the FADs and is responsible for their maintenance and renewal. As a 
corporation, the Regional Committee of Maritime Fisheries can also be strongly helped financially by 
the public authorities. 

In order to involve the profession in the financing of the devices the CPMR had instituted a system of 
access to the FADs by paying a certain sum by the fishermen to whom they were given a pennant to 
serve as proof of their contribution. 

Since the decree of 1996, 31 FADs have been deployed under the responsibility of the Committee of 
Fisheries in 2001, then 13 others in August 2003. These FADs were funded from public funds. Ifremer 
within the framework of its research programs deployed 11 devices (5 in 1997 and 6 in 2002-2003). In 
addition to these FADs, between 1998 and 2003, on the points of the coast where Ifremer did biological 
samples (essentially: François and Précheur to Carbet), the professionals reported having worked on 
197 private FADs261. 

This experience of management of FADs by the fisheries committee of Martinique did not yield the 
expected results. The prefectural decree was not renewed. 

• Guadeloupe 

As part of a pilot project carried out by the South Basse-Terre Fishermen's Association (APSBT), 12 
collective (FADs) designed to meet the requirements of sustainable development were set off the 
south west part of Guadeloupe (Basse-Terre) in January and February 2008262. This project was co-
funded by the European financial Instrument of Fisheries Guidance (FIFG) and the Guadeloupe region. 
This operation was considered as an example for others fishing communities around the island and 
was a real challenge for the future of MFADs in Guadeloupe. As part of this operation, improvements 
were expected in several areas: 1) safety of navigation and underwater MFADs equipment; 2) 
regularity and increase of economic returns; 3) organization of the maintenance of the devices in order 
to reduce the cost and loss of material; 4) management of MFADs park and access rules to the fishery. 
Different type of MFADs were set (PLK mono-buyos and bicephal buoys)263  
 

                                                           
261 Angelelli, P. et Reynal, L., 2007. 
262 Guyader, O., Reynal, L., Angin, B., Beramice, D., Erialc, C., Jean-Charles, C., Vincent, C. 2008. Contribution à l’évaluation de l’impact de 
l’implantation des DCP collectifs sur l’activité de pêche en Guadeloupe. https://archimer.ifremer.fr/doc/00190/30108/ 
263 Guyader, O., Reynal, L., Angin, B., Beramice, D., Erialc, C., Jean-Charles, C., Vincent, C. 2008. 
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Figure 90: Positions of the collective MFADs set by APSBT in 2008.  

Source: APSBT 

According to MFAD regulations in Guadeloupe, MFADs can be installed by commercial fishermen after 
authorization has been granted by the local maritime authorities (Prefectural Order, 2002). These 
regulations also require that fishermen equip MFADs with maritime signalling systems and report their 
exact positions and characteristics, as well as the identification of the fishermen operating around 
them. However, the quality of this information was considered to be very poor because it is difficult to 
enforce this regulation264. Underreporting of MFAD deployments is a serious issue for fishery 
management. Given that MFAD losses are not registered, it is almost impossible to know the real 
number of MFADs in use in this fishery. 

5.8.3 Selectivity improvement Fishing and status of resources265 

In order to improve the sustainable development of MFADs fishing, it was considered important 
to reduce the capture of juveniles or species that need a decrease in fishing effort, temporarily or 
definitively. 

As part of the MAGDELESA project, resource-focused talks covered three different aspects and their 
specific objectives. 

1) MFADs aggregated resources were studied in order to find ways of enhancing operations by 
improving the output of fisheries and the regularity of landings. Particular attention was paid to 
measures that would ensure improved selectivity in accordance with sustainable development 
principles. 

Research carried out in Martinique has shown that since the implementation of FADs, fishing capacity 
of blue marlin increases at the beginning of the year. It also increases at the end of the year with 
substantial landings of yellowfin tuna. Lower productivity occurs between May and September. 

                                                           
264 Guyader, O., Bellanger, M., Reynal, L., Demaneche, S., Berthou, P., 2013. 
265 Reynal, L. et Doray, M., 2002.  
Reynal, L., Guyader, O., Pau, C., Mathieu, H. and Dromer, C., 2014.  
Reynal, L., Pau, C., Dromer, C., Mathieu, H., Guyader, O., 2015. 
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Furthermore, MFADs moored at a distance of more than 24 miles offshore give better results than 
those deployed inshore.  
 

Table 18: Average catch made in Martinique around FADs according to their distance from the coast 
Source: Ifremer survey ; N = 1595 trips (2004-2005) 

 0 to 12 NM 12 to 24 NM > 24 NM 

N° fishes / trip 10,5 14,7 19,9 

Catch / trip (kg) 44,9 89,7 135 

Catch / FAD / Day (kg) 240 340 540 

YFT Catch / trip (kg) 17 42 86 

YFT Catch / FAD / Day (kg) 90 160 34 
 

The main species exploited are blue marlin in Martinique, dolphinfish in Guadeloupe, using a different 
MFADs operation technique and yellowfin tuna. High juvenile tuna bycatch rates occur all year round 
whereas for dolphinfish, it is limited to the second half of the year. 

In Martinique, fishermen do not seem to be taking full advantage of the aggregation of fish around 
MFADs since they do not increase the number of fishing trips in periods of high catch rates. 
Furthermore, their fishing activity is concentrated along the coast, whereas better results would be 
achieved further offshore. 

Adult blackfin tuna are still underfished, yet they are in abundance around the FADs. Experimenting 
with new fishing techniques has shown that during periods of low catch rates between May and 
September, blackfin tuna fishing can be improved and indeed promoted. 

Experimenting with other forms of bait must also continue in order to minimise juvenile bycatch. The 
causes of interannual variability of landings must also be addressed so that solutions can be found to 
help reduce the negative impact it has, not only on product marketing, but also on the activity sector 
in general. 

2) Stocks of species around the MFADs should not be optimally exploited, even where these resources 
aggregate in considerable numbers around the devices. Exploited by numerous countries, the stocks 
of these shared resources are assessed by ICCAT (International Commission for the Conservation of 
Atlantic Tunas). Significant uncertainties exist concerning the remaining stocks of species around 
MFADs. Blue marlin stock evaluation based on longline catch rate statistics indicate that overfishing 
has occurred. Dolphinfish and black tuna are not currently assessed. Under the auspices of ICCAT, 
research is underway to enable improved stock assessment of yellowfin tuna, skipjack tuna and also 
small tunas of regional interest.  
 
3) Alternative resources exploited by fisheries using MFADs, for the most part ployvalent 
(multimetier). In general, it involves two groups of resources:  

• offshore species exploited using trolling lines on free swimming schools or shoals under 
drifting logs, in particular dolphinfish. The effect of FADs on this resource varies from island to 
island. In Guadeloupe, it appears that FADs have resulted in the exploitation of dolphinfish and 
the implementation of numerous devices that operate all year long. In Martinique, the number 
of fishing trips to Miquelon has been reduced and dolphinfish aggregation around the FADs is 
limited.  

• The benthic and demersal area species of the insular platform seem to have been adversely 
affected by the halting of the offshore fishing effort. According to data collected by the Fishery 
Information System (SIH), serious overfishing has occurred, resulting in a considerable 
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reduction in fish landings. Fishermen are now in an unenviable social position. Indeed, many 
elderly fishermen cannot contemplate retirement due to their insufficient pension payments. 

Even though fishing units were attracted to offshore resources at the beginning of FADs 
implementation, it would seem that at the peak of its development, fishermen were looking to 
diversify their activity by using fish traps to exploit resources on the insular platform. 

Moreover, in view of the arduous nature of their jobs on the high seas, the elder fishermen tended to 
move their activity inshore. In 2009 and 2010, 31% of fishermen reaching retirement age were 
responsible for 40% of the fish traps lifted from the insular platform. This type of fishing technique 
constitutes the main activity of the Martinique fleet, totalling more than 35% of the annual catchloads. 
Consequently, failure to regulate activity on coastal zone resources will result in the offshore fishing 
effort bringing about the depletion of seabed resources. 

Martinique professionals were called together to discuss technical guidelines that would help improve 
offshore fishing techniques. It was suggested that a workgroup, headed by a scientist and consisting 
of motivated fishermen, be formed. Its mission would be to try out new techniques that encourage 
diversification towards "new" resources or that improve catch rates and FAD selectivity. 

Martinique fishermen also requested that bait be more efficient at capturing large fish around FADs 
so as to reduce bycatch of juvenile tuna, and to avoid time wasting and costly fuel consumption. 

The fishermen's priorities included squid fishing and its marketing in Martinique, night fishing with 
lighted FADs, trying out alternative fishing techniques already in use elsewhere, e.g., Z-wing planer or 
the Green Stick for decked vessels.  

5.8.4 Experimental fisheries to improve fishing selectivity for moored FADs 

Two experiments were carried out to improve the selectivity of fishing for MFADs: 
- jigging fishing 
- deep-sea squid fishing 

 
The jigging fishing was mainly demonstrated to professionals. A document was written for them to 
describe the equipment and materials needed and the technique to be used to target adult blackfin 
tuna close to the FAD and generally not exploited during the day as they are not very active in the face 
of the hook drift or lag266. Only a few experiments have been made for this technique, which has been 
imposed on fishermen, particularly during periods of abundance of Sargasso algae, which considerably 
impede trolling or drifting. 

The deep-sea squid fishing has been experimented by the Fisheries Committee of Martinique. The 
objective was to find an alternative species to exploit during the peak capture of blue marlin around 
anchored FADs. Two species were targeted, the diamondback squid (Thysanoteuthis rhombus) and the 
Neon flying squid (Ommastrephes bartramii) (next figure). 

                                                           
266 Dromer, C., 2012. 
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Figure 91: Photos of diamondback squid at the left and Neon flying squid at the right 

The gear used is a Vertical drifting longline with jigger of 300 to 600 m, set up over a depth between 
600 to 1200 m 

 
Figure 92: Scheme of the gear used to target the deep squid 

During the experiments, 27 trips were made for a total of 268 setting up. The total catch is 726 kg, at 
an average price of 16 € / kg. On average per trip, catches amount to 26.9 kg for 10 settlements and 
430 € of gross income267. 
 

5.9  Successes/failures and main identified obstacles and opportunity 

No assessment of the impact on fleet and fisheries of prospecting for "new resources" has been 
undertaken until now in Martinique and Guadeloupe. For a long time, there was no data collection 
system to quantify the number of vessels, effort and landings per métier. The Fisheries Information 

                                                           
267 Pau, C., 2015., 
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Systems (FIS) established in Guadeloupe and Martinique in the mid of 2000s and expert knowledge 
provide some information on the situation the fleets according to the gears experimented. 

Only the MFAD fishery has experienced significant development and has been the subject of further 
work to determine the conditions for their sustainable exploitation. Experiments on deep resources 
have not led to the development of Antillean fisheries. Among the groundfish, the snapper Etelis 
oculatus gave good yields with net fishing and also with longlines.  

Fishing experiments on deep crustaceans concluded that yields wereinadequate. However, they 
allowed the development of a small activity in Guadeloupe with 4 or 5 vessels operating in a niche 
market and one in Martinique. It was mainly deep Norway lobsters (Eunephrops cadenasi) and 
bathynomes (Bathynomus giganteus) that gave the best results. The results obtained on deep-sea 
sharks led to the conclusion of poor catches and resource fragility and the exploitation of these 
resources has to be avoided and is dissuaded. The resources of the banks of northern Guadeloupe (St 
Barthelemy and St Martin) gave interesting yields despite the presence of ciguatera that requires a 
rejection of suspect species. Very good yields were obtained on the slope. Decked vessels still exploit 
these resources. The activity on these banks, formerly consequent since Guadeloupe, had to be 
strongly reduced during the 1990s because of the introduction of the EEZs which deprived the French 
fishers from a significant part of their traditional fishing areas especially around the island of Anguilla. 

Only fishing associated with MFADs has made it possible to develop the exploitation of large offshore 
pelagic fish. It developed mainly between the mid-1990s and the first half of the 2000s. The fleet 
operating the FADs capped in Martinique as in Guadeloupe to 300 vessels and has decreased recently. 
Their landings represent between 30%-45% of the total commercial fishing landings of each of these 
islands. However, the conditions for sustainable development of this activity remain to be 
implemented. Small scale vessels are used by fishers to harvest MFADs but with insufficient working 
and safety conditions. The treatment and conservation of catch on board is not appropriate on all the 
vessels and hold capacity is too limited for large species. The open-decked used by the fishers, who 
cannot get far enough from the coast to reach the most productive areas, are not competitive. As a 
result, imports continue to dominate local production in the domestic market of the French West 
Indies. 

In addition, at the initiative of the fishermen, a new fishery has developed on the French Guiana 
continental shelf for the exploitation of snappers. In 25 years about thirty vessels have practiced this 
fishing: 3 from Guyana, 9 from Guadeloupe and 18 from Martinique. In 2017, only two vessels from 
Martinique continued this operation. This fishery is currently experiencing difficulties related to the 
cost of fuel per trip with 9 days of transit at each trip to reach Guiana and return to Martinique. 

In the French West Indies, it is worth noting that locally caught fish is being substituted for imported 
fishery products. For example, in 2013, Martinique imported 216 tons of yellowfin tuna and 576 tons 
of dolphinfish, whereas yellowfin tuna and dolphinfish landings only represented 67 tons (IC+/-55%) 
and 96 tons (IC+/-66%) respectively. 

If local fishermen wish to recover an equitable share of the market, local production needs to be more 
competitive, which will necessitate: 

- Enhancing the development of offshore fishing equipment, improving working conditions, 
achieving optimal levels of goods preservation, reducing costs (motorisation, fuel 
consumption....); 
- Reconsidering marketing strategies. 
- Improve fisheries management  
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However, so as to avoid a displacement of the fishing effort to other resources, it is important to bear 
in mind that the constraints of the French West Indies market remain a key obstacle to any real 
development of this fishing industry. 
 

5.10   Needs in research and development 

Because of their situation of relative geographic isolation, Martinique and Guadeloupe do not 
receive the necessary support for the sustainable development of their fisheries. Local fisheries 
support services are often insufficient because of the narrow market for fishing and sometimes 
because of its limited funding capacity. Once priorities defined, it should be ensured that the necessary 
diagnoses and support for these different services are made to enable them to function. Without this 
approach technical support is doomed to failure. The existence of technical assistance in support of 
the fishing system to produce technical assessment and carry out the necessary studies seems to be 
essential.  

The themes to be developed by these technical units are numerous: working conditions and safety (in 
this area there is sometimes need to adapt the regulations established for temperate countries), 
treatment and conservation of fish on board and at landing points, energy consumption, search for 
selective techniques and devices to reduce the impact of ghost gearss, debris reduction and waste 
disposal (today the Caribbean traps are thrown into the water, in "deep" areas when they are at the 
end of life, that is to say after one year), fishermen skills improvement to accounting and management 
of their company and development of technical and economic benchmarks for the use of different 
gears etc. 
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Annex 
The synthesis table of the experiments per OR is appended to this report.  
 
 


