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ABSTRACT 
 

A total of 111 stomachs with gut contents recovered from 164 striped marlin Kajikia audax caught off the 
coast of Mazatlan, Mexico between October 2002 and June 2003 were examined. Based on the index of relative 
importance (IRI), two cephalopod species were the most common prey: Dosidicus gigas and Argonauta spp. 
The smallest marlin fed predominantly on Argonauta spp., while larger specimens primarily consumed D. gigas. 
Females fed primarily on Argonauta spp. In contrast, males had a more diversified diet that included three 
primary types of prey: Argonauta spp., D. gigas, and Caranx spp. Striped marlin consumed more jumbo squid 
during the cold season, and more Argonauta spp. during warmer months. Based on the dietary breadth value, 
both male and female striped marlin can be considered specialist predators. Trophic overlap was significant 
between the sexes, and between the 142-158 cm and 159-175 cm postorbital length (PL) size groups and the 
176-192 cm and 193-209 cm PL size groups. The results of this study are consistent with those of previous 
research on striped marlin, and suggest dietary variation based on differences in the size and sex of the 
organisms as well as the season. 
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Introduction 

 
Striped marlin, Kajikia audax (Philippi 1887), are pelagic predators inhabiting equatorial and temperate 

waters, particularly the subequatorial and subtropical zones of the Pacific Ocean (Nakamura, 1985). Due to their 
wide distribution, striped marlin are commonly caught by commercial fishing fleets throughout the world 
(Domeier, 2006). In the central and eastern Pacific Ocean, they are one of the six species of billfish most 
commonly recovered in commercial and sport fishing catches (Whitelaw, 2001; Bromhead et al., 2004; Kopf et 
al., 2005; Molony, 2005). Striped marlin are one of the most highly prized species caught by the sport fishing 
fleet operating in the area along the Pacific Coast of Mexico (Klett et al., 1996). 

Given the importance of K. audax in a variety of fishing sectors (e.g. industrial, artisanal, and sport fishing), 
there is a need for basic biological studies of this species in order to better understand their role in ecosystems 
and the impact they have on their prey species. The latter is particularly important considering recent studies 
suggesting that top predators regulate the productivity and abundance of their prey populations (Baum and 
Worm 2009; Ritchie and Johnson, 2009). We still lack information regarding important biological and 
ecological characteristics of striped marlin, particularly those living off the coast of Mazatlan, Sinaloa. Thus, the 
objective of this study was to describe the dietary spectrum by analyzing the stomach contents of striped marlin 
caught by sport fishing fleets operating in the area in 2002-2003.  
 
Material And Methods  

 
The striped marlin specimens were collected between October 2002 and June 2003 by the sport fishing fleet 

operating in Mazatlan, Sinaloa, Mexico (22° 40’ and 23° 38’ N, 105° 50’ and 106° 45’ W) (Fig. 1). The 
organisms were caught using fishing rods with live (Mugil cephalus) and/ or artificial bait (trolling). Once they 
were unloaded at port, we recorded the postorbital length (PL) to the nearest cm and the total weight to the 
nearest g for each specimen. In addition, the sex of each organism was determined macroscopically. The 
stomachs were transported to the laboratory where the contents were removed and rinsed with water. The wet 
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weight of the stomach contents was then recorded. In addition, the vacuity index was calculated as the ratio of 
empty stomachs to total stomachs. 

The taxonomic identification of the dietary components was carried out using identifying characteristics 
particular to each type of prey. Fish were identified based on characteristics of their axial and appendicular 
skeletons. Vertebrae were counted following Clothier (1950), Miller and Jorgensen (1973), and Monod (1968). For 
fish only minimally affected by digestion, our identification was based on the information published by Fischer et al. 
(1995) and Thomson et al. (2000). We identified crustaceans by their exoskeletons, or exoskeleton remains, 
following Garth and Stephenson (1966) and Brusca (1980). Due to the rapid effect of digestion on the soft parts 
of cephalopods, the mandibular apparatus, commonly known as the beak, was the only identifiable structure 
recovered. The beak is composed of chitin, a material that is difficult to digest, thus permitting identification of 
these organisms. For this group in particular, identification was based on publications by Wolff (1984) and 
Clarke (1986). 

We used the criteria proposed by Ferry and Cailliet (1996 ) and Ferry et al. (1997) to determine if the 
number of striped marlin stomachs analyzed was sufficient to describe their diet. Matlab was used to generate 
500 permutations of the data and create an average accumulated diversity curve for the prey items. The standard 
deviation was calculated relative to the Shannon-Wiener diversity index (Krebs, 1999). The asymptote of the 
curve is considered the point at which sufficient stomach contents have been analyzed to describe the diet. 

Following Cailliet et al. (1986), we employed  frequency of occurrence (FO), gravimetric (W), and numerical 
(N) calculations in the quantitative analysis of the stomach contents. In addition, we used the index of relative 
importance (IRI), proposed by Pinkas et al. (1971) and modified by Hacunda (1981), to evaluate the importance of 
each type of prey in the alimentary spectrum of the species (Liao et al. 2001). The index was expressed as a 
percentage following recommendations by Cortes (1997).  

We considered five size intervals in order to identify differences in the trophic spectrum based on size. The 
size groups spanned 17 cm and were based on the size frequency distribution (Ponce-Díaz et al. 1991). In 
addition, we examined the trophic spectrum during different seasons using the classification system proposed by 
Arizmendi-Rodríguez et al. (2006). The diet breadth was examined using Levin’s standardized index (Krebs, 
1999), which permits evaluation of the richness and variation present in a given trophic spectrum. We also used 
Morisita-Horn’s similarity index (Smith and Zaret, 1982) to evaluate the dietary overlap between sexes and 
sizes based on the absolute values for the index of relative importance. The values of this index vary from zero 
for diets that are completely distinct, to one for diets that are identical.  

 
Results: 

 
In total, 164 striped marlin were sampled. The size intervals of the organisms varied from 125 to 201 cm PL 

(Fig. 2). The weights of the specimens ranged from 15 to 77 kg. The months during which the greatest number 
of specimens recovered were January (n = 34), February (n = 41), and March (n = 10). There were no significant 
differences based on the season for the different size groups (one-way ANOVA, F2,81 = 2.81, p<0.005). There 
were also no significant differences based on the weight of the individual specimens (one-way ANOVA, F2,81 = 
1.296, p<0.005). Males of the species tended to be longer (125 to 201 cm PL) than females (125.5 to 197 cm 
PL). However, males weighed less (15 to 65 kg) than females (16 to 77 kg). There were no significant 
differences between the sexes based on either size or weight (one-way ANOVA, F1,108 = 1.18, p>0.005; F1,108 = 
3.51, p>0.005, respectively). 

The vacuity index was 68%. Of the 164 stomachs analyzed, 111 included analyzable stomach contents 
(females = 48, males = 62, undetermined = 1). Based on the accumulated diversity curve, the 164 stomachs 
analyzed were sufficient to characterize the trophic spectrum of striped marlin (Fig. 3). 

A total of 27 different types of prey were identified, including 21 types of teleosts, two types of 
cephalopods, and one type of crustacean. The total weight of the stomach contents was 29,109.71 g, of which 
fish accounted for more than 56% (16,419.64 g), followed by cephalopods at 42.9% (12,474.67 g), crustaceans 
at 0.6% (188.1 g), and unidentified organic material at 0.1% (27.3 g).  

Based on weight, the most important prey were Argonauta spp. at 41% (11,929.69 g), followed by members 
of the family Carangidae at 19.4% (5,661.4 g), black skipjack Euthynnus lineatus at 16.8% (4,901 g), and tuna 
(Auxis spp.) at 6.3% (1,840.73 g). A total of 1,391 prey items were identified: 1,114 cephalopods (80.1%), 267 
fish (19.2%), and one crustacean. Based on the number of different types of prey, D. gigas was the most 
common (45.7%), followed by Argonauta spp. (25.3%), unidentified cephalopod beaks (9.0%), and Sphoeroides 
lobatus (7.1%) (Table 1).  

Considering the frequency of ocurrence, cephalopods were the most common, being present in 63% of the 
stomachs, followed by fish (35%), unidentified organic material (1%), and crustaceans (1%). The most 
important fish were: D. gigas (64%), S. lobatus (17.1%), Argonauta spp. (15.3%), Balistes polylepis (10.8%), 
and M. cephalus (6.3%). Based on the index of relative importance (IRI), the most common prey were D. gigas 
(65.4%), Argonauta spp. (21.9%), fish remains (4.6%), and S. lobatus (2.6%). 
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Fig. 1: The study area. The semicircle around the port of Mazatlan indicates the fishing area. 
 

 
Fig. 2: Size frequency distribution of striped marlin (Kajikia audax) recovered by the sport fishing fleet  
            operating off the coast of Mazatlan, Sinaloa between October 2002 and June 2003. 
 
Dietary variation between the sexes: 

 
Of the 111 stomachs recovered, 48 pertained to females (43%) and 62 to males (56%), with one specimen 

being undetermined (1%). A total of 18 types of prey were identified in the 48 female stomachs containing food. 
The prey belonged to 11 families, 12 genera, and 8 species. Based on the index of relative importance (IRI), the 
most important prey were Argonauta spp. (83.2%), followed by Auxis spp. (3.9%), B. polylepis (3.6%), and 
members of the family Carangidae (3.3%). A total of 21 types of prey were identified in the 62 male stomachs 
containing food, with 13 families, 14 genera, and 8 species being represented. Based on the index of relative 
importance, Argonauta spp. (40.2%) was the most common prey, followed by D. gigas (22.5%), Caranx spp. 
(14.9%), and B. polylepis (5.9%). 
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Table 1: Trophic spectrum of striped marlin (Kajikia audax) caught off the coast of Mazatlan, Sinaloa between October 2002 and June 2003 
showing the absolute values and percentages of the numerical (N and % N), gravimetric (P and % P), and frequency of occurrence 
(FO and % FO) calculations, and index of relative importance (IRI and % IRI). 

Prey N % N FO % FO P % P IRI % IRI 
Mollusca         
Cephalopoda         
Ommastrephidae         
Dosidicus gigas  636 45.7 71 64.0 456.78 1.6 3025.0 65.4 
Argonautidae         
Argonauta spp. 352 25.3 17 15.3 11929.69 41.0 1015.2 21.9 
Cephalopod beaks 126 9.1 10 9 88.2 0.3 84.3 1.8 
Crustacea         
Penaeoidea         
Litopenaeus spp. 1 0.1 1 1 188.1 0.6 0.6 0.0 
Chordata         
Osteichthyes         
Clupeidae         
Opisthonema spp. 1 0.1 1 1 97.2 0.3 0.4 0.01 
Sardinops caeruleus   1 0.1 1 1 37.7 0.1 0.2 0.004 
Synodontidae         
Synodus spp. 1 0.1 1 1 2.3 0.0 0.1 0.002 
Mugilidae         
Mugil cephalus  12 0.9 7 6.3 108.5 0.4 7.8 0.17 
Belonidae         
Strongylura spp. 3 0.2 2 2 8 0.0 0.4 0.01 
Hemiramphidae         
Hyporhamphus unifasciatus  4 0.3 1 1 1003 3.4 3.4 0.07 
Fistularia spp. 1 0.1 1 1 460.1 1.6 1.5 0.03 
Serranidae 1 0.1 1 1 12.5 0.0 0.1 0.002 
Carangidae 1 0.1 1 1 5661.4 19.4 17.6 0.38 
Caranx spp. 2 0.1 1 1 439.56 1.5 1.5 0.03 
Gerreidae 1 0.1 1 1 693.4 2.4 2.2 0.05 
Haemulidae 1 0.1 1 1 203.35 0.7 0.7 0.01 
Ephididae         
Chaetodipterus zonatus  1 0.1 1 1 23.29 0.1 0.1 0.003 
Scombridae 1 0.1 1 1 22.7 0.1 0.1 0.003 
Auxis spp. 1 0.1 1 1 1840.73 6.3 5.8 0.12 
Euthynnus lineatus  7 0.5 4 4 4901 16.8 62.5 1.4 
Katsuwonus pelamis  3 0.2 3 3 252 0.9 2.9 0.063 
Scomberomorus sierra  1 0.1 1 1 36 0.1 0.2 0.004 
Balistidae         
Balistes polylepis  43 3.1 12 10.8 579.21 2.0 54.9 1.2 
Tetradontidae         
Sphoeroides lobatus 99 7.1 19 17.1 8.1 0.0 122.3 2.6 
Polynemidae         
Polydactylus approximans  1 0.1 1 1 11.5 0.0 0.1 0.002 
Fish remains 81 5.8 40 36 18.1 0.1 212.1 4.6 
Unidentified organic material 9 0.6 9 8 27.3 0.1 6.0 0.1 
Total 1391 100 111  29109.71 100 4627.98 100 

 
Ontogenetic dietary variation: 

 
Of the five size groups examined, the PL of 56% of the organisms measured between 159 and 175 cm. The 

size group with the smallest number of stomachs containing food was the PL size class measuring 193 to 209 
cm (n = 2). Based on the IRI, D. gigas and Argonauta spp. were the most important prey for all five size classes, 
with D. gigas being particularly important (90%) for the PL size class measuring 159 to 175 cm (Fig. 4).  
 
Seasonal dietary variation: 

 
A total of 100 stomachs with food contents were recovered during the cold season. Analysis showed they 

contained 26 dietary components, including predominantly D. gigas (36.1%), followed by fish remains (19.9%), 
S. lobatus (8.4%), B. polylepis (6.3%), Argonauta spp. (5.2%), and unidentified cephalopod beaks (4.7%). Eight 
different types of prey were identified in the ten stomachs recovered during the warm season in 2003. The IRI 
indicated that Argonauta spp. (82.5%) was the most important species, followed by Mugil cephalus (9.1%) and 
S. lobatus (4.4%). 
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Fig. 3: Accumulated diversity curve used to determine the minimum sample size for striped marlin (Kajikia 

audax) from the area off the coast of Mazatlan. 
 

 
 
Fig. 4: Trophic spectrum composition by size group for striped marlin (Kajikia audax) from the area off the 

coast of Mazatlan, Sinaloa. The index of relative importance (IRI) values are presented as percentages. 
 
Dietary breadth: 

 
Striped marlin can be characterized as specialist predators as the estimated dietary breadth value (Bi = 0.09) 

was close to zero. No differences were observed between the dietary breadths of males (Bi = 0.08) and females 
(Bi = 0.09). 
 
Trophic overlap: 

 
The trophic overlap between the sexes was significant (Cλ = 0.87), as was that between the 142-158 cm and 

159-175 cm PL size groups (Cλ = 0.39), and the 176-192 and 193-209 cm PL size groups (Cλ = 0.3). 
 

Discussion: 
 
The trophic spectrum of striped marlin from the area around Mazatlan, Sinaloa included 27 types of prey, 

with teleosts contributing the greatest number components. However, Dosidicus gigas was the most important 
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prey, followed by Argonauta spp. and fish like Sphoeroides lobatus, Mugil cephalus, Katsuwonus pelamis, and 
Balistes polylepis. 

The presence of epipelagic (Auxis spp., Euthynus lineatus, and K.pelamis) and demersal (Synodus spp. and 
M. cephalus) prey reflects the horizontal and vertical migrations undertaken by striped marlin in search of food 
(Abitia-Cárdenas, 2001). This behavior has also been confirmed through telemetric monitoring of the species by 
authors like Holts and Bedford (1990) and Brill et al. (1993). These researchers argue that while striped marlin 
occupies most of their time on the surface (10 m), they may also dive up to 170 m below the surface. These 
vertical movements are dictated by water temperature and permit predators to catch prey typically not found in 
the epipelagic zone. 

Abitia-Cárdenas et al. (1997, 1998) have argued that members of the species living in the area around Los 
Cabos, Baja California Sur, Mexico are opportunistic predators with generalist habits. The latter permits striped 
marlin to exploit a broader spectrum of potential prey. In the present study, however, we observed the opposite 
pattern. We found evidence that striped marlin consume a reduced number of dietary components with a 
preference for cephalopods and D. gigas in particular. Other authors (Erhardt, 1986; Markaida and Sosa-
Nishizaki 1998; Abitia-Cárdenas et al. 2010) have argued that squid are an important foraging resource for a 
variety of marine predators (i.e., tuna, dolphinfish, sailfish, blue marlin, and shark) because of their abundance 
in the Mexican Pacific. 

Another feature characteristic of the striped marlin’s alimentary behavior is the emphasis on school-forming 
prey, a strategy that increases the possibility of capture and reduces the amount of energy expended during 
feeding (Brock, 1984; Robertson and Chivers, 1997; Markaida and Sosa-Nishizaki, 1998; Abitia-Cárdenas, et 
al., 2002; Olson and Galván-Magaña, 2002; Arizmendi-Rodríguez et al., 2006). 

In terms of trophic preferences by size, two groups were identified. The first group was composed of 
organisms with PLs measuring ≤158 cm that consumed less prey in terms of both the overall number and weight 
of prey. The second group was represented by organisms with ≥159 cm PLs that consumed more prey (number 
and weight). These differences between size groups can be attributed to the fact that larger organisms can obtain 
prey that is larger and heavier. Moreover, no significant difference was observed between the diets of males and 
females, possible reflecting the fact that the distribution of resources in the feeding area is regulated by the 
availability and abundance of prey. 

In the area around Mazatlan, Sinaloa striped marlin are found primarily during winter and spring, with 
considerably fewer organisms being present in the area during summer and fall. In general, cephalopods were 
the most important type of prey throughout the year. Nevertheless, significant differences were identified based 
on the order of importance of the primary prey. It is worth noting that during the cold season a greater variety of 
dietary components were identified, with diets being dominated by D. gigas. During the warm season, there was 
a considerable reduction in the number of different prey items consumed. During this period, the diet was 
dominated by Argonauta spp. These two species of cephalopods tend to form large aggregates in coastal areas 
of the eastern tropical Pacific Ocean. 

Comparing the results of the present study with those of other researchers working in Mazatlan, Sinaloa and 
Cabo San Lucas, Baja California Sur (Evans and Wares 1972; Eldrige and Wares, 1974; Abitia-Cárdenas et al., 
1997, 1998; Abitia-Cárdenas et al., 2001) we found several similarities in the types of prey consumed by striped 
marlin. This indicates that the composition and abundance of epipelagic prey in the zone are relatively constant. 
It also suggests a degree of specialization in the alimentary habits of striped marlin. Other authors (Blackburn, 
1968; Galván-Magaña, 1999; Abitia-Cárdenas et al., 1997) argue that the alimentary behavior of striped marlin 
is largely defined by oceanographic conditions in the mouth of the Gulf of California, one of the most 
biologically productive zones of the Pacific Coast of Mexico (Lluch-Cota, and Arias-Arechiga, 2000). 
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