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Background. The Pacifi c red snapper, Lutjanus peru (Nichols et Murphy, 1922), is one of the most exploited 
species by artisanal fi sheries in Mexico, where it is valued due to its high catch rates and economic value. 
This study investigated the feeding habits of L. peru in two ecosystems of the southern Gulf of California with 
contrasting physical and oceanographic conditions. Feeding habits were compared by sex (male or female), size 
(juvenile or adult), and season (cold or warm), in order to determine whether this species plays the same trophic 
role in the two ecosystems.
Materials and methods. Samples were obtained from the northern Sinaloa coast (SIN region) and south-eastern 
Baja California Sur coast (BCS region). Percentages by number, weight, and frequency of each food category 
were determined, and the index of relative importance (%IRI) was calculated to defi ne the main food categories. 
Diet breadth and diet similarity between sexes, sizes and among seasons were also calculated.
Results. A total of 182 stomachs from the SIN region were analysed and 32 prey items from 15 families, 18 
genera, and 25 species were identifi ed. According to the index of relative importance (IRI), the most important 
prey items were the shrimp, Penaeus californiensis (73%); the ostracods, Myodocopida gen spp. (10%); and the 
squid, Loligo spp. (5%). A total of 233 stomachs from BCS were analysed and 31 prey items from 17 families, 
19 genera, and 26 species were identifi ed. The most important prey items according to the IRI were the red 
pelagic crab, Pleuroncodes planipes (42%); the ostracods, Myodocopida gen spp. (28%); and the shrimp, Penaeus 
californiensis (20%). Signifi cant differences were identifi ed in the trophic spectra by region, size and season. 
There were no signifi cant differences by sex. 
Conclusion. Lutjanus peru displayed a specialist trophic behaviour, with differential utilization of the trophic 
niche and adequate food resource distribution.
Keywords: Artisanal fi sheries, trophic spectrum, specialist predator, Penaeus californiensis, Pleuroncodes 
planipes

* Correspondence: Dr. Jorge S. Ramírez-Pérez, Universidad Autónoma de Sinaloa, Unidad Regional Sur, Edifi cio de Vicerrectoría, Av. Ejército Mexicano s/n, Ciudad 
Universitaria Mazatlán, Sinaloa, México, C.P.8200, phone/fax: (+52) 669 9828656, e-mail: (JSRP) jramirezp@uas.edu.mx, (XGMS) xchel.moreno@gmail.com, (LAAC) 
laabitia@gmail.com, (GTR) gisela27trujillo@gmail.com, (AFN) anavia@squalus.org, (BSG) bshirasago@ipn.mx. 

INTRODUCTION
The feeding habits of predatory fi shes are infl uenced 

by several ecological, biological, and environmental 
factors (Muto et al. 2001, Rinewalt et al. 2007, Wetherbee 

et al. 2012). Size and sex are biological factors frequently 
associated with diet variation in fi shes (Griffi ths et al. 
2009, Wetherbee et al.  2012). In general, changes in diet 
have been associated with differing dental structures in 
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males and females (Hernández and Motta 1997, Saucedo 
Lozano et al. 2006), as well as with changes in prey type 
or in the proportion of items consumed by juveniles and 
adults (Rojas et al. 2004, Yan et al. 2012, Moreno-Sánchez 
et al. 2015).

There is evidence, that variation in the diet of bony 
fi shes is also affected by environmental variables 
(Santamaría et al. 2003, Guevara et al. 2007), by species 
distribution, and by prey availability (Blaber and Bulman 
1987, Rojas and Chiappa 2002). Different authors have 
also stated that these variations presumably refl ect the 
migratory character of predators or of their prey (Blaber 
and Bulman 1987, Rinewalt et al. 2007, Hernández-
Aguilar et al. 2013).

Snappers (Lutjanus spp.) are known to be generalist 
carnivores, with a diet based on benthic invertebrates 
such as shrimp, crab, and polychaetes (Allen 1985, 
Parrish 1987, Guevara et al. 2007, Vázquez et al. 2008). 
They present ontogenetic changes in the diet, with higher 
consumption of fi sh at larger sizes (Saucedo-Lozano et al. 
1999, Santamaría et al. 2003).

Studies coincide in that the trophic spectrum of Lutjanus 
peru (Nichols et Murphy, 1922) varies with sex and 
ontogeny. Juveniles consume crustaceans, whereas adults 
specialize on eating fi sh (e.g., sardines and anchovies) and 
crustaceans (e.g., stomatopods) (Santamaría et al. 2003, 
Saucedo Lozano et al. 2006). It has also been suggested 
that snappers could play an important role in the structure 
and function of marine trophic webs, acting as a link 
between the highest and lowest levels of the trophic web 
(Arreguín and Manickchand 1998), or even dampening 
the dispersion of secondary trophic effects derived from 
anthropogenic impacts (Navia et al. 2012).

As the previous studies on the diet of Lutjanus peru 
did not analyse spatial variation, there is no background 
information on diet changes in this species in closely 
situated ecosystems with contrasting physical and 
oceanographic conditions. This is the case of the southern 
Gulf of California region, where the continental coast 
is characterized by sandy and muddy substrates with 
important pluvial contributions and numerous coastal 
lagoons, whereas the peninsular coast has a reduced 
platform with a mostly rocky substrate and large reef 
patches (Obeso et al. 2004, Rodríguez et al. 2005).

The presently reported study was carried out to test 
the hypothesis that the feeding habits of Lutjanus peru are 
infl uenced by physical and oceanographic conditions. For 
that, we compared L. peru diet in two ecosystems within 
the Gulf of California with distinct conditions.

MATERIALS AND METHODS
Biological sampling. The study period comprised 13 
months from February 2011 to March 2012. Samples were 
collected monthly in two regions of the southern Gulf 
of California. Region SIN, corresponded to the zone of 
Topolobampo Sinaloa (25°19′34.17′′N, 109°32′40.07′′W), 
and the second region BCS corresponded to the 
eastern coast of Baja California Sur in La Paz Bay 
(25°01′26.88′′N, 110°35′00.57′′W) (Fig. 1). Both areas are 

characterized by two well defi ned seasons: a cold season 
that occurs from January to March, and a warm season 
that occurs from July to September, with their respective 
transitional periods (Guevara-Guillén et al. 2015, Lavín 
and Marinone 2003). Fish were caught from artisanal 
fi shing boats using 60 to 90 m long weighted handlines, 
using number 6 and 7 J-type hooks. All fi shing was carried 
out over rocky, soft, and mixed substrates.
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Fig. 1. The shaded area shows the Pacifi c red snapper, 
Lutjanus peru, sampling locations; In the Sinaloa 
(SIN) region fi sh were landed in Topolobampo, 
whereas in the Baja California Sur (BCS) region they 
were landed in La Paz Harbour

Each captured specimen was measured and total 
length (TL, ±0.5 cm precision), and total weight (TW, ±1g 
precision) were recorded. Sex was determined by direct 
gonadal observation, and the stomachs were extracted and 
frozen for later processing.

Stomach contents were identifi ed to the lowest possible 
taxonomic level. The data were grouped by sampling region 
(SIN and or BCS), by sex (the degree of vascularization, 
turgency, and texture, and in some cases the type of oocyte 
visible to the naked eye were taken into account to identify 
female gonads, and the testicular turgency and fl owing semen 
were taken into account to identify male gonads (Ferreri et 
al. 2009), by developmental stage (fi sh were considered 
juveniles if they measured less than 22 cm TL for both 
females and males, Cruz et al. 1996), and by season (warm 
or cold). The sea surface temperature was obtained from 
MODIS-AQUA satellite images with a 1.1 km resolution at 
the nadir in the Hierarchical Data Format. Data extraction 
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was performed using WIM (Windows Image Manager) 
software. The months with positive anomalies were assigned 
to the warm season, while months with negative anomalies 
were assigned to the cold season. These anomalies were 
obtained with respect to the annual mean value calculated 
between February 2011 and March 2012 for both areas; this 
annual mean value was 24ºC (Fig. 2). 
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Fig. 2. Sea surface temperature by month (dashed lines) in 
the southern Gulf of California during 2011 and 2012; 
Black bars denote cold season values and grey bars 
denote warm season values; The primary y-axis shows 
the temperature in degrees Celsius and the secondary 
y-axis shows anomalies with respect to the overall mean 
values 

Feeding habits. A species accumulation curve—EstimateS 
(Colwell 2009) based on the Shannon–Wiener (H′) index 
value for each stomach was calculated to determine the 
representativity of the number of analysed stomachs. The 
coeffi cient of variation (CV) was calculated to obtain a 
quantitative estimate of the number of stomachs that was 
adequate and representative of the general diet, as well as 
of the diet by category: location (SIN-BCS), sex factor 
(female-male), size (juveniles-adults), and season (warm-
cold). If the CV was less than or equal to 5% (0.05), 
the examined number of stomachs was considered an 
adequate representation of the diet (Jiménez-Valverde and 
Hortal 2003, Hernández-Aguilar et al. 2013).

The quantitative analysis of stomach contents was 
performed using the numeric (%N), gravimetric (%W), 
and frequency of occurrence (%F) indices (Hyslop 1980), 
and the index of relative importance following Pinkas et 
al. (1971):

IRI = %N + %W × %F

These quantitative analyses were used to characterize 
and compare the diet by region (SIN or BCS), sex (male or 
female), size (juvenile or adult), and season (cold or warm).

The diet width was estimated using the Shannon–
Wiener index:
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where n is the number of individuals of species i, N is the 
total number of individuals of all prey species (Magurran 
1988). In order to interpret the feeding strategy of Lutjanus 
peru and establish the feeding patterns of individuals or 
populations we used the graphical Costello (1990) method 
modifi ed by Amundsen et al. (1996).
Data analysis. To evaluate the possible effects of sex, 
size, and season on the diet of Lutjanus peru in SIN and 
BCS we used a non-metric multidimensional scaling 
analysis (NMDS). An analysis of similarities (one-way 
ANOSIM, with 999 permutations) was performed to test for 
differences in diet according to sex, size, and season (Dale 
et al. 2011). The resulting R statistic (–1 < R < 1) describes 
the similarity between groups defi ned according to the 
above factors. Values close to zero indicate no difference, 
and values close to 1 or –1 indicate a signifi cant separation 
between groups. P values were considered signifi cant 
when P <0.05. Similarity percentages (SIMPER) were 
used to determine which dietary categories contributed 
signifi cantly to the dietary dissimilarity between the 
analysed variables (Clarke 1993).

Trends in the diet according to variations found by sex, 
size, and season within and between SIN and BCS were 
evaluated using a simple correspondence analysis (Graham 
and Vrijenhoek 1988). To confi rm the relation among 
species diet (with dietary categories as dependent 
variables), catch sites, seasons, and sex (as independent 
variables), a multivariate analysis of variance 
(MANOVA) was applied, using %N.

Data preparation for multivariate analysis was carried 
out according to White et al. (2004) and Marshall et al. 
(2008). Namely, dietary data for a single individual 
contained large numbers of zero values, giving rise 
to instabilities in the calculation of similarities at an 
individual level, which greatly reduces the effectiveness 
of multivariate analyses of dietary data. This problem 
was effi ciently minimized by averaging the dietary data 
(%N) for random groups of individuals to produce a new 
series of replicates for a given factor (e.g., season, size 
class, or sex). Before multivariate analyses, the %N data 
for dietary categories of each subset (i.e., replicate) were 
square-root transformed and used to construct a Bray–
Curtis similarity matrix for non-metric multidimensional 
scaling (NMDS) ordination and a one-way ANOSIM test 
(Clarke and Gorley 2006).

Taxonomic names of the invertebrates were verifi ed 
based on the World Register of Marine Species: 
WoRMS (WoRMS Editorial Board 2016), while names of 
fi shes followed FishBase (Froese and Pauly 2016).  

RESULTS
Diet. A total of 497 fi sh were caught, ranging in size from 
12 to 67 cm TL, and ranging in weight from 40 to 5945 g. 
A total of 415 fi sh had stomachs containing food (83.5%) 
and 82 had empty stomachs (16.5%). The trophic diversity 
curve analysis showed that the sample size was adequate 
to describe the diet of this species for all analysed variables 
and for each region studied (Table 1, Fig. 3).
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Fig. 3. Variation of prey species consumed by Lutjanus peru determined with the Index of Relative Importance (IRI); 
Sinaloa (A), Baja California Sur (B), females (C), males (D), juveniles (E), adults (F), cold season (G), warm season 
(H); Abbreviations: %N = percentage by number, %W = percentage by weight, %F = percentage frequency of occurrence 
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Diet region. Twenty-fi ve prey species were identifi ed 
in 182 stomachs at SIN. A total of 1622 organisms were 
counted, weighing 741.15 g, with crustaceans comprising 
by number and biomass was the shrimp, Penaeus 
californiensis (30%N and 30%W), followed by ostracods, 
Myodocopida gen spp. (25%N), and the pelagic red crab, 
Pleuroncodes planipes (5%W). According to the %IRI, the 
most important prey item was Penaeus californiensis 
(73%), followed by Myodocopida gen spp.  (10%), and 
the squid, Loligo spp. (5%) (Table 2, Fig. 3a). 

In BCS, 26 prey species were identifi ed in 233 stomachs. 
A total of 2962 organisms were counted, weighing 1849.4 
g, with crustaceans comprising 96%N and 54%W, followed 
by molluscs with 2%N and 41%W. The most abundant prey 
items were Myodocopida gen spp.  (46%N), whereas the 
species with greatest biomass were Pleuroncodes planipes 
(31%W) and Loligo spp. (22%W). The most important prey 
according to the %IRI were P. planipes (42%), followed by 
Myodocopida gen spp.  (28%) and Penaeus californiensis 
(20%) (Table 2, Fig. 3b).

The Pacifi c red snapper can be categorized as a 
specialist carnivorous predator. The Shannon–Wiener 
index values by region (SIN and BCS; 0.1 ± 0.3 and 0.2 ± 
0.4 bits per ind.), sex (females and males; 0.1 ± 0.4 and 0.1 
± 0.3 bits per ind.), maturity state (juveniles and adults; 
0.15 ± 0.31 and 0.25 ± 0.43 bits per ind.), and season (cold 
and warm; 0.10 ± 0.25 and 0.18 ± 0.31 bits per ind.) were 
low. The Costello graph showed that the most frequent 
and abundant prey species were Penaeus californiensis 
and Pleuroncodes planipes, which confi rmed the Pacifi c 
red snapper’s specialist trophic behaviour (Fig. 4).
The sex factor. A total of 29 prey species were identifi ed 
in 231 female stomachs. The %IRI showed that Penaeus 
californiensis (63%) was the most important species in 
the trophic spectrum, followed by Pleuroncodes planipes 
(15%), and Myodocopida gen spp.  (12%) (Fig. 3c). A total 
of 26 prey species were identifi ed in 184 male stomachs. 
The %IRI showed that the most important species were 
Penaeus californiensis (56.1%), Pleuroncodes planipes 
(22.7%), and Myodocopida gen spp.  (15.9%) (Fig. 
3d). Results of the NMDS and ANOSIM did not show 
a signifi cant effect of sex on the diet of the Pacifi c red 
snapper in either location studied (Fig. 5, Table 3).
Diet item size. A total of 22 prey species were identifi ed 
in 164 stomachs from juvenile fi sh. According to 
the %IRI the most important species were Penaeus 
californiensis (84%), followed by Pleuroncodes planipes 
(12%), and Loligo spp. (1%) (Fig. 3e). A total of 32 prey 
species were identifi ed in 251 adult stomachs. According 
to the %IRI the most important species were Penaeus 
californiensis (39%), Myodocopida gen spp.  (30%), and 
Pleuroncodes planipes (20%) (Fig. 3f). Results of the 
NMDS and ANOSIM showed signifi cant differences in 
both areas by maturity state (Fig. 5, Table 3).

The similarity percentages analysis (SIMPER) showed 
that the feeding dissimilarity between juveniles and 
adults in BCS was 83.72%, and was due mainly to the 
variation in the rate of consumption of Pleuroncodes 
planipes (37.13%), Loligo spp. (30.01%), and species of 

Lolliguncula (16.24%). The observed trophic dissimilarity 
in the SIN region was 84.74%, and it was attributed to 
Loligo spp. (40.20%), Penaeus californiensis (25.70%), 
and species of Lolliguncula (17.78%).
Diet season. A total of 13 prey species were identifi ed 
in 158 stomachs obtained during the cold season (38%). 
According to the %IRI the most important prey were 
Pleuroncodes planipes (59%), Penaeus californiensis 
(38%), and Loligo spp. (2%) (Fig. 3g). A total of 33 prey 
species were identifi ed in 257 stomachs from the warm 
season. According to the %IRI the most important prey 
were Penaeus californiensis (58%), Myodocopida gen 
spp.   (31%), and Loligo spp. (7%) (Fig. 3h). There were 
signifi cant differences in the diet by season in BCS but 
not in SIN (Fig. 5, Table 3). The feeding dissimilarity 
between seasons in BCS was 83.10%, due to the almost 
exclusive consumption of Myodocopida gen spp.  in 
the warm season. Myodocopida gen spp.  represented 
45.27% of trophic dissimilarity between seasons, whereas 
Pleuroncodes planipes and Penaeus californiensis 
represented 26.29% and 17.45%, respectively.
Global data analysis. In this analysis we used one matrix 
of 12 sampling units (two locations by six categories) by 
27 prey items. The correspondence analysis showed a clear 
separation between samples from SIN and from BCS, with 
the only exception being adults from SIN, who were 
placed close to the BCS group (Fig. 6). This separation 
was related to a higher consumption of prey such as 
Pleuroncodes planipes, Cynoscion parvipinnis Ayres, 
1861, Squillidae gen spp., Glebocarcinus amphioetus, and 
Myodocopida gen spp.  in specimens from BCS, whereas 
specimens from SIN were associated to a higher 
consumption of Ophichthus zophochir Jordan et Gilbert, 
1882, Penaeus stylirostris, Penaeus vannamei, Balistes 
polylepis Steindachner, 1876, and Trachysalambria 
brevisuturae, Rimapenaeus faoe, Rimapenaeus pacifi cus 
(Table 1). Components 1 and 2 explained 90.68% of 
variation in the consumption of prey according to the 
studied variables. The MANOVA analysis showed that of 
all analysed variables (sex, size, and seasons) and their 
possible combinations, only size infl uenced signifi cantly 
the difference in the diet of this species between SIN and 
BCS (Wilks’ Lambda = 0.874, F4, 258 = 4.48, P = 0.001).

DISCUSSION
The results of this study confi rm that Lutjanus peru is a 

predator that feeds preferentially on benthic organisms, but 
can also consume prey with pelagic habits. This suggests 
that this species has extensive feeding versatility, and that it 
has direct and indirect effects on a large number of trophic 
functional groups in the ecosystems that it inhabits.

Despite the large number of prey items identifi ed in 
this species’ diet (42), the trophic niche width suggests that 
its feeding behaviour is concentrated on a few prey items, 
especially shrimp, red pelagic crab, and ostracods, as had 
been reported in previous studies of this species and of 
other species of the family Lutjanidae (see Parrish 1987, 
Rojas and Chiappa 2002, Rojas et al. 2004, Guevara et al. 
2007, Vázquez et al. 2008).
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Table 1
Minimum sample size by category of Pacifi c red snapper Lutjanus peru collected in Sinaloa and Baja California Sur

Category Ns Nsm CV
SIN 182 160 0.05
BCS 233 136 0.05
Females 231 138 0.05
Males 184 76 0.05
Juveniles 164 151 0.05
Adults 251 70 0.05
Cold season 158 152 0.05
Warm season 257 150 0.05

Ns = number of analysed stomachs, Nsm = minimum number of stomachs by category, CV = coeffi cient of variation for the respective sample 
size; SIN = Sinaloa, BCS = Baja California Sur.
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Table 2
Detailed characteristics of individual food components in the diet of Pacifi c red snapper, Lutjanus peru, collected in 

Sinaloa and Baja California Sur

 T
 Prey item

Sinaloa Baja California Sur

    N %N W %W F %F IRI %IRI N %N W %W F %F IRI %IRI

B Psammotreta grandis 4 0.25 2 0.27 3 1.65 0.85 0.03 8 0.27 0.95 0.05 3 1.29 0.41 0.01
Berryteuthis 
anonychus 1 0.03 2 0.11 1 0.43 0.06 0.00

C Loligo spp. 9 0.55 190.5 25.70 9 4.95 129.85 4.69 32 1.08 407.50 22.03 29 12.45 287.69 7.11
Lolliguncula 
diomedeae 3 0.18 78 10.52 2 1.10 11.77 0.42 6 0.20 138.50 7.49 6 2.58 19.81 0.49

Lolliguncula  
panamensis 8 0.27 195 10.54 5 2.15 23.21 0.57

Paroctopus digueti 3 0.18 11 1.48 3 1.65 2.75 0.10 3 0.10 9.5 0.51 3 1.29 0.79 0.02
G Natica spp. 2 0.12 0.75 0.10 2 1.10 0.25 0.01

Trochidae gen. spp. 1 0.06 0.25 0.03 1 0.55 0.05 0.00
M Glebocarcinus 

amphioetus 5 0.31 3 0.40 2 1.10 0.78 0.03

Elthusa vulgaris 3 0.18 6.8 0.92 3 1.65 1.82 0.07 2 0.07 8.5 0.46 2 0.86 0.45 0.01
 Petrochirus 

californiensis 1 0.06 0.5 0.07 1 0.55 0.07 0.00

Pleuroncodes planipes 58 3.58 35.6 4.80 17 9.34 78.27 2.82 574 19.38 564.80 30.54 80 34.33 1713.94 42.38
Ocypode spp. 1 0.06 3 0.40 1 0.55 0.26 0.01 1 0.03 0.5 0.03 1 0.43 0.03 0.00
Eurypanopeus spp. 1 0.06 4 0.54 1 0.55 0.33 0.01 1 0.03 1 0.05 1 0.43 0.04 0.00
Penaeus brevirostris 23 1.42 8.6 1.16 6 3.30 8.50 0.31
Penaeus californiensis 589 36.31 225.1 30.37 55 30.22 2015.20 72.72 588 19.85 238.10 12.87 57 24.46 800.59 19.80
Penaeus spp. 7 0.24 0.50 0.03 1 0.43 0.11 0.00
Penaeus stylirostris 147 9.06 28 3.78 12 6.59 84.66 3.06 21 0.71 83 4.49 7 3.00 15.61 0.39
Penaeus vannamei 9 0.55 9 1.21 2 1.10 1.94 0.07
Trachysalambria 
brevisuturae 30 1.85 10 1.35 3 1.65 5.27 0.19

Rimapenaeus faoe 107 6.60 11.5 1.55 5 2.75 22.39 0.81
Rimapenaeus pacifi cus 3 0.10 1 0.05 1 0.43 0.07 0.00
Xiphopenaeus riveti 2 0.12 1 0.13 1 0.55 0.14 0.01
Squilla aculeata 
aculeata 5 0.17 9 0.49 3 1.29 0.84 0.02

Squilla biformis 1 0.06 3 0.40 1 0.55 0.26 0.01 2 0.07 5 0.27 1 0.43 0.15 0.00
Squilla bigelowi 1 0.06 2 0.27 1 0.55 0.18 0.01 1 0.03 1 0.05 1 0.43 0.04 0.00
Squilla mantoidea 13 0.80 10 1.35 4 2.20 4.73 0.17 55 1.86 16.50 0.89 7 3.00 8.26 0.20
Squilla spp. 7 0.43 2.5 0.34 4 2.20 1.69 0.06 3 0.10 12 0.65 3 1.29 0.97 0.02

O  Myodocopida gen. spp. 401 24.72 10.6 1.43 19 10.44 273.02 9.85 1545 52.16 46.60 2.52 49 21.03 1149.93 28.44
Shrimp larvae 135 8.32 4.9 0.66 8 4.40 39.49 1.43 44 1.49 1.30 0.07 5 2.15 3.34 0.08
Crab larvae 5 0.31 2 0.27 3 1.65 0.95 0.03
Crustacean remains 0 0.00 29.4 3.97 20 10.99 43.59 1.57 0 0.00 17 0.92 14 6.01 5.52 0.14

 A Balistes polylepis 1 0.06 2 0.27 1 0.55 0.18 0.01
Selene brevoortii 1 0.03 1 0.05 1 0.43 0.04 0.00
Harengula thrissina 1 0.03 2 0.11 1 0.43 0.06 0.00
Anchoa spp. 5 0.17 41 2.22 4 1.72 4.10 0.10
Ophichthus zophochir 15 0.92 24 3.24 10 5.49 22.87 0.83 5 0.17 4.50 0.24 5 2.15 0.88 0.02
Cynoscion parvipinnis 7 0.24 14.80 0.80 4 1.72 1.78 0.04
Sebastes spp. 3 0.10 2.50 0.14 2 0.86 0.20 0.01
Fish remains 0 0 7.25 0.98 6 3.30 3.22 0.12 0 0.00 13.35 0.72 10 4.29 3.10 0.08
Fish eggs 45 2.77 1 0.13 4 2.20 6.39 0.23 30 1.01 0.70 0.04 2 0.86 0.90 0.02
UOM 0 0 13.9 1.88 9 4.95 9.27 0.33 0 0 10.30 0.56 4 1.72 0.96 0.02

 TOTAL 1622 100 741.2 100 182 120.3 2771.02 100 2962 100 1849.40 100 233 134.33 4043.87 100

T = taxon, B = Bivalvia, C = Cephalopoda, G = Gastropoda, M = Malacostraca, O = Ostracoda, A = Actinopterygii; N = number, W = weight, 
F = frequency of occurrence, IRI = index of relative importance (absolute values); %N, %W, %F, %IRI are respective percentage values; 
UOM = unidentifi ed organic matter.
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This trophic behaviour could be due to the high 
abundance of those prey species in the study area (Aurioles 
1992, Barbosa et al. 2012). Some authors have catalogued 
snapper as opportunistic predators that take advantage of 
available resources (Yáñez and Nugent 1977, Parrish 1987, 
Vázquez et al. 2008). Díaz (unpublished*) reported that in 
La Paz Bay Lutjanus peru fed mainly on urochordates, 
while Lutjanus argentiventris (Peters, 1869) fed mainly 
on fi sh eggs (Vázquez et al. 2008), which suggests that 
these species take advantage of available resources in their 
habitat and have therefore high trophic plasticity.

Given that males and females consumed shrimp, red 
pelagic crab, and ostracods in similar proportions, we 
did not fi nd an effect of sex on the diet of this predator. 
This feeding pattern has been reported for this and other 
species (Saucedo-Lozano et al. 1999, Santamaría et al. 
2003, Chiappa et al. 2004, Saucedo Lozano et al. 2006), 
and it has been suggested that it is due to a lack of sexual 
segregation and to gregarious behaviour (Rojas 1997, 
Ruíz et al. 1985, Santamaría et al. 2003).

The size at sexual maturity of the species was the most 
important variable in the feeding differences within and 
between regions. Like several snapper species (Rojas 
and Chiappa 2002, Santamaría et al. 2003, Rojas et al. 
2004, Guevara et al. 2007, Oliveira et al. 2011, Díaz 
unpublished*), it was found that as individuals of this 
species increase in size they incorporate a greater quantity 
of fi sh in their diet, because they acquire greater abilities 
to hunt prey with greater mobility such as fi sh (Saucedo-
Lozano 1999, Santamaría et al. 2003, Yan et al. 2012). 
This strategy has been identifi ed as a potential strategy 
of predators to reduce competition and increase the 
coexistence of competitors (Zaret and Rand 1971, Ross 
1986, Platell and Potter 2001, Navia et al. 2007).

Differences in the diet of the Pacifi c red snapper, 
Lutjanus peru, were also detected by season. During 
the warm season this species fed mainly on Penaeus 
californiensis, whereas during the cold season there 
was a high consumption of Pleuroncodes planipes, due 

to the temporal availability of each resource. Penaeus 
californiensis is a shrimp that is available year-round 
(Sierra et al. 2000, Madrid et al. unpublished**); however, it 
is most abundant from March to June, which is when it has 
its reproductive peak (Manzano et al. 2007). The pelagic 
red crab Pleuroncodes planipes has maximum abundance 
during the winter off the western coast of Baja California 
(Aurioles 1992); it inhabits mainly coastal areas, and is 
associated to upwellings (Alvariño 1976, Aurioles et al. 
1995, Aurioles and Pérez 1997). This behaviour coincides 
with what has been reported by some authors for L. peru, 
with differences in diet being described during the dry 
or wet seasons in other areas of the Mexican Pacifi c 
(Saucedo-Lozano et al. 1999, Santamaría et al. 2003).

The differences in diet of Lutjanus peru, by region are 
due to the higher consumption of Penaeus californiensis in 
SIN and of Pleuroncodes planipes in BCS. This variation 
may be related to the availability and abundance of these 
prey species in each region. The SIN area is dominated by 
sandy and muddy substrates, a wide continental platform, 
large mangrove areas, and productive coastal lagoons 
(Amador et al. 2003). These characteristics facilitate the 
settlement and growth of benthic invertebrates, among 
which are shrimp, which represent the highest biomass 
percent of invertebrates in the region (Anonymous 2012). 

The substrate is mainly rocky with a reduced 
continental platform in the BCS region (Obeso et al. 2004, 
Rodríguez et al. 2005). The wind patterns generate highly 
productive upwellings that favour the development of 
pelagic invertebrates (Obeso et al. 2004). Among these 
species is Pleuroncodes planipes, which reaches biomass 
values that are so signifi cant (>460 000 t, Aurioles et al. 
1995) that it is considered an important food item in the 
diet of bony fi shes, sharks, sperm whales and sea turtles 
(Sánchez unpublished***).

From the results of the presently reported study it 
can be inferred that the Pacifi c red snapper, Lutjanus 
peru,  plays a similar trophic role in the two studied 
regions, because in both areas it consumed mainly 
benthic crustaceans and fi sh. It should be noted that this 
species’ ontogenetic changes at the two locations result 
in it playing two different trophic roles during its life 
history, as juveniles and as adults. This increases the 
ecological value of this species through redundancy and 
formation of trophic guilds (Navia et al. 2012), in both the 
SIN and BCS trophic webs. It should also be noted that 
as this species acts as an intermediary in the energy fl ow 
from lower levels towards top predators (Arreguín and 
Manickchand 1998), and also has an important role in the 
structure of marine trophic webs (Navia et al. 2016). The 
need to carry out management and regulation actions that 
guarantee the permanence of this species in the studied 
ecosystems is emphasized.

* Díaz U.J.G. 1994. Análisis trofodinámico del huachinango, Lutjanus peru, en las bahías de la Paz y la Ventana., B.C.S., México. Tesis de Maestría en Ciencias, Centro 
de Investigación Científi ca y de Educación Superior, Ensenada, Baja California, México.
** Madrid V.J., Chávez D., Melchor J.M. 2001. Situación actual de las poblaciones de camarón café (Farfantepenaeus californiensis), en las costas de Sinaloa y norte de 
Nayarit, México. Documento Técnico. INAPESCA-CRIP- Mazatlán, Sinaloa, México.
*** Sánchez A.D. 2001. Depredación diferencial sobre la langostilla Pleuroncodes planipes (Crustacea: Galatheidae) por tres especies ícticas dominantes en los fondos 
blandos de la costa oeste de Baja California Sur. Tesis de Licenciatura en Biología Marina, Universidad Autónoma de Baja California Sur. 81 pp.

Table 3
R and P signifi cance values for diet similarity analyses 
(Analysis of similarities [ANOSIM]) between sexes, 

sizes and among seasons of Pacifi c red snapper Lutjanus 
peru collected in Baja California Sur and Sinaloa 

of in BCS and SIN

Baja California Sur Sinaloa
Variable R P R P
Sex –0.058 0.78 –0.062 0.75
Size 0.197 0.001s 0.178 0.04s

Seasons 0.464 0.002s 0.027 0.25
S = signifi cant values for diet similarity analyses.
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