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ABSTRACT 

 

The Peruvian sea represents one of the most productive ocean ecosystems and 

possesses one of the largest elasmobranch fisheries in the Pacific Ocean. Ecosystem-

based management of these fisheries will require information on the trophic ecology 

of elasmobranchs. This study aimed to understand the diet, trophic interactions and 

the role of nine commercial elasmobranch species in northern Peru through the 

analysis of stomach contents. A total of 865 non-empty stomachs were analyzed. Off 

northern Peru, elasmobranchs function as upper-trophic-level species consuming 78 

prey items, predominantly teleosts and cephalopods. Two distinctive trophic 

assemblages were identified: (1) sharks (smooth hammerhead shark Sphyrna 

zygaena, thresher shark Alopias spp. and blue shark Prionace glauca) that feed mainly 

on cephalopods in the pelagic ecosystem; and (2) sharks and batoids (Chilean eagle 

ray Myliobatis chilensis, humpback smooth-hound Mustelus whitneyi, spotted 

houndshark Triakis maculata, Pacific guitarfish Pseudobatos planiceps, copper shark 

Carcharhinus brachyurus, and school shark Galeorhinus galeus) that feed mainly on 

teleosts and invertebrates in the benthonic and pelagic coastal ecosystem. This study 

reveals for the first time the diet of T. maculata and the importance of elasmobranchs 

as predators of abundant and commercial species (i.e. Jumbo squid Dosidicus gigas 

and Peruvian anchovy Engraulis ringens). The results of this study can assist in the 

design of an ecosystem-based management for the northern Peruvian sea and the 

conservation of these highly exploited, threatened or poorly understood group of 

predators in one of the most productive marine ecosystems. 

 



  

Keywords: diet, ecosystem-based management, elasmobranch, Humboldt, 
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1. INTRODUCTION 

 

Sharks and batoids are important components of the marine ecosystem as they  play 

important roles as top predators and mesopredators, regulating prey dynamics 

through direct predation by consumption and also indirectly by modifying prey 

behavior and physiology (e.g., Bizzarro et al., 2017; Heithaus et al., 2008; Rasher et 

al., 2017; Sherman et al., 2020; Vaudo & Heithaus et al., 2011). Defining the roles of 

sharks and batoids and understanding their trophic relationships is essential for 

understanding ecosystem dynamics (e.g. biological controllers, bioturbation) and 

predicting anthropogenic (e.g., fishing) or environmental (e.g. climate change or 

ENSO) impacts in the structure and function of ecosystems (e.g. trophic downgrading, 

mesopredator release, resource limitation) (Ajemian, 2011; Ainsworth et al., 2011; 

Bizzarro et al., 2017; Chin et al., 2010; Cisneros et al., 2018; Estes et al., 2011; 

Heithaus et al., 2008, 2010; Löwemark, 2015; Marshall et al., 2016; Martins et al., 

2018; Myers et al., 2007; Ortega-Cisneros et al., 2018;  Sherman et al., 2020; 

Schindler et al. 2002; Stevens et al., 2000).  

 

Many elasmobranch populations have declined because of unsustainable catch and 

bycatch in fisheries (Camhi et al., 2008; Davidson et al., 2016; Ward & Myers, 2005), 

and as a result they are among the most threatened vertebrate groups (Bräutigam et 

al., 2015). Peru historically reports the highest accumulated landings for sharks in the 

Pacific, and for batoids in the eastern Pacific Ocean (Gonzalez-Pestana et al., 



  

2016a,b); yet fisheries management and enforcement is limited (Alfaro-Shigueto et al., 

2010; Doherty et al., 2014; Gonzalez-Pestana et al., 2016 a,b; Hilborn & Ovando 

2014). Economically and socially, this fishery is important for the country (Alfaro-

Shigueto et al., 2010; Christensen et al., 2014; Doherty et al., 2014) and also is 

globally significant, ranking within the top 20 major shark fishing countries in the last 

decade (Dulvy et al., 2017; Okes & Sant, 2019).  

 

In Peru, elasmobranchs are an important component for ecosystem-based fishery 

management (EBFM) since they are commercially and ecologically important with 

declining populations for many species (Powers & Monk, 2010). One EBFM goal is to 

ensure that the capture of commercial species does not seriously affect food web 

structure and its dynamics or functionality; therefore, in developing EBFM, linkages 

between ecosystem components need to be understood, such as trophic structure, 

predator–prey relationships, and interactions between fisheries and other top 

consumers (Arkema et al., 2006; Link, 1999; Livingston et al., 2005; Warzybok et al., 

2018). Concerning batoids fisheries, implementation of EBFM is severely hampered 

by the paucity of data compared to other data rich, commercially important fish stocks 

(Bizzarro et al., 2017; Hilborn & Ovando, 2014). Furthermore, elasmobranchs 

research in the southeastern Pacific is lagging compared to most other marine regions 

(Ducatez, 2019). For example, trophic relationship studies of the Peruvian marine 

ecosystem do not include elasmobranchs as upper trophic-level species (reviewed in 

Espinoza, 2014).  

 

Limited information exists on the diets and trophic interactions of elasmobranchs and 

the roles they play in Peruvian waters. Of the 103 elasmobranch species registered in 



  

Peru, 66 species are sharks (32 interact with fisheries) and 37 species are batoids (23 

interact with fisheries) (Cornejo et al., 2015; Gonzalez-Pestana et al., 2016a,b; Last et 

al., 2016). There is information on diet composition for only eleven of these species 

(Coasaca-Céspedes et al., 2018; Córdova-Zavaleta et al., 2018; Gonzalez-Pestana et 

al., 2017, 2018; Samame et al., 1989; Segura-Cobeña, 2017; Silva-Garay et al., 2018) 

and most of these studies only assessed one species. The aim of this study was to 

understand trophic interactions, identify trophic assemblages and predict the role of 

nine commercially important elasmobranch species off northern Peru through stomach 

content analysis, including six of the nine most caught elasmobranch species in Peru.  

 

2. MATERIALS AND METHODS 

 

2.1. Data and sample collection  

Nine elasmobranch species were sampled (seven species of sharks and two species 

of batoids) (Table 1) between January 2015 and August 2016, from four small-scale 

gillnet fishery landing points located in northern Peru: Zorritos, Mancora, San Jose 

and Salaverry (Figure 1). Peruvian small-scale fisheries (SSF) are defined as 

containing vessels with a maximum capacity of 32.6m3 Gross Registered Tonnage, up 

to 15 meters of length and operate predominantly using manual work (El Peruano, 

2001). SSF operate in coastal and offshore locations reaching international waters 

(FAO, 2010; Mason et al., 2019). SSF is the only fishery that targets elasmobranchs 

in Peru (Alfaro-Shigueto et al., 2010; Bartholomew et al., 2018; Doherty et al., 2014; 

Gonzalez-Pestana et al., 2016a, b; Mason et al., 2019). Six species included in this 

study are among the nine most caught elasmobranch species which represent 80% of 

the total Peruvian elasmobranch catch (Table 1, Gonzalez-Pestana et al., 2016 a,b). 



  

Within Peruvian SSF, gillnets represent one of the main capture methods for 

elasmobranchs (Alfaro-Shigueto et al., 2010; Bartholomew et al., 2018; Gonzalez-

Pestana et al., 2016a). 

 

Elasmobranchs were identified, sexed and measured (total length [TL] for sharks and 

guitarfishes and disc width [DW] for eagle rays) (Table 1). Stomachs were extracted 

and preserved in a 10% formalin solution.  

 

The Peruvian marine ecosystem is subjected to the El Niño Southern Oscillation 

(ENSO) (Fiedler, 2002). The study period coincided with a moderate El Niño event 

(average positive anomaly of sea surface temperature = 1.18ºC ±0.84) according to 

El Niño Coastal Index (http://www.met.igp.gob.pe).  

 

2.2. Analysis of stomach contents 

 

Stomach contents were analyzed at the Marine Biology Laboratory of the Universidad 

Cientifica del Sur in Lima, Peru. Prey items were identified to the lowest possible 

taxon, counted and weighted. For the identification of teleosts and cephalopods, and 

their hard parts (i.e. otoliths and beaks), identification guides were used: Chirichigno 

& Cornejo (1998), García-Godos (2001), Lu & Ickeringill (2002), Xavier & Cherel 

(2009), and Acuña-Perales et al. (2020). Cephalopod beaks were used to reconstruct 

total mass at ingestion, using regression equations (Lu & Ickeringill, 2002). For the 

identification of crustaceans and mollusks we used Ramirez et al., (2003) and 

Moscoso (2013). Unidentified prey items, rare items (e.g. rocks, snails) and parasites 

(e.g. isopoda) were excluded from subsequent analyses. 



  

 

Diet was quantified using percent by number (%N), percent by weight (%W), and 

percent by frequency of occurrence (%F) of prey (Hyslop, 1980). Two indexes were 

calculated: index of relative importance (IRI) and prey-specific index of relative 

importance (PSIRI). The index of relative importance (IRI) was calculated as IRI = %O 

(%N + %W).  Then it was divided by the total IRI for all items to get the index of relative 

importance on a percent basis (%IRI; Cortés, 1997). The Index of Relative Importance 

(IRI) was modified by the Prey-Specific Index of Relative Importance (PSIRI) which is 

additive with respect to taxonomic levels allowing more reliable comparisons between 

studies because its values are not dependent upon taxonomic level or prey categories 

(Brown et al., 2012). First, an index of prey-specific abundance (%PAi) was calculated: 

%PAi = Σ%Aij / ni, where %Aij is the abundance (by counts [%PNi] or weights [%PWi]) 

of prey category i in stomach sample j and ni is the number of stomachs containing 

prey i. Then the %PSIRI was calculated: [%FOi × ([%PNi + %PWi)] / 2. We present the 

results from IRI because these could be used for comparisons with other studies.  

 

2.3. Statistical analysis 

 

For further analysis all prey items were pooled into ten main groups: (1) teleosts, (2) 

shrimps (Penaeidae), (3) crabs (Brachyura), (4) stomatopods (Stomatopoda), (5) 

cephalopods (Cephalopoda), (6) gastropods (Gastropoda), (7) bivalves (Bivalvia), (8) 

annelids (Polychaeta), (9) marine mammals and (10) other crustaceans that could not 

be identified at a more specific level.  

 



  

Randomized cumulative prey curves were constructed to examine trophic diversity at 

taxa level and determine if sample sizes were sufficient to describe the full diet (Ferry 

& Caillet, 1996). The mean cumulative number of prey taxa present in each sample 

was then plotted against the randomly pooled number of stomach samples. The 

presence of an asymptotic relationship indicates that the number of stomachs 

analyzed is sufficient to represent the diet, and that the increase of the sample beyond 

the point of curve stabilization would cause little further increase in the measured 

trophic diversity. A slope value less than 0.1 indicates a good representation of diet 

(Soberón & Llorente, 1993). 

 

To evaluate trophic niche width we used Levin index (Bi’) based on %N values. The 

index values range from 0 to 1, where values closer to 0 indicate a diet dominated by 

few prey items (i.e. greater degree of specialization) and values closer to 1 indicate a 

lesser degree of specialization (Labropoulou & Eleftheriou, 1997).  

 

We calculated the trophic position (TP) based on the %PSIRI values of the prey 

species presented in the stomach content. We used the following equation: TP= 1+ (Σ 

DCij) ×  (TPj) (Christensen & Pauly 1992) where DCij is the composition of the diet in 

which (j) is the proportion of preys in the diet of the predator (i) and TPj is the trophic 

position of the preys. The trophic positions of the prey items were taken from Espinoza 

(2014) which presents values from the Peruvian sea and from Cortés (1999) when 

local values were not reported. 

 

To identify trophic assemblages of elasmobranch species, we performed the recursive 

partitioning model (Breiman et al., 1984; Hothorn et al., 2006a) based on the numeric 



  

abundance of prey (%N). A conditional inference tree was generated which identifies 

distinctive trophic groups of elasmobranchs and the distribution of their prey 

groupings. This is a non-parametric method that uses a partitioning algorithm to 

estimate a series of binary decision rules to divide the data into smaller homogeneous 

subgroups in an optimal way. The p-value is used to determine where splitting is no 

longer valid. Typically, splitting is accepted at p < 0.1 (e.g. Nagy et al., 2010). We 

applied the prune back procedure to cut the overlarge tree and achieve the best prey 

composition at each terminal node.   

 

We used the permutational multivariate analysis of variance (PERMANOVA) to 

determine if a significant difference existed in the overall grouping of the conditional 

inference tree (Anderson, 2001). If the PERMANOVA pseudo-F was significant (p < 

0.05), then the permutation analysis of multivariate dispersions (PERMDISP) 

procedure was applied to confirm the observed differences (Anderson, 2006). Both 

PERMANOVA and PERMDISP were applied to a Bray-Curtis dissimilarity matrix of 

numeric abundance of prey (%N) from the diets of nine elasmobranch species. 

Afterward, the similarity percentage routine (SIMPER) was applied to determine the 

most typical prey for each grouping level (Clarke, 1993) based on the percentage of 

contribution of each prey within a group and the dissimilarity between two groups. 

 

The calculations were performed using the R v3.6.2 (R Core Team, 2019) with the 

packages rpart (Therneau et al., 2012), and party (Hothorn et al., 2006b) for the 

classification tree, and vegan (Oksanen et al., 2019) for PERMANOVA, PERMDISP 

and SIMPER tests. 

 



  

2.4. Ethical Statement 

The care and use of experimental animals complied with Ministry of Production 

(PRODUCE for its acronym in Spanish) animal welfare laws, guidelines and policies 

as approved by PRODUCE and the TUPA 023.1.  

 

3. RESULTS 

 

We analyzed a total of 865 stomach contents from nine elasmobranch species (Table 

1). The cumulative prey curves reached full asymptotic stabilization for all species, 

except for Triakis maculata and Myliobatis chilensis (Figure 2). Therefore, for seven 

elasmobranch species, sufficient stomach contents were examined to adequately and 

reliably describe their diet. For the other two species, the slopes of their cumulative 

prey curves (T. maculata = 0.03 and M. chilensis = 0.01) were slighter higher than the 

suggested by Soberón & Llorente (1993) which is < 0.01. Thus, the results for these 

two species should be interpreted with caution.  

 

We identified 78 prey items at a species or family level: 26 species/families of teleosts, 

one species of chondrychtyan, 17 species of cephalopods, four species/families of 

gastropods, three species/families of bivalves, 25 species or families of crustaceans, 

one family of annelids and one family of marine mammals. Elasmobranch species 

sampled preyed mainly on teleosts and cephalopods (Figure 3).  

 

Overall, the trophic niche width was narrow with a low Levin index value (< 0.6) (Table 

2). The highest value corresponds to Pseudobatos planiceps (0.62) - the least 

specialized - and the lowest value to Prionace glauca (0.06) - the most specialized 



  

species. The average trophic position was 4.2 with a range of 4.4 for both Alopias spp. 

and C. brachyurus, and 3.8 for P. planiceps. The sharks and batoids assessed in this 

study were predominantly tertiary consumers (TP > 4), except for P. planiceps that is 

a secondary consumer (TP < 4). 

 

Based on the conditional inference tree, we identified two main distinctive trophic 

assemblages: (1) Sphyrna zygaena, Alopias spp. and P. glauca, and (2) M. chilensis, 

Mustelus whitneyi, P. planiceps, T. maculata, Carcharhinus brachyurus, and 

Galeorhinus galeus. PERMANOVA (pseudo-F= 27.64, p = 0.001) and PERMDISP 

(pseudo-F = 58.86, p = 0.001) showed significant differences between these two 

trophic assemblages. According to SIMPER, these two trophic assemblages 

presented an average dissimilarity of 87.6% (Table 3). Accordingly, the prey items 

which most contributed to dissimilarity between these two groups were cephalopods 

(54.5%), teleosts (20.6%) and crabs (5.3%) (Table 3).  

 

The first group is composed of sharks that fed mainly on cephalopods and lesser on 

teleosts (Figure 3) in the pelagic and mostly oceanic region. This group presents 

higher average similarity percentages (42.8%) compared with the second group 

(Table 3). Cephalopods were the prey item that most contributed to their diet (95.6%) 

(Table 3). The most important cephalopod prey species was Argonauta spp. (16% of 

PSIRI) for P. glauca, jumbo squid Dosidicus gigas (d’ Orbigny, 1835) (30% of PSIRI) 

and Patagonian squid Doryteuthis gahi (d’ Orbigny, 1835) (31% of PSIRI) for S. 

zygaena, and D. gigas (64% of PSIRI) for Alopias spp. (Table 4). P. glauca was the 

only species of this group that also fed on crustaceans and marine mammals (Table 



  

4). This group presented on average a higher trophic position of 4.3 ±0.1 and a lower 

trophic niche of 0.21 ±0.15 than the second trophic assemblage.  

 

The second group is composed of sharks and batoids that feed mainly on pelagic and 

demersal teleosts and on benthonic invertebrates (i.e. mollusks, crustaceans, and 

annelids) in the coastal region (Figure 3). This group presents an average similarity of 

26.2% (Table 3). Teleosts contributed most to the diet of this trophic assemblage 

(81.2%), followed by crabs (11.1%) (Table 3). P. planiceps was the only species that 

fed on shrimps (14% of PSIRI); while T. maculata was the only species that fed on 

chondrychtyans (i.e. Urotrygon sp.) (Table 4). The Peruvian anchovy Engraulis 

ringens (Jenyns, 1842) was an important prey species for C. brachyurus, M. whitneyi 

and M. chilensis, with PSIRI values of 43, 22, 20%, respectively (Table 4). G. galeus 

was the species that preyed the most on Peruvian hake Merlucius gayi (Guichenot, 

1848) (10.7% of PSIRI) (Table 4). Of all elasmobranchs, P. planiceps was the most 

important consumer of benthic invertebrates (72% of PSIRI) (Table 4). This group 

presented on average a lower trophic position of 4.12 ± 0.19 and a higher trophic niche 

of 0.38 ± 0.20 than the first trophic assemblage. 

 

4. DISCUSSION 

 

4.1. Elasmobranchs: predators of commercial and abundant species 

Peru has one of the most productive marine ecosystems in the world (Chavez & 

Messie, 2009; Pennington et al., 2006) which sustains large populations of 

elasmobranch prey species. The Peruvian anchovy is a dominant species in the 

Peruvian marine ecosystem (Salvatecci et al., 2019). Ecologically and economically, 



  

this species is considered the most important pelagic fish species in the Peruvian 

marine ecosystem (Espinoza and Bertrand, 2008) and an important prey item for 

seabirds, teleost fish, marine mammals (reviewed in Pauly et al., 1989; Espinoza, 

2014), and in this study we propose elasmobranchs. As a result, the Peruvian anchovy 

is a key forage prey in the NHC-LME (Checkley et al., 2017). In this study, we highlight 

its importance in the diets of C. brachyurus, M. whitneyi, and M. chilensis. Recently, 

off the north and central coast of Peru, the importance of this small pelagic schooling 

fish in the diet of batoids has been established (i.e Myliobatis chilensis, Myliobatis 

peruvianus, P. planiceps, and Diamond stingray Hypanus dipterurus, Jordan & Gilbert, 

1880) (86, 17, 7, 14 of %PSIRI, respectively) (Segura-Cobeña, 2017; Manrique & 

Mayaute, 2017; Silva-Garay et al., 2018). For M. whitneyi, Samame et al. (1989) 

established that off northern Peru this shark is an important predator of Peruvian 

anchovy. For C. brachyurus, studies in South Africa and Argentina have established 

that this species mainly feeds on small pelagic schooling fish, such as anchovy (Cliff 

& Dudley, 1992; Lucifora et al., 2009; Smale, 1991). In Peru, for the first time, the 

importance of C. brachyurus as an important predator of Peruvian anchovy is 

demonstrated. The Peruvian anchovy might also be an important prey for S. zygaena.  

 

In the NHC-LME, the abundance and distribution of the Peruvian anchovy is affected 

by ENSO (Fiedler, 2002; Chavez et al., 2003). During warmer El Niño events this 

pelagic fish concentrates closer to the coast (reviewed in Bertrand et al., 2004) where 

it finds small-scale temporal and spatial local refuges with conditions allowing their 

survival (Bakun & Broad 2003; Bertrand et al,. 2004). Therefore, El Niño events 

influences the availability of the Peruvian anchovy for coastal elasmobranchs 

predators. Castañeda (1994) found a high consumption of Peruvian anchovy during 



  

an El Niño event (1991-1992) in northern Peru by M. chilensis; while in the years 

before and after this El Niño event its main prey was crustaceans. For S. zygaena, in 

northern Peru, Castañeda (2001) reported that their diet was dominated by anchovy 

during cold La Niña events and in this study this shark species had a low consumption 

of anchovy during a warm period. Future studies, could help further clarify the diets of 

these elasmobranch predators under different ENSO conditions. 

 

Cephalopods were an important prey group for the first trophic assemblage group. 

Squids have important ecological roles, both as prey and predators, functioning as 

elements for energy transfer within the marine food web (Coll et al., 2013; Staudinger 

et al., 2013). In this study, the jumbo squid was one of the most important prey for 

pelagic sharks, especially for S. zygaena and Alopias spp. This is the most abundant 

nektonic squid in the ocean and has an important ecological role in pelagic 

ecosystems in the eastern Pacific (Nigmatullin et al., 2001; Rosas-Luis et al., 2008). It 

represents an abundant feeding resource for high-trophic-level predators such as fish, 

marine mammals, seabirds (Gálvan-Magaña et al., 2013; Nigmatullin et al., 2001) and 

sharks. In the southeastern Pacific waters of Chile and Ecuador, pelagic sharks and 

billfishes have been identified as important predators of jumbo squid (Gálvan-Magaña 

et al., 2013; Ibáñez et al., 2004; López et al., 2010; Loor-Andrade et al., 2017; Polo-

Silva et al., 2004; Rosas-Luis et al., 2015,). In the Peruvian marine ecosystem, many 

studies have highlighted the importance of jumbo squid as a predator (e.g., Alegre et 

al., 2014), but the sperm whale Physeter microcephalus L. (Clarke et al., 1998), and, 

more recently, S. zygaena and Alopias spp. (Gonzalez-Pestana et al., 2017, 2018) 

have been identified as important predators of jumbo squid. This study thus highlights 

the importance of pelagic sharks as predators of jumbo squid in an area that presents 



  

one of its highest global concentrations (Anderson & Rodhouse, 2001; Nigmatullin et 

al., 2001). Further studies should identify other predators of jumbo squid (e.g. 

billfishes, dolphinfish Coryphaena hippurus L.) in the Peruvian marine ecosystem, as 

shown in other regions in the Eastern Pacific (e.g., Tripp-Valdez et al., 2015), in order 

to improve our understanding of higher-trophic relationships. 

 

Studies have shown that as predators diminish worldwide, cephalopod biomass 

increases (Caddy & Rodhouse, 1998; Piatkowski et al., 2001). Short-lived, fast-

growing cephalopods might flourish with diminishing shark populations, triggering 

unknown cascading effects in pelagic ecosystems. The potential reduction in 

predation pressure on squids resulting from fisheries exploitation of their predators 

(Ward & Myers, 2005) might cause an increase in cephalopod biomass (Piatkowski et 

al., 2001; Watters et al., 2008, Bornatowski et al., 2018). In northern Peru, the trophic 

assemblage of pelagic sharks is heavily exploited and include the shark species with 

the highest fishery landings in the country. It is possible, therefore, that a similar 

mechanism (e.g. predatory-release effect) could have been occurring here as well, 

although this will need to be elucidated through future studies. 

 

The behavior and distribution patterns, as well as the levels of biomass of the jumbo 

squid can be modified during intense El Niño or La Niña events in the NHC-LME 

(Csirke et al., 2018). In northern Peru, the distribution of the smooth hammerhead 

sharks varies according to ENSO conditions in which chlorophyll-a, as a proxy of prey 

availability, is an important predictor of species distribution (Gonzalez-Pestana, 2018). 

In this study period, pelagic sharks (especially S. zygaena and Alopias spp.) may have 

benefitted from ENSO moderate thermal conditions (-2 to +1.5), since jumbo squid are 



  

more abundant under these conditions (Rosa et al., 2013). These trophic interactions 

need to be assessed further under different ENSO scenarios. 

 

4.2. Impact of fisheries in the conservation of elasmobranchs from an EBFM 

approach 

In this study, many elasmobranch species preyed on commercial species (i.e., 

Peruvian anchovy and jumbo squid). The Peruvian anchovy is the most heavily 

exploited fish in world history (FAO, 2020) mainly by Peru; while, the jumbo squid is 

the most caught squid in the world, of which Peru reports the second highest fishery 

landings (FAO, 2018, 2020). Fishing can impact the structure and function of marine 

ecosystems (Smith et al. 2011). For example, this fishery extraction could result in 

scarcity of their prey that could lead to unsatisfied energetic requirements of predators, 

thus impacting predator populations (Kaplan et al., 2013; Warzybok et al., 2018). 

Several studies have determined that the fishing of forage fish, such as anchovies, 

can have a negative effect on their predators, even under relatively low levels of 

depletion (Kaplan et al., 2013; Smith et al. 2011).  

 

Management measures should account for predator foraging needs in setting quotas 

for prey species (Corkeron 2006; Ruckelshaus et al., 2008). Such approaches have 

been proposed by the Commission for the Conservation of Antarctic Marine Living 

Resources (CCAMLR 2006; Ruckelshaus et al., 2008) and the International Council 

for the Exploration of the Seas (ICES, 2008) to retain prey allotments for predators. 

Hence, an EBFM approach in the NHC-LME must involve an explicit allocation of 

fishery quota for predator needs (Pikitch et al., 2004; Link et al., 2002). The Peruvian 

anchovy is considered a key low trophic level species by the Marine Stewardship 



  

Council (MSC) Fishery Standard based on Smith et al., (2011). The MSC Standard 

recommends that, in the case of these species, fisheries management should set 

higher biomass targets to account for forage needs of other predators in the 

ecosystem. This will enhance the sustainability of their predators particularly when 

their prey species constitute a high proportion of the biomass in the ecosystem or are 

highly connected in the food web (Smith et al. 2011; Zabel et al., 2003).   

 

In the NHC-LME, several studies have raised concerns and predicted the impacts of 

the Peruvian anchovy fishery on their predators, such as, seabirds and marine 

mammals (e.g., Jahncke et al., 2004; Murphy, 1925; Tam et al., 2010). Yet, the effects 

that this fishery has on elasmobranchs is unknown. The impact of the jumbo squid 

fishery on their predators is even more obscure, since this species has traditionally 

been classified only as a predator (e.g., Alegre et al., 2014). This is especially 

worrisome for S. zygaena, Alopias spp., and Mustelus whitneyi, which are threatened 

shark species, that mainly prey on these two commercial species. Both species, 

Peruvian anchovy and  jumbo squid, currently have fishing ordinance regulations (DS-

005-2017-PRODUCE, DS-014-2011-PRODUCE) that include a fishing quota. In their 

calculations, they include the predation rate of sea birds and marine mammals (i.e., 

sea lions). This fishery management could be improved by incorporating the predation 

rate of sharks and rays when estimating the fishery quota. Elasmobranch species have 

been largely ignored in the design and implementation of EBFM in the NHC-LME. 

Future research should model elasmobranch prey requirements to predict the 

quantities of anchovy and jumbo squid needed to maintain and recover these 

populations in the NHC-LME (e.g. Williams et al. 2011). These will be valuable 

information for the design of an EBFM approach in the NHC-LME.  



  

 

4.3. Coastal elasmobranchs: habitat links and bioturbators 

The second trophic assemblage group is composed of sharks and batoids that feed 

on teleosts and invertebrates in the coastal zone. Some of these species move 

between benthic and pelagic ecosystems to feed, such is the case for M. chilensis and 

M. whitneyi, endemic and abundant species off Peru and Chile that prey mainly on 

pelagic (i.e. Peruvian anchovy) and benthic (i.e. crabs and gastropods) species 

(Figure 3). The diets of both species are unique compare with their closest relatives, 

since an important component of their diets are pelagic species. Most smooth-hounds 

sharks (genus Mustelus) and eagle rays (family Myliobatidae) feed on benthonic and 

demersal species (Bizzarro et al., 2017; Gray et al., 1997; Jacobsen & Bennett, 2013; 

Navia et al., 2006; Ponte et al., 2016;). Eagle rays possess flattened, well developed 

tooth plates used for crushing hard-shell prey-item; similarly, smooth-hound sharks 

possess crushing-type dentition (Motta, 2004). This dentition is suitable for hard 

benthic prey (e.g., crustaceans) (Motta, 2004). However, the Triakidae family has 

been classified as pelagic based on its body form (Sternes & Shimada, 2020) and the 

swimming behaviour of eagle rays is a pectoral oscillatory locomotion which is found 

in species that live mostly in the water column in pelagic habitats (Rosenberger, 2001). 

We therefore conclude that these species prey on the benthic-demersal and pelagic 

ecosystem.  

 

The ecological function of M. chilensis and M. whitneyi is related to their active 

movements between pelagic and benthic habitats (Lundberg & Moberg, 2003; Meyer 

& Schultz, 1985; Polis et al., 1997; Sheaves, 2009). Studies of the movement patterns 

of Myliobatid rays have shown that cownose Rhinoptera bonasus (Mitchill, 1815) and 



  

spotted eagle rays Aetobatus narinari (Euphrasen, 1790) exhibit connectivity among 

several habitat types, including benthic habitats (Ajemian & Powers, 2014). Similarly, 

M. chilensis and M. whitneyi might play an important role transferring resources as 

mobile links between the benthonic and pelagic habitats, through predation, excretion 

and defecation (Schindler et al., 1996; Vanni, 1996). For example, Vander Zanden & 

Vadeboncoeur (2002) has shown that fish linked pelagic and benthic food chains 

through cross-habitat foraging. This understanding represents a shift towards a more 

integrated, whole-ecosystem perspective (Vander Zanden & Vadeboncoeur, 2002). 

Future studies should determine if these predators connect ecosystems at short time 

scales (e.g., Cartamil et al., 2003; Silliman & Gruber, 1999) or over long time periods 

through ontogenetic or long-range migrations (Ebert & Cowley, 2003). 

 

In this study, elasmobranchs fed on benthic invertebrates: P. planiceps (72% of 

PSIRI), M. chilensis (52% of PSIRI), M. whitneyi (51% of PSIRI) and T. maculata (21% 

of PSIRI). Most of these invertebrates inhabit soft bottoms (i.e. sandy and muddy 

areas) (Carbajal-Enzian et al., 2018; Moscoso, 2013). Batoids and houndsharks are 

among the most powerful excavators, using a variety of behaviours (e.g. jetting water 

and beating pectoral fins) to access prey resources (Myrick & Flessa, 1996; O’Shea 

et al., 2012; Takeuchi & Tamaki, 2014). This process, known as bioturbation, can have 

a significant impact on the physical and biological habitat properties of the benthic 

ecosystem (Löwemark, 2015; O’Shea et al., 2012), such as the density and distribution 

of benthic fauna (Dabruzzi et al., 2013). For example, the lesser guitarfish 

Acroteriobatus annulatus (Müller & Henle, 1841) has been shown to consume up to 

77% of the annual benthic invertebrate production of a lagoon in South Africa (Harris 

et al., 1988). 



  

 

Bioturbation can facilitate the penetration of oxygen into sediments (Gilbert et al., 

1995), affecting the nitrogen cycle (Kogure & Wada, 2005). Also, this process benefits 

other species by making accessible prey items that are excavated during foraging 

activities. For example, bioturbation of the southern stingray Hypanus americanus 

(Hildebrand & Schroeder, 1928) allowed bar jacks Caranx ruber (Bloch, 1793) to 

access resources that were otherwise unavailable (Kiszka et al., 2015). Additional 

research could help further elucidate the specific contribution of batoids and 

houndsharks as bioturbators of the benthic ecosystem off northern Peru. 

 

4.4. Conclusions and further steps 

This study reveals for the first time the diet of T. maculata, and the diet of C. 

brachyurus and G. galeus in Peru. Elasmobranchs off northern Peru play a crucial role 

in the marine ecosystem as upper-trophic-level species, especially as predators of 

cephalopods and teleosts, channeling energy between lower and upper trophic 

positions. The trophic position of elasmobranchs (3.8 - 4.4) is similar to sea lions (4.8) 

and sea birds (4.5), whose diets has been extensively studied in the Peruvian marine 

ecosystem and are widely included in food web diagrams (reviewed in Espinoza, 

2014). In the Peruvian marine ecosystem, elasmobranchs are rarely included in 

ecological models (e.g. Tam et al., 2008; Taylor et al., 2008) and those models that 

include them do so under a broad category (e.g. Guénette et al., 2008). In this study, 

this diverse group of elasmobranchs occupies two distinct trophic assemblages with 

differential roles in the marine ecosystem. Trophic assemblages are used in ecological 

modelling to reduce complexity, since their designation assumes that all species within 

a group have similar ecological characteristics (Bizzarro et al., 2017). Therefore, these 



  

results can be useful for managers in designing ecosystem-based conservation and 

management actions in one of the most productive ocean ecosystems. 
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Significance Statement 

This study advances our ecological understanding of nine highly exploited, 

threatened or poorly understood species. The study site is located in one of the 

most productive ocean ecosystems and in one of the largest elasmobranch 

fisheries in the Pacific ocean. This research reveals the importance of 

elasmobranchs as predators of keystone and commercial species, and 

represents the most comprehensive assessment to date of the ecological role of 

elasmobranchs in the Northern Humboldt Current Large Marine Ecosystem. 

 



Figure 1. Landing points where the samples of nine elasmobranch species 
were collected 
 
Figure 2. Randomized cumulative prey curve for the diet sample of nine 
elasmobranch species, all prey items were pooled into nine main taxa groups. 
Mean values are plotted; the gray area represents the standard deviation of the 
plotted mean 
 
Figure 3. Diet quantified by percent by prey-specific index of relative 
importance 
(%PSIRI) for nine elasmobranch species off northern Peru. A: Alopias spp., PG: 
Prionace glauca, SZ: Sphyrna zygaena, CB: Carcharhinus brachyurus, TM: 
Triakis maculata, GG: Galeorhinus galeus, MC: Myliobatis chilensis, MW: 
Mustelus whitneyi, PP: Pseudobatos planiceps 
 
Tables and Figures 

Table 1. Characteristics of nine elasmobranch species whose diets was 
analyzed off northern Peru. Sample size of non-empty stomachs. TL: total 

length; DW: disc width. 
 

Common name Scientific name Conservation 
Status (IUCN 

Red List) 

Sample 
Size 

Body 
length 

(cm)  Mean 
(range)  

Smooth 
hammerhead 
shark* 

Sphyrna zygaena 
L. 

Vulnerable 259 104 (55-
294) TL 

Thresher shark* Alopias spp. 
(Bonnaterre, 
1788) 

Vulnerable and 
Endangered 

110 289 (120-
385) TL 

Blue shark* Prionace glauca L. Near Threatened  121 216 (120-
287) TL 

Humpback 
smoothhound*  

Mustelus whitneyi, 
Chirichigno, 1973 

Vulnerable 76 80 (36-122) 
TL 

Bronze whaler 
shark 

Carcharhinus 
brachyurus 
                

Near Threatened  69 98 (73-137) 
TL 

School shark Galeorhinus 
galeus L. 

Vulnerable 41 125 (78-
170) TL 

Spotted 
houndshark 

Triakis maculata, 
Kner & 
Steindachner, 
1867 

Vulnerable 43 137 (88-
165) TL 

Pacific 
Guitarfish* 

Pseudobatos 
planiceps 
(Garman, 1880) 

Data Deficient 74 88 (49-117) 
TL 

Chilean Eagle 
ray* 

Myliobatis 
chilensis, Philippi, 
1892 

Data Deficient 72 140 (74-
254) DW 
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IUCN: International Union for Conservation of Nature 
(https://www.iucnredlist.org/) 

 Among the nine most caught elasmobranch species in Peru (Gonzalez-
Pestana et al., 2016 a,b) 
 
 
 
 
 
 
 
 
 
 
 
 
    
Table 2.  Trophic position and trophic niche width, according to Levin index, of 

the diet of nine elasmobranch species off northern Peru. 
  

Species Levin  Trophic  

 index position 

Alopias spp. 0.35 4.4 

Prionace glauca 0.06 4.2 

Sphyrna zygaena 0.23 4.3 

Triakis maculata 0.09 4.1 

Mustelus whitneyi 0.42 4.1 

Myliobatis chilensis 0.20 4.1 

Galeorhinus galeus 0.53 4.2 

Carcharhinus brachyurus 0.40 4.4 

Pseudobatos planiceps 0.62 3.8 
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Table 3. SIMPER analysis of the trophic assemblages for the nine 
elasmobranch species off northern Peru. Avg. Sim: average similarity; Avg. Diss 
: average dissimilarity, SD : standard deviation, Contrib% : contributing percent, 
Cum% : cumulative percent.  A: Alopias spp., SZ: Sphyrna zygaena, PG: 
Prionace glauca, MW: Mustelus whitneyi, MC: Myliobatis chilensis, GG: 
Galeorhinus galeus, TM: Triakis maculata, CB: Carcharhinus brachyurus, PP: 
Pseudobatos planiceps 
 

Trophic assemblage Abundance Avg.Sim Contrib% Cum.% 

Node 2: A, SZ, PG 
     

Average similarity = 42.8 
     

Cephalopods 7.6 40.9 95.6 95.6 

      
Node 3: MW, MC, GG, TM, CB, 
PP      

Average similarity = 26.2 
     

Teleosts 1.7 21.3 81.2 81.2 

Crabs 0.3 2.9 11.1 92.3 

      
  Abundance Avg.Diss Contrib% Cum.% 

Node 2 – Node 3 
     

Average dissimilarity = 87.6 
Node 

2 
Node 

3    

Cephalopods 7.6 0.5 54.5 62.2 62.2 

Teleosts 0.8 1.7 20.6 23.5 85.7 

Crabs 0 0.3 5.3 6.0 91.8 
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Table 4. Prey composition in stomach contents of nine elasmobranch species 
off northern Peru. Index of relative importance: %IRI,  prey-specific index of 
relative importance: PSIRI%. 
 

 Sphyrna 
zygaena 

 Alopias 
spp.  

 Prionace 
glauca 

 IRI  PSIRI   IRI  PSIRI  IRI PSIRI 

Teleosts         

Unidentified teleosts 17.4 16     1.9 6.1 

Anchoa nasus 0.4 0.4       

Auxis thazard       <0.1 <0.1 

Coryphaena hippurus       0.2 1.0 

Coryphaenoides sp.       <0.1 <0.1 

Engraulids 0.4 0.7       

Engraulis ringens <0.1 0.3  0.1 0.6  0.3 1.3 

Exocoetidae eggs       0.4 <2.2 

Fistulariidae <0.1 0.1  0 0    

Merluccius gayi  0.7 2  4.5 5  <0.1 0.3 

Myctophum 
aurolaternatum 

      <0.1 <0.1 

Odontesthes regia 0 <0.1  0 0    

Sardinops sagax <0.1 0.3  0 0    

Sphyraena idiastes       <0.1 <0.1 

Tetradontidae 0 0  0.02 0.3    

Cephalopods         

Unidentified cephalopods <0.1 0.3  8.3 10.7  6.9 31.3 

Abraliopsis affinis       <0.1 0.4 

Ancistrocheirus lesueuri 2.1 3.1  2.4 4.7  12.8 6.2 

Thysanoteuthis rhombus 0.1 0.4  0 0    

Argonauta sp.       54.5 16.06 

Chiroteuthis veranyi       0.1 1.2 

Dodiscus gigas 33.1 30.3  74.5 63.9  5.6 2.8 

Doryteuthis gahi 35.2 30.9  5.8 7  0.4 0.9 

Eledone spp.       <0.1 <0.1 

Galiteuthis pacifica       <0.1 1.0 

Gonatus antarcticus 3.5 4.6  1.3 2.7  7.1 5.8 

Grimalditeuthis bonplandi       1.6 0.9 

Histioteuthis cerasina       <0.1 0.1 

Histiotheutis hoylei 1.1 2.5  0.9 1.6    

Japetella diaphana       0.9 3.4 

Japetella heathi       <0.1 0.2 

Leachia danae       0.2 0.6 

Mastigoteuthis dentata 3.4 4.5  0.9 1  <0.1 1.2 

Muusoctopus sp.       <0.1 <0.1 

Octopoda 2.2 2.7  1 1.2    

Octopoteuthis sicula 0.4 0.8  <0.1 0.4  0.3 1.5 
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Oegopsida       <0.1 0.1 

Ommastrephes bartramii <0.1 0.1  0.1 0.8  0.4 0.9 

Onychoteuthis banksii       0.1 0.5 

Pholidoteuthis massyae       <0.1 0.2 

Stigmatoteuthis hoylei       2.4 2.5 

Thysanoteuthis rhombus       1.4 5.9 

Tremoctopus violaceus        <0.1 <0.1 

Vampyroteuthis infernalis       1.8 2.7 

Vitreledonella richardi       <0.1 <0.1 

Crustaceans         

Pleuroncodes monodon        0.1 0.8 

Unidentified crustaceans       0.1 0.4 

Marine mammals          

Delphinidae       0.1 0.8 

 
 

  Mustelus whitneyi  Myliobatis chilensis  Pseudobatos planiceps 

  IRI  PSIRI   IRI  PSIRI   IRI PSIRI  

Teleosts          
Unidentified 
teleosts 

7.5 6.7  18 18.3  36.5 23 

Auxis sp.  1.6 2.2  0 0  0 0 

Scomber japonicus 0 0  0.8 0.6  0 0 

Paralichthys sp.  0 0  1 0.8  0 0 

Xenomystax 
atrarius 

0 0  1.3 1.3  0 0 

Cynocion analis  0 0  0 0  0 0 

Merlucius gayi   3.1 3.6  4.6 4.5  0 0 

Engraulis ringens  23.9 22.1  20.7 19.6  0 0 

Crustaceans          
Unidentified 
crustaceans 

4.9 5.2  6.8 6.1  0 0 

Pagurus perlatus  0 0  1.4 1.4  0 0 

Palinuridae  1.3 1.3  0 0  0 0 

Crabs          
Brachyura  10.4 10  0 0  18.7 14.9 

Hepatus 
chiliensis 

 2.2 2  1.4 1.5  0 0 

Hepatus kossmanni 0 0  4.7 4.3  0 0 

Platymera 
gaudichaudii 

2.9 3  6 6.2  0 0 
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Cancer porteri  4.6 5.4  6.4 5.7  0 0 

Calappidae  0 0  <0.1 0.2  0 0 

Pinnaxodes 
chilensis 

0 0  0 0  0.9 3.4 

Shrimps          

Caridae   0 0  0 0  11 5.4 

Litopenaeus 
vannamei 

0 0  0 0  0.1 1.7 

Farfantepenaeus 
californiensis 

0 0  0 0  6.1 7.1 

Stomatopods          
Unidentified 
stomatopods 

0 0  1.1 0.7  15.1 12.7 

Gonodactylidae        0.8 4.2 

Squila sp.  0 0  0.2 0.4  0 0 

Squilla aculeata aculeata      <0.1 0.8 

Squilla parva  0 0  1.5 1.7  0 0 

Schmittius 
peruvianus 

0.6 1.6  0 0  <0.1 0.6 

Pseudosquillopsis 
lessonii 

0 0  1.4 1.4  0.1 1.7 

Hemisquilla 
ensigera ensigera 

0 0  0 0  1.6 3.4 

Gastropods          
Unidentified 
gastropods 

15.5 13.8  12 14  0 0 

Muricidae  0.1 0.6  0.1 0.4  0 0 

Naticidae  6.8 6.5  6.9 6.9  0 0 

Bivalves          
Unidentified 
bivalves 

0.9 1.3  1.4 1.3  6 10.1 

Nuculana  0 0  0 0  <0.1 0.5 

Ensis macha  0 0  0 0  0.2 1.7 

Cephalopods          
Unidentified 
cephalopods 

1.6 2.5  1.8 1.6  1.6 4.8 

Doryteuthis gahi  11.9 10.7  0.8 1.1  0 0 

Dodiscus gigas  0.1 0.7  0 0  0 0 

Octopoda  0.1 0.8  0 0  0 0 

Annelids          
Unidentified 
annelids 

0 0  0 0  1 3.9 

 
  

This article is protected by copyright. All rights reserved.

A
cc

ep
te

d A
rt

ic
le



 

 Triakis maculata  Carcharhinus brachyurus  Galeorhinus galeus 

 IRI  PSIRI   IRI PSIRI  IRI PSIRI 

Teleosts         
Unidentified 
teleosts 

80.1 61.1  19.8 19.3  37.1 30.6 

 Auxis sp. 0 0  1 2.5  0 0 
Aphos porosus  1.1 2.5  0.1 0.8  0 0 

Scorpaena sp. 0   4.1 4.3  0 0 
Trachurus 
paitensis 

0 0  3.1 3.8  0 0 

Scombridae 0 0  0.1 0.8  0 0 

Scomber 
japonicus 

0 0  2.9 3  0 0 

Paralabrax 
humeralis 

0 0  0 0  0 0.4 

Sciaena 
deliciosa 

0.8 1.4  0 0  0 0 

Stellifer minor 0.1 0.9  0 0  0 0 
Cynocion analis 0 0.7  0 0  0 0 
Galeichtys 
peruvianus 

0.4 1  0 0  0 0 

Merlucius gayi  0 0.4  5.5 5.7  9 10.7 

Mugil cephalus 0 0.4  0 0  0 0 
Sphyraena ensis 0.1 1  0 0  0 0 

Engraulis ringens 0.3 1.3  45.5 42.9  7.5 7.5 

Micropogonias 
sp. 

0.1 1.2  0 0  0 0 

Stromateus 
stellatus 

3.2 6.1  0 0  0 0 

Chondrychtyans        

Urotrygon 
aspidura 

0 0.2  0 0  0 0 

Crustaceans         
Unidentified 
crustaceans 

9 9.5  0 0  8.1 6.9 

Crabs         
Paraxanthus 
barbiger 

1.2 1.7  0 0  0 0 

Portunus asper 0.6 0.5  0 0  0 0 
Cronius ruber 2.1 2.3  0 0  0 0 
Cancer porteri 0.2 1.7  0 0  0 0 
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Peloeus armatus 0.1 1  0 0  0 0 

Stomatopods         
Unidentified 
stomatopods 

0 1.4  0 0  2.9 5.6 

Squila sp. 0 0.3  0 0  0 0 
Gastropods         
Nassarius 
dentifer 

0.4 1.2  0 0  0 0 

Stramonita 
chocolata 

0.2 1.5  0 0  0 0 

Cephalopods         
Unidentified 
cephalopods 

0 0.5  0.2 1.4  4.8 4.9 

Doryteuthis gahi 0 0  17.7 15.5  16 16.5 

Octopoteuthis 
sicula 

0 0  0 0  3.2 3.4 

Dodiscus gigas 0 0  0 0  0.5 1 

Mastigoteuthis 
dentata 

0 0  0 0  0 0 

Histiotheutis 
hoylei 

0 0  0 0  0.5 0.9 

Ancistrocheirus 
lesueuri 

0 0  0 0  1.5 2.8 

Octopoda 0 0  0 0  8.7 8.9 

Annelids         

Pectinariidae 0 0.2  0 0  0 0 
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