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Interactions between cetaceans and fisheries have become 
a major problem worldwide, which is reflected in the increas-
ing number of reported cases during the last few decades, 
together with the difficulties in quantifying the impacts on ce-
tacean populations and fisheries economy (Harwood, 1983; 
Goetz, 2014). These interactions usually occur when there is 
a spatial overlap between cetaceans’ distribution and those 
areas where fishing takes place, in most cases because both 
cetaceans and humans share the same target species, such 
as the European pilchard (Sardina pilchardus) and anchovies 
(Engraulis enccrasicholus), (Zappes et al., 2016; Revuelta et al., 
2018). Occasionally, the problem becomes more serious be-
cause some of these target species represent an important re-
source for dolphins inhabiting Mediterranean coastal waters 
(Lleonart, 2005), and at the same time they are largely caught 
by small-scale fisheries and present overexploited stocks.

Introduction
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Interactions can be negative or positive, and beneficial ef-
fects would involve dolphins “co-operating” in fishing opera-
tions, increasing the chances of success in the capture of prey 
(Pryor et al., 1990; Bearzi, 2002). Nevertheless, most inter-
actions have negative consequences for fisheries, including 
breaking of fishing nets and loss of capture. The main types 
of fishing gears affected by interactions between cetacean 
and fisheries in coastal Mediterranean waters are bottom-set 
trammel nets and gillnets, as well as trawl nets and purse 
seines to some extent (Reeves et al., 2001; Bearzi, 2002). 

The main interaction between fisheries and dolphins con-
sists in the total or partial depredation of the catch, which is 
concentrated in the fishing nets and represents an easy to 
exploit food resource for these cetaceans, this is particularly 
the case of fixed fishing gears with long soak times (Goetz, 
2014). Coastal dolphins, particularly common bottlenose (Tur-
siops truncatus, Montagu, 1821), are often claimed to damage 
the catch and the fishing gear in order to steal the capture, 
also scaring the potential preys away (Notarbartolo di Sciara, 
2002). In this line, most of the documented cases of predation 
of catch from fisheries in Mediterranean coastal water are 
due to the attack of bottlenose dolphins (Bearzi et al., 2010). 
This species can be observed in a wide variety of habitats, 
being the more common marine mammal in the continental 
shelf of the Mediterranean Sea (Notarbartolo di Sciara, 2002; 
Gonzalvo et al., 2014). 

In the Alboran Sea, the bottlenose dolphin can be found 
in the continental shelf and the slope and in deep waters 
between 200 and 500 meters depth (Cañadas et al., 2005; 
Forcada et al., 2004). This species exhibit a highly varied diet 
throughout its distribution range, including mainly Sparidae 
species and a mixture of other species including European 
hake, mackerels, European conger and European pilchard 
(Giménez et al., 2017). The bottlenose dolphin is, according to 
the IUCN Red List of Threatened Species (Bearzi et al., 2012), 
a vulnerable species. 
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Furthermore, it is included within the Annexes II (animal spe-
cies of Community interest) and IV (strictly protected species) 
of the EU Habitats Directive (Council Directive 92/43/EEC), 
within the Barcelona (endangered or at-risk species) and Bern 
(strictly protected fauna) Conventions and the ACCOBAMS 
agreement (Bonn Convention), and locally within the Spanish 
National Catalogue of Threatened Species.

This work is part of the project INTERACTION BETWEEN CE-
TACEANS AND SMALL-SCALE FISHERIES IN THE MEDITERRA-
NEAN SEA which studies the Interaction between cetaceans 
and small-scale fisheries in southern Spain, Maltese islands 
and Sicily (Italy). The main aims of this study are to show the 
existence of dolphin-fisheries interaction in the northern mar-
gin of the Alboran Sea study and to provide data on the differ-
ent types of interaction (mainly “depredation”) that occur in 
this area. Collected data from the field will help to investigate 
the occurrence/incidence of cases of interaction of cetaceans 
with the SSF fishing fleets, to evaluate the extension of the in-
teractions, to estimate the economic damage that fishers en-
dure, and any potential risk to safety at sea. The study should 
be also useful to explore the issue of by-catch of vulnerable 
species. Finally, it will support a better understanding on gear 
depredation dynamics in order to provide further informa-
tion on possible mitigation measures to be used, hopefully 
moving beyond the use of pingers, and to raise awareness 
among the administrations and decision-makers on the issue 
and to favor practical solutions.
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It is well documented the presence from ancient times 
of common bottlenose dolphin in the northern Alboran 
region. Archeological excavations demonstrated that human 
communities of the Upper Pleistocene and Holocene exploited 
marine resources from Nerja (Málaga) to Gibraltar strait 
and in locations in North Africa, including mammals such as 
Monachus monachus, Delphinus delphis and Tursiops truncatus 
(Stringer et al. 2008). Particularly mammals had a prominent 
presence in the Nerja cave (Pérez y Raga 1998; Morales-Pérez 
et al 2019).

The Alboran Sea has been recognized as one of the 
Mediterranean important areas with high cetacean diversity 
(Cañadas et al., 2002) and for the conservation of common 
dolphins in the sea (Bearzi et al., 2004). Marine research in 
the area began in the 19th century (Pérez de Rubín, 2012), 
including the observations of cetaceans, as registered in 
the campaigns of the Hirondellle and Princesse Alice I and 
II, the vessels of Albert the 1st of Monaco (1885-1899) in the 
Alboran sea and Strait of Gibraltar (Richard, 1904). From 2006 
the Annual report on the Management of the Marine Areas 
in Andalucía (Junta de Andalucía, 2019) compile information 
on stranded cetaceans in northern Alboran Sea, including 
bottlenose dolphin in the dataset. This specie represents the 
3rd in number of annual strandings observations of cetaceans 
in the region, after Stenella coerueoalba and Delphinus delphis. 

According to Cañadas (2006) the gradual regression is ob-
served, manifested mainly in the form of fragmentation of 
the populations of the bottlenose dolphin in the Mediterra-
nean basin (Notarbartolo di Sciara and Gordon 1996; Notar-
bartolo di Sciara 2002); the regression of the common dol-
phin throughout the northern Mediterranean area (Bearzi et 
al. 2003). Andalusia is the gateway to and from the Mediter-
ranean Sea. Its more than 800 km of coastline make it one of 
the regions with the highest marine biodiversity in Europe. 
There are resident populations of several cetacean species: 
Bottlenose dolphin, Pilot whale, Striped dolphin and Common 

1.1 - Cetaceans in Alboran Sea
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dolphin. It is also a transit or feeding area for other species of 
marine mammals: Orcas, Sperm whales, Fin whales, Yubartas, 
among others. (Junta de Andalucía, 2017). For the proper con-
servation, management and planning of marine and coastal 
ecosystems, it is vitally important to know their biological di-
versity, for which, within the Program for Sustainable Man-
agement of the Andalusian Marine Environment, samples of 
the different species of marine fauna that inhabit the area are 
carried out. A map accessible at the following link (http://www.
juntadeandalucia.es/medioambiente/site/rediam/menu-
item.04dc44281e5d53cf8ca78ca731525ea0/?vgnextoid=e19
1794f353b2410VgnVCM2000000624e50aRCRD&vgnextchan-
nel=cd6f726c4d6af310VgnVCM1000001325e50aRCRD&l-
r=lang_es) represents the distribution (using 1 Km2 grids) of 
cetacean species sampled on the Andalusian coast and ma-
rine waters of influence, between 2005 and 2011, include: 
Balaenoptera physalus, Balaenoptera acutorostrata, Delphinus 
delphis, Globicephala melas, Grampus griseus, Kogia breviceps, 
Megaptera novaeangliae, Orcinus orca, Phocoena phocoena, 
Physeter microcephalus, Stenella coeruleoalba, Tursiops trunca-
tus and Ziphius cavirostris.

Although no trends of the cetacean populations in the Al-
boran Sea were found, Báez eta l., (2019) stated that Alboran 
Sea has a high presence of Cuvier’s beaked whale (Ziphius 
cavirostris). Three Mediterranean subpopulations of dolphins 
(Delphinus delphis, Stenella coeruleoalba and Tursiops trun-
catus) are listed in the IUCN Redlist (IUCN 2019) and their re-
sults showed that there were more opportunistic sightings of 
these species in the Alboran Sea than in the rest of the West-
ern Mediterranean.

Since 1993, the Spanish Institute of Oceanography (IEO) has 
compiled a dataset of Opportunistic Observations of nine 
species of cetaceans in the western Mediterranean Sea and 
adjacent waters, including observations of bottlenose dolphin 
in Alboran Sea, elaborating different documents on spatial 
analysis of cetaceans (Báez, Torreblanca & Camiñas, 2007), 

http://www.juntadeandalucia.es/medioambiente/site/rediam/menuitem.04dc44281e5d53cf8ca78ca731525ea0/?vgnextoid=e191794f353b2410VgnVCM2000000624e50aRCRD&vgnextchannel=cd6f726c4d6af310VgnVCM1000001325e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/rediam/menuitem.04dc44281e5d53cf8ca78ca731525ea0/?vgnextoid=e191794f353b2410VgnVCM2000000624e50aRCRD&vgnextchannel=cd6f726c4d6af310VgnVCM1000001325e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/rediam/menuitem.04dc44281e5d53cf8ca78ca731525ea0/?vgnextoid=e191794f353b2410VgnVCM2000000624e50aRCRD&vgnextchannel=cd6f726c4d6af310VgnVCM1000001325e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/rediam/menuitem.04dc44281e5d53cf8ca78ca731525ea0/?vgnextoid=e191794f353b2410VgnVCM2000000624e50aRCRD&vgnextchannel=cd6f726c4d6af310VgnVCM1000001325e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/rediam/menuitem.04dc44281e5d53cf8ca78ca731525ea0/?vgnextoid=e191794f353b2410VgnVCM2000000624e50aRCRD&vgnextchannel=cd6f726c4d6af310VgnVCM1000001325e50aRCRD&lr=lang_es
http://www.juntadeandalucia.es/medioambiente/site/rediam/menuitem.04dc44281e5d53cf8ca78ca731525ea0/?vgnextoid=e191794f353b2410VgnVCM2000000624e50aRCRD&vgnextchannel=cd6f726c4d6af310VgnVCM1000001325e50aRCRD&lr=lang_es
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and other cetaceans’ distribution and sighting (Torreblanca 
et al., 2019). Although different authors reveal the presence 
of the cetacean species in Alboran, bycatch in fisheries in the 
area as for example surface pelagic longline targeting bluefin 
tuna and swordfish don’t include bottlenose dolphins (Macías 
et al, 2012).

Scientific surveys from 1992 to 2011 were carried out to eval-
uate the abundance and distribution (Figure 1) of the species 
in the framework of different projects (Cañadas et al., 2005). 
Recent model of analysis (Cañadas & Vázquez, 2017) consider 
that the increase in sea surface temperature will potentially 
yield a reduction in the suitable habitat for the common dol-
phins in Alboran Sea, with a progressive reduction in density 
from east to west. 

Figure 1. Sightings of common bottlenose dolphins (b) Prediction of relative density 
of common bottlenose dolphin (Cañadas et al., 2005).
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PROMAR, a Spanish NGO, carried out in 2014 an evaluation 
of the interactions of bottlenose dolphins and local fisheries 
from Adra, an important fishing port in northern Alboran Sea, 
by working on the field with the fishermen from different fish-
eries. PROMAR stated the interactions between bottlenose 
dolphin and small pelagic purse seiners and trammel nets, 
and reported losses in occasions over 5000€ by boat and total 
over 50.000€ in the whole fleet in this port.
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The Alboran Sea represents the westernmost part of the 
Mediterranean Sea. It opens to the Atlantic Ocean through 
the Strait of Gibraltar, becoming a transition area between 
the Atlantic and the Mediterranean basins, and presents 
contrasting oceanographic characteristics (Parrilla & Kinder, 
1987; Tintoré et al., 1988). The Alboran basin is located be-
tween southern Spain, northeastern Morocco and northwest-
ern Algeria, and it extends from the Strait of Gibraltar to an 
adopted line conformed by a large-scale strong ocean densi-
ty front between Almeria (Spain) and Oran (Algeria), running 
from Cape of Gata (Spain) to Cape Fegalo (Algeria) (Figure 
2). The physical oceanographic features of the Alboran Sea 
(e.g. enriched nutrient upwellings) support one of the high-
est biological productivity areas within the Mediterranean ba-
sin (Rodríguez, 1995; Sarhan et al., 2000), promoting a great 
fishing activity due to the great diversity of marine resources 
(Camiñas et al. 2004), with a high number of fishing ports lo-
cated at both seashores (Figure 2). The study area consisted 
of the waters and ports of the Autonomous Community of 
Andalucía in southern Spain, a region of great oceanographic 
importance for the Mediterranean considered “the hydrolog-
ical motor of the Mediterranean Sea” (Rodríguez, 1982) and 
with high cetacean diversity (Cañadas et al., 2002).

2.1 - Study Area
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The diverse seafloor morphology and the location and pe-
culiar hydrodynamic features of the Alboran Sea, with the 
mixing of cold and less saline Atlantic surface waters and 
little saltier deep Mediterranean waters, promote a wide di-
versity of habitats and associated biota that is supported by 
the high biological productivity of the area, being considered 
a biodiversity hotspot within the European context (Temp-
lado, 2011). In the Alboran basin, the plankton productivity 
peaks occur from spring to autumn (Camiñas, 1983; García 
& Camiñas, 1985), which coincides with spawning season of 
many fish species of commercial importance including the 
highly demanded European pilchard and anchovy. Besides 
coastal areas, there are important areas for the reproduction 

Figure 2.  Map of Alboran Sea with the location of the most important landing ports: (1) 
Tarifa, (2) Algeciras, (3) La Línea de la Concepción, (4) Estepona, (5) Marbella, (6) Fuengirola, 
(7) Málaga, (8) Caleta de Vélez, (9) Motril, (10) Adra, (11) Roquetas de Mar, (12) Almería, (13) 
Carboneras and (14) Garrucha are out of the Alboran Sea in sensu stricto), (15) Tanger, (16) 
Ceuta, (17) M´diq, (18) Stehat, (19) Jebha, (20) Cala Iris, (21) Al Hoceïma, (22) Beni Ansar (Nador), 
(23) Ras El Ma, (24) Ghazaouet (Tlemecen), (25) Bouzed jar (Ain Témouchent ), and (26) Oran 
(data from UNEP-MAP-RAC/SPA, 2015).
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and spawning of many demersal fish species in submarine 
canyons of the Alboran Sea, which enhance the ecological im-
portance of this basin (UNEP/MAP, 2015). Furthermore, the 
Alboran Sea represents a place of passage and transition be-
tween the Atlantic and the Mediterranean for migratory large 
vertebrate species including cetaceans, turtles and large pe-
lagic species (e.g. bluefin and red tuna). Due to the impor-
tance of this basin, different coastal and off-shore areas have 
been declared with different levels of protection (Figure 3).

Figure 3.  Protected marine areas in Andalucía. Source: University of Seville.
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The area considered in this study is located between the 
Strait of Gibraltar (Tarifa) and Garrucha (Almería) (Figure 4), 
which is located within the fishing management subarea of 
the North Alboran Sea (GSA01), established by the General 
Fisheries Commission for the Mediterranean (GFCM).

Figure 4.  Location map of the study area (blue color) within the North Alboran Sea (GSA01) fishing 
management subarea.
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The fishing ports considered in this study are located in four 
provinces, Cádiz (Tarifa, Algeciras and La Línea de la Concep-
ción), Málaga (Estepona, Marbella, Fuengirola, Málaga, Caleta 
de Vélez), Granada (Motril) and Almería (Adra, Roquetas de 
Mar, Almería, Carboneras and Garrucha), within the Mediter-
ranean coasts of Andalucía (Figure 5).

2.2 - Description of the small-scale fleet

Figure 5.  Fishing ports of Andalucia considered in this study. (1) Tarifa, (2) Algeciras, (3) La 
Línea de la Concepción, (4) Estepona, (5) Marbella, (6) Fuengirola, (7) Málaga, (8) Caleta de 
Vélez, (9) Motril, (10) Adra, (11) Roquetas de Mar, (12) Almería, (13) Carboneras and (14) Garrucha.
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The most important fishing ports in relation to the number 
of vessels registered are those of Estepona, Caleta de Vélez, 
La Linea de la Concepción, Tarifa and Almería, which pro-
vide more than 50% of the Andalusian small-scale fleet that 
operates in the Mediterranean Sea. Within our study ports, 
the province of Málaga presents the largest small-scale fleet 
(43.6% of the total), followed by Cádiz (27.39%), Almería (25%) 
and Granada (3.99%), according to the data of the active fleet 
published by the Secretaría General de Pesca of the Ministry 
of Agriculture, Fisheries and Food (Ministerio de Agricultura, 
Pesca y Alimentación,(2019) (Table 1).

Table 1.  Andalusian small-scale fleet per port (Secretaría General de 
Pesca, 2019).



20

Figure 6.  View of the Fishing port of Garrucha (Almeria) 
Source: https://www.desarrollopesqueroalmeria.es/almeria-a-levante/catalejos

Figure 7.   View of the Fishing port of Carboneras (Almeria). 
Source: https://www.desarrollopesqueroalmeria.es/almeria-a-levante/catalejos/

https://www.desarrollopesqueroalmeria.es/almeria-a-levante/catalejos
https://www.desarrollopesqueroalmeria.es/almeria-a-levante/catalejos/
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Figure 8.   View of the Fishing port of Almeria. 
Source: https://www.desarrollopesqueroalmeria.es/almeria-a-levante/catalejos

Figure 9.   View of the Fishing port of Roquetas de Mar (Almeria) 
Source : https://www.facebook.com/Deponiente/photos

https://www.desarrollopesqueroalmeria.es/almeria-a-levante/catalejos
https://www.facebook.com/Deponiente/photos
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Figure 10.   View of the Fishing port of Carboneras (Almeria). 
Source: https://www.desarrollopesqueroalmeria.es/almeria-a-levante/catalejos/

Figure 11.    View of the Fishing port of Algeciras (Cádiz). 
Source: http://www.rac-spa.org/sites/default/files/doc_open_seas/alboran_sea_fisheries.pdf

https://www.desarrollopesqueroalmeria.es/almeria-a-levante/catalejos/
http://www.rac-spa.org/sites/default/files/doc_open_seas/alboran_sea_fisheries.pdf
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Figure 12.  View of the Fishing port of La Línea de la Concepción (Cádiz)

Figure 13.   View of the Fishing port of Tarifa (Cádiz) 
Source: http://www.conteymar.com/euvres-realisees/reflotamiento-barco-pesquero-puerto-
tarifa-cadiz/

http://www.conteymar.com/euvres-realisees/reflotamiento-barco-pesquero-puerto-tarifa-cadiz/
http://www.conteymar.com/euvres-realisees/reflotamiento-barco-pesquero-puerto-tarifa-cadiz/
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Figure 14.  View of the Fishing port of 
Marbella (Málaga)

Figure 15.  View of the Fishing 
port of Fuengirola (Málaga)
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Figure 16. View of the Fishing port of Caleta de Vélez (Málaga).                                                                                      
Source: https://www.flickr.com/photos/portalealba/43320452060

Figure 17.   View of the Fishing port of Estepona (Málaga). Source: https://www.diariosur.es/
marbella-estepona/201412/16/puerto-estepona-contara-2015-20141216002549-v.html

https://www.flickr.com/photos/portalealba/43320452060
https://www.diariosur.es/marbella-estepona/201412/16/puerto-estepona-contara-2015-20141216002549-v.html
https://www.diariosur.es/marbella-estepona/201412/16/puerto-estepona-contara-2015-20141216002549-v.html


26Small-scale fisheries are traditional fisheries involving fish-
ing households and relatively small fishing vessels (Tietze, 
2016). The fleet is generally composed of a large number of 
boats, operating mainly on the continental shelf with a small 
capital investment and the exploiting areas are located a few 
hours from the based ports (Colloca et al., 2004). Regardless 
of these common characteristics, the small-scale fleet tends 
to be highly heterogeneous in space (Revuelta et al., 2018), be-
ing characterized by an alternation in the use of fishing gears 
fishing (pots, nets and mechanised dredges) and techniques 
both spatially and seasonally in order to optimize the catch 
and maximize profitability (Camiñas et al., 2004; Tzanatos et 
al., 2006). This is based primarily on the abundance of the tar-
get species, demand and the market price. These characteris-
tics increase the heterogeneity of small-scale fisheries, mak-
ing them complex to assess, monitor and manage (Tzanatos 
et al., 2006; Forcada et al., 2010). 

Figure 18.    View of the Fishing port of Motril (Granada). Source:https://telemotril.com/el-
grupo-de-accion-local-de-pesca-de-la-costa-de-granada-presenta-su-candidatura-para-la-
obtencion-de-fondos-europeos-maritimo-pesqueros/

https://telemotril.com/el-grupo-de-accion-local-de-pesca-de-la-costa-de-granada-presenta-su-candidatura-para-la-obtencion-de-fondos-europeos-maritimo-pesqueros/
https://telemotril.com/el-grupo-de-accion-local-de-pesca-de-la-costa-de-granada-presenta-su-candidatura-para-la-obtencion-de-fondos-europeos-maritimo-pesqueros/
https://telemotril.com/el-grupo-de-accion-local-de-pesca-de-la-costa-de-granada-presenta-su-candidatura-para-la-obtencion-de-fondos-europeos-maritimo-pesqueros/
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The following figure shows the evolution of the small-scale 
fishing fleet in the Andalusian Mediterranean from 2014 to 
2018 (Junta de Andalucía, 2019).

The fishing gears used by SSF in the Mediterranean, which 
are affected by interactions with cetacean, are trammel nets 
and gillnets (Reeves et al., 2001; Bearzi, 2002, Promar, 2014, 
etc).  The set SSF nets are used to capture mostly fish that 
are gilled, entangled or enmeshed in the net (Figure 15) (FAO, 
1990). They are made with a thin and transparent materi-
al that is invisible to the fish (Oxvig & Hansen, 2007), which 
can be arranged as single (gillnets), triple (trammel nets) or 
combined nets. Moreover, the gear must be placed near the 
bottom, at middle waters or near the surface depending the 
target species. These nets can be used either deploying a sin-
gle piece or in large numbers placed in line according to their 
design, ballast and buoyancy, and are used to catch fish on 
the surface, in mid water or on the bottom (FAO, 1990). 

Figure 19. Evolution in Number and Gt of the small-scale fishing fleet in the Andalusian 
Mediterranean (2014-2018).

2.3 - Types of fishing gears
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Gillnets 
A set gillnet type consists of a single netting wall kept more 

or less vertical by a float line and a weighted ground line. The 
floats are usually made of plastic and either cylindrical or egg-
shaped, being attached to the headline, whereas lead weights 
are evenly distributed along the ground line (FAO, 2001). In 
the latest designs the floats and weights are usually incorpo-
rated into the ropes, situated above and below the net, re-
spectively. The set gillnet can be set near the seabed or any-
where between the seabed and the surface (Oxvig & Hansen, 
2007), and it is kept stationary by anchors or weights on both 
ends. The net is made of multi-filament nylon, monofilament 
or multi-monofilament fibers with the aim to make it less vis-
ible (FAO, 2001). The species captured and the size distribu-
tion of the catch is dependent on the mesh size. 

Figure 20. Red mulled captured with gillnet.                                                                                                                         
Source: http://grupos.us.es/puertosandaluces/p10_32pesquerias.html#_

http://grupos.us.es/puertosandaluces/p10_32pesquerias.html#_
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Different types of surface set gillnet are used along the Med-
iterranean waters of Andalusia depending on the target spe-
cies and the area, such as the “Bonitera” targeting Sarda sar-
da, or “Agujetera” targeting Belone belone and the “Sardinal” 
targeting Sardina pilchardus which have a width fixe. Other 
suface gillnets are the “Melvera” targeting Auxis sp. and the 
“Volaera”  targeting Cheilopogon heterurus (Junta de Anda-
lucía, 2014), which have a filament width that increases pro-
gressively; for this reason this type of fishing gear has to be 
located in a perpendicular way to the coast line.

Figure 21.  Bottom set gill net. 
Source: http://agritech.tnau.ac.in/fishery/fish_fishingtech_
passivegears.htm

http://agritech.tnau.ac.in/fishery/fish_fishingtech_passivegears.htm
http://agritech.tnau.ac.in/fishery/fish_fishingtech_passivegears.htm
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Trammel nets 

The trammel net is a bottom-set fishing gear that consists of 
two/three layers of netting with a slack small mesh inner net-
ting between two layers of large mesh netting within which 
fish will entangle (FAO, 2001) after passing through the outer 
wall (Oxvig & Hansen, 2007). The trammel nets that are most 
used along the Mediterranean waters of Andalusia are aimed 
to capture cuttlefish (Sepia officinalis) and red mullet (Mullus 
sps) being highly effective at retaining many different sizes 
and types of fishes (Junta de Andalucia, 2014).

Figure 22.   Set gillnets, harbour of La Línea de la Concepción, Cádiz.
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Figure 23.  Trammel net. Source: FAO-Fish.Tech.Pap.222, p. 42.

Figure 24.  Trammel nets damaged by a bottlenose dolphin, harbour of Motril (Granada).
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Gillnets represent a large diversity of fishing methods used 
throughout the year in all the fishing ports. Their use at each 
time of the year does not depend only on the legal aspects, 
but is largely conditioned by the biology of the target species 
(Camiñas, 1990).

One of the most widely used gillnets is the fine trammel 
(“Trasmallo de salmonete”), which can be used all year round, 
but as it is mainly used to fish for red mullet (Mullus barbatus), 
for a fishing period from May to September (Camiñas, 1990; 
Abeda, 1985). At this time the species comes close to the coast 
to lay their eggs. It is also used to catch common pandora (Pa-
gellus erythrinus), striped seabream (Lithognatus mormyrus), 
and common sole (Solea solea), among other species. Another 
of the most used fishing gear is the light trammel (“Trasmal-
lo de jibia”), used in winter and early spring, from January to 
April. It is mainly used to catch common cuttlefish, Sepia offi-
cinalis, although it can also catch common sole (Abeda, 1985).  

Gillnets build with a single net are present throughout the 
Andalusian Mediterranean coast but its use is not as wide-
spread as the trammels (Camiñas, 1990). Among these fishing 
gears an important one is the “Melvera”, targeting bullet tuna 
(Auxis sp.). This gear is limited from September to November 
when the tuna-like fish passes close to the coasts, since it is a 
migratory fish. Another single net widely used in the province 
of Cádiz, where is the highest volume of catches (Junta de An-
dalucía, 2001), is the Voladera or Volaera targeting the flying 
fish (Cheilopogon heterurus). It is used during May and June, 
when the flying fish goes to the Mediterranean to spawn, it 
is also used in the months of July and August when the flying 
fish goes back to the Atlantic after the spawning.

Annex I includes a summary table of the closure periods es-
tablished by the Consejería de  Agricultura, ganadería, pesca 
y desarrollo sostenible (2020) to protect the fishing resourc-
es, by fishing modality and species. The species involved in 
the closures of the small-scale fishery are mainly octopus and 
molluscs.

2.4 - Target species
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The backspot seabream (Pagellus bogaraveo), red mullet, 
horse mackerel and red porgy (Pagrus pagrus), are the species 
that represent 80% of the economic value of species with 
landing obligation on the Mediterranean coast of Andalusia 
and they are captured by small-scale fishing fleets, excluding 
shell fishing (Table 2). However, with regard to the volume of 
landings, blackspot seabream (Pagellus bogaraveo), red mullet 
(Mullus spp), sardine (Sardina pilchardus), white sea bream 
(Diplodus sargus sargus) and common pandora (Pagellus 
erythrinus) are the main species.

Table 2.  Data of the economic value of the main species landed by the small-scale fishing fleets 
of the Andalusian Mediterranean ports. Those species with landing obligation and representing 
80% of the volume of landings are coloured in blue ports (Junta de Andalucía, 2016).
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Figure 25.  Main species landed by the small-scale fishing fleet (excluding the shellfish fleet) along the 
Mediterranean waters of Andalucía. A: Auxis rochei, B: Octopus vulgaris, C: Lepidopus caudatus, D: Pagellus 
bogaraveo, E: Trachurus spp., F:  Mullus barbatus. Source: http://www.ictioterm.es/ (A. M. Arias)
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The Common Fisheries Policy (CFP) introduces the obliga-
tion of landing unwanted catches for certain species; in the 
case of the fisheries of the Mediterranean Sea, this obligation 
also applies to those species subjected to catch limits, as list-
ed in Annex III of COUNCIL REGULATION (EC) No 1967/2006 
of 21 December 2006 concerning management measures for 
the sustainable exploitation of fishery resources in the Medi-
terranean Sea.

Table 3. Mediterranean species with minimum sizes and landing obligation at Mediterranean 
ports (Junta de Andalucía, 2016).
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Surveys offer the opportunity to actively involve fishermen, 
into data collection activities, making possible to use their 
detailed knowledge on the local resources, the marine envi-
ronment and fishing practices, which can be a useful addi-
tional source of information to scientific research (Johannes 
et al., 2000; Goetz, 2014; Camiñas et al., 2018). Cooperation 
and trust between scientists and fishermen are essential for 
fisheries research, allowing the establishment of partner-
ships between both sectors and supporting local fishermen 
in future fisheries management strategies (Johnson & van 
Densen, 2007). 

Personal surveys were performed in fishing harbours along 
the Mediterranean coasts of Andalusia in order to collect data 
related to the experiences and opinions of small-scale fish-
ermen. Surveys were always conducted face‐to‐face, since 
personal interviews allow creating more confidence between 
the interviewer and respondents. This is a very useful meth-
odology in order to ensure a good quality of data (White et al., 
2005; Goetz, 2014; Camiñas et al., 2018). A map was provided 
to fishermen for identifying the location of fishing grounds 
during each season (Goetz, 2014). As a first step before con-
ducting the interviews, we had previous contact with local 
professional fishing associations and port authorities to know 
each other and to explain the project (Revuelta et al., 2018).

The questionnaire used in this study (Annex II) included 
open and close-ended questions designed specially to iden-
tify the interactions between bottlenose dolphins and small-
scale gillnet fisheries. Overall, survey questions were divided 
in the following categories:

1. Technical characteristics (boat and licenses)
2. Perceptions about interactions with bottlenose
3. Mitigation measures employed by fishermen and their 

suggestions on solutions in order to avoid negative inter-
actions with bottlenose

3.1 - Interview surveys
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4. Information about the fishery affected by interactions 
with bottlenose dolphins: type of fishing gear used, tar-
get species and spatial information about the location of 
fishing activities.

5. Information on incidental capture of marine species 
(bottlenose and other protected species)

6. Information on the interactions between bottlenose dol-
phin and fishing gear: Description and level of damage, 
including catch loss (depredation and scattering of fish), 
gear damage and associated economic loss.

Information regarding the adequate sample size for fisher-
ies assessment from personal interviews is very limited, mak-
ing this methodology very complex (Malterud et al., 2016; 
Revuelta et al., 2018). In order to ensure an adequate sam-
ple size, the sample must include 10±3% of the operative (i.e. 
active) artisanal fleet of the investigated area. The protocol 
used in this study is included in Annex III and to complete the 
data on small-scale fishing activity the website of the Junta de 
Andalucía was consulted.

From the tables of data obtained through the interviews, we 
used a binary logistic regression to estimate the probability 
to obtain a cetacean interaction in relation to technical and 
geographical interactions. Binary logistic regression is widely 
used for establishing relationships between environmental 
independent variables and the probability of response of tar-
get variables (for example Báez et al., 2013). Consequently, 
we assigned the value 1 when interviewed persons declare 
cetacean interaction, while we assigned the value 0 when the 
interviewed persons declare no interaction. The explanatory 
variables were: home-based port, size, gear type, fishing time, 
target species and boat length. We performed forward-back-
ward stepwise logistic regression to obtain a final multivari-
ate logistic model. To evaluate the models we assessed their 
parsimony, and goodness-of-fit, and discrimination capacity. 
Model goodness-of-fit was assessed by means of the Hosmer 
& Lemeshow test.

3.2 - Data analysis
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During the period August-September 2019, a face-to-face 
interview survey was conducted to the professional small-
scale fishermen in the 14 harbours of four provinces in the 
Andalusian region (Table 4). It was performed at the land-
ing places, when the fishermen were maintaining the fishing 
gear and their boats, since many fishermen have time limited 
(Moore et al., 2010). A total 33 interviews were carried out, the 
persons interviewed were exclusively men and professionally 
active skippers, and only one interview by vessel was done. 

No women were observed onboard the SS fleet, but one ac-
tive woman in the port of Motril during the landing process 
and repairing gears was noted. Moreover, the only woman 
involved in the surveys and the arrangements with fishermen 
was the chief patron of the Fisher folk’s Associations of Caleta 
de Velez, in Málaga. This person is also the Chairperson of 
the Federation of Fisher folk’s Associations of the province of 
Malaga.

4.1 - Results of the surveys on the field

Figure 26. Interviews with fishermen (Port of Motril)
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Figure 27. Interviews with fishermen (Port of Fuengirola)

Figure 28. Interviews with fishermen (Port of Fuengirola)
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All the required surveys (according to the protocol) could 
not be carried out in the ports of Estepona and Tarifa, be-
cause gillnet fishing activity has been drastically reduced by 
the presence of the exotic seaweed Rugulopteryx okamura. 
The information about this problem has been collected in the 
section 5.4 of this work, entitled: “An emerging problem in 
the Alboran Sea affecting the artisanal fisheries that overlaps 
with dolphin interaction: the invasive seaweed Rugulopteryx 
okamura.”

Table 4. Artisanal fishery fleet of the Andalusian in the 
Mediterranean sea (SGPM, 2019) and number of interviews. Ports 
from east to west in Andalucía: Garrucha, Carboneras, Almería, 
Roquetas, Adra, Motril, Caleta de Vélez, Málaga, Fuengirola, 
Marbella, Estepona, La Línea, Algeciras and Tarifa.
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The technical characteristics of the artisanal vessels (see 
Table 5) whose skippers or sailors have collaborated in this 
study have an average of 8.6 m in length (LOA) and 40.4 HP 
these values are slightly higher than those corresponding to 
the average values of the total small-scale fishery of the An-
dalusian Mediterranean. However, the GT (tonnage) is 3.1, 
slightly below of the total value of the artisanal fleet. The av-
erage values of all the Mediterranean artisanal fleet are 8.3 m 
length, 38 CV and 3.6 GT (Junta de Andalucía, 2018).

4.2 - Characteristics of the sampled fleet

Table 5. Technical characteristics of the vessels interviewed. Ports from east 
to west in Andalucía: Garrucha, Carboneras, Almería, Roquetas, Adra, Motril, 
Caleta de Vélez, Málaga, Fuengirola, Marbella, Estepona, La Línea, Algeciras 
and Tarifa.
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The importance of the different fishing gears of interest to our study 
versus the different gears used in a fishing port is very variable, depend-
ing on the base port (Figure 25). The artisanal gears used are: mecha-
nized dredges, gillnets, longlines and traps. 

According to the census of the Junta de Andalucía (2020), the 67 per-
cent of the surveyed fleet has a license for octopus using ad hoc trap 
gears and 39 percent has a license for bivalve fishing, using different 
dredges type.

Figure 29. Technical characteristics of the vessels interviewed per port.  Ports from east to west 
in Andalucía: Garrucha, Carboneras, Almería, Roquetas, Adra, Motril, Caleta de Vélez, Málaga, Fuengirola, 
Marbella, Estepona, La Línea, Algeciras and Tarifa.

Figure 30. Licenses per port (excluding longline fishing) according to the census of the Junta 
de Andalucía (2020). Ports from east to west in Andalucía: Garrucha, Carboneras, Almería, Roquetas, 
Adra, Motril, Caleta de Vélez, Málaga, Fuengirola, Marbella, Estepona, La Línea, Algeciras and Tarifa.
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Figure 30 shows the relative importance (in number of li-
cences per gear) of the different fishing port (the longline is 
not included). The ports of Tarifa, Algeciras and Motril have a 
low shellfish activity, compared to the ports of Fuengirola, La 
Línea de la Concepción and Caleta de Vélez, where the activity 
with mechanized dredges is widely used. The octopus fishing 
with traps is very widespread in all the Andalusian ports, ex-
cepting the ports of Tarifa, La Linea and Algeciras.

This information should only be considered as an approach 
to characterize the artisanal fishery in the different ports of 
study, since it has to be taken into account that a vessel can 
be licensed to fish with a gear and do not use it in a specific 
year or never. To carry out an exhaustive quantification of 
the economic losses caused by dolphins, it is of vital impor-
tance to know the real fishing effort (number of days fishing) 
by gear, as well as the number of months (and days/month) 
in which each one is used.

We found that the probability of observing cetacean inter-
actions was significatively related to the home-based port of 
the target SSF fleets in function to a W-E gradient. Thus, the 
skypers/crews from Algeciras and Tarifa home-based boats 
do not declare any interaction, while in La Linea they declared 
scarce interaction. We do not found significant differences in 
the other ports cases, within the coast of Andalucia-Mediter-
ranean Sea. The result tables of this analysis are included in 
the Annex IV.

4.3 - Results of the Interactions with cetaceans

4.3.1 - Results Logistic Regression
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The following tables show the data corresponding to the 
fishing gear used by each vessel surveyed by port. This infor-
mation has been collected for fishing gears that have inter-
actions with cetaceans. The tables include: Base port, vessel 
(number), gear type (ISSCFG: International Standard Statisti-
cal Classification of Fishing Gear, 1980), the name of the gear 
and target species. Regarding the nets fishing gear under 
study (GTR: Trammel nets; GNS: Set gillnets) we have collect-
ed other information as the size of the gear (metres in length), 
fishing period, fishing depth (meters), fishing time, distance to 
shore (nautical miles), coordinates of the fishing place, name 
of the site.

The acronyms used for the different types of fishing gears 
are: FPO: Pots, GNS: Set gillnets (anchored), GTN: Combined 
gillnets-trammel nets, GTR: Trammel nets, HMD: Mechanised 
dredges including suction dredges, LHM: Handlines and pole-
lines (mechanised), LLS: Set longlines, LNS: Shore-operated 
stationary lift nets and NK: NOT KNOWN).

4.3.2 - Fishing gear
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Table 1. Data from the port of Garrucha (Almería) Roquetas, Adra, Motril, Caleta de Vélez, Málaga, Fuengirola, Marbella, Estepona, La Línea, Algeciras and Tarifa.

Table 2. Date from the port of Carboneras
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Table 3. Data from the port of Almería

Table 4. Data from port of Roquetas de Mar
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Table 5. Data from the port of Adrar

Table 6. Data from the port of Motril (Granada).
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Table 7. Data from the port of Caleta de Vélez (Málaga).
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Table 8. Data from the port of Málaga

Table 9. Data from the port of Fuengirola (Málaga).
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Table 10. Data from the port of Marbella (Málaga).

Table 11. Data from the port of Estepona (Málaga).
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Table 12. Data from de port of La Línea de la Concepción (Cádiz).
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Table 13. Data from the port of Algeciras (Cádiz).

Table 14. Data from de port of Tarifa (Cádiz).
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As observed in these tables, the fishing period at each port 
is very variable, even being the same fishing gear type, for 
example, the mullet trammel net, depending on the boat and 
port, they use it only during the summer months or all year 
round, similarly, the data obtained in the surveys in depth 
and distance are also very variable.

The fishing areas indicated in the tables (6-14) are per ves-
sel, regardless of the time of year and the netting gear used. 
The fishing areas of the fleet in each port are traditional fish-
ing grounds and do not usually overlap with those of other 
ports, except for some boats that have their base port Malaga 
and fish and landing the capture in Caleta de Velez. We do 
not include information about the fishing grounds of Estepo-
na and Tarifa. In both cases they couldn’t fish at the time of 
the inquiry due to the presence in their fishing grounds of the 
mentioned invasive algae. In addition, in Tarifa the fishermen 
indicated that they never have had problems with bottlenose 
dolphins.

The following Figure (26) shows the landing ports where 
damage by bottlenose dolphins has been reported during the 
project inquire, from the data collected in the tables above.

Figure 31.   Small-scale fishery with negative interactions with bottlenose 
dolphins. From left to right: Tarifa, Algeciras, La Línea de la Concepción, 
Estepona, Marbella, Fuengirola, Málaga, Motril, Adra, Roquetas, Almería, 
Carboneras and  Garrucha.
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All the small-scale fishermen interviewed from the Andalu-
sian Mediterranean area use gillnets. The next table (15) and 
figure (27) show the fishing gears affected by bottlenose dol-
phins, the most involved are “Trasmallo de salmonete=red 
mullet trammel net” (37%) and “Trasmallo de jibia=cuttlefish 
trammel net” (26%). The remaining thirty-seven percent of the 
fishing gears concerned are: “Trasmallo=trammel net” (for di-
verse species), “Melvera= bullet tuna set gillnet”, “Sardinal= 
sardine set gillnet”, “Solta= set gillnet” (for diverse species), 
“Volaera”or “Voladera= mediterranean flyingfish set gillnet”, 
“Bonitera= Atlantic bonito set gillnet” and “Pijotera= albacore 
set gillnet”.

Table 15.   Fishing gear affected by bottlenose dolphins according to directs enquires: Fishing gear 
code (GTR: Trammel nets; GNS: Set gillnets), Target species, Fishing gear local name and percentage 
per gear. 
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The figure below (Figure 33) represents the fishing gears af-
fected at each port. The ports of Tarifa and Algeciras have 
not been included because the fishermen in these ports have 
not reported interactions in inquires. Generally, the trammel 
nets are the gears more damaged by the bottlenose dolphins, 
mainly “trasmallo de salmonete= red mullet trammel net” and 
then “trasmallo de jibia= cuttlefish trammel net”. By contrast, 
in the port of the La Línea de la Concepción, the gears more 
affected are the set gillnets as the Melvera and the Volaera.

Figure 32.  Fishing gear (nets) most affected by bottlenose dolphins in the Andalusian 
Mediterranean (according to the surveys). (“Trasmallo de salmonete=red mullet trammel net”, 
“Trasmallo de jibia=cuttlefish trammel net”, “Melvera= bullet tuna set gillnet”, “Sardinal= sardine 
set gillnet”, “Solta= set gillnet” (for diverse species), “Volaera”or “Voladera= mediterranean 
flyingfish set gillnet”, “Bonitera= Atlantic bonito set gillnet” and “Pijotera= albacore set gillnet”.
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All respondents except in the ports of Tarifa and Algeciras, 
considered that the presence of the bottlenose dolphin has 
increased in the last 5 years. In the ports of Tarifa and Al-
geciras, they reported that the presence of this cetacean has 
remained stable and do not consider it as a problem, because 
they do not suffer negative interactions. 

All those interviewed believe that the area of distribution 
of the bottlenose dolphin is homogeneous, being equally dis-
tributed throughout the fishing area, without finding any sea-
sonal differences in its presence. 

The increase in interactions is attributed by some of the fish-
ermen interviewed to the increase in the population of tuna, 
a species that competes with dolphins for food and has made 
them look for other alternatives

Figure 33.   Fishing gears affected at each port in the Mediterranean small-scale fleet. 
(“Trasmallo de salmonete=red mullet trammel net”, “Trasmallo de jibia=cuttlefish trammel net”, “Melvera= 
bullet tuna set gillnet”, “Sardinal= sardine set gillnet”, “Solta= set gillnet” (for diverse species), “Volaera”or 
“Voladera= mediterranean flyingfish set gillnet”, “Bonitera= Atlantic bonito set gillnet” and “Pijotera= 
albacore set gillnet”.

4.3.3 - General perception from the fishers about 
the interaction with cetaceans
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None of the skippers are aware of any mitigation measures 
employed and do not apply any, because they do not know 
efficient solutions to this problem.  

Most of them are interested in participating in pilot actions 
that could be developed in the future to reduce these 
interactions.

The data (Table 16) describes the gears most affected by 
bottlenose dolphins, it includes the name of the fishing gear, 
nets´ material, dimensions of the gear (length and height), 
number of pieces, fishing days (approximate days used per 
year), age of the net, its price and nets´ mesh size.

In the surveys conducted, fishermen reported no bycatch 
events for any species (dolphin, whale, shark, turtle, bird and 
other), they consider bycatch is not a problem for their fishery 
(100%).

The following table (Table 17) summarise the responses to 
the surveys regarding the interactions (positive, indifferent 
and negative) of dolphins with the different gillnets fishing 
gears, as well as the percentage of the events of these 
interactions during the fishing maneuvers.

4.3.4 - Metier experienced in interaction with cetaceans

4.3.5 -  Bycatch and interactions

Table 16.   Description of the main fishing gear affected by bottelnose dolphins (average data of 
the surveys).  (“Trasmallo de salmonete=red mullet trammel net”, “Trasmallo de jibia=cuttlefish 
trammel net”, “Melvera= bullet tuna set gillnet” and “Volaera or Voladera= mediterranean 
flyingfish set gillnet”)
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Positive interactions were mostly associated with 
common dolphins (Delphinus delphis) and striped dolphin 
(Stenella coeruleoalba), the fishermen did not differentiate 
these two species and they identified them as small dolphins. 
The 94% (31 respondents) of the fishermen considered that 
they did not have positive interactions; however, the 6% (2 
respondents) claimed to have it. They explained that small 
dolphins lead the target species into the nets. The two vessels 
that reported to have positive interactions belong to the Linea 
de la Conception (home port) fishing with set gillnets. One of 
the boats fished with Melvera and the other vessel fished with 
Melvera and Volaera, for these vessels positive interactions 
occur on average in 50% of the fishing operations.

Most fishermen (82%) reported seeing small dolphins 
during fishing manoeuvres. These encounters are considered 
as indifferent interactions and happen to them on average 
in 53% of the fishing manoeuvres, this percentage being the 
same with the different net fishing gears used. In all cases 
the fishermen answer that this type of interaction occurred 
with small dolphins. The remaining 18 % answer that they did 
not have indifferent interactions with dolphins, these data 
correspond to the base ports of La Línea de la Concepción (2 
vessels), Málaga (1), Estepona (1) and Almería (2).

The 12% of the respondents said they did not have negative 
interactions with dolphins, these answers correspond to the 
ports of Tarifa and Algeciras. However, in this last port they 

Table 17.   Interactions´report and average percentage of interactions in the fishing operations 
with gillnets.
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acknowledged that bottlenose dolphins may be problematic 
for other gears, as purse seiners targeting sardine. The 
remaining 88% (29 respondents) reported having negative 
interactions with bottlenose dolphins.

Among the fishermen who had reported negative 
interactions, they considered that this occurred on average 
in 46% of the fishing manoeuvres. During such interactions, 
the fishermen suffer damage/loss of catch (depredation and 
scattering of fish), in the 100% of each negative event. The 
fishing equipment is also damaged by bottlenose dolphins, 
this cetacean breaks the fishing gear when it takes out the 
captured fish, making holes in the nets in 100% of the negative 
events. The percentage of the fishing gear damaged  can be 
76% in average. The fishermen were not able to specify in 
most cases the exact size and number of holes caused by 
bottlenose dolphins, since according to the answers, there 
is an enormous variability in each event. The holes can be, 
from: small (0-30 cm), medium (31-80 cm), big (81-120 cm), 
very big (>120cm). Regarding the reduction of catch by the 
interactions, it represents an average of 76% per negative 
event, moreover the 34% of the fishermen claimed to suffer 
complete losses of catches when the interaction occurs.

Figure 34. Damage (holes) caused to nets by bottlenose dolphins.
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Regarding the economic losses, the fishermen reported a 
mean of 582 € (SD=341) per one event of negative interaction; 
the cost was estimated considering both gear damage and 
catch loss. The total cost declared by the fishermen of a failed 
fishing trip (considering the elements above and also indirect 
costs such as the number of operators paid, fuel consumed, 
missing catch, etc.) is 871€  (SD= 1130).

Within the group of fishermen who reported negative inter-
actions, considered damage to catch and gear caused by ce-
tacean, they considered that in all cases these damages were 
caused by bottlenose dolphin (100%).

Figure 35.  Damage (very big holes) caused to nets by bottlenose 
dolphins
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The fishers reported that in occasions some interactions 
and damage could be due to other animals (13.8%). These are 
the european conger (Conger conger) that they can identify 
because it makes holes and tangles, different from bottlenose 
dolphins that only make holes. Swordfish (Xiphias gladius) 
and bluefin tuna (Thunnus thynnus) also cause damage, it can 
be identified because is possible to observe them directly. 
Cormorants can also damage nets by making small holes in 
the net when they steal the catch. Fishermen can see this 
seabird, a situation that only happens in January, according 
to the affected fisherman.

In 2015, the exotic seaweed Rugulopteryx okamura was 
detected for the first time in Ceuta, south of the Gibraltar Strait 
area, probably transported in ballast waters by a ship from 
Asian origin (Rosas Guerrero et al., 2018). Since then it has 
shown a surprising growth and dispersion almost completely 
displacing the local biota and producing important negative 
effects on the local fishermen. This invasive brown seaweed 
affects, also, the community of native fish. Recently, some 
fishermen of the harbour of Tarifa and Algeciras (Spain) have 
claimed the fall of their catches by the abundant presence 
of this seaweed in the fishing area. The seaweed affects also 
the tourism in the area because hundreds of tons of the alga 
appear along the beaches in tourism period: lately it was 
mentioned the effects of the alga on the underwater system 
used by the desalination plant in Marbella. 

Rugulopteryx okamurae (Dictyotales, Ochrophyta), is a 
common Phaeophyceae in the temperate areas of the 
Northwest Pacific (e.g., Philippines, Taiwan, China, Korea, and 
Japan – see Huang, 1994) but it ranges from tropical areas of 
the Gulf of California (In: García-Gómez et al., 2020). In the 
Mediterranean, this exotic seaweed that has been recorded 
since 2002 in France, where it was accidentally introduced in 

4.4 - An emerging problem in the Alboran Sea 
affecting the artisanal fisheries that overlap 
with dolphin interaction: the invasive seaweed 
Rugulopteryx okamura
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the Thau lagoon through seed importation of Japanese oyster 
(Crassostrea gigas). In 2016, (Altamirano et al., 2016; Ocaña et 
al. 2016) confirmed presence, since July 2016, of abundant 
biomass of a new species of exotic macro algae on the beaches 
of Ceuta (Noth Africa) and Tarifa (south Spain) in the strait of 
Gibraltar. The morphological and anatomical identification of 
the samples revealed the presence of Rugulopteryx okamurae. 
This is the first reference of this species in the Atlantic and in 
Spain, and the second for the Mediterranean Sea. In 2017 an 
alert about this invasive seaweed was published in Quercus 
(Altamirano et al., 2017). Also in August 2017 this seaweed 
was observed in the south of Alboran, first in the Moroccan 
part of Gibraltar Strait and extending along the Moroccan 
Mediterranean coast in 2018 (El AAmri et al., 2018; García-
Gómez et al., 2018). 

On December 20th, 2019, the Sub-Directorate General for 
Biodiversity and Natural Environment received the proposal 
for cataloguing Rugulopteryx as an invasive species, which in-
cludes the risk analysis prepared by the University of Malaga 
(Ideal of Granada, 10012020).

At present, masses of the species have already been found 
in the provinces of Huelva, Cádiz, Málaga, Granada and Al-
mería. Algae biomass accumulations are having an important 
economic impact on the fishing sector in the affected areas, 
as fishing gear collapses and catches are reduced (Altamira-
no et al., 2019). Floating debris and 100% colonization of the 
rocky underwater bottom between 0 and 45 meters deep 
make fishing gear useless.

García-Gomez et al, (2020) described the possible linking with 
global warming “the bloom of R. okamurae exhibited an initial 
geographical expansion (2015–2017) to the northern coastal 
area of the Strait of Gibraltar (Tarifa-Gibraltar) and subsequent 
extension in the south of the Iberian Peninsula, towards the 
Atlantic coast (2018) and the Mediterranean coast (2019). 

This bloom could have been associated with the temperature 
peak in July 2015 and was thus possibly linked to global warming”.



65

Results from the surveys to artisanal vessel skippers in Mála-
ga province (Ports: Estepona, Marbella, Fuengirola, Málaga, 
Caleta de Vélez).

Observations of this seaweed and interferences with lo-
cal fisheries in the northern Alboran Sea, the project area in 
Spain, have been referenced from 2016 onward in scientific 
journals and from 2019 in the local press. In both types of 
sources were underlined the problems caused to the fisher-
ies because the continuous expansion of the species from the 
Strait of Gibraltar and Atlantic localities along the northern Al-
boran coast until areas situated in Almeria, the easternmost 
of the Alboran Sea.

During our surveys of the fishing ports we observed:

In Estepona we interviewed a boat owner (only 1-2 boats, 
San Bernabe and Mis Niños, were fishing out sporadically, ac-
cording to the skippers interviewed. Before the appearance 
of the seaweed there were 10-12 boats fishing with trammel 
nets). They have been affected by the algae for years (In 2015 
it was detected in Ceuta. Possibly it appeared in Estepona 
at the end of 2016 / beginning of 2017). The fishermen also 
mentioned problems to work with traps targeting fishes and 
octopus because, from the beginning of 2019, the parts of 
the seaweed removed by the storms along the sea bottom 
clogging the pots and reducing the captures. The distribution 
of Rugulopteryx extends affecting the fishing vessel activities 
from the coast to around 300 m depth. Previously, if they suf-
fered negative interactions with bottlenose dolphins, but cur-
rently it is a secondary problem, since they cannot work, and 
are suffering great losses because they cannot fish with nets. 

In Marbella, we conducted 3 surveys, but we found that 
there were fewer boats fishing as a result of the effects of 
the algae. The three artisanal vessels enquired referred the 
presence of the seaweed in the fishing area from the east-
ern fishing ground to the eastern finding the algae close to 
Fuengirola. Moreover, they explained that most of the vessels 
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were not fishing nowadays as a consequence of the import-
ant presence of the exotic seaweed and the reduced captures 
of target species. Also, they came back to the base ports with 
their nets (trammel nets) clogging, arriving from the sea with 
practically no captures and not income. Two of the three en-
quired vessel decided not to fish more with these gears and 
wait to the use of alternative ones (hooks).

Cádiz province (Ports: Tarifa, Algeciras, La Linea)

Tarifa: They do not go fishing due to the presence of the 
algae; only 1 boat does it sporadically. They do not consider 
that they have negative interactions with cetaceans.

Algeciras: They say there are NO negative interactions with 
cetaceans. Problems with the algae.

La Línea de la Concepción: Yes, they have negative interac-
tions with bottlenose dolphins; Fishing is restricted to certain 
areas to avoid algae.
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By examining the results of the interviews, it is clear that 
bottlenose dolphins are present in western Mediterranean all 
year round and increased its presence in the last 5 years. By 
examining the results of the interviews, it is clear that bottle-
nose dolphins are present in western Mediterranean all year 
round and increased its presence in the last 5 years. Their 
abundance could be affected by global climate change, as re-
cent analytical models have shown in the case of common 
dolphins (Lambert et al. 2011; Cañadas & Vázquez, 2017)

 The data derived from our interview surveys indicate that 
cetacean interactions with gillnet small-scale fishery are fre-
quent in the Andalusian Mediterranean Sea. 

Bottlenose dolphin was the main species associated with 
depredation on catch because of this fact, fishermen in the 
affected areas perceive these animals as competitors. 

The negative interactions with bottlenose dolphins have 
been reported in twelve of the fourteen study ports. This is 
probably due because dolphins find probably an easier way 
to feed because the source is concentrated in the gillnet and 
provide them an alternative foraging method. Although dol-
phins benefit from taking fish entangled in gillnets, this meth-
od of feeding could increase the bycatch risk (Díaz, 2006). 
However, all the fishermen interviewed (100%) answer that 
they had never had an event of this kind.

The increase in interactions is attributed by some of the fish-
ermen interviewed to the increase in the population of tuna, 
a species that competes with dolphins for food and has made 
them look for other alternatives.

Two ports, Tarifa and Algeciras, situated in the western part 
of the study area declare not having interactions, although 
the presence of bottlenose dolphin in this area and their den-
sity is important. From the interviews we haven’t obtained in-
formation of what could be the behaviour of dolphins, the 
reasons behind this, nor what could be the fishing strategy 
used in these two ports to avoid interactions.

5.1 - Main conclusions
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We found that the probability of observing cetacean interac-
tions was significatively related to the home-based port of the 
fleets in function to a W-E gradient. 

The fishing area of the SSF fleet based in both Tarifa and Al-
geciras ports coincide with the area most affected by the inva-
sive algae Rugulopteryx okamura, so we cannot know exactly 
if they are prioritizing this problem, as they expressed great 
concern about it having seen their activity reduced.

Currently it is not possible to accurately quantify the eco-
nomic impact of bottlenose dolphins on the gillnet fishery. 
The average total cost reported by fishermen of 871€ (SD= 
1130) per one event of negative interaction.

 The 88% of fishermen report negative interactions, repre-
senting the 46% of fishing days with gillnet damage. These 
losses could have a relatively large impact on a fisher’s liveli-
hood.

Recommendations are based on the analysis of the results 
obtained in the forms completed following the methodology 
of the project, with the persons interviewed at the docks and 
landing ports, mainly carried out to the skippers of the artis-
anal vessels. 

The main recommendation at this stage is that from our re-
sults, it is not clear the causes of the increasing interactions 
in the area, if it is the effect of an increase in the number of 
bottlenose dolphins in the study area or because the learning 
effect in the families of this species increase the efficacy in 
their attacks/interactions with SS fishing gears. 

5.2 - Recommendations
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Stablish a mean value of losses by fishermen or gear nor 
the total by year or fishing port was possible. Data on the first 
sell values for the main target species by port, the total sell by 
vessel and year, fishing days with related sell of the captures 
at the landing ports and other official data should be available 
to a more in deep analysis. For that reasons we suggest to ex-
tend the study to such other information sources and to ex-
tend the study to other fisheries in the same ports, mainly the 
small pelagic purse seine, in order to contrast the information 
and results obtained with the artisanal fleet, since both fleets 
are affected by the same interactions with dolphins and so 
appropriate mitigation measures for the two fleets can be de-
veloped. 

Possible actions to be taken after the completion of the first 
phase of the project are:

1) Consultation the catches in the official auction sheets

Small-scale fishing is characterised, inter alia, by the alter-
nating use of fishing gears based primarily on the abundance 
of target species and the market price. The use of gears af-
fected by interactions with dolphins included in this study de-
pends of some other factors such as the closure of the bivalve 
mollusc fishing grounds by natural biotoxins. During such 
period the fleet target other species, such as octopus, which 
they prefer because of their higher price. Octopus fishery 
with pots is active in the area even when the fishing grounds 
for shellfish are open (no toxins). With the information ob-
tained from our surveys it is not possible to know precisely 
the alternation of fishing gears due to official closures or even 
used each day, and therefore neither the fishing effort and 
real revenues and losses.

From the consultation of the auction sheets and subsequent 
analysis of the landings and prices computed in the sheets, it 
would be possible to know the gear really used by the fleets 
and the fishing effort at each period of the year (traps, nets, 
longlines and trawls or dredges). Also, that consultation 
could help to obtain precise information on the substitution 
of gears along the year and the distribution of the fishing 
grounds of the artisanal local fleet according to the fishing 
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gear really used and then allocate interactions to specific fish-
ing grounds. In such approach we could focus on fishing with 
gillnets, to determine the number of daily fishing time units 
(mareas) carried out at each fishing port of the Andalusian 
Mediterranean coast and therefore, determine the effort by 
vessel and daily sales prices of each species, and consequent-
ly, be able to estimate the economic losses produced by bot-
tlenose dolphins.

Another alternative to get the information about catches 
and fishing effort is the consultation of the data obtained from 
fishing statistics prepared in IDAPES (the Andalusian Fisheries 
Statistics System). It is based on fishing sales and production 
data of the Directorate General of Fisheries and Aquaculture 
of the Regional Government of Andalusia, which manages re-
cords of first sales at auctions, recording daily catches landed 
per species and vessel.

2) Consultation of Green boxes (“Cajas Verdes”) 
information

Great advantage could be taken by consulting the green box-
es of the boats, the number of boats that are operating could 
be known, identify the fishing grounds of the small-scale fleet, 
the fishing effort (fishing days) and their distribution, both by 
area and by month. 

The “Green boxes” are the Andalusian Fishing Vessel Mon-
itoring System (Sistema de Localización y Seguimiento de 
Embarcaciones Pesqueras Andaluzas: SLSEPA), it is used for 
tracking and monitoring fishing vessels under 15 m in length. 
It is a GPS-based vessel tracking system used by the Adminis-
tration of the Autonomous Community of Andalusia to mon-
itor the activities of the Andalusian fishing fleet. This system 
allows the collection of information on Vessel identification, 
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geographical position, course, speed and date and time of the 
maneuver. This system is regulated by the decree 64/2012, 
of 13th of March (Consejería de Agricultura y pesca), which 
also regulates the days and hours of shellfish and profession-
al fishing activities.

In addition, if an application is developed for fishermen to 
voluntarily report negative interactions with bottlenose dol-
phins, this data collected could be linked to that from sales 
sheets and green boxes, which would provide great accura-
cy on the equipment used, target species, depth and time of 
year.

3) Direct observations onboard

Direct observations by experts onboard of the small-scale 
artisanal fleet may be a good procedure for observing the in-
teractions of bottlenose dolphins with this fishery and it is a 
tool used by many fisheries within the EU. It would allow to 
contrast the information collected in the surveys and also to 
obtain more accurate data about the negative impacts of dol-
phins on gear, catch as well as fisher’s revenue losses.  

Observers onboard will make possible to obtain data to 
relate the cetaceans’ interactions with the different fishing 
gears, their attitudes on fishing manoeuvers, target species, 
and various characteristics of the manoeuvres such as the 
soaking time of the net, depths and distance to the coast/
port, differences relation with the schedules, time of year, 
etc. In addition, observations on board would allow to have 
better information about the catches composition, being able 
to have a control over the species caught and not only those 
landed/declared in the fish market, we could also know the 
size distribution of the species caught and relate it to the in-
teractions and to accurate the losses. Moreover, additional 
environmental and fishing information could be collected.

In order to learn about the overlapping of dolphins distri-
bution and the fishing grounds, on-board observation allow 
also to realize dolphin watching to assessing their abundance 
and fidelity to the fishing areas, and to improve knowledge 
on groups dynamic and reproduction, site fidelity, and move-
ment patterns.
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Onboard observer’s implementation would require the de-
velopment of a sampling plan for all ports in Andalucía, includ-
ing those ports that have not reported interactions, in order 
to corroborate this information and understand its causes. 
Regarding the ports where there are interactions with bot-
tlenose dolphins, observers should focus on the main fishing 
gears and fishing periods affected in each port. These obser-
vations should be made at different time periods of the year, 
to analyse the seasonal variability of the interactions and to 
be able to observe different fishing gears, which as we have 
verified in the case of some of them, their use is reduced to 
specific times of the year.

4) Great participation of the fishing sector

Participatory meetings with stakeholders (fishers, fishing 
associations, administrations, scientists, etc.) to present the 
goals and results at the end of the project. These meetings 
would promote the integrating knowledge among fishermen 
and scientists for better management. The preparation of 
easy to understand products (leaflets, triptychs, banners, etc.) 
could led to approach the situation to all fishermen at the 
ports and not only to those affected (SSF).

5) Acoustic deterrents and cameras

If fishermen agree to do it, experiments could be carried 
out using different acoustic deterrents in Andalucía, although 
bottlenose dolphins may react to pingers, their reaction may 
not always be repellence, they may habituate rapidly (e.g. see 
results a field experiment with harbour porpoises; Cox et al. 
2001) (Reeves et al., 2001).

Other useful tools, could be to put cameras on nets to ver-
ify the cetacean species that cause damage to gear, the kind 
of fishing damage of the nets, how many fish are removed 
or damaged, in order to direct research and mitigation mea-
sures on a more species- and gear-specific basis (Goetz et al., 
2014). 
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6) Evaluation of emerging problems

Evaluate how the presence of the invasive algae (Rugu-
lopteryx okamurae) affects the artisanal fleet under study is 
a real problem to approach and follow up since a large part 
of the vessels (gillnets) are not currently working due to this 
presence, causing the algae great economic losses and prob-
ably changes in the gears to be used and in consequence, the 
interactions with dolphins could reduce. This algae is mainly 
present on the coast of Cadiz and Malaga, although recently 
it has also been found in Granada and mentioned in Almeria 
coasts.
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