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ABSTRACT 

 

Common dolphins (Delphinus delphis) are top predators, feeding on a wide variety of prey 

species, several of which are also targeted by fisheries. The last remaining healthy group of the 

endangered Mediterranean common dolphin subpopulation is located in the Alboran Sea. 

Their feeding grounds overlap with the fishing grounds of trawlers targeting European hake 

(Merluccius merluccius) and blue whiting (Micromessistius poutassou) as well as purse seiners 

targeting small pelagic species such as European sardine (Sardina pilchardus), European 

anchovy (Engraulis encrasicolus), horse mackerel (Trachurus spp.) and mackerel (Scomber 

spp.). In the present study, we estimated that individual common dolphins in the Alboran Sea 

have a food consumption of 3.35 ± 0.67 kg/day, based on scaling equations applied to 

stranded animals. This figure is similar to the ones reported for other European populations. 

Although common dolphins mainly feed on mesopelagic species of none or little commercial 

interest, they also feed on commercial species, which could lead to a potential conflict with 

fisheries in the area. We estimated common dolphins in the Alboran Sea could consume more 

than 16,000 tonnes of fish annually, including ca 7,365 (95% CI: 3,838–11,639) tonnes of 

Madeira lanternfish (Ceratoscopelus maderensis), 2,888 (1,123–5,223) tonnes of bogue (Boops 

boops), 2,770 (879–5,270) tonnes of European sardine, 1,850 (170–4,116) tonnes of gobies 

(Gobiidae), and 1,497 (65 – 3,352) tonnes of European hake (reference period 2006-2011). 

Estimated sardine, anchovy and blue whiting consumption was low when compared to the 

landings in the area, however estimated hake consumption was above the reported hake 

landings in recent years (393.4 ± 146 tonnes landed annually between 2006-2011). 

Additionally, direct interactions between common dolphins and main fisheries were evaluated 

in a total of 111 observed fishing trips (70 in trawlers and 41 in purse seiners) in the area. 

Although no bycatch of common dolphin was recorded, non-lethal interactions between 

dolphins and the fishing activity were detected from observations of this on-board observer 

program. These interactions, together with the high prevalence of stranding with signs of 

fishing interactions from the study area, may imply an additional threat to this endangered 

cetacean subpopulation. 

 

Keywords: Prey consumption, fisheries, Alboran Sea, bycatch, trophic ecology, Delphinus 

delphis. 

 

  



1. INTRODUCTION 

 

Nearly all cetacean species are known to interact with fisheries (IWC, 1994; Northridge and 

Hofman, 1999). Negative interactions include damage to gear (Brotons et al., 2008), bycatch 

(Marçalo et al., 2015; Reeves et al., 2005), catch depredation (Esteban et al., 2016b, 2016a; 

Tixier et al., 2017, 2014, 2010) and competition for fish. Conversely, positive interactions have 

also been recorded, including fishers using cetacean presence to  locate prey (Hernandez-

Milian, 2008; Pryor and Lindbergh, 1990).  

Consumption of commercial fish by cetaceans, leading to a reduction of fish biomass  and 

therefore a decrease in fisheries catches (Lavigne, 2003; Northridge and Hofman, 1999; 

Plaganyi and Butterworth, 2005; Punt and Butterworth, 1995), is frequently perceived by 

fishers as a threat to their livelihood (Trites et al., 1997). Although cetaceans can consume 

large amounts of prey, estimates of fish predation by dolphins indicate that globally, they do 

not compromise humans’ exploitation of marine resources (Kaschner et al., 2006). For 

example, estimated cetacean consumption of small pelagic fish, which include the most 

important target species for fisheries worldwide, is estimated to be less than 10% of the total 

biomass captured by fisheries (Kaschner et al., 2006). However, at smaller spatial scales, 

consumption and interactions could be higher, leading to an increase in localised conflicts 

between fishers and cetaceans. Interactions between several fisheries and common dolphins 

(Delphinus delphis) have been observed worldwide (e.g., Fertl and Leatherwood (1997); Silva 

and Santos (2002); Wise et al. (2007); Rogan and Mackey (2007); Hamer et al. (2008)). For 

instance, off the Western Iberian coast, common dolphins frequently interact with the 

Portuguese purse seine fishery, with the extent of interactions linked to fishing effort and total 

catch of European sardine (Sardina pilchardus) (Marçalo et al., 2015). In some areas of the 

Mediterranean Sea, common dolphins are considered a “plague” due to the recurrent 

interactions with purse seines at night (Bearzi et al., 2003). Dolphins surround the net once set, 

and feed from the outside on small pelagic fish that escape or protrude from the mesh (Bearzi 



et al., 2003). The negative perceptions of these interactions are exacerbated by the fact that 

several fish stocks in the Mediterranean are overfished (Coll et al., 2010; FAO, 2018; 

Vasilakopoulos et al., 2014), with fishers blaming the dolphins for the failure of stocks to 

recover, and their reduced catches and revenues (Bearzi et al., 2010; Reeves et al., 2001).  

The common dolphin Mediterranean subpopulation is listed as "Endangered" by the 

International Union for the Conservation of Nature (Bearzi, 2003) and the remaining healthy 

and abundant groups are found in the Alboran Sea (Cañadas and Vázquez, 2017). In this area, 

common dolphins  are distributed close to the shore due to the narrow continental shelf, with 

the highest dolphin density found towards the western Alboran Sea and around the shelf 

break (Cañadas and Hammond, 2008; Giménez et al., 2017). Analysis of the stomach contents 

of stranded individuals show a mainly piscivorous diet, primarily comprising Myctophids and 

mesopelagic species (Giménez et al., 2018).  

The major threats facing this subpopulation are chemical pollution, climate change, bycatch, 

and reduced availability of prey due to overfishing and habitat degradation (Bearzi et al., 2003; 

Vella et al., 2021). Interactions with fisheries are common, not only in the Mediterranean but 

also in nearby Atlantic waters of the southwest Iberian Peninsula (Marçalo et al., 2015) where 

common dolphins and purse seine fisheries present a high degree of resource overlap (Wise et 

al., 2018). In the Alboran Sea, a high degree of spatial overlap between common dolphins and 

fisheries has been observed, mainly in coastal waters close to the Strait of Gibraltar (Giménez 

et al., 2021). Nevertheless, no direct information on bycatch or non-lethal interaction rates is 

available in the Alboran Sea for the trawling and purse seine fleets. For other gears, the 

information available indicates that bycatch was unsustainable in the 90s, with driftnets 

considered to have been responsible for an estimated annual bycatch of 11,589–15,127 

dolphins (both common and striped dolphins (Stenella coeruleoalba)) around the Strait of 

Gibraltar until the fleet stopped operating in 1994 (Silvani et al., 1999). This high level of 

bycatch was considered the main threat to common dolphin conservation in the area as 



annual take exceeded 10% of the estimated population size (Tudela et al., 2005). Long-line 

fisheries, while traditionally not considered an important threat to cetaceans, resulted in 

several bycatch injuries of primarily Risso’s dolphins (Grampus griseus), and some common 

dolphins in the south-west Mediterranean Sea, although most animals were released alive 

(Macías López et al., 2012). In a review of available information on bycatch interactions 

between cetaceans and fisheries encompassing the last three decades (1996-2013), common 

dolphins were the species second-most affected by fisheries with 11% (77 of 694) of stranded 

individuals in the Alboran Sea presenting signs of fisheries interactions (Vázquez et al., 2014), . 

This study had two complementary aims. First, common dolphin prey consumption, including 

both commercial and non-commercial species, was estimated using published data on the 

stomach contents of stranded animals in the Alboran Sea (Giménez et al., 2018), the most 

recent abundance estimate for the population inhabiting these waters (Cañadas and Vázquez 

2017), and available literature estimates of individual dolphin energetic requirements. 

Estimated annual common dolphin consumption was then compared with official fishery 

statistics in the area to evaluate the level of potential dolphin-fishery competition for 

resources. Second, the rate of direct interactions between common dolphins and purse seine 

and trawling fisheries operating in the Alboran Sea were investigated from data collected by an 

on-board observer program and discussed with the incidence of bycatch in stranded animals. 

 

2. MATERIAL AND METHODS 

2.1  Study area 

The Alboran Sea is the westernmost basin of the Mediterranean Sea, but is still influenced by 

the Atlantic Ocean, with the Almeria-Oran front presenting the main oceanographic barrier 

between the Atlantic Ocean and the Mediterranean Sea (Patarnello et al., 2007). Complex 

hydrodynamics create several hotspots of productivity (i.e., upwelling areas and fronts), 

providing enhanced foraging areas and increasing marine biodiversity (Coll et al., 2010; Muñoz 



et al., 2015; Sobrino et al., 1994). The Alboran Sea is an important site for the conservation of 

the endangered Mediterranean common dolphin population (Bearzi et al., 2004; Giménez et 

al., 2021; Vella et al., 2021) and three Important Marine Mammal Areas have recently been 

designated (IUCN-MMPATF, 2017a, 2017b, 2017c). Human activities in the Alboran Sea show a 

high degree of overlap with habitats used by cetaceans and other marine species  (Coll et al., 

2012; Giménez et al., 2021; Micheli et al., 2013). Economically important commercial and 

artisanal fisheries are active throughout the basin  (García et al., 2012a; UNEP-MAP-RAC/SPA, 

2014). 

2.2 Population food consumption 

Annual consumption by Alboran Sea common dolphins (I, in tonnes) was calculated following 

Santos et al. (2014): 

  
              

    
     (Eq. 1) 

where I is the annual biomass consumed by the total population of common dolphins, N is the 

common dolphin population size; Pi is the proportion by weight of each prey i in the diet of 

common dolphins; F is the average daily food consumption (kg) per common dolphin and T is 

the number of days when predator and prey are in contact (assumed to be 365 in this study, 

under the assumption of full availability of the resource).  

To estimate I, each parameter from Eq. 1 was estimated separately and the associated 

uncertainty was incorporated through a combined bootstrap procedure, described below, to 

estimate confidence limits of food consumption.  

(1) Population size (N) was extracted from Cañadas and Vázquez (2017) as a point estimate of 

19,082 (% CV = 4.7) common dolphins based on sightings collected between 1992 to 2011. 

Although this is a summer estimate, we considered this value representative of the whole year 

because no clear migration patterns have been described for the species. To account for 

uncertainty in common dolphin population size estimates, a vector of 10,000 estimates of 



population sizes was generated from a log-normal distribution (function rlnorm in R) with the 

point estimate and CV from Cañadas & Vázquez (2017) (see Santos et al., 2014).  

(2) The proportion by weight of prey i (Pi) in the diet of common dolphins was extracted from 

Giménez et al. (2018), who summarized stomach content analysis of 29 dolphins stranded in 

the Alboran Sea. Confidence limits for diet composition were calculated by Giménez et al. 

(2018) using a non-parametric bootstrap.  

(3) Average daily food consumption (F, in kg) for a common dolphin individual was estimated 

by scaling equations relating food consumption to body mass, as daily energetic requirements 

of predators depend on their weight. To account for structural uncertainty associated with 

allometric scaling, and the lack of consensus on which is the best scaling equation, we have 

included the four most widely used equations for odontocetes (e.g. Bearzi et al. (2010), Wise 

et al. (2018), Marçalo et al. (2018)): 

 F = 0.123M0.8 (Innes et al., 1987)      

 F = 0.482M0.524 (Leaper and Lavigne 2002, Kaschner 2004) 

 F = 0.035M (Tamura 2003, Kaschner 2004) 

 F = 0.1M0.8 (Trites et al., 1997) 

where F is the individual daily food consumption (i.e., total ingested biomass per day by one 

common dolphin), and M is the dolphin body mass in kg.  

(3a) To take into account the error associated with the choice of the appropriate scaling 

equation, we considered each of the four equations as equally likely as they were sampled 

randomly to calculate the individual daily food consumption, and be included in the combined 

bootstrap procedure. 

(3b) As dolphin body weights were not directly available, length data (L) from stranded animals 

in the Alboran Sea were used to predict weight using a length-weight allometric relationship 

previously estimated for stranded and bycaught animals in Atlantic European waters (log M = -



4.68 + 2.89 log L (Pierce et al., 2005). Unweaned individuals (those below 150 cm; Giménez et 

al., 2017) were omitted from calculations.  

Finally, the combined bootstrap procedure to estimate confidence limits for population food 

consumption for each prey type consisted of resampling with replacement from the following 

values, to be used in Eq. 1: (1) the vector of population size estimates (N), (2) the output array 

of diet composition (Pi), (3a) one of the four scaling equations of daily food consumption (each 

considered as equally likely), and (3b) the predicted body mass (M) distribution (3a and 3b are 

used to calculate F). This combined bootstrap method allowed us to account for the 

uncertainty associated with every information source in a single procedure which was 

repeated 10,000 times to generate the mean and 95% confidence intervals. It was modified 

from the procedure used by Santos et al., (2014) to also account for uncertainty in the choice 

of scaling equations of daily food consumption. 

All statistical analyses were carried out using the R software version 3.4.0 (R Core Team 2017). 

 

2.3 Comparison between dolphin consumption and fishery catches 

Annual landings of European sardine, European anchovy (Engraulis encrasicolus), European 

hake (Merluccius merluccius), and blue whiting (Micromesistius poutassou) were obtained 

from available fisheries reports (1992 to 2011) from the regional government of Andalucía 

(Junta de Andalucía, 2000; Galisteo et al., 2001, 2002, 2007, 2008, 2009, 2010, 2011, 2012; 

García et al., 2003; Espinosa et al., 2004; Arechavaleta et al., 2005; Alonso et al., 2006) to 

compare our estimates of common dolphins’ population food consumption with fishery 

landings. Nevertheless, official fishery catch statistics are considered to be globally and 

regionally underestimated (Zeller and Pauly, 2007), especially in southern European waters 

(Coll et al., 2014). To try to account for this underreporting, we adjusted the official landing 

data, following the information on the level of unreported catches and of discards available in 

Coll et al. (2014) on 13.33%, 17.86%, 13.75%, and 35% for each species, respectively and 42%, 



20%, 12.5% and 20% for unreported discards of sardine, anchovy, hake, and blue whiting (Coll 

et al., 2014). True fishery removals could be even higher and these figures could 

underestimate total fisheries removals (Coll et al., 2014). 

2.4 Direct interactions 

In the northern Alboran Sea, there are eleven fishing ports and a large diversity of fishing gears 

are in operation. The bottom trawl and purse seine fisheries are the most important in the 

area,  both in catch volume and in economic value (Sánchez et al., 2004). To quantify the level 

of discards and obtain information on catches and interactions with marine mammals, an on-

board observer program was established and run between August 2000 and October 2001 on-

board Spanish bottom trawl and purse seine vessels in the northern Alboran Sea. The program 

involved two experienced observers monitoring vessels from 5 fishing ports (45% of total 

fishing ports) and observers were placed randomly on-board those vessels that voluntarily 

joined the program. 

In the study area, bottom trawling is performed five days a week for a maximum of 12 hours 

per day during daylight, operating the whole year except for a closing season of two months 

that can change between years (STECF, 2004). The number of hauls per day depends on the 

fishing depth and the target species, but usually between three and five hauls are carried out 

per day (Abad et al., 2007). The trawling fleet in the period between 2000 and 2001 included 

133 vessels (García et al., 2012b). A total of 70 bottom trawling hauls from 13 vessels were 

monitored (Fig 1a). The sampling area covered five depth strata, corresponding with the 

fishing grounds where the trawling fleet operates. These fishing grounds are called “la 

Terraira” (50-150 m), “el Cantillo” (150-275 m), “la Media Mar” (275-350 m), “el Canto” (350-

460 m), and “la Fonela” (460-640 m).  

Purse seining activity is permitted five days a week, and banned over the weekend (STECF, 

2004). Between 2000 and 2001, 125 vessels were fishing in the Alboran Sea (García et al., 

2012b). In total, 41 purse seine sets from 9 vessels were monitored (Fig 1b). All the fishing 



operations happened at night using small light-boats to aggregate pelagic fish schools. Nets 

were set at depths between 10 m and 370 m, although the fishery usually operates mostly 

between 50 and 100 m. 

For both fishing fleets, quantification and identification of all the catch, including commercial 

retained catch and discards, were assessed by observers. Cetacean presence was assessed 

visually throughout the fishing operation (Fig 1c), and interactions with the fishery were 

recorded. Cetacean group composition, presence of calves, geographic location and behavior 

were also recorded.  

 

3. RESULTS 

3.1 Population food consumption 

Estimated body weights (M) for weaned common dolphins in this study ranged from 38 to 

127.20 kg with a mean ± sd of 69.41 ± 18.67 kg based on lengths ranging from 150 to 228 cm.  

The four scaling equations (Fig 2) resulted in average values of dolphin food consumption 

ranging from 2.43 ± 0.65 kg for Tamura (2003), 2.95 ± 0.63 kg for Trites et al., (1997), 3.64 ± 

0.78 kg  for Innes et al., ( 1987), and 4.4 ± 0.62 kg for Leaper and Lavigne (2002). Based on 

these four equations, the average individual daily food consumption was estimated at 3.35 ± 

0.67 kg. The combined bootstrap procedure estimated the total biomass removed annually by 

these dolphins at 23,161 (95% CI: 6,822-45,610) tonnes of fish.  

Population annual consumption estimates for the main preys were 7,365 (95% CI: 3,838-

11,639) tonnes of Madeira lanternfish (Ceratoscopelus maderensis), 2,888 (95% CI: 1,123-

5,223) tonnes of bogue, 2,770 (95% CI: 879 – 5,270) tonnes of sardine, 1,850 (95% CI: 170 – 

4,116) tonnes for Gobiidae, 1,702 (95% CI: 5 – 4,181) tonnes of Sepiolidae, 1,665 (95% CI: 455 

– 3,408) tonnes of Notoscopelus sp., and 1,497 (95% CI: 65 – 3,352) tonnes of hake (Fig 3). 

Consumption estimates of anchovy (184 tonnes; 95% CI: 13 – 452) and blue whiting (18 

tonnes; 95% CI: 0 – 43) were relatively low. 



3.2 Fishery catches 

Data from the on-board observers program showed that bottom trawlers caught a large 

variety of benthic and demersal species (Table S1). The highest landings corresponded to four 

commercial species: blue whiting, hake, deep-water pink shrimp (Parapenaeus longirostris) 

and common octopus (Octopus vulgaris). Total catch by the trawling fishery included (by 

weight) 75.3% fish, 16.9% crustaceans, 7.3% mollusks and 0.5% of other invertebrates (Fig 4a).  

The purse seine fishery targeted small pelagic fish, which comprised 99.9% of the total capture 

by weight, since this gear is more selective than trawlers (Table S1). The greatest catches were 

round sardinella (Sardinella aurita), sardine, horse mackerel and anchovy (Fig 4b). 

Comparison of the biomass removed by dolphins and fisheries shows that dolphin predation 

was always lower than fisheries landings for sardine (Fig 5a), anchovy (Fig 5b) and blue whiting 

(Fig 5d). In the case of hake, consumption was lower than catches by the fisheries until 2000 

and higher thereafter (Fig 5c).  

 

3.3 Direct interactions 

A total of 22 sightings (common dolphin, n=10; bottlenose dolphin, n=11; and unidentified 

delphinids, n=1) were recorded during the fishing operations observed in this study (Fig 1c). 

Although interactions (dolphins feeding near fishing gear) were observed on nine occasions, no 

dolphin bycatch (encirclement or mortality) was observed. Common dolphins were the only 

species sighted near purse-seiners during four hauls, and the interaction was observed in 100 

% (n= 4) of the sightings. The animals fed in surface waters, around the net, catching fish that 

escaped from the gear and/or gill-snared fish. Pod size was between 5 and 50 individuals 

(Table1). Conversely, both dolphin species were sighted during 18 observations on-board 

trawlers and the interaction was observed in 33% (n=2) of common dolphins and 27% (n=3) of 

bottlenose dolphins sightings (Table 1). In these cases, groups of bottlenose dolphins (1-12 

individuals) or common dolphins (10-500 individuals) were observed during trawling 



operations close to the net, making long dives indicative of feeding behavior. Common dolphin 

sighting rate per purse seiner set and trawling hauls was 0.097 and 0.086, respectively, while, 

bottlenose dolphin sighting rate per trawling haul was 0.160.  

 

4. DISCUSSION 

Estimates of daily food consumption by common dolphins, presented in the study, are similar 

to those obtained in mainland Portugal, Galicia and Greece (Bearzi et al., 2010; Marçalo et al., 

2018, Santos et al., 2014) but smaller than those calculated for the species in France (Spitz et 

al., 2017).  We have accounted for the uncertainty associated with the daily food consumption 

formula with a combined bootstrap procedure, because there is no scientific consensus on 

which scaling equation is the most appropriate. For this reason, our estimates of common 

dolphin food consumption had large confidence intervals, due to the combined uncertainty of 

the estimates on abundance, diet, and food consumption/energetic requirements. 

Nevertheless, our results are a first study to calculate the amount of prey removed by the 

endangered common dolphins’ Mediterranean subpopulation inhabiting the Alboran Sea, 

taking into account the sampling error in our calculations. Other sources of error regarding 

diet composition include underestimation of original prey size due to otolith erosion (and 

possible total digestion), measurement error, and regression error (see Pierce and Boyle  

(1991)). The dolphin stomach content dataset from Giménez et al. (2018) included a high 

proportion of young individuals which might result in an underestimation of the true 

consumption estimate of the population. An analysis of the available stranded records of 

common dolphins in the study area show that the majority are young individuals (Fernández-

Maldonado, 2016), possibly due to a higher mortality of young animals, or to a more coastal 

distribution (Cañadas and Hammond 2008). Larger sample sizes would allow us to reduce 

uncertainty in our estimates of population consumption, although due to the opportunist 

nature of strandings data this may take a considerable amount of time. Regarding population 



abundance estimates, we assumed that the population remained stable during the study 

period because annual abundance estimates were not available (the population abundance 

estimate was calculated by pooling data from 1992 to 2011, Cañadas and Vázquez 2017). No 

migrations in and out of the study area have been reported for the species therefore no 

seasonal fluctuations would be expected. We have used population structure resulting from 

the distribution of body weights in our calculations, but no ontogenetic, seasonal or spatial 

variations in diet composition or food consumption, as further partition of the samples would 

have decreased sample size even further. As new information becomes available for the 

research area, our calculations could be updated and our estimates refined.  

The prey species most frequently consumed by common dolphins in our study area were 

Madeira lanternfish and bogue, both of which have little to no commercial value. This supports 

the limited overlap in species targeted by cetaceans and fisheries, as identified by Kashner et 

al. (2006). Madeira lanternfish is one of the most abundant myctophid species in the 

Mediterranean Sea, found at depths ranging from 200 to 1000 m (Hulley, 1984; Zelck and 

Klein, 1995). This species present a nictoepipelagic behavior, performing diel vertical 

migrations (Goodyear et al., 1972; Hulley, 1984; Olivar et al., 2012), which enables common 

dolphins to feed on them (Giménez et al., 2018). Their abundance in conjunction with their 

behavior makes them a key role species (Bernal et al., 2015) acting as an intermediate link 

between primary consumers and top predators (Anderson et al., 2019; Sassa and Takahashi, 

2018). Despite the importance of Madeira lanternfish for marine ecosystems, and common 

dolphins in particular (Giménez et al., 2018), they are one of the least studied species at 

regional and global scales (St John et al., 2016). Detailed information on their abundance, 

distribution and annual fluctuations in the Alboran Sea are of special interest for the 

conservation of common dolphins.  

However, common dolphins also eat European hake, landings of which showed wide 

fluctuations over the study period, with the stock considered to be  currently at very low levels 



due to one of the highest overexploited rates in the Mediterranean (FAO, 2018; STECF, 2017). 

Predation by dolphins appears to be high when compared to the reported landings of the 

species in the latter years of the series, however it should be noted that we use an average 

diet composition over the study period that masks likely fluctuations in prey consumption due 

to changes in prey availability and in dolphin abundance. For anchovy and blue whiting our 

results showed that dolphin predation is very low compared to reported fisheries catches. In 

the case of sardines, dolphin predation appears substantial compared to landings and it is 

worth noting that the status of the sardine stock is uncertain in the Alboran Sea. No analytical 

stock assessment is available but the long-term catches show large fluctuations without any 

clear trend. Based on our results, it seems that there is a high likelihood of resource 

competition for hake between fishermen and common dolphins. However, to provide a proper 

assessment of the extent of this competition, trophic overlap between fisheries and dolphins 

should be combined with prey abundance estimates. 

Fisheries do not only cause indirect (i.e. ecological) interactions such as biomass removal (Punt 

and Butterworth 1995, Northridge and Hofman 1999, Lavigne 2003, Plaganyi and Butterworth 

2005), but also direct (i.e. operational) interactions concerning depredation from the fishing 

gear, gear loss or damage and bycatch (Northridge 1984, Read 2005, Reeves et al. 2005, 

Brotons et al. 2008). Therefore, a complete picture of fisheries-cetacean interaction has to 

take into account the cetacean prey consumption and fisheries biomass removal, as well as 

direct interactions. These operational interactions were detected with common dolphin for the 

purse seiner fleet and for common and bottlenose dolphin for trawlers. Although no incidental 

catches were recorded by the observers’ programme, probably due to the low proportion of 

fishing operations observed and possible annual and spatial variation in the interaction, 

occasional dolphin bycatches have been reported by fishermen in the area for the purse seine 

fishery (J. Valeiras, personal communication). Such incidental captures were described as one 

or several dolphins being caught into the nets and then released alive over the floatline. 



Incidental bycatch of common dolphin in purse seine fisheries is known from other areas 

(Goetz et al., 2015; Hamer et al., 2008; Marçalo et al., 2015). However, these events are rare, 

and mortality rates are low mostly due to gear operation characteristics, which allow the 

fishermen to release the dolphins alive in most cases.  

The impact of this mortality factor on the common dolphin subpopulation in the Alboran Sea 

should not be ignored as 77 of 694 (11%) stranded common dolphins in the area between 

1996 and 2013 had diagnostic signs of interactions with fisheries during the last three decades 

(Vázquez et al., 2014). Because not all carcasses reach the coast and not all that do are 

examined, this estimate represents an absolute minimum. Overall common dolphin strandings 

in the Alboran Sea show a decreasing spatial gradient from west to east, and were higher near 

Málaga (Bellido et al., 2012), where the species is more abundant (Cañadas and Hammond, 

2008). Common dolphin considered to have been killed  due to fishery interactions along the 

coast of Málaga represented  15 to 27% of all common dolphins stranded in 2011-2013 

(Fernández-Maldonado, 2016). Detailed necropsies are critical to establish the cause of death 

and perhaps determine the fishing gears responsible for incidental catches. Here, the 

interactions detected were attributed to trawl and purse seine fleet (Fernandez-Maldonado 

2016) as the Spanish driftnet fleet stopped its activity in 1994 (Silvani et al. 1999). At present, it 

is not possible to ascertain if the high amount of strandings showing signs of interactions near 

Málaga is due to the higher abundance of dolphins in this area (Cañadas and Hammond 2008), 

to higher fishing effort and subsequent bycatch, favorable current conditions, higher detection 

probability or to a combination of all factors. A drift model, such as the one developed in 

Atlantic French waters (Peltier et al., 2014, 2012) could help to explain this unexpected high 

number of stranded animals in this small portion of the Andalusian coastline. Interviews with 

fishermen (e.g., Goetz et al., 2015) could also prove useful to gather further information on the 

extent of the problem. 

 



This study is the first step to describe and quantify the interactions between a cetacean 

species at risk and local fisheries in the Alboran Sea. Although common dolphin preys are 

mainly mesopelagic species of none or little commercial interest, common dolphin also prey 

on few commercial species and feed near fishing operations leading to a potential conflict with 

fishermen in the area. Reducing the uncertainty of the parameters used in the calculations, 

such as common dolphin’s population size, diet composition, body mass distribution, and daily 

food requirements would generate more precise population food consumption estimates. 

Finally, a long-term dedicated monitoring scheme of the fishing fleets operating in the whole 

Alboran basin, including collaboration with Moroccan fishermen in southern waters, is 

necessary to provide a proper assessment of the extent of the interaction. 
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FIGURES 
 

 

Figure 1: Locations of a) observed bottom trawl hauls, b) observed purse seine sets, and c) 

sightings of common and bottlenose dolphins, and unidentified delphinids by observers 

onboard the trawlers and purse seiners. 

 

 

 

 

 



 

Figure 2: Distribution of the estimated daily food consumption (kg/day) for common dolphins, 

accounting for parameter and model (i.e. selected scaling equation) uncertainty. Each curve 

corresponds to a realization from a bio-energetic model among the 4 retained, accounting for 

parameter uncertainty. The four models are making different predictions as the mode of each 

sub-distribution is different. Each of these models was assumed equally likely and given a 

weight of ¼. The thick black line represents the daily food consumption, accounting for both 

parameter uncertainty and model uncertainty; it is the (weighted) sum of the each of the thin, 

colored lines. 

 

Figure 3: Estimated annual food consumption of the common dolphin Alboran sea 

subpopulation (tonnes/year) by prey species. Hmed: Hoplostethus mediterraneus;  Lcau: 

Lepidopus caudatus; Pery: Pagellus erythrinus; Lvul: Loligo vulgaris; Tsp: Todarodes sp.; Cmac: 

Cepola macropththalma; Saur: Sardinella aurita; Mpou: Micromesistius poutassou;  Eenc: 

Engraulis encrasicoulus; Mmue: Maurolicus muelleri; Scol: Scomber colias;  Mpun: Myctophum 

punctatum; Icoi: Illex coindentii; Trsp: Trachurus sp.; Mmer: Merluccius merluccius;  Nsp: 

Notoscopelus sp.; Sep: Sepiolidae sp.; Gob: Gobidae; Spil: Sardina pilchardus;  Bboo: Boops 

boops; Cmad: Ceratoscopelus maderensis. Inset figure shows the first eight species to ease 

visualization.  

 



 

Figure 4: Percentages (by weight) of total catch comprised of each taxonomical group for a) 

trawlers and b) purse seiners, as recorded by onboard observers. Percentages of retained 

(white) and discarded (black) catch are also indicated. 

 

 

Figure 5: Landings of a) Sardine b) anchovy, c) hake, and d) blue whiting. Black line represents 

the mean common dolphin consumption and dotted lines represent the upper (95 %) and 

lower (5 %) confidence intervals.*: anchovy landings statistics were not available in 2003,2007, 

2008 and 2009 from the regional reports. 

  



TABLES 

Table 1. Summary information for cetacean sightings during observed fishing operations (date, location, species, group size, presence of calves). Interactions 

(dolphins feeding near fishing gear) are highlighted in bold. 

 

 Date Latitude Longitude Specie Groupsize Calves Feeding activity 

Trawlers 

        23/08/2000 36.6874 3.1311 D. delphis 9 no no 
 20/10/2000 36.6210 2.9800 T. truncatus 10 no no 
 20/10/2000 36.6856 3.1584 T. truncatus 8 no no 
 20/10/2000 36.6840 3.1550 T. truncatus 4 no no 
 20/10/2000 36.6826 3.2849 T. truncatus 8 no no 
 02/02/2001 36.6778 3.7399 T. truncatus 2 no no 
 22/06/2001 36.6597 3.9545 T. truncatus 5 no no 
 22/06/2001 36.6575 3.9563 D. delphis 7 no no 
 22/06/2001 36.6580 3.9723 T. truncatus 10 no no 
 12/07/2001 36.5749 2.1299 T. truncatus 10-12 no yes 
 12/07/2001 36.4833 2.2532 T. truncatus 8-10 no no 
 27/07/2001 36.7223 2.2395 D. delphis 300-500 no yes 
 27/07/2001 36.5572 2.2264 Delphinid 30-50 no no 
 31/07/2001 36.4821 4.5075 D. delphis 10-15 no yes 
 31/07/2001 36.5095 4.4722 D. delphis 20-30 no no 
 29/08/2001 36.5004 4.8564 T. truncatus 1 no yes 
 04/10/2001 36.4783 4.6588 D. delphis 20 no no 
 25/10/2001 36.6280 4.2000 T. truncatus 5-8 no yes 
 

       



Purse-seiners 

        11/08/2000 36.5500 4.5800 D. delphis 20-50 no yes 
 22/08/2001 36.7083 4.3810 D. delphis 5-6 no yes 
 25/09/2001 36.6773 4.3015 D. delphis 5-8 no yes 
 30/10/2001 36.6600 4.4300 D. delphis 5-6 yes yes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SUPPLEMENTARY 

TABLES 

Table S1. Species composition of trawlers and purse-seiners catch of hauls analyzed by the 

observers program. Species also consumed by common dolphins are highlighted in bold. 

TRAWLERS 
 

PURSE-SEINERS 

FISH INVERTEBRATES 
 

FISH INVERTEBRATES 

Boops boops Alcyonum palmatum 
 

Engraulis encrasicolus Calappa granulata 

Capros aper Alloteuthis spp 
 

Pagellus acarne Illex coindetti 

Centrophorus granulosus Aphrodite aculeata 
 

Sardina pilchardus Loligo vulgaris 

Cepola macrophtalma Astropecten spp 
 

Sardinella aurita Octopus vulgaris 

Coelorhynchus coelorhynchus Bathypolipus sponsalis 
 

Scomber colias 
 Sepia officinalis 

Conger conger Dardanus arrosor 
 

Scomber scombrus Todaropsis eblanae 

Etmopterus spinax Illex coindetti 
 

Scomberesox saurus 
 Gadiculus argenteus Liocarcinus depurator 

 
Spicara maena 

 Gaidropsaurus biscayensis Macropodia longipes 
 

Trachurus mediterraneus 
 Galeorhinus galeus Munida iris  Trachurus trachurus  

Galeus melastomus Neorosia caroli 
 

 
 Helicolenus dactylopterus Nephrops norvegicus 

   Hoplostethus mediterraneus Pagurus prideauxi 
   Lepidopus caudatus Pasiphea sivado 
   Lophius spp Pennatula rubra 
   Merluccius merluccius Plesionika heterocarpus 
   Micromesistius poutassou Plesionika martia 
   Nezumia aequalis Pontophilus spinosus 
   Pagellus acarne Processa canaliculata 
   Phycis blennoides Pteroctopus tetracirrhus 
   Scyliorhinus canicula Rondeletiola minor 
   Symphurus nigrescens Rossia macrosoma 
    Sepietta oweniana 
    Solenocera membranacea 
   

 
Parastichopus regalis 

   

 

Xantho pilipes 
            

 

 


