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Abstract: Impact of invasive species on native biota may be due to predation, competition for space or food, or
indirect effects. Lionfish (Pterois volitans), invasive in the western Atlantic, is a voracious generalist predator, so
it is expected to have a significant trophic overlap with native fishes of comparable size and habits. The goal of
this study was to determine the diets of potential competitors of the lionfish, in particular a grouper, Cephalopholis
cruentata (Graysby), and a snapper, Lutjanus apodus (Schoolmaster), and to compare them to the diet of lionfish
in Xcalak, southern Mexican Caribbean. Stomach contents were analyzed and electivity and diet overlap were
estimated. The trophic overlap between the lionfish and the two putative competitors, especially the grouper, was
high, including prey that was consumed by the predators in higher proportion than the relative abundance of the
prey in the environment, and probably at the same time of day. Lionfish and grouper shared as important diet items
Stegastes sp., Halichoeres sp., Brachyura, and Palaemonidae, and most full stomachs were found during the early
morning. The hypothesis of competition between them for particular prey is supported, so we advise to continue
the culling programs of lionfish and also to monitor the abundance of the possible native competitors.
Keywords: Feeding habits; native predators; invasive species; competition; Mexico.

Traslape trofico del pez ledn (Pterois volitans) y dos depredadores nativos (Lutjanus
apodus 'y Cephalopholis cruentata) en el Caribe occidental

Resumo: El impacto de las especies invasoras sobre la biota nativa puede deberse a depredacion, competencia por
espacio o alimento, o efectos indirectos. El pez leon (Pterois volitans), invasor en el Atlantico occidental, es un voraz
depredador generalista, de modo que se espera que tenga un notable sobrelape trofico con peces nativos de tamafio y
hébitos comparables. El objetivo de este estudio fue determinar las dietas de competidores potenciales del pez leén,
en particular un mero, Cephalopholis cruentata (payaso), y un pargo, Lutjanus apodus (canchix), y compararlas
con la dieta del pez ledn en Xcalak, sur del Caribe mexicano. Se analizaron los contenidos estomacales y se estimo
la selectividad y el traslape de dietas. El traslape trofico entre el pez ledn y los dos posibles competidores, sobre
todo el mero, fue amplio, incluidas presas consumidas por los depredadores en proporcién mayor a la abundancia
relativa de éstas en el ambiente, y probablemente a la misma hora del dia. El leén y el mero compartieron como
presas importantes Stegastes sp., Halichoeres sp., Brachyura, y Palaemonidae, y la mayoria de los estdémagos
llenos se encontraron en horas tempranas de la mafiana. Se apoya entonces la hipotesis de competencia entre ellos
por presas especificas, de modo que recomendamos continuar el programa de extraccion de pez ledn y también el
monitoreo de la abundancia de los posibles competidores nativos.

Palavras-chave: Habitos alimenticios, depredadores nativos, especies invasoras; competencia; México.
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Introduction

Invasive species have the potential to alter the structure and
functioning of communities and ecosystems, displacing native species
by predation or competition for habitat or food (McCleery 2011;
Ruttenberg et al. 2012). The competitive advantages of invaders over
natives may be due to the absence of predators and other natural limits
in the invaded areas (Weis 2011; Layman & Allgeier 2012; Paolucci et
al. 2013; Raymond et al. 2015). Introduced exotic species may induce
trophic cascades (Mufioz et al. 2011; Lonnstedt & McCormick 2013).

The reduction of available prey induced by the invasive predator
can also have an impact on a native predator, and the damage may be
further compounded by fishing pressure on the native predator (Albins,
2013; Leung et al., 2015). In addition, the fact that lionfish can both
prey on and compete with some native species makes the impact more
complex, even stronger, and harder to model and predict (Mills et al.
2004): White et al. (2006) found no clear patterns in the literature that
they reviewed about indirect effects of invasive species.

Lionfishes (Pterois volitans and P. miles) are scorpaenids native to
Indo-Pacific coral reefs, escaped from the aquarium trade and presently
invading the western Atlantic (Semmens et al. 2004). In the western
Caribbean, P. miles is known from very few records (Guzman-Méndez
et al. 2017), but lionfish has become abundant and widespread from
subtropical USA to Brazil (Ferreira et al. 2015). They are generalist
predators that consume a great diversity and abundance of mostly
demersal fishes (Cobian-Rojas, Schmitter-Soto, Aguilar Betancourt,
et al. 2018), in a variety of habitats (Jud et al. 2014).

Following Albins’ (2013) experience with lionfish and Coney,
Cephalopholis fulva, our hypothesis is that lionfish should overlap
broadly in diet with native predators of comparable size, e.g. groupers
and snappers. Most groupers in the western Caribbean are larger than
adult lionfish, except the two species of Cephalopholis, C. fulva and C.
cruentata, which often are also the most abundant ichthyobenthophagous
fishes in the reef (Loreto-Viruel et al. 2003). The former species used to
be more common in past decades, dominance shifting recently towards
the latter (Schmitter-Soto et al. 2017). As for snappers, many species
fall within the size range of the lionfish, the most abundant ones being
L. apodus in the reef and L. griseus in mangroves; most individuals
found in the reef lagoon tend to be large juveniles or young adults, with
larger specimens dwelling deeper in the front reef and younger fish
taking refuge among mangrove roots (Nagelkerken 2007).

Stomach contents analysis is the method of choice for identifying
specific prey items in diets; Cortés (1997) has advised that data based
on volume, based on number of individuals and number of stomachs
can be combined in an index of relative importance (e.g. Pinkas et
al. 1971). The list of prey species can be greatly expanded if genetic
barcoding methods are applied (Valdez-Moreno et al. 2012). On the
other hand, a different approach, stable isotope analysis, although losing
in taxonomic information, can detect origin signatures of the carbon in
fish tissue, thereby determining habitat changes e.g. from mangrove to
reef, as well as estimating the trophic level via the isotopes of nitrogen,
and combining these to depict trophic niches (Cocheret de 1a Moriniére
et al. 2003).The aim of this work is therefore to compare the diets of
two potential competitors of lionfish for food resources, grouper C.
cruentata (Serranidae) and snapper Lutjanus apodus (Lutjanidae), in
Xcalak, Mexican Caribbean.
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Materials and methods

1. Study area

Field work was carried out in the reef lagoon and the shallower
front reef of Xcalak, Mexican Caribbean (Figure 1). The locality,
a marine protected area, is part of the Mesoamerican Barrier Reef
System, which in its northern part has a well-developed fringing reef. At
Xcalak, the reef barrier is punctuated by a few channels, locally termed
“quebrados”. The reef lagoon is about 1000 m wide and on average
3 m deep, with seagrasses and coral patches, as well as sand flats and
isolated gorgonians (Ruiz-Zarate et al. 2003).

Figure 1. Collection localities (numbered) for Cephalopholis cruentata, Lutjanus
apodus, and Pterois volitans, in Xcalak, Mexican Caribbean.

The region has a dry season, usually from February to April,
followed by rains in May to September, and a cold-fronts season
in October-January (Espinoza-Avalos et al. 2009). Surface water
temperature is high, always above 26 °C, on average 29 °C. Tides are
semidiurnal and moderate (a variation of just 20-50 cm), but they induce
outward and inward currents through the above mentioned “quebrados”
(Hernandez-Arana et al. 2009). The coastal current usually flows north,
although there can be local eddies and countercurrents. Hurricanes occur
from June to October, and they can strongly affect the structure of the
reef (Jordan-Dahlgren & Rodriguez-Martinez 1998).

2. Field and laboratory work

We sampled in September and October 2014, and March and April
2015, thus representing both the rainy and dry seasons of the region.
We actively searched for lionfish, the grouper, and the snapper in the
reef lagoon and the shallow front reef of Xcalak, in coral patches and
over algae, sand, and seagrass, at depths from 2 to 10 m; we omitted
mangrove, where juveniles of the three species are predominant, and
deeper reaches of the reef, where larger adults of the three can be
found. We used a variety of fishing gear, including cast nets and hook-
and-line, but harpoon where snorkeling was most effective. We also
acquired specimens of grouper and snapper from local fishermen, and
most individuals of lionfish were donated to us by the lionfish control
program of the marine park. Given our choice of sampling habitat, most
snapper were juveniles (fork length [FL] at first maturity, 25 cm: Froese
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& Pauly 2020), whereas most grouper and lionfish were adults (FL at
first maturity, 16 cm and 11 cm, respectively: Froese & Pauly 2020).
Each sampling expedition lasted 4-5 days, and every sampling event
took about 2 hours, during daylight (8:00-18:00 h).

The fish were weighed wet in the field with a scale (to the nearest
0.1 g) and their total length (TL) measured with an ichthyometer (to the
nearest | mm). Then the stomach was extracted, from the esophagus to
the beginning of the intestine (McCleery 2011), and placed in jars with
96% ethanol, which were kept in ice.

In the laboratory, the stomachs were flushed with water and
the contents emptied in a petri dish, where they were classified by
recognizable items under a binocular microscope (ca. 10X). The prey
were identified using appropriate keys and guides, and the number of
individuals counted when possible. Also, the volume of every item, from
every stomach, was measured by displacement of water in a graduated
cylinder (to the nearest 1 ml).

3. Data analysis

The percentage of empty stomachs for each species was graphically
examined to establish whether foraging activity fluctuated by time of
day. To do this, the number of collected specimens was controlled by
the number of hours and fishers at every time of day (i.e. two-hour
intervals, from 8-10 h to 16-18 h).

Prey accumulation curves were fitted as a function of the number of
stomachs, using the Clench model with 100 aleatorizations, a sigmoid
curve that incorporates a “learning window” at the start and predicts the
“true” richness asymptotically (Jiménez-Valverde & Hortal 2003). For
every diet item, three variables were calculated: frequency of occurrence
as the percentage of stomachs with the item (F), percent volume (V),
and percent abundance, i.e., number of individuals (V). The three
variables were examined separately and also combined as the Index of
Relative Importance (Pinkas et al. 1971), IRI=F (N + V), expressed
as a percentage by dividing the /R of every item by the sum of the /R/
values for all items (Dahl & Patterson III 2014).

We also evaluated electivity, by means of Ivlev’s index (as modified
by Jacobs 1974), E = (r - p) / (r + p), where r is the fraction (relative
abundance) of an item in the stomachs and p is the fraction of the same
item in the environment. Environmental abundance of prey (only fish

prey) was based on the data of a simultaneous study in Xcalak, with
visual censuses of fish (Schmitter-Soto et al. 2017; Cobian-Rojas et al.
2018). Values of £ toward -1 mean avoidance or inaccessibility, whereas
values approaching 1 indicate active selection, and values around zero
imply random feeding.

The food items shared by the studied predators were compared by
means of Kruskal-Wallis tests (Zar 1998), to detect differences (p <
0.05) in abundance, volume, frequency, IR/, or E, using the software
Statistica (Statsoft 2007), A complementary, more integral approach to
examine trophic overlap of the three species (pairwise) was the use of
Schoener’s index (Schoener 1968): D,=1-7% ZL”,, - p,l, where p;
and p, are the fractions of each food item 7 in the stomachs of species
and £, respectively. Zero implies no overlap at all, and D = 1 represents
complete overlap between the species being compared; values of D
> 0.6 are considered to signal substantial dietary overlap (Layman &
Allgeier 2012).

Results

We caught 60 specimens of grouper (129-270 mm LT, mean 199
mm; 30-282 g, mean weight 136 g; 97% juveniles), 59 of snapper (110-
312 mm LT, mean 213 mm; 21-520 g, mean weight 180 g; 90% adults),
and 131 of lionfish (70-380 mm LT, mean 184 mm; 10-712 g, mean
weight 106 g; 96% adults). According to the prey accumulation curves,
our data represent about 80% of the diet composition for each species.

Empty stomachs reached 44% in lionfish, 53% in the grouper, and
68% in the snapper. For the snapper there was no clear relationship to
time of day, whereas for the grouper most of the full stomachs occurred
during the early morning (Figure 2).

We identified 16 taxa in stomachs of lionfish, 13 in the grouper,
nine in the snapper (Table 1). All three species are predators of fish and
crustaceans, although the snapper tended to prefer the latter, whereas the
lionfish and the serranid were mostly piscivores (Figure 3). Because there
were no environmental data available for crustaceans, electivity could be
evaluated only for two species (Table 2): the grouper actively predated
on Hypoplectrus sp. (E=1), unlike Halichoeres sp. and Stegastes sp.,
whereas lionfish selected Coryphopterus glaucofraenum, C. personatus,
Holacanthus ciliaris, Halichoeres maculipinna, and Cantherhines

Figure 2. Specimens collected by time of day, controlled by number of hours and fishers, for (a) Cephalopholis cruentata and (b) Lutjanus apodus in Xcalak,

Mexican Caribbean. Bars are standard errors.
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pullus, all with E=1. Some lionfish prey occurred in lower abundance
in the stomachs than in the environment: Stegastes partitus, Acanthurus
coeruleus, Halichoeres garnoti, and Thalassoma bifasciatum.

Table 1. Food items and their percent Index of Relative Importance in
the diets of grouper Cephalopholis cruentata, snapper Lutjanus apodus,
and lionfish Pterois volitans in Xcalak, Mexican Caribbean.

Prey C. cruentata L. apodus P, volitans
Brachyura 8.09 51.95 0.07
Fish remains 14.89 8.96 7.46
Portunidae 0.14 13.16 0
Coryphopterus personatus 0 0 12.95
Palaemonidae 2.50 1.46 10.88
Ezi?eerntiﬁable organic 204 0.97 1072
Hypoplectrus sp. 1.46 0 0
Lyosquilla sp. 1.40 0 0
Stegastes sp. 1.09 0 0
Sipunculus cf. nudus 0 0.88 0
Gobiidae 0 0 0.60
Thalassoma bifasciatum 0 0 0.59
Cronius sp. 0 0.47 0
Portunus vocans 0.34 0 0
Callinectes sp. 0.15 0.29 0
o oo o
Hydrozoa 0 0.24 0
Stenopus sp. 0.19 0 0
Panulirus sp. 0.14 0 0
Halichoeres sp. 0.12 0 0
Acanthurus coeruleus 0 0 0.05
Balistes vetula 0 0 0.05
Cantherhines pullus 0 0 0.05
Halichoeres maculipinna 0 0 0.05
Halichoeres garnoti 0 0 0.03
Holocanthus ciliaris 0 0 0.03
Stegastes partitus 0 0 0.01
Pomacanthidae 0 0 0.01

The lionfish and the grouper shared as important diet items Stegastes
sp., Halichoeres sp., Brachyura, and Palaemonidae. With the snapper,
the lionfish shared as important prey fish remains, Brachyura, and
Palaemonidae. In both cases, D > 0.6 (0.86 and 0.99, respectively),
which implies a very high overlap in the consumption of these prey.

Most fish prey were consumed in different proportions by lionfish
and snapper (usually lower consumption of fishes by the snapper), both
by volume and by abundance, except for Stegastes sp. and Halichoeres
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sp. On the contrary, palaemonids and brachyurids were eaten in higher
volume and abundance by the snapper.

Discussion

We find a substantial overlap, both in the overall diet and in
particular prey items, mostly between the lionfish and the grouper, less
so between lionfish and snapper. This includes also active electivity
of some prey by lionfish and grouper, and foraging probably occurred
at the same time of day. Trophic overlap, especially when coupled
with active electivity of prey, supports the hypothesis of competition
between predators (Barley et al. 2017). Competition of invasive
lionfish with native predators has not been definitely proven (Coté et
al. 2013); in fact, “proving” competition is controversial, because of
“repeated attempts to infer causality from community patterns, without
first having understood the mechanisms of the interaction” (Murray &
Ilius 2000). We do not claim to “prove” competition; however, our
study provides evidence of diet overlap, especially in the case of the
grouper. In spite of differences in diet composition, lionfish and the
grouper significantly share such prey as Halichoeres sp. and Stegastes
sp., as well as brachyurans and palaemonids, which moreover are not
captured opportunistically, but actively selected. Lutjanus apodus also
shares with the lionfish the mentioned crustaceans, although the reliance
of the snapper on them is higher.

Time of feeding directly determines percentage of empty stomachs.
Both the snapper and the grouper are reported to have crepuscular habits
(Randall 1967; Sierra et al. 1994), although we found more empty
stomachs for the snapper during the morning, as well as an important
proportion of stomachs with already digested contents, which suggests
that foraging is mostly nocturnal for the snapper in Xcalak. Lionfish
is also thought to hunt mostly at dawn (Green et al. 2011), although
Morris & Akins (2009) found them to be more active during the day, and
Garcia-Rivas et al. (2018) discovered that younger lionfish search for
prey during the night, whereas larger individuals do so during the day.
This temporal factor in habitat use contributes to minimize competition
of lionfish with the snapper, but probably not with grouper.

We sampled in two seasons of the year, dry and rainy, which differ
not just by the influence of rainwater on salinity close to the coast,
but also because of the organic enrichment by runoff; we omitted the
colder season, which in terms of precipitation is intermediate. These
seasonal changes can induce shifts in dominance, especially of benthic
invertebrates; Pimentel & Joyeux (2010) did find differences in trophic
niche between juvenile snappers due to this seasonal change.

One additional factor that minimizes competition between lionfish
and snapper, but not between lionfish and grouper, is that the latter share
fishes as preferential prey, whereas the snapper preferred crustaceans,
as reported also by Mufioz et al. (2011) and Arredondo-Chévez et al.
(2016). Sierra et al. (1994) observed that fish prey have a greater energy
content than crustaceans. There are also differences in hunting strategy:
snappers tend to hunt in group rather than individually (pers. obs.,
although up to one-third of lionfish hunts occur in groups, according
to Garcia-Rivas et al. 2018). These findings coincide with research in
Cuba (Sierra et al. 1994) and the Bahamas (Layman & Allgeier, 2012).

On the other hand, the diets of snappers and also of lionfish shift in
varying degrees from crustaceans at young stages towards piscivory at
larger sizes (McCleery 2011). This was not evident in the present study
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Figure 3. Importance by relative volume (V), frequency of occurrence (F) and
abundance (N) of fish (green) and crustaceans (orange) in the diet of Pterois
volitans, Cephalopholis cruentata, and Lutjanus apodus in Xcalak, Mexican
Caribbean. Bars are standard errors.

because of the exclusion of the smaller juveniles and the larger adults,
but ontogenetic diet changes are common in fishes and are often coupled
with habitat shifts, e.g. as juveniles move from mangrove to the reef as

they grow (Cocheret de la Moriniére et al. 2003; Nagelkerken & van
der Velde 2004). Since our study concentrated in just one habitat (the
habitat where the three studied species tend to have the same sizes),
the results are less confounded by ontogenetic changes, although this
means also that the conclusions cannot be extrapolated to other habitats.
Prey size, related to gape, can be another way to minimize competition
(Barley et al. 2017), but it was uniform as well.

Predation and competition are the main ecological interactions
that define community structure (Lonnstedt and McCormick, 2013).
The presence of an invasive predator alters prey abundance directly,
and competitor abundance indirectly, but both can be significant
(Arias-Gonzalez et al. 2011; Green et al. 2012; Leung et al. 2015). The
impact of the invader depends on its life history, including its trophic
dynamics, and also on the ecology of the invaded community (Jones &
Gomulkiewicz 2012): if the integrity of the invaded community is high
(especially in terms of its species richness and the balanced presence
of trophic guilds), it can be expected to display biotic resistance to
invaders (Albins & Hixon 2011). In particular, it has been suggested
that large groupers and sharks could exert some biological control on
lionfish (Mumby et al. 2011). However, in the western Caribbean, this
has been shown not to be the case in the Bahamas (Anton et al. 2014),
Mexico and Cuba (Cobian-Rojas, Schmitter-Soto, Aguilar Betancourt
et al. 2018), and also Belize (Hackerott et al. 2013).

The conclusion of Valdivia et al. (2014) is that managers should not
rely on native predators to outcompete lionfish, and, same as Cobian-
Rojas, Schmitter-Soto, Aguilar Betancourt, et al.(2018), that the biotic
resistance hypothesis is most often not supported. Hackerott et al. (2013)
found that the density of lionfish had no relationship to the density
of native predators. This implies a gloomy outlook for local faunas;
generalist predators tend to be more successful as invaders (Mufioz et
al. 2011), especially when their strategies are unknown to native prey
(Layman & Allgeier, 2012). Because of the similarity in hunting habits,
rather than competing with snappers and groupers, the lionfish could
be anticipated to compete with the native Caribbean scorpaenid of
comparable size, Scorpaena plumieri. Arredondo-Chévez et al. (2016)

Table 2. Relative abundance of prey of lionfish Pterois volitans and grouper Cephalopholis cruentata in Xcalak, Mexican Caribbean, in two
natural habitats and in the stomachs. Ivlev’s electivity index (E) also shown. Full names of species, in Table 1.

Prey Reef lagoon Frontal reef P volitans C. cruentata E

A. coeruleus 2.5 2.0 1.0 - -0.3
B. vetula 0 1.0 1.0 - 0

C. pullus 0 1.0 . 1.0
C. glaucofraenum 0 1.0 . 1.0
C. personatus 0 0 2.9 - 1.0
H. garnoti 2.3 1.5 1.0 } 02
H. maculipinna 0 0 1.0 3 1.0
Halichoeres sp. 2.2 0 - 1.0 0.4
H. ciliaris 1.0 0 1.0 - 1.0
Hypoplectrus sp. 0 0 R 1.0 1.0
S. partitus 1.8 32 1.0 - -0.5
Stegastes sp. 23 0 - 1.0 04
T. bifasciatum 5.7 7.8 1.3 - -0.7
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found that S. plumieri preferred octopi, which are rare or absent from
lionfish diet; however, based on analyses of stable isotopes of nitrogen
and carbon, the same author proved niche overlap not just between
both scorpaenids, but also among both the grouper and the snapper.

Raymond et al. (2015) found that prey tend to be captured
preferably by the largest predator. Although the size intervals overlapped
completely in our samplings, lionfish was largest (380 mm TL), followed
by the snapper (310 mm) and the grouper (199 mm). Pterois volitans
can reach 490 mm in invaded habitats (Darling et al. 2011). This is
an additional advantage for the invader in Xcalak and many other
Caribbean localities, where larger snappers and groupers, as well as
sharks, have become very scarce, due mainly to historical overfishing
in addition to coastal development and other impacts on the coral reef
(Schmitter-Soto et al. 2017).

Our prey accumulation model fell short of the results of Arredondo-
Chavez et al. (2016), who found 79 prey items in lionfish stomachs, quite
above the prediction of our model, and also much more than what was
reported by Mufioz et al. (2011), who listed only 18 prey items, or even
Valdez-Moreno et al. (2012), with 34 species, most of these identified
using molecular markers. We think that the difference is due not to
sample size (number of stomachs), but rather to geographic diversity:
Arredondo-Chavez et al. (2016) worked in six localities spread over
the Caribbean coast of Mexico, two of them insular. It is known that
lionfish diet varies opportunistically by region and habitat (Pimiento
et al. 2013; Garcia-Rivas et al. 2017).

According to Lonnstedt and McCormick (2013), invasive
predators with generalist feeding habits are expected to have more
severe effects on the invaded community, because of the multiple and
often more complex roles that they can play. The wide trophic niche
of the lionfish has been confirmed by many authors (McCleery 2011;
Muiloz et al. 2011; Ruttenberg et al. 2012; Valdez-Moreno et al. 2012).
Notwithstanding, even generalist or opportunistic predators can display
some active prey selection. The preference for a given food item can be
due to its being more profitable in energetic terms (Begon et al. 1987), or
else a methodological artifact, especially in the case of cryptic prey, such
as gobies, underestimated in visual censuses (Green et al. 2012). Other
important food items for lionfish and its putative competitors at Xcalak,
prey such as S. partitus, A. coeruleus, H. garnoti, and T. bifasciatum, are
among the most abundant fish species in the environment (Schmitter-
Soto et al. 2017), and yet they had a negative electivity index, which
does not support the idea of opportunistic predation.

Prey naiveté has been invoked as an explanation for the competitive
advantage of invasive predators: the grouper or the snapper may be
recognized as potential predators, whereas lionfish is not, because it has
not coevolved with the local ichthyofauna (Coté et al. 2013; Leung et al.
2015). Nevertheless, it is remarkable that local fish species have quite
quickly “learned” to “use” the presence of lionfish to their benefit, in
spite of facing a new predator: such potential prey as the fairy basslet
(Gramma loreto) have been found to share refugia with lionfish at night,
presumably seeking protection from nocturnal marauders (Garcia-Rivas
et al. 2017).

Dahl & Patterson (2014) predicted that the negative impacts of
lionfish will surely increase as their populations grow. In addition,
the historic or continuing overfishing of native piscivores, such as
Epinephelus guttatus, E. striatus, C. cruentata, C. fulva, L. apodus,
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L. griseus, and L. jocu, has affected their abundance in Xcalak and
generally in the western Caribbean in the last decades (Schmitter-Soto
et al. 2017). Moreover, lionfish preys on fish from different trophic
guilds (herbivores, detritivores, small predators), as well as diverse
macroinvertebrates. Therefore, its impact extends across trophic levels
(Lonnstedt & McCormick 2013).

In conclusion, the trophic overlap between the lionfish and the
two putative competitors, especially the grouper, was high, including
prey that were selected by the predators, and probably at the same time
of day, so the hypothesis of competition between them for particular
prey is supported. Although the expansion of invasive lionfish in the
Caribbean is likely reaching a limit in distribution, abundance, and
body size (Cobian-Rojas et al. 2016; Sabido-Itz4 et al. 2016), and albeit
the diet overlap here shown does not necessarily imply a “domino
effect” across the trophic web, as modelled by Arias-Gonzalez et al.
(2011), we think it is most prudent to continue the culling programs
of lionfish (Coté et al. 2014), and also to monitor the abundance of
possible competitors, such as snapper and grouper, in such long-term
endeavors as the Atlantic and Gulf Rapid Reef Assessment Program,
AGRRA (Ginsburg & Lang 2003).
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