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Abstract 

Predator-prey relationships are key for the balance of marine ecosystems but these relationships 

can be altered due to overfishing and climate change effects. This study explores the effect of 

overfishing of small pelagic fish in the diet of a pelagic predator, the little tunny (Euthynnus 

alletteratus), in the western Mediterranean Sea during the years 2012, and 2014-2017. We 

combined analyses of stomach contents and stable isotopic values. Results confirmed that the 

diet of little tunny was basically composed by small pelagic fish, mainly anchovy, Engraulis 

encrasicolus, and sardine, Sardina pilchardus. Some changes in the diet of this species were 

found, with different importance of demersal fish among years. These changes coincide with a 

decline of the importance of clupeiformes, mainly sardine, in the diet of little tunny. Changes on 

prey occurrence in the diet of little tunny may reflect the overfished status of small pelagic fish in 

the Northwestern Mediterranean Sea.  
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1. Introduction 

Marine ecosystems maintain a natural balance with respect to the different populations 

occupying diverse trophic levels within the food web, however this balance can be 

affected by external factors (Baum, et al., 2009). One of the most important factors that 

can alter marine ecosystems is the impact associated to the exploitation of marine 

resources, where predators could suffer a great impact due to resource depletion (Myers 

et al., 2003). Marine resources in the Mediterranean Sea have been exploited by humans 

for a long time and are still intensely exploited (Coll et al., 2018). In the last decades the 

stocks of many commercial species have declined substantially, including important 

ecological species such some small pelagic fishes like European anchovy (Engraulis 

encrasicolus) and European sardine (Sardina pilchardus) (Palomera et al., 2007; Albo-

Puigserver et al., 2019). The population decrease of these small pelagic fish, such in the 

northwestern Mediterranean Sea (Saraux et al., 2019; Coll and Bellido 2019), may have 

caused negative effects on the functioning of pelagic ecosystems and impacts on marine 

pelagic predators that prey on them (Salman, 2004, Campo et al., 2006, Falautano et 

al., 2007, Romeo et al., 2009).  

Among the pelagic predators present in the northwestern Mediterranean Sea, this could 

be the case of the little tunny (Euthynnus alletteratus, Figure 1), an economic and 

ecological important pelagic predator that is considered a diet-specialist of small pelagic 

fish, specially preying on European sardine and anchovy (Campo et al., 2006; Falautano 

et al., 2007; Navarro et al., 2017). Little tunny is present in neritic waters and it is a 

popular species for the society 

because it is an important fishing 

resource, especially for the sport 

fishing sector. However, there are no 

studies that investigate the potential 

effect of the changes in the 

populations of its main prey on the 

trophic ecology of this pelagic fish. 

This lack of knowledge prevents to understand the impacts that a biomass reduction of 

sardine and other small pelagic fish from the Mediterranean ecosystem can have on this 

predator. 

Trophic ecology of marine predators has been usually conducted using stomach content 

analysis (SCA, Stergiou and Karpozi, 2002). SCA data provides accurate information on 

the feeding ecology of marine predators but this methodology presents some drawbacks 

Figure 1. Picture of a little tunny (Euthynnus alletteratus) 

(Uyeno et al. 1983).  
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such as partial or biased information on prey preference and diet composition (Sheppard 

and Harwood, 2005). Therefore, SCA alone could produce some biases such as 

underestimating specific consumption of certain prey (Sheffield et al., 2006). In addition, 

secondary ingestion of prey (ingestion of the contents of the digestive tract of the 

ingested prey) could also introduce some bias in diet estimates (Pierce et al., 2012). 

Furthermore, SCA methodology is rarely performed yearly, which produces only a 

snapshot of the general diet of the organism, and temporal studies on dietary habits are 

seldom available. This poses a challenge to accurately assess the importance of 

individual prey species, prey preference, and dietary changes with time.  

As a complement to SCA, during the last decade the use of stable isotope analysis (SIA) 

has become an effective way to examine the trophic habits of marine organisms 

(Newsome et al., 2010). Specifically, the use of stable isotopes values of nitrogen 

(denoted as δ15N) inform about the trophic level occupied by consumers whereas the 

stable isotopes of carbon (δ13C) provide information about the origin of the carbon 

sources that the predators consume (Layman et al., 2012). 

2. Aims of the present study 

In the present study, we examined the feeding ecology of little tunny (Euthynnus 

alletteratus) in the Northwestern Mediterranean Sea during 5 years (2012, 2014-2017) 

combining SCA and SIA methodologies. Our main aim was to evaluate if this pelagic fish 

predator showed a change in its trophic habits (diet composition, prey size, and trophic 

niche) during the last 5 years associated to the reduction in the biomass of some of its 

main preys (i.e. sardine and anchovy; Saraux et al., 2019; Coll and Bellido 2019). Due 

to changes in small pelagic fish populations, we expected a decline in the occurrence of 

these species in the diet of the little tunny, a reduction of prey size consumed, and/or a 

replacement by other species present in the ecosystem.  

3. Material and Methods  

3.1. Study area and sampling procedure 

We analysed the stomach content of 89 little tunny collected in the coast of Tarragona, 

in the northwestern Mediterranean Sea (Figure 2; Table 1), during 5 years: 2012 (n=17, 

mean ± standard deviation of body length = 34 ± 1.41 cm), 2014 (n=2, body length = 

91.9 ± 8.06 cm), 2015 (n=30, body length= 40.42 ± 1.97 cm), 2016 (n=25, body length = 

93 ± 4.18 cm) and 2017 (n=15, body length = 91 ± 24.21 cm). All specimens were 

collected by sport fishing activities with the exception of the individuals collected during 

2012 that were collected by commercial fisheries (Navarro et al. 2017). All specimens 
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were weighed (± 0.1 g) and measured (forkal length; ± 0.1 cm) and the stomach and a 

small portion of the liver were extracted and frozen at -20ºC until their analysis.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Location of the study area (green point) in the western Mediterranean Sea showing the geographic 

position of the studied area in the Mediterranean Basin.  

 

Table 1. Number (n) of little tunny individuals (Euthynnus alletteratus) sampled in the northwestern 

Mediterranean Sea between years 2012 to 2017. Number of individuals used in the stomach content 

analysis (stomach), the vacuity index (%Vi) of individuals and number of individuals used in the stables 

isotopic analysis (SIA) are also indicated. 

Year n Stomach Vi (%) SIA 

2012 17 17 5.55 16 

2014 2 2 0 0 

2015 32 32 9.38 11 

2016 25 25 8 15 

2017 17 17 35.29 15 

 

 

3.2. Stomach content analysis 

At the laboratory, the content of each stomach was carefully separated by filtering the 

content using three different sieves (1 mm, 300 µm, and 500 µm). Prey items were 
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identified at the minimum taxonomic resolution possible. The otoliths found in each 

stomach were used to identify the species by using the Shape Analysis of Fish Otoliths 

– AFORO database of the Institut de Ciències del Mar - CSIC 

(http://isis.cmima.csic.es/aforo/; Tuset et al. 2008). Cephalopods, based on the presence 

of beaks in the stomachs, and crustaceans were identified as general groups.  

We measured the length of otoliths of sardine and anchovy, the two most important 

species for little tunny (Navarro et al. 2017 and present study) by using a 

stereomicroscope fitted with a digital camera LASV4.9 with a Leica software 

(https://leica-geosystems.com/). This measure was used to estimate the body size of the 

different anchovies and sardines found in the stomachs (Figure 3). Otolith length and 

otolith width was measured for anchovy and sardine, respectively. We used standard 

regressions algorithms to reconstruct the size of each fish individual (see Table 2; 

Giménez et al. 2016).  

 

Figure 3. Distinctive otholits of European anchovy (A) and European sardine (B). Pictures taken by Silvia 

Puigarnau 2019.  

With the stomach content information, we calculated the frequency of occurrence (%FO) 

and the frequency in number (%N) of each prey (Table 2). The calculations were based 

on the number of non-empty stomachs. %FO was calculated with the number of little 

tunny containing prey i (Ji) divided by the total number of fish with food in their stomach 

(P) in percentage (%FO = 
 
 * 100). %N was calculated as %N = ∗ 100 (Chipps and 

Garvey, 2017), where Ni is the number of food types or the different species found it in 

the stomachs contain.  

These trophic metrics provide information on prey importance, feeding strategy, and 

niche width. %FO informs on how often a particular prey item was eaten but provides no 

indication of the relative importance of prey to the overall diet. 

A B 
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3.3. Stable isotope analyses  

We measured the stable isotopic values in the liver of little tunny. Based on the liver 

turnover, stable isotopic values in liver reflect the diet during the 5 weeks previous to the 

sampling (Gómez-Campos et al., 2011). All liver samples were freeze-dried, powdered 

and 0.3 – 0.4 mg of each sample was packed into tin capsules (Figure 4). Isotopic 

analyses were performed at the 

Laboratory of Stable Isotopes of the 

Biological Station of Doñana (Sevilla, 

Spain). Samples were combusted at 

1020 °C using a continuous flow 

isotope-ratio mass spectrometry 

system (Thermo Electron) by means of 

a Flash HT Plus elemental analyser 

interfaced with a Delta V Advantage 

mass spectrometer. Stable isotope 

ratios were expressed in the standard 

δ-notation (‰) relative to Vienna Pee 

Dee Belemnite (δ13C) and atmospheric N2 (δ15N). The laboratory standards were 

previously calibrated with international standards supplied by the International Atomic 

Energy Agency (IAEA, Vienna). The %C and %N of all samples were determined. 

Because lipid content could affect the δ13C values by depleting the real values we 

checked the C:N ratio (a proxy of lipid content) and the individuals with a ratio higher 

than 3.5‰ were corrected following (Logan, 2008). 

3.4. Statistical analyses 

As a measure of trophic niche (or trophic width), the Total Area (TA) and isotopic ellipses 

area (SEAc) for each year were calculated with the package SIBER (Jackson et al., 

2011) that runs in R software (R Development Core Team 2009). Each SEAc contains 

the 40% of the core stable isotopic data (Jackson et al., 2011). We also estimated the 

Bayesian SEAc equivalent to the SEAb to include the isotopic variability. SEAb was 

estimated through 10,000 iterations of the analysis.  

Table 2. Standard regressions to reconstruct fish body length based on the otolith measures. L= 

body length of the fish, OL= otolith length (in the case of sardine), OW= otolith weight (in the case 

of anchovy). These standard regressions were obtained in Giménez et al. (2016). 

Species Estimated prey length (mm) 

Sardina pilchardus L = 55.75 * OL ^0.95 

Engraulis encrasicolus L = 86.34 * OW ^1.2 

Figure 4. Scales used for process of the isotopic 

weight. 
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Furthermore, we calculated the overlap between SEAb and compared the interannual 

differences in both C and N stable isotope values by using ANOVA tests. All statistical 

analyses were conducted in the R software. Also, we use the ANOVA test and post hoc 

analysis for compare the different prey sizes of E. encrasicolus and S.pilchardus 

between years (2012 and 2014-2017) with R software software (R Development Core 

Team 2009). 

4. Results  

4.1. Composition of the stomach content 

The number of stomach with stomach content varies between years, 2012 (n=17), 2014 

(n=2), 2015 (n=32), 2016 (n=25) and 2017 (n=17). Specifically, the % of stomachs 

without content (vacuity index, Vi) ranged between %Vi = 5.55% for the year 2012 to 

35.29% for the year 2017 (see Table 1).  

Based on the stomach content we found that, overall, the diet of little tunny was mainly 

composed by fish species, but we also found, in low proportion, crustaceans, 

cephalopods, and gastropods (Table 3). Among the different fish, the Clupeiformes 

European anchovy and European sardine were the most important species present in its 

diet along the different sampling years based on both %FO and %N (Table 3; Figure 5). 

However, despite the proportion of Clupeiformes was always high, we found changes 

between years. For example, during the years 2012 and 2015, Clupeiformes showed the 

highest values, whereas during the year 2014 they showed the lower values (Table 3; 

Figure 5). When looking specifically at European anchovy and European sardine, it was 

observed that while the frequency of anchovy fluctuated in the stomachs with time, and 

there was an increase in recent years, the frequency of sardine declined and was mainly 

absent at the end of the time series (Figure 5). 

In relation to the other secondary fish species present in the stomachs, the importance 

of each taxonomic group changed between years (Table 3). For example, in 2012 and 

2016, Gadiformes were the most important prey. In 2014, Perciformes were the most 

important secondary prey groups as well as in 2017 (Table 3).  
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Table 3. Diet composition of little tunny expressed as percentage frequency of occurrence (%FO) and 

percentage by number (%N). The number of individuals analysed with stomach content (n) for each year is 

also indicated. 

 2012 (n=17) 2014 (n=2) 2015 (n=32) 2016 (n=25) 2017 (n=17) 

 %FO %N %FO %N %FO %N %FO %N %FO %N 

CUPLEIFORMES 94.12 69.03 50 22.22 92.59 70.72 76.19 43.64 80 80.3 

Engraulis encrasicolus 70.59 42.48 50 22.22 92.59 62.71 76.19 40.45 80 77.27 

Sardina pilchardus 29.4 15.93   22.2 6.91 4.76 1.36 10 3.03 

Sardinella aurita 5.88 0.88   11.1 1.1 14.3 1.82   

Sprattus sprattus 17.6 7.96         

Unidentified 11.76 1.77         

GADIFORMES 11.76 2.65 50 11.11 14.81 1.66 42.86 13.64   

Trisopterus minutus 5.9 0.88         

Micromesistius 

poutassou 
5.88 1.77     28.6 11.4   

Trisopterus capelanus     14.8 1.38 14.3 1.82   

Merluccius merluccius   50 11.11 3.7 0.28 4.76 0.45   

PERCIFORMES   55.56 22.22 37.04 3.87 33.33 6.36 10 1.52 

Boops boops   55.56 22.22 7.41 0.55 4.76 0.91   

Spondyliosoma 

cantharus 
      4.76 0.45   

Sparidae.sp     3.7 0.28 9.52 2.27   

Pagellus erythrinus   50 33.33       

Sarpa salpa     7.41 0.55   10 1.52 

Spicara sp.     3.7 0.28     

Gobius niger     7.41 0.55     

Gobius cruentatus     3.7 0.28 4.76 0.45   

Gobius cobitis     11.1 0.83     

Lesueurigobius friessi     3.7 0.28     

Echeneis sp.       4.76 0.45   

Trachurus sp.     3.7 0.28 9.52 0.91   

Cepola 

macrophthalma 
      9.52 0.91   
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Figure 5. Stomach content (%FO and %N) of little tunny (Euthynnus alletteratus) in years 2012 and 2014-

217 for the principal taxonomic prey group (Clupeiformes). 

ARGENTINIFORMES       4.76 0.91   

Argentina sp.       4.76 0.91   

MYCTOPHIFORMES     3.7 0.28 4.76 0.45   

Ceratoscopelus 

maderensis 
    3.7 0.28     

Notoscopelus 

elongatus 
      4.76 0.45   

ATHERINFORMES       4.76 0.45   

Atherina sp.       4.76 0.45   

CYPRINIFORMES 11.76 1.77         

Telestes sp. 11.76 1.77         

OPHIDIIFORMES 5.88 0.88         

Echiodon dentatus 5.88 0.88         

SYNGNATHIFORMES 5.88 7.08         

Syngnathus phlegon 5.88 7.08         

SCORPAENIFORMES         10 1.52 

Labrax sp.         10 1.52 

CEPHALOPODA 5.88 0.88     19.05 5.91   

CRUSTACEA 23.53 14.16   33.33 13.26 23.81 15.91 20 6.06 

GASTROPODA 11.76 3.54 50 11.11 40.74 9.12 14.29 1.36 40 9.09 

BIVALVIA     11.11 1.10 14.29 1.36 10 1.52 

POLYCHAETA       38.10 10   

0

20

40

60

80

100

%FO %N %FO %N %FO %N %FO %N %FO %N

2012 (n=17) 2014 (n=2) 2015 (n=32) 2016 (n=25)  2017 (n=17)

Clupeiformes proportion

Engraulis encrasicolus Sardina pilchardus Sardinella aurita Unidentified
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4.2. Changes in the body size of anchovy and sardine present in the stomachs 

during the years 

In the case of European anchovy, we found that its body size differed between years 

(ANOVA test, F2, 4,702 = 36.00 p-value < 0.05; Figure 6A). Specifically, post hoc tests 

indicated that the forkal length between the years 2012 and 2016 was very similar, but 

this changed between the rests of years, with the lower body size values found in 2017 

(P<0.05; Fig. 6A). It is important to remark that in 2014, we only measured two anchovies 

in the stomach. For sardine we also found differences in its body length between years 

(ANOVA test, F2, 3, 60= 9.11; p-value < 0.05; Figure 6B). In particular, the body length was 

lower during 2012 than 2015, with the higher values found in 2015 and 2017 (Fig. 6B).  

  

 

 

 

 

 

 

 

Figure 6. Box plots showing the forkal length (FL, in mm) of anchovy (A) and sardine (B) found in the 

stomachs of the little tunny (Euthynnus alletteratus) between years. Box length represents interquartile 

range, bar length represents range and horizontal lines represent median values 

4.3. Stable isotopic results 

Isotopic values differed among years in the case of carbon (δ13C: ANOVA tests, F2 3, 

55=7.59; p < 0.05; Table 4) but not for nitrogen (δ15N: ANOVA tests, F2 3, 55=0.51; p = 0.68; 

Table 4). Based on post hoc tests, δ13C values were higher in 2017 and 2015, and lower 

in 2016 followed by 2012 (Figure 7). 

  

 

 

A 

B 
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Table 4. Isotopic carbon and nitrogen mean and standard deviation values from little tunny (Euthynnus 

alletteratus) for each sampling year.  

 
 
Year 

δ13C (‰) δ15N (‰) 

Mean Standard Deviation Mean Standard Deviation 

2012 -18.15 0.57 8.90 0.60 

2015 -17.96 0.49 8.72 0.68 

2016 -18.53 0.52 42.4 5.30 

2017 -17.66 0.50 8.91 0.86 
 

TA and SEAc of standard ellipses showed the largest values in the years 2016 and 2017 

(Table 5). SEA showed overlap between years (Table 6; Figure 7), especially between 

2012 and 2015, between 2015 and 2017, and between 2012 and 2016. The largest SEA 

segregation was between 2016 and 2017 (Fig. 7, Table 6). 

Table 5. Total Area (TA), Standard ellipses area correct (SEAc) and median Bayesian SEA (SEAb) for 

each sampling year for little tunny (Euthynnus alletteratus). For SEAb the 25% and 75% credible intervals 

are given in parenthesis. 

Measure 2012 (n=16) 2015(n=11) 2016(n=15) 2017(n=15) 

TA (‰2) 2.46 1.96 3.66 3.44 

SEAc (‰2)  1.14 1.16 1.55 1.39 

SEAb (‰2)  

1.09 

(0.93 -1.30) 

1.06 

(0.88 -1.32) 

1.50 

(1.26-1.81) 

1.32 

(1.12 -1.59) 

Table 6. Median SEAb overlap between the years (percentage of overlap of the isotopic area of species 

in the first column versus the ones of the first row). 25% and 75% Bayesian credible intervals are given in 

parenthesis. 

Year 2012 2015 2016 2017 

2012 - 42.05 (26.48-59.11) 45.23 (29.37-59.05) 34.13 (16.17-55.06) 

2015 39.50 (24.59-55.94) - 27.45 (1.26-54.97) 44.37 (24.46-65.03) 

2016 29.64 (18.65-45.12) 18.24 (1.12-34.37) - 1.45 (0-15.82) 

2017 27.99 (13.95-43.64) 38.88 (21.83-53.03) 1.61 (0-21.66) - 
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Figure 7. Individual δ13C and δ15N values and Standard Ellipse Area (SEAc) of little tunny (Euthynnus 

alletteratus) in the western Mediterranean Sea for different years 

5. Discussion 

In this study, we present information regarding the feeding ecology of little tunny during 

the years 2012 and 2014-2017 in the Northwestern Mediterranean Sea. For this, we 

used two complementary methodologies, stomach content and stable isotopic analyses.  

The results revealed an interannual consistence in the importance of particular 

Clupeiformes such anchovy and sardine in the diet of this pelagic predator. Similar to the 

results described previously (e.g. Campo et al., 2006; Falautano et al., 2007; Navarro et 

al., 2017), we found that the diet of little tunny in the northwestern Mediterranean Sea 

year after year was composed mainly by Clupeid fish, while cephalopods and 

crustaceans were also present in its diet. Also, as it was described for the study area 

(Navarro et al. 2017), the principal prey group found on the stomach contents of the little 

tunny were European anchovy and European sardine, specially the first one.  

We found that the importance of anchovy in terms of %N, in comparison to other prey, 

did not change between years in the diet of little tunny. However, the importance of 

sardine (in %FO and %N), the second most important prey for the species, decreased 

during the last years. This matches the overexploitation status of sardine in recent years, 

but not of anchovy, with a more stable population levels although in an overexploited 

status (Coll and Bellido 2019). 
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According to our initial expectations, we also found a replacement of prey items coming 

from the pelagic environment with other species present in the demersal and 

benthopelagic one due to the diet of little tunny included alternative epipelagic and 

demersal fish species such as Gadiformes, Perciformes and Gobidae. However, we did 

not find a reduction of prey size consumed, but an increase in the case of sardine. We 

hypothesize that little tunny may be selecting bigger size classes of sardine to counteract 

the decline in sardine biomass and so optimizing the energy intake in the searching of 

aliment.   

These change in the diet occurrence and composition showed in the stomach content 

probably explains the interannual variation in the isotopic niche inferred by SEA and TA 

metrics. In particular, SEA and TA showed the higher values during the years when the 

little tunny included more secondary preys in its diet. The consumption of different preys 

implies a higher variability in isotopic values of prey consumed and thus a higher 

variability in the isotopic values of the predator (Layman et al., 2012). In fact, negative 

δ13C values reflect the intake of prey present in demersal waters (Fry et al., 1978). In the 

case of little tunny, the δ13C values obtained during the year 2016 probably were related 

to the consumption of demersal fin-fish species like Cepola macrophthalma and 

Sparidae spp. In contrast, during the years 2014, 2015 and 2017, little tunny showed 

more positive δ13C values, probably reflecting the consumption of more pelagic 

organisms. The feeding behaviour of little tunny, in the last years, could be the result of 

vertical movements in the water column for food search (Abascal et al., 2010). This 

vertical movement is associated with the vertical migrations of their main prey (Aguzzi et 

al., 2015). This feeding pattern is an example of the importance of the pelagic-demersal 

coupling in Mediterranean marine ecosystems, already highlighted in previous studies of 

other pelagic predators (Navarro et al. 2017; Coll et al., 2006). However, the isotopic 

values of nitrogen (δ15N) for little tunny was similar for all years, which means that little 

tunny exploits prey placed in a similar trophic level, both from the pelagic and the 

demersal environment. 

Overall, this study highlights that monitoring the predators of small pelagic fish may be a 

suitable source of information to understand changes in the pelagic food web, as 

previously suggested by food web model analyses (Coll et al. 2019). Results showed 

that the number of pelagic preys decreased along the years, especially for sardine, one 

of the main prey of little tunny. The decrease of this species could have triggered the 

consumption of secondary species and the ingestion of bigger sardines by little tunny to 

maintain the population. Therefore, the consumption of some demersal species could be 

essential for the little tunny in front of the fluctuation of the populations of the pelagic 



           
 

13 
 

fishes. However, the variation of the diet in the last years and the consumed of 

cephalopods, demersal fishes, and others prey could provide less energy to the little 

tunny or an increase in the resource acquisition due to the high energy content of small 

pelagic fish in comparison to other fish, especially sardine (Albo-Puigserver et al. 2017). 

The overexertion for searching new prey could affect the body condition, health and the 

population dynamics of the little tunny (Lloret et al. 2013). This is something that needs 

to be tested in future studies. 
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