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Abstract—The feeding habits of the  
sicklefin smoothhound (Mustelus lunula-
tus) were studied on the basis of 
analysis of stomach contents of 314 
specimens, allowing the diet of this 
species to be determined by sex, size, 
and stage of sexual maturity and for 
changes in the dietary ontogeny to be 
identified. The prey- specific index of 
relative importance revealed that the 
sicklefin smoothhound is a crab preda-
tor. Female and male sicklefin smooth-
hounds consumed a swimming crab 
species, Achelous iridescens, in similar 
proportions. Adults and juveniles of 
both sexes complemented their diets 
with the Panama mantis shrimp (Squil- 
la panamensis), the dart squid, Lolli-
guncula (Loliolopsis) diomedeae, and 
the crab species Euphylax robustus, 
indicating behavioral and habitat seg-
regation. Ontogenetic changes in diet 
were identified, with juveniles feeding 
almost exclusively on A. iridescens and 
adults having a more varied diet. The 
diet of sicklefin smoothhounds also 
changed with size: sharks ≤90 cm in 
total length (TL) consumed more A. iri-
descens, and sharks >90 cm TL fed on 
a wider variety of prey. These results 
indicate that the sicklefin smooth-
hound is a selective mesopredator in 
the coastal marine food chain, having a 
significant influence on populations of 
benthic crustaceans in the southeast-
ern Pacific Ocean.

Sharks generally occupy high positions 
in the food chain (Cortés, 1999), and 
some play an important role as regula-
tors of lower trophic positions (Stevens 
et al., 2000; Heithaus et al., 2008; Fer-
retti et al., 2010). Such top- down control 
can be key to maintaining the health of 
the marine ecosystem because a decline 
in top- level predator populations can 
lead to trophic cascades, thereby chang-
ing the abundance of lower trophic- level 
populations (Ferretti et al., 2010). For 
example, some authors have hypoth-
esized that the removal of sharks can 
cause a significant increase in the bio-
mass of smaller sharks (mesopreda-
tors), sea turtles, sea birds, and fishes 
(Heithaus et al., 2010).

Understanding the ecological role 
of a species in an ecosystem depends 
mostly on knowing its trophic relation-
ships (Braga et al., 2012). The trophic 
ecology of a species can in turn provide 
the information required for studies on 

resource sharing, competition, energy 
transfer, and food web dynamics (Navia 
et al., 2010; Bornatowski et al., 2014a). 
These more complex approaches rely 
on basic diet descriptions and are 
affected by the lack of basic knowledge 
of the diet of fish species (Bornatowski 
et al., 2014b). Understanding the tro-
phic interactions and positions of large 
predators within food webs is a crucial 
step toward unraveling the dynamics 
of marine communities and the effect 
of sharks on different food web compo-
nents (Lucifora et al., 2009; Heithaus 
et al., 2013).

The sicklefin smoothhound (Mus-
telus lunulatus) is an abundant spe-
cies in warm temperate and tropical 
waters of the eastern Pacific Ocean 
(Compagno, 1984). This species typi-
cally inhabits muddy bottoms (Fernán-
dez, 1975) of the continental shelf 
and offshore areas (Compagno, 1984; 
Fischer et al., 1995) and feeds mainly 
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on benthic crustaceans (Gómez et al., 2003; Navia et al., 
2007; Moreno-Sánchez et al., 2012). The sicklefin smooth-
hound is a placental viviparous species (Compagno, 1984) 
that reaches a maximum total length (TL) of approxi-
mately 170 cm (Compagno, 1984). Mature females and 
males typically have TLs of approximately 103.2 and 
91.5 cm, respectively (Pérez-Jiménez and Sosa- Nishizaki, 
2010), and the TL at birth is 32–35 mm (Compagno, 
1984). Despite its abundance, little is known about the 
biology and ecology of the sicklefin smoothhound. Studies 
on the trophic ecology of sharks are scarce in Ecuador, 
and no research on the sicklefin smoothhound has been 
undertaken. Therefore, this study is the first to address 
the trophic ecology of this shark species in this region. 
The objectives of this study were 1) to collect quantita-
tive dietary information for sicklefin smoothhounds, 2) 
to test for ontogenetic shifts in diet between stages of 
sexual maturity and size classes, and 3) to estimate the 
relative trophic position of sharks. Because of the rapid 
decline in the populations of several shark species (Bor-
natowski et al., 2014b), it is critical that we build our 
understanding of these patterns and processes to develop 
appropriate conservation strategies.

Materials and methods

We analyzed the stomach contents of 314 specimens of 
the sicklefin smoothhound. All sharks were caught by the 
artisanal fishery in Ecuador with gill nets and longlines 
in depths of 80–90 m along the continental platform and 
were landed in the port of Manta in Manabí, Ecuador, 
between November 2003 and October 2004 (Fig. 1).

For each specimen, natural TL (Francis 2006) was mea-
sured in centimeters and sex was determined before the 
digestive tract was extracted. Stomach contents were 
removed and filtered through a 1.5- mm mesh sieve, stored 
in plastic bags, and preserved on ice for transportation to 
the laboratory.

Figure 1
Map of the study area showing the port of Manta, Ecuador, where sicklefin 
smoothhounds (Mustelus lunulatus) were collected from landings of an arti-
sanal fishery between November 2003 and October 2004. The fishing area of 
the artisanal fishery and depth zones are also indicated.

The prey were identified to the lowest taxon possible 
(on the basis of the digestion state of prey), counted, and 
weighed in grams. The prey species (i.e., complete organ-
isms, skeletons, and otoliths) were identified according to 
Clothier (1950), Fischer et al. (1995), Chirichigno and Vélez 
(1998), and García-Godos (2001). The cephalopod species 
were identified by using their beaks (mandible) according 
to Wolff (1984) and Clarke (1986), and crustacean species 
were identified by their exoskeleton by using the keys from 
Garth (1973) and Fischer et al. (1995).

Cumulative prey curve

To determine whether the number of stomachs was suffi-
cient to adequately describe the diet of sicklefin smooth-
hounds, a cumulative prey curve was constructed. The 
observed number of each prey item in the stomachs was 
used to estimate the value of the Shannon–Wiener diver-
sity index for each stomach, and the samples were random-
ized 500 times with a sample- based rarefaction routine by 
using the software EstimateS, vers. 9 (Colwell, 2013). The 
coefficient of variation (0.05) was the basis for determining 
whether the number of stomachs was sufficient.

Dietary analyses

To assess the importance of the different prey taxa in the 
diet of sicklefin smoothhounds (overall and by sex, stage 
of sexual maturity, size class, and trimester), the prey- 
specific index of relative importance (PSIRIi) (Brown et al., 
2012), a modification of the index of relative importance 
(IRI) proposed by Pinkas et al. (1971) was used, according 
to this equation:

 
(1)

where %FOi is the percent frequency of occurrence of a 
specific prey in all samples and %PNi and %PWi are the 

substitution of IRI’s prey percent num-
ber and prey percent weight with their 
corresponding prey- specific abundances. 
Unlike the IRI, the PSIRI is cumulative 
with respect to taxonomic levels. The 
PSIRI of a major taxon is equal to the 
sum of the PSIRI of the items belonging 
to that taxon (Brown et al., 2012).

Stages of sexual maturity were deter-
mined on the basis of Pérez-Jiménez 
and Sosa-Nishizaki (2010), who report 
that the average size of sicklefin smooth-
hounds at sexual maturity in their study 
was 103.2 cm TL for females and 91.5 cm 
TL for males. The specimens caught were 
between 63 and 142 cm TL. They were 
grouped into 3 size classes (of both sexes) 
with a constant length range: 60–90 cm 
TL (Size I), 90–120 cm TL (Size II), and 
120–150 cm TL (Size III).
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The specimens collected during November 2003– 
October 2004 were grouped by trimester in chronological 
order: November 2003–January 2004 (Trimester I), Febru-
ary 2004–April 2004 (Trimester II), May 2004–July 2004 
(Trimester III), and August 2004–October 2004 (Trimester 
IV). The information was grouped in this way in order to 
obtain a significant quantity for each trimester of the year.

To test for ontogenetic shifts in diet, a Bray–Curtis sim-
ilarity matrix was constructed by using standardized esti-
mates of the contribution of each prey taxon to the diet 
based on abundance (number of samples [n]). A one- way 
analysis of similarities (ANOSIM) was then performed, by 
using individuals as samples and stages of sexual maturity 
(sexes separated) and size classes (sexes combined) as fac-
tors. This test is analogous to analysis of variance and was 
used to evaluate similarity (or difference) within predefined 
groups (factors) versus similarity between groups and to 
calculate the statistic R, which varies between −1 and +1 
(Clarke and Gorley, 2006). A post- hoc multiple comparison 
test (Benfferroni test) was then performed to identify spe-
cific differences between categories.

A nonmetric multidimensional scaling analysis was 
used to determine the maturity differences by diet and to 
determine the size- class dietary changes that occurred. 
Similarity percentage (SIMPER) analysis was used to 
estimate the contribution of each prey category to ontoge-
netic differences in diet. The analyses were performed by 
using the software PAST, vers. 3.14 (Hammer, 2001).

Dietary niche breadth, overlap, and trophic position

Dietary niche breadth was estimated by using Levin’s 
index (Bi) (Krebs, 1999):

 

(2)

where Pj is the fraction (in PSIRI) of each food item in 
the diet j (ΣPj=1). The Bi values were standardized to 
BA so that they ranged from 0 to 1 by using this equa-
tion: BA=(Bi−1)(N−1)−1, where N is the number of classes 
(Krebs, 1999). Low BA values indicate diets dominated by 
few prey items (i.e., selective predators), and values close 
to 1 indicate opportunistic, generalist diets.

Trophic overlap was assessed by calculating the Moris-
ita–Horn index (Cλ) (Smith and Zaret, 1982) to detect pos-
sible differences in diet between sexes, stages of sexual 
maturity, and size classes:

 

(3)

where Pxi is the proportion of ith prey with respect to all 
prey of predator x, Pyi is the proportion of the ith prey with 
respect to predator y, and n is the total number of prey 
species. This index ranges from 0 to 1, with values close 
to 0 indicating dietary differences and values close to 1 
indicating similarity in prey consumed.

Standardized trophic position (TP) was calculated by 
using the trophic index proposed by Cortés (1999):

 

(4)

where n is the number of prey, TPj is the trophic position 
of each prey taxon j (Cortés, 1999), and Pj is the proportion 
of each prey category j in the predator’s diet, based on IRI 
values (percentages) (Bornatowski, 2014a). The trophic 
positions of all prey were taken from Cortés (1999), Hob-
son and Welch (1992), Sea Around Us (Pauly and Zeller1), 
and FishBase (Froese and Pauly2).

For all analyses, the crustacean, fish, and squid 
remains and unidentified organic matter were not con-
sidered because it was not possible to identify them with 
precision.

Results

A total of 314 stomachs were collected from specimens of 
the sicklefin smoothhound measuring 63–142 cm TL, and 
95.2% (n=299) of the stomachs contained food. Of these 
stomachs, 171 were taken from females (69–142 cm TL) 
and 143 were taken from males (63–118 cm TL), with 
96.5% (n=165) and 93.7% (n=134) of the stomachs contain-
ing food, respectively.

Regarding the stages of sexual maturity, there were 90 
juvenile females and 81 adult females, of which 96.7% and 
96.3%, respectively, had food in their stomachs. Of the 
54 juvenile males and 90 adult males, 88.9% and 96.7%, 
respectively, had food in their stomachs.

When examined by size class, 91.0% (n=100) of the 
Size-I sharks (60–90 cm TL), 97.3% (n=183) of the Size-II 
sharks (90–120 cm TL), and 96.9% (n=32) of the Size-III 
sharks (120–150 cm TL) had food in their stomachs.

In addition, of the specimens studied in Trimester I, Tri-
mester II, Trimester III, and Trimester IV, 91.6% (n=87), 
98% (n=58), 92% (n=73), and 100% (n=81), respectively, 
contained food in their stomachs.

Cumulative prey curve

The coefficient of variation indicates that all the cumula-
tive prey curves approached their asymptote. This finding 
indicates that sample sizes were sufficient to adequately 
describe the diet of sicklefin smoothhounds (Fig. 2A). 
Indeed, the minimum number of stomachs required was 
58 for females (51 for juveniles and 44 for adults; Fig. 2, 
B, D, and F) and 75 for males (44 for juveniles and 38 for 
adults; Fig. 2, C, E, and G).

1 Pauly, D., and D. Zeller (eds.). 2015. Sea Around Us concepts, 
design, and data. [Available from website, accessed June 
2016].

2 Froese, R., and D. Pauly. 2016. FishBase, vers. 06/2016. World 
Wide Web electron. publ. [Available from website, accessed 
June 2016].

http://www.seaaroundus.org/
https://www.fishbase.org/
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Figure 2
Cumulative prey curves for sicklefin smoothhounds (Mustelus lunulatus) 
caught in the southeastern Pacific Ocean between November 2003 and Octo-
ber 2004. Graphs plot Shannon–Wiener diversity index values and coefficients 
of variation against the numbers of stomachs analyzed for (A) all samples 
combined (number of stomachs analyzed [n]=87), (B) females (n=58), (C) 
males (n=75), (D) juvenile females (n=51), (E) juvenile males (n=44), (F) adult 
females (n=44), and (G) adult males (n=38).

Dietary analyses

The examination of stomachs revealed that the diet of 
sicklefin smoothhounds was composed mostly of crusta-
ceans and, in a lower proportion, of mollusks and tele-
osts (Table 1). The main prey were a swimming crab, 
Achelous iridescens, and crab species of the genus Iliacan-
tha. (Table 1). Both sexes fed mostly on A. iridescens, but 
the females also consumed a small proportion of Panama 

mantis shrimp (Squilla panamensis) 
and dart squid, Lolliguncula (Loliolop-
sis) diomedeae, and the males also con-
sumed a small proportion of purse crabs 
(Iliacantha spp.) and small arched box 
crab (Calappula saussurei) (Table 2).

The dietary analysis by stage of sexual 
maturity revealed that the main prey of 
both juvenile and adult sicklefin smooth-
hounds was A. iridescens. Adult females, 
however, incorporated in their diet the 
dart squid, the small arched box crab, 
and a swimming crab, Euphylax robus-
tus, and adult males complemented their 
diet with prey such as the small arched 
box crab, Iliacantha spp., and the crab 
Acanthocarpus delsolari (Fig. 3).

The dietary analysis of sicklefin 
smoothhounds also showed that Size-I 
sharks fed mostly on crustaceans: 
Achelous iridescens (PSIRI: 42.2%), 
Iliacantha spp. (4.8%), small arched 
box crab (3.9%), and Panama mantis 
shrimp (3.7%). In addition to A. irides-
cens (26.6%), Size-II sharks ate Iliacan-
tha spp. (7.7%), small arched box crab 
(5.7%), Panama mantis shrimp (3.8%), 
and dart squid (3.4%). Size-III sharks 
had a more varied diet composed of E. 
robustus (11.9%), dart squid (10.9%), 
Acanthocarpus delsolari (9.3%), Panama 
mantis shrimp (8.6%), and Achelous iri-
descens (7.5%) (Fig. 4).

The dietary analysis by trimester 
indicated that crustaceans were the 
principal prey consumed by sicklefin 
smoothhounds throughout the year. By 
trimester, the importance of some spe-
cies changed. The importance of the 
crustacean A. iridiscens increased from 
Trimester I to Trimester IV; however, 
the second crustacean in importance, 
the Panama mantis shrimp, decreased 
in importance throughout the year. For 
other crustaceans and for cephalopods, 
changes were minimal (Fig. 5).

Ontogenetic changes were identified 
in the diet of sicklefin smoothhounds, by 
stage of sexual maturity (global coeffi-
cient of multiple correlation [R]=0.035, 

P=0.002), because of dietary differences between female 
adults with respect to female juveniles and male adults 
(Benfferroni test, corrected: P=0.02) as well as between 
female juveniles and male adults (Benfferoni test, cor-
rected: P=0.01) (Fig. 6A).

Likewise, ontogenetic changes were observed by size 
class (global R=0.043, P=0.006; Figs. 4 and 6B). The results 
of the SIMPER analysis by stage of sexual maturity and 
size class are given in Table 3.
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Table 1

Diet composition for sicklefin smoothhounds (Mustelus lunulatus) in the southeastern Pacific Ocean, based on analysis of stomach 
contents of specimens collected from landings of an artisanal fishery at the port of Manta, Ecuador, between November 2003 and 
October 2004. Values provided for prey found in stomachs include percent abundance (percent number of samples [%N]), percent 
prey- specific abundance (percent number of samples for specific prey [%PN]), percent weight (%W), percent prey- specific weight 
(percent weight of specific prey [%PW]), percent frequency of occurrence (%FO), and prey- specific index of relative importance 
(PSIRI). Trophic position (TP) values are taken from Hobson and Welch (1992), Cortés (1999), Sea Around Us (2015), and FishBase 
(2016). A dash indicates that data were not available because a value was not estimated.

Prey %N %PN %W %PW %FO PSIRI (%) TP

ARTHROPODA 88.17 90.59 89.03 91.48 97.32 88.60 2.52
Guyanacaris caespitosa 0.11 33.33 0.18 53.54 0.30 0.15 3.43
Acanthocarpus delsolari 4.29 64.17 4.20 62.74 6.70 4.25 2.52
Calappula saussurei 5.13 36.51 4.43 31.54 14.00 4.78 3.60
Cycloes bardii 0.17 50.00 0.23 67.90 0.30 0.19 2.52
Ethusa spp. 2.40 34.22 2.29 32.63 7.00 2.34 2.60
Euphylax robustus 1.99 37.28 2.77 51.84 5.30 2.36 4.00
Diogenidae 0.07 20.00 0.03 8.88 0.30 0.05 2.50
Penaeidae 0.02 6.67 <0.01 0.48 0.20 0.01 3.31
Goneplax spp. 0.44 26.38 0.51 30.79 1.70 0.49 2.82
Hemisquilla spp. 0.08 25.00 0.01 1.53 0.30 0.04 3.50
Hepatus kossmanni 0.08 25.00 0.10 30.35 0.30 0.09 2.60
Iliacantha spp. 46.00 41.05 46.00 40.33 15.40 6.27 2.60
Mesorhoea belli 0.83 31.15 0.47 17.38 2.70 0.66 2.52
Munida hispida 0.11 33.33 0.07 22.17 0.30 0.09 3.10
Munida refulgens 1.01 38.02 0.97 36.29 2.70 0.99 3.10
Panopeus spp. 1.09 29.55 0.98 26.62 3.70 1.04 3.38
Parasquilla similis 0.04 12.50 0.02 6.63 0.30 0.03 2.52
Parthenope spp. 0.84 25.24 0.68 20.46 3.30 0.75 2.52
Pilumnus fernandezi 0.87 43.52 0.85 42.34 2.00 0.86 2.52
Plesionika mexicana 0.17 50.00 0.06 17.77 0.30 0.10 2.70
Platymera gaudichaudii 1.52 64.76 1.53 65.37 2.30 1.50 2.52
Achelous iridescens 30.16 60.12 29.12 58.05 50.20 29.66 3.40
Portunus asper 0.84 83.33 0.91 90.99 1.00 0.87 3.40
Ranilia spp. 1.09 36.28 1.05 34.90 3.00 1.07 2.52
Sicyonia disdorsalis 0.06 16.67 0.04 11.24 0.30 0.05 2.40
Sicyonia picta 0.21 31.25 0.16 23.25 0.70 0.19 2.40
Solenocera agassizi 0.36 26.90 0.50 37.69 1.30 0.43 2.20
Solenocera spp. 0.17 25.89 0.14 21.38 0.70 0.17 2.20
Squilla biformis 0.81 48.33 0.80 48.02 1.70 0.82 3.50
Squilla hancocki 0.37 27.92 0.22 16.16 1.30 0.29 3.50
Squilla panamensis 4.22 40.08 4.36 43.46 10.00 4.29 3.50
Squilla spp. 2.82 38.26 2.31 31.41 7.40 2.58 3.50
Rimapenaeus pacificus 0.06 16.67 0.01 3.29 0.30 0.03 2.52
Trizocarcinus dentatus 0.22 22.22 0.16 5.74 1.00 0.19 2.52
Crustacean remains 19.18 48.19 22.66 56.93 39.80 20.92 2.52

OSTEICHTHYES 5.87 39.89 5.39 36.59 14.72 5.63 3.24
Anchoa spp. 0.26 77.78 0.14 43.02 0.33 0.20 3.25
Auxis spp. 0.94 40.36 1.07 45.54 2.34 1.01 4.24
Bollmannia chlamydes 0.17 50.00 0.28 82.23 0.33 0.22 3.50
Citharichthys gilberti 0.17 50.00 0.08 25.33 0.33 0.13 4.10
Citharichthys platophrys 0.08 25.00 0.03 10.29 0.33 0.06 3.50
Paralichthyidae 0.03 9.09 0.02 5.21 0.33 0.02 4.06
Pleuronectiformes 0.12 37.50 0.17 52.07 0.33 0.15 3.57
Unidentified fish 0.56 55.56 0.51 50.40 1.00 0.53 3.24
Symphurus spp. 0.15 22.92 0.05 6.99 0.67 0.10 3.30
Fish remains 3.38 38.89 3.04 34.93 8.70 3.21 3.24

MOLLUSCA 5.76 44.13 5.34 40.98 13.04 5.55 3.20
Gastropoda 0.29 28.89 0.07 6.49 1.00 0.18 2.10
Lolliguncula (Loliolopsis) diomedeae 4.01 45.36 3.69 40.83 9.03 3.89 3.90
Squid remains 1.37 45.49 1.59 52.89 3.01 1.48 3.20

Unidentified organic matter 0.20 20.37 0.23 23.28 1.00 0.22 –
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Table 2

Diet composition, by sex (with size classes and maturity stages combined), for sicklefin smoothhounds (Mustelus lunulatus) caught 
in the southeastern Pacific Ocean during November 2003–October 2004. Values provided for prey include percent prey- specific 
abundance (percent number of samples for specific prey [%PN]), percent prey- specific weight (percent weight of specific prey 
[%PW]), percent frequency of occurrence (%FO), and prey- specific index of relative importance (PSIRI). A dash indicates that data 
were not available because the prey species was not consumed by both sexes.

Prey

%PN %PW %FO PSIRI (%)

Females Males Females Males Females Males Females Males

ARTHROPODA 89.12 92.39 90.21 93.04 96.90 97.70 86.94 90.64
Guyanacaris caespitosa 33.33 – 53.54 – 0.60 – 0.26 –
Acanthocarpus delsolari 62.50 64.88 60.69 63.62 3.60 10.40 2.24 6.71
Calappula saussurei 35.57 37.22 31.00 31.94 10.90 17.90 3.63 6.19
Cycloes bardii 50.00 – 67.90 – 0.60 – 0.36 –
Ethusa spp. 26.22 47.22 21.19 51.23 7.90 5.90 1.87 2.94
Diogenidae – 20.00 – 8.88 – 0.70 – 0.11
Euphylax robustus 39.09 10.00 54.46 12.61 9.10 0.70 4.25 0.08
Penaeidae 6.67 – 0.48 – 0.60 – 0.02 –
Goneplax spp. 24.64 33.33 29.94 34.23 2.40 0.70 0.66 0.25
Hemisquilla spp. 25.00 – 1.53 – 0.60 – 0.08 –
Hepatus kossmanni 25.00 – 30.35 – 0.60 – 0.17 –
Iliacantha spp. 40.19 41.83 40.66 40.03 13.30 17.90 5.39 7.33
Mesorhoea belli 27.64 41.67 12.47 32.11 3.60 1.50 0.73 0.55
Munida hispida – 33.33 – 22.17 – 0.70 – 0.21
Munida refulgens 22.50 43.19 22.32 40.95 1.20 4.50 0.27 1.88
Panopeus spp. 30.00 25.00 28.57 7.18 6.10 0.70 1.77 0.12
Parasquilla similis 12.50 – 6.63 – 0.60 – 0.06 –
Parthenope spp. 26.06 23.33 24.55 10.89 4.20 2.20 1.07 0.38
Pilumnus fernandezi 25.00 62.04 15.34 69.34 1.80 2.20 0.37 1.47
Platymera gaudichaudii 55.00 77.78 55.61 78.39 2.40 2.20 1.34 1.75
Plesionika mexicana – 50.00 – 17.77 – 0.70 – 0.25
Achelous iridescens 58.25 62.44 54.97 61.87 50.30 50.00 28.48 31.08
Portunus asper 83.33 – 90.99 – 1.80 – 1.58 –
Ranilia spp. 31.63 40.00 24.88 42.92 2.40 3.70 0.68 1.55
Squilla biformis – 48.33 – 48.01 – 3.70 – 1.79
Squilla hancocki 18.33 37.50 3.19 29.12 1.20 1.50 0.13 0.49
Squilla panamensis 43.43 36.67 46.63 30.80 14.50 4.50 6.55 1.51
Squilla spp. 32.61 53.33 26.67 44.06 9.70 4.50 2.87 2.18
Solenocera agassizi 14.29 31.11 12.95 45.94 0.60 2.20 0.08 0.86
Solenocera spp. 37.50 14.29 19.21 3.56 0.60 0.70 0.17 0.14
Sicyonia disdorsalis 16.67 – 11.24 – 0.60 – 0.08 –
Sicyonia picta 31.25 – 23.25 – 1.20 – 0.33 –
Rimapenaeus pacificus 16.67 – 3.29 – 0.60 – 0.06 –
Trizocarcinus dentatus 22.22 – 15.74 – 1.80 – 0.35 –
Crustacean remains 45.24 52.41 53.87 61.31 42.40 36.50 21.02 20.79

OSTEICHTHYES 41.44 38.05 34.70 38.88 14.50 14.90 5.54 5.74
Anchoa spp. 77.78 – 43.02 – 0.60 – 0.37 –
Auxis spp. 41.67 39.83 49.10 44.12 1.20 3.70 0.55 1.57
Bollmannia chlamydes – 50.00 – 82.23 – 0.70 – 0.49
Citharichthys gilberti 50.00 – 25.33 – 0.60 – 0.23 –
Citharichthys platophrys 25.00 – 10.29 – 0.60 – 0.11 –
Paralichthyidae – 9.09 – 5.21 – 0.70 – 0.05
Unidentified fish 58.33 50.00 52.47 46.26 1.20 0.70 0.67 0.36
Pleuronectiformes 37.50 – 52.07 – 0.60 – 0.27 –
Symphurus spp. 22.92 – 6.99 – 1.20 – 0.18 –
Fish remains 39.89 37.73 34.64 35.27 8.40 8.90 3.16 3.27

MOLLUSCA 43.92 44.65 43.85 33.66 16.90 8.20 7.45 3.21
Gastropoda 16.67 35.00 4.81 7.34 0.60 1.50 0.07 0.32
Lolliguncula (Loliolopsis) diomedeae 45.94 43.33 42.94 33.46 12.70 4.40 5.66 1.72
Squid remains 41.39 53.70 53.54 51.60 3.60 2.20 1.73 1.18

Unidentified organic material 16.67 22.22 6.56 31.64 0.60 1.50 0.07 0.40
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Figure 3
Diet composition of sicklefin smoothhounds (Mustelus lunulatus) caught in 
the southeastern Pacific Ocean between November 2003 and October 2004, by 
stage of sexual maturity (juvenile and adult).

Figure 4
Diet composition of sicklefin smoothhounds (Mustelus lunulatus) caught in 
the southeastern Pacific Ocean between November 2003 and October 2004, 
by size class. The size classes are 60–90 cm in total length (TL, Size I, n=100), 
90–120 cm TL (Size II, n=183), and 120–150 cm TL (Size III, n=32).

Dietary niche breadth, overlap, and trophic position

The standardized niche breadth index showed that the 
sicklefin smoothhound is a selective predator. This was the 
case for both females (BA=0.06) and males (BA=0.05), as 

well as for the different stages of sexual 
maturity (Table 4), size classes (Table 5), 
and trimesters. The Bi values were 0.50, 
0.18, 0.06, and 0.05 for Trimesters I, II, 
III, and IV, respectively.

The trophic overlap index revealed 
high dietary overlap between the sexes 
(Cλ=0.92, global R=0.009, P=0.072). When 
applied to the stages of sexual maturity, 
this index showed that the diet of adult 
females significantly overlaped with 
that of juveniles, both females and males 
(Table 4). However, there was little trophic 
overlap between size classes (Table 5).

The estimated trophic position (3.59 
[standard deviation (SD) 0.24]) indi-
cates that the sicklefin smoothhound 
is a secondary consumer. Also, by sex, 
maturity stage (Table 4), and size class 
(Table 5), this species is a secondary 
consumer.

Discussion

The few studies on the trophic ecology 
of the sicklefin smoothhound mention 
that its diet includes crustaceans (e.g., 
shrimps, blue crabs, and other crabs), 
small fishes (e.g., anchovies and sardines), 
and, occasionally, mollusks (Fernández, 
1975; Gómez et al., 2003; Navia et al., 
2006; Navia et al., 2007), with crustaceans 
being the most important prey group. 
These results are in line with those of 
this study, allowing the sicklefin smooth-
hound to be classified as a carcinophagous 
predator.

Dietary studies of other members of 
Mustelus have shown that this taxon pre-
fers crustaceans. The humpback smooth- 
hound (M. whitneyi), for example, eats 
crabs of the families Calappidae and 
Portunidae and shrimps of the family 
Squillidae and consumes small propor-
tions of seaweed, annelids, mollusks, and 
fishes (Samame et al., 1989). The brown 
smoothhound (M. henlei) feeds mostly 
on crabs, shrimps (Squillidae), isopods, 
tunicates, cephalopods, and small fishes 
(e.g., Fischer et al., 1995; Gómez et al., 
2003). These similarities in the diet of 
Mustelus species indicate that they prey 
on benthic crustaceans.

We found that the crabs A. iridescens and Iliacantha 
spp. were the main prey of sicklefin smoothhounds, simi-
lar to what was reported by Gómez et al. (2003) and 
Bohórquez-Herrera (2006) for Gorgona Island, Colombia. 
Our results are also consistent with those of studies 
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Figure 5
Diet composition of sicklefin smoothhounds (Mustelus lunulatus) caught in 
the southeastern Pacific Ocean between November 2003 and October 2004, 
by trimester of the year. The trimesters are November 2003–January 2004 
(Trimester I), February 2004–April 2004 (Trimester II), May 2004–July 2004 
(Trimester III), and August 2004–October 2004 (Trimester IV).

examining other species of the genus Mustelus that indi-
cate that their principal prey are crustaceans (Ellis 
et al., 1996; Rojas, 2006). The results of our study, how-
ever, differ from the findings of Rojas (2000), Navia et al. 
(2006), and Navia et al. (2007), who reported that shrimps 
of the family Squillidae (e.g., Panama mantis shrimp and 
Squilla parva) were the main prey of sicklefin smooth-
hounds along the Pacific coast of Colombia. In contrast, 
the results of our study indicate that, although these 
shrimp species were present, they contributed little to 
the diet of sicklefin smoothhounds. This discrepancy can 
probably be attributed to the small number of stomachs 
(n=50, n=42) and size classes (mainly 50–70 cm TL) ana-
lyzed by Navia et al. (2006) and Navia et al. (2007), 
rather than to latitudinal variations that could affect the 
diversity and abundance of the main prey groups, 
because of the proximity of the localities studied. The 
distance between the location of this study (in Manta, 
Ecuador) and the location of the studies by Navia et al 
(2006) and Navia et al. (2007) (in Buenaventura, Colom-
bia) is approximately 760 km.

Furthermore, Gomez et al (2003) and Bohórquez- Herrera 
(2006) conducted similar studies in areas close to the area 
studied by Navia et al. (2006) and Navia et al. (2007), and 
their results also differ from those obtained by Navia et al. 
(2006) and Navia et al. (2007). An example of latitudinal 
variation is the contrast in results obtained in the study 
by Moreno-Sánchez et al. (2012), who reported that in Baja 
California Sur, Mexico, sicklefin smoothhounds fed mostly 
on a squat lobster, Munida tenella, and the bigtooth rock 

crab (Cancer amphioetus), 2 species that 
are distributed from Southern California 
in the United States to the Gulf of Cal-
ifornia in Mexico (Nations, 1975; Hen-
drickx, 2000).

A likely explanation of the large pres-
ence of A. iridescens in the stomachs of 
sicklefin smoothhounds in waters of 
Ecuador is the abundance of this species 
in the region, as found by Mora et al. 
(2010). That study demonstrated that 
the most abundant macroinvertebrates 
along the coast of Ecuador were A. irides-
cens, followed by the arched swimming 
crab (C. arcuatus), dart squid, C. toxotes, 
and the pink shrimp (Farfantepenaeus 
brevirostris). These observations and 
results indicate that 1) sicklefin smooth-
hounds feed primarily at depths between 
80 and 200 m (where there is the great-
est abundance of A. iridescens, according 
to Mora et al., 2010) and 2) this species is 
a selective one, a trait that is associated 
with the abundance and availability of 
prey in the zones that it inhabits.

The dietary analysis by sex revealed 
that both female and male sicklefin 
smoothhounds have a preference for A. 
iridescens, a result that, together with 

the high dietary overlap between the sexes (Cλ=0.92), indi-
cates that there is no sexual segregation in this species. 
This finding agrees with the dietary overlap (Cλ=0.96) 
estimated by Moreno-Sánchez et al. (2012), despite the geo-
graphical differences between the 2 studies. Nonetheless, 
these results must be interpreted with caution because 
they could represent “false positives,” as occurred in our 
study with the analysis of the values of trophic overlap by 
stage of maturity for separate sexes (Table 4) indicating 
that sicklefin smoothhounds present behavioral and hab-
itat segregation (Wearmouth and Sims, 2008). However, 
juveniles of both sexes and female adults complement 
their principal diet (A. iridescens) with coastal benthic 
prey that are typically associated with shallow waters and 
muddy–sandy seabeds, such as E. robustus (7–85 m) (Hen-
drickx, 1995a) and Panama mantis shrimp (18–102 m) 
(Hendrickx, 1995b) and with coastal pelagic species, such 
as the dart squid (50–200 m) (Sánchez, 2003).

The use of different feeding areas by juveniles of both 
sexes and female adults could be related to selection of 
breeding areas, abundance and availability of prey, devel-
opment of hunting skills by juveniles, preferences for 
particular foraging zones pertaining to sex (McCord and 
Campana, 2003), size class, stage of maturity, and access 
to alternative sources of nutrition (e.g., pelagic prey; Eder 
and Lewis, 2005) related to specific stages of individual 
growth (Philips, 1969; Tytler and Calow, 1985).

In contrast, male adult sicklefin smoothhounds prefer to 
complement their diet with the consumption of benthic 
coastal prey that exhibit a greater range of distribution, 
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Figure 6
Nonmetric multidimensional scaling (MDS) ordination indicating the changes 
in diet of sicklefin smoothhounds (Mustelus lunulatus) caught in the south-
eastern Pacific Ocean between November 2003 and October 2004, for (A) 
maturity stages (juvenile and adult) and (B) size classes. The size classes are 
60–90 cm in total length (TL, Size I), 90–120 cm TL (Size II), and 120–150 cm 
TL (Size III).

prey such as the small arched box crab, present at depths 
of 1–300 m (Hendrickx, 1997), and Acanthocarpus desolari, 
present at depths of 100–300 m (Del Rosario and Abele, 
1976). These species typically inhabit seabeds formed from 
sand, mud, pebbles, stones, or dead coral (Hendrickx, 1997; 
Del Rosario and Abele, 1976).

Moreno-Sánchez et al. (2012) mentioned that juvenile 
and adult sicklefin smoothhounds fed on the same prey, 
but adults had a stronger preference for fish species. 
However, the authors analyzed juveniles and adults of 
both sexes combined, which may have obscured dietary 
patterns. In our study, for which the sexes were analyzed 
separately, both female and male juveniles were found to 
have a diet based on Achelous iridescens (>30% PSIRI; 
Fig. 3), a crustacean inhabiting sandy and muddy bottoms 
(Wehrtmann and Cortés, 2009) that can be easily captured 
by young sharks that are still developing their hunting 
skills. Adults (both female and male) ate less of this crus-
tacean and complemented their diet with cephalopods 

(in the case of females) as well as other 
crustacean species (in the case of males). 
These results indicate that adult sharks, 
with their larger size and better hunting 
skills, explore new areas (i.e., the pelagic 
zone) while they search for food. The con-
sumption of different foods by sharks at 
different stages of sexual maturity may 
be associated with 1) different energy 
requirements, 2) reproductive processes, 
3) cost–benefit tradeoffs, 4) prey avail-
ability, and 5) hunting skills.

To date, no trophic study of the sick-
lefin smoothhound had analyzed feeding 
patterns throughout the year. Therefore, 
this study is the first to have conducted 
an analysis that took into account the 
trophic spectrum of the sicklefin smooth-
hound in 4 trimesters. The results of our 
study indicate that this species prefers A. 
iridescens throughout the year. However, 
between November 2003 and January 
2004 the prey consumed was dominated 
by crustaceans (PSIRI: 69.7%), and in 
the other 3 trimesters the presence of 
A. iridescens increased in importance by 
45–65% (PSIRI) and there was a corre-
sponding reduction in the presence of 
crustaceans (Fig. 5).

These results are consistent with the 
abundance of crustaceans estimated by 
Mora et al. (2010), who identified 150 
species of macroinvertebrates (120 crus-
taceans, 15 mollusks, 13 echinoderms, 
and 2 cnidarians), with the most abun-
dant species being a swimming crab, 
A. iridescens, followed by a cephalopod, 
the dart squid. These observations sup-
port our results that indicate that the 
sicklefin smoothhound is a species that 

specializes in the consumption of crustaceans that are 
highly abundant in the zone they inhabit. Because of the 
substantial presence of crustaceans in stomachs of spec-
imens during November–January (Trimester I) and the 
greater number of individuals in Size I (n=95) analyzed in 
the study period, we hypothesize that during this period 
juvenile individuals consume more small crustaceans that 
are easier to hunt and digest. Nonetheless, more studies 
are required, including research related 1) to abundance of 
prey species and (2) to other biological aspects of the sick-
lefin smoothhound (such as reproduction and growth) that 
would improve understanding of the spatial and temporal 
feeding behavior of this species.

The study of the diet of sicklefin smoothhounds by 
Moreno-Sánchez et al. (2012) may be the most detailed so 
far, and it found no ontogenetic changes in the diet of this 
species. Our study, in contrast, has revealed that the diet 
of sicklefin smoothhounds changes as they grow (Fig. 4) 
and become sexually mature (Fig. 3), from a diet composed 
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Table 3

Contribution of prey to the similarity of diet, by sex, stage of sexual maturity, and size class, for sicklefin smoothhounds (Mustelus 
lunulatus) caught in the southeastern Pacific Ocean during November 2003–October 2004, based on similarity percentage analy-
sis. The maturity stages are juvenile (J.) and adult (A.), and the size classes are 60–90 cm in total length (TL, Size I), 90–120 cm 
TL (Size II), and 120–150 cm TL (Size III). A dash indicates that data were not available because the prey species was not shared 
between categories.

Prey

Combination

J. female vs.  
A. female

J. male vs. 
A. male

J. female 
vs. J. male

A. female 
vs. A. male

J. female 
vs. A. male

A. female 
vs. J. male

Size I vs. 
Size II

Size I vs. 
Size III

Size II vs. 
Size III

Dissimilarity (%) 86.28 84.00 80.40 88.48 82.67 85.23 82.37 89.30 90.92
Achelous iridescens 34.52 39.24 45.82 27.29 33.46 39.00 38.46 28.78 25.35
Lolliguncula (Loliol-

opsis) diomedeae
9.19 – 8.52 5.36 5.66 8.38 5.67 11.73 10.87

Squilla panamensis 8.43 – 7.11 5.25 5.34 7.11 5.41 10.16 9.11
Iliacantha spp. 7.76 10.47 8.97 9.46 10.93 7.38 9.99 – 6.20
Calappula saussurei 5.61 8.94 5.69 8.71 9.29 – 7.61 – 5.22
Mursia spp. – 6.97 – 9.17 6.31 – – 9.66 9.67
Euphylax robustus – – – – – – – 6.39 6.54
Ethusa spp. – – – – – – – – 5.17
Mollusks 13.16 5.98 11.69 8.09 8.98 11.43 7.86 16.78 17.3
Crustaceans 82.18 90.2 84.48 87.21 85.72 85.34 87.63 77.16 77.49
Fishes 4.66 3.82 3.84 4.70 5.30 3.33 4.51 6.06 5.21

Table 4

Dietary overlap between stages of sexual maturity, dietary niche breadth (BA), and trophic position (TP) 
for sicklefin smoothhounds (Mustelus lunulatus) caught in the southeastern Pacific Ocean during Novem-
ber 2003–October 2004. An asterisk (*) indicates high overlap. n=number of stomachs analyzed.

Maturity stage and sex
Juvenile 

male (n=54)
Adult male 

(n=90)
Juvenile 

female (n=90)
Adult female 

(n=81) BA TP

Juvenile male – 0.03 3.86
Adult male 0.34 – 0.15 3.49
Juvenile female 0.02 0.31 – 0.03 3.85
Adult female 0.60* 0.47 0.56* – 0.29 3.30

almost exclusively of A. iridescens to one including other 
crustaceans, cephalopods, and fishes. This diet change 
may be related 1) to hunting ability and skill and 2) to 
the morphology of the mouth and jaw (Luczkovich et al., 
1995). In addition, this change in diet is reflected in the 
narrow trophic niche and the low dietary overlap between 
organisms of different size classes of sicklefin smooth-
hounds considered in this study (Table 5).

Because sharks exhibit characteristics typical of top- 
level predators, they are thought to regulate prey commu-
nities through top- down control (e.g., Ferretti et al., 2010; 
Navia et al., 2010; Bornatowski et al., 2014b), together 
with habitat structure and ecosystem productivity (Estes 
et al., 2011; Ripple et al., 2014). Consequently, they are 

regarded as a key functional group (Frisch et al., 2016). 
Sharks are attributed important roles in marine food 
webs; however, few studies have provided evidence of the 
presumably high trophic positions of some shark species 
(Cortés, 1999).

Nonetheless, it is worth noting that not all sharks are 
top- level predators in a given ecosystem because the 
potential ecological functions of the species are related to 
a variety of factors, such as feeding habits, maximum body 
length, geographic and environmental range, the extent to 
which they are omnivorous, and vulnerability to predation 
by other sharks. Hence, the results of the study by Roff 
et al. (2016) indicate that sharks can exercise functions as 
high- level predators (maximum TL >300 cm, geographic 
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Table 5

Dietary overlap between size classes, dietary niche 
breadth (BA), and trophic position (TP) in sicklefin smooth-
hounds (Mustelus lunulatus) caught in the southeastern 
Pacific Ocean during November 2003–October 2004. The 
size classes are 60–90 cm in total length (TL, Size I), 
90–120 cm TL (Size II), and 120–150 cm TL (Size III). An 
asterisk (*) indicates high overlap. n=number of stomachs 
analyzed.

Size 
class

Size I 
(n=100)

Size II 
(n=182)

Size III 
(n=32) BA TP

Size I – 0.02 3.93
Size II 0.12 – 0.06 3.60
Size III 0.31 0.52* – 0.13 2.73

range of 100–1000 km, highly omnivorous), intermediate 
mesopredators (maximum TL 150–300 cm, geographic 
range <10 km, high trophic position), or small mesopred-
ators (maximum TL <100 cm, geographic range <10 km, 
generally not omnivorous).

In accordance with these groupings, this study classified 
the sicklefin smoothhound as an intermediate mesopreda-
tory shark (mean trophic position: 3.59 [SD 0.24]). This 
finding is consistent with the trophic position estimated 
by Cortés (1999) for the sicklefin smoothhound (3.9) and 
for other species of the genus Mustelus, for example, the 
brown smoothhound (3.6) and the gray smoothhound (M. 
californicus, 3.5). Our results indicate that the sicklefin 
smoothhound could be an important factor if there is a 
substantial change in the populations of other large shark 
species (Bornatowski et al., 2014b).

In conclusion, the sicklefin smoothhound is an inter-
mediate mesopredator that regulates the most abundant 
benthic crustacean populations along the coast of Ecuador. 
Generally, this species exhibits behavior and habitat segre-
gation, and it is a selective predator that specializes in the 
consumption of highly abundant crustaceans off the coast 
of Ecuador. In this study, ontogenetic changes related to 
stage of maturity, size class, and time of year were observed 
in the diet of sicklefin smoothhounds. This study fills gaps 
in our knowledge of sharks in the waters of Ecuador and 
provides data for Ecuador’s national plan of action for the 
conservation and management of sharks (MICIP, 2006).
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