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Invasive lionfish (Pterois sp.) have the potential to affect reef communities in the western Atlantic through pre-
dation on native species. Lionfish are opportunistic generalist carnivores whose diet varies significantly among
locations due to differences in local prey assemblages. As such, site-specific diet studies are needed to better
inform local research and monitoring. The objective of this study was to describe lionfish diet in the Arrecifes
de Cozumel National Park (ACNP), an ecologically and economically important marine protected area along
the eastern Yucatan Peninsula. Through the analysis 343 lionfish stomachs, we determined that 1) species of
the genera Sparisoma, Stegastes, Bothus, Haemulon, and Serranus are the most important prey to lionfish diet in
the ACNP, 2) lionfish in the ACNP transition from a shrimp to a fish dominated diet through ontogeny, and
3) the contribution of crabs to lionfish diet in the ACNP is the largest observed in the western Atlantic to date.
The data presented here can be used to inform research and monitoring efforts in and around the ACNP.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Indo-Pacific lionfish (Pterois sp.) have become an abundant and
ubiquitous mesopredator throughout the temperate and tropical west-
ern Atlantic (Schofield, 2010). The rapid expansion and proliferation of
lionfish is attributed to their broad environmental tolerances, high re-
productive output, defenses from predation, and generalist feeding be-
havior (reviewed by Côté et al., 2013). Several studies suggest lionfish
have the potential to negatively affect local reef communities through
predation on native species (e.g., Albins and Hixon, 2013), and may af-
fect native fish populations at regional scales (e.g., Ballew et al., 2016).
Therefore, understanding lionfish diet is important for identifying
their ecological role and potential effects on marine food webs.

More than 15 location-specific diet studies (e.g., Eddy et al., 2016;
Dahl and Patterson, 2014; Morris and Akins, 2009) and one regional
synthesis (Peake et al., 2018) have been published describing different
aspects of lionfish feeding ecology and foraging behavior. The
ersity, Department of Applied
States of America.
.

culmination of these reports indicates lionfish are opportunistic gener-
alist carnivores that consume at least 160 vertebrate and invertebrate
species across multiple trophic levels. As a result of this feeding behav-
ior, in combination with differences in local prey assemblages, lionfish
diet can vary significantly among locations (Peake et al., 2018). As
such, there is need for continued location-specific lionfish diet studies
to inform local research and monitoring, particularly within protected
areas.

The objective of this study was to provide a brief description of lion-
fish diet composition in the Arrecifes de Cozumel National Park (ACNP),
an ecologically and socio-economically important marine protected
area along the southern coast of Cozumel, Mexico. By determining the
composition and importance of different prey to lionfish diet and by de-
scribing their general feeding characteristics, these data can be used to
prioritize research and monitoring efforts in and around the ACNP.

2. Materials and methods

Lionfish (n = 343) were opportunistically collected from various
coral reef sites throughout the ACNP (20°17′21.59″N, 87° 0′16.93″W)
between August 2013 and March 2015. Samples were pooled across
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Table 1
The relative contributions and importance of prey to lionfish diet in the Arrecifes de Cozu-
mel National Park.

Prey category Prey metrics Indices of importance

%F %N %W IRI rank IOI rank IOP rank

Group
Fish 84.0 58.8 70.4 1 1 1
Shrimp 38.0 22.6 10.5 2 2 3
Crab 28.0 11.7 14.6 3 3 2
Unidentifiable mass 11.6 2.9 3.3 4 4 4
Other invertebrate 12.8 4.0 1.3 5 5 5

Family
Scaridae 5.6 2.3 8.8 1 1 1
Pomacentridae 5.2 1.3 6.3 2 2 2
Labridae 5.2 1.7 5.0 3 3 3
Monacanthidae 4.4 3.4 3.6 4 4 4
Serranidae 4.0 1.5 2.6 5 5 5
Bothidae 1.2 1.1 1.7 6 7 6
Haemulidae 0.8 0.2 2.3 9 6 8
Scorpaenidae 1.2 0.3 1.6 8 8 7
Calappidae 1.2 0.6 1.5 7 9 9
Gonodactylidae 0.8 0.2 1.6 11 10 10
Mullidae 1.6 0.4 0.6 10 11 11
Sparidae 1.2 0.3 0.4 12 12 12
Gobiidae 0.8 0.2 0.1 13 13 15
Portunidae 0.4 0.2 0.4 14 14 13
Synodontidae 0.4 0.1 0.3 16 15 14
Carangidae 0.4 0.2 0.2 15 16 16
Lutjanidae 0.4 0.1 0.2 17 17 17
Stenopodidea 0.4 0.1 0.1 18 18 18
Pomacanthidae 0.4 0.1 0.0 19 19 19

Genus
Sparisoma 2.8 0.9 7.2 1 1 1
Stegastes 3.2 0.8 4.4 2 2 2
Bothus 1.2 1.1 1.7 3 4 3
Haemulon 0.8 0.2 2.3 5 3 5
Serranus 1.6 0.4 1.2 4 5 4
Xyrichtys 0.8 0.3 1.6 7 6 6
Clepticus 1.6 0.4 0.6 6 8 8
Neogonodactylus 0.8 0.2 1.6 8 7 7
Scorpaena 0.4 0.1 1.4 10 9 9
Nicholsina 0.8 0.2 0.7 9 10 10
Thalassoma 0.4 0.2 0.6 11 11 11
Abudefduf 0.4 0.1 0.5 12 12 12
Halichoeres 0.4 0.1 0.4 14 13 13
Callinectes 0.4 0.2 0.4 13 15 14
Chromis 0.4 0.1 0.3 16 16 15
Monacanthus 0.8 0.2 0.0 15 13 20
Pseudupeneus 0.4 0.1 0.3 17 17 16
Synodus 0.4 0.1 0.3 18 18 17
Stenopus 0.4 0.1 0.1 19 19 18
Diplectrum 0.4 0.1 0.1 20 20 19
Pterois 0.4 0.1 0.0 21 21 21
Holacanthus 0.4 0.1 0.0 22 22 22
Scarus 0.4 0.1 0.0 23 23 23
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sampling dates and locations to represent the general area. The stan-
dard length (SL; mm) of each lionfish was recorded and their stomachs
removed, frozen, and shipped to the NOAA Beaufort Laboratory for pro-
cessing following themethods in Green et al., 2012. The lionfish used in
this study ranged in size from 42 to 340mm SL [234.2 ± 37.5 (mean±
SD)]. Ninety-three stomachs (27.1%) were empty and 64 prey items
(6.4%) were unidentifiable. This resulted in a total of 935 identifiable
prey for analysis with a total weight of 627.6 g.

The relative contributions of each prey group (e.g., fish), family, and
genus to lionfish diet was calculated using three relativemetrics of prey
quantity including percent frequency of occurrence (%F), percent com-
position by number (%N), and percent composition by weight (%W)
(Hyslop, 1980; Bowen, 1996). The relative importance of each prey cat-
egory was then calculated using three commonly used indices of
importance:

(1) Index of Relative Importance (IRI) (Pinkas et al., 1971)

IRIa ¼ Fa � Na þWað Þ

(2) Index of Importance (IOI) (Gray et al., 1997; Hunt et al., 1999)

IOIa ¼ 100 � FaþWað Þ
Ps

a¼1 Fa þWað Þ

(3) Index of Preponderance (IOP) (Natajrajan and Jhingran, 1961)

IOPa ¼ Fa �Wa
Ps

a¼1 Fa þWað Þ

where a is the group, family, or genus of interest, Fa is the frequency of
occurrence of a, Wa is the contribution of a to the total prey weight, Na

is the contribution of a to the total number of prey items, and s is the to-
tal number of each prey category for which the index was calculated.
Relative dietary importance of each prey was ultimately ranked based
on the average rankings of all three indices of importance (see
Table 1), which provided a more robust assessment.

Relationships between lionfish SL and the contributions of crab, fish,
and shrimp to their diet were examined using Spearman's rank-order
correlation coefficient. Samples were binned into nine lionfish size clas-
ses, each with 16–42 samples, prior to analysis.

Following the methods in Bizzarro et al. (2007) and Peake et al.
(2018), cumulative prey curves were used to determine whether the
families and genera identified in this study represent all families and
genera consumed by lionfish in the ACNP.

3. Results and discussion

Twenty-three genera and 19 families of vertebrate and invertebrate
preywere identified in this study (Table 1). Cumulative prey curve anal-
ysis indicated the families (p = 0.01) and genera (p = 0.0006) identi-
fied do not represent all families and genera consumed by lionfish in
the ACNP (Fig. 1). Based on the slopes of the linear regressions fit to
the last four points on each curve, we estimate that up to an additional
57 stomachs would have been needed to identify one new family and
genus in the diets of lionfish in the ACNP.

The most important families to lionfish diet in the ACNP were, in
order of descending importance, Scaridae (parrotfishes),
Pomacentridae (damselfishes), Labridae (wrasses), Monacanthidae
(filefishes), and Serranidae (sea basses). The most important genera
were Sparisoma, Stegastes, Bothus,Haemulon, and Serranus (Table 1). Re-
search into the potential direct and indirect effects of lionfish in the
ACNP could beginwith these prey given their high contribution and im-
portance to lionfish diet. These data can also be coupledwith reef survey
data to determinewhether lionfish are consuming prey that are in rela-
tively low abundance in the ACNP. If so, research and monitoring could
focus on these populations as the effects of lionfish predation may be
more severe. Lesser and Slattery (2011) and Kindinger and Albins
(2017) suggest lionfishmay indirectly affect algal communities through
predation on herbivores. The large contribution of Sparisoma and
Stegastes species to lionfish diet in the ACNP warrants attention since
the loss of grazers could have considerable consequences for overall
reef health (e.g., Mumby, 2006).

Fish and shrimp were the largest contributors and most important
prey groups to lionfish diet in the ACNP (Table 1). Spearman's rho indi-
cated moderate-to-strong (i.e., rho N 0.50) relationships between



Fig. 1. Cumulative prey curves for lionfish in the Arrecifes de Cozumel National Park at the family (top) and genus (bottom) levels.
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lionfish SL and the contributions of shrimp (negative relationship) and
fish prey (positive relationship) (Table 2). This finding indicates a po-
tential ontogenetic shift in lionfish diet in the ACNP, which is consistent
with other location-specific (e.g., Morris and Akins, 2009) and regional
reports (e.g., Peake et al., 2018) and appears to be consistent with
other scorpaenids (Harmelin-Vivien and Bouchon, 1976).

The contributions of fish and shrimp to lionfish diet in this study
were comparable to other locations (see Table 3 in Peake et al., 2018) in-
cluding other parts of the eastern Yucatan Peninsula (e.g., Valdez-
Moreno et al. (2012), Arredondo-Chávez et al., 2016). However, the
Table 2
Correlations between lionfish standard length (mm) and the contributions of their prey in
the Arrecifes de Cozumel National Park.

Metrics Spearman's correlation

Value range rho

Fish
%F 72.2–97.4 0.52⁎

%N 41.8–65.4 0.63⁎

%W 45.5–93.6 0.30

Shrimp
%F 58.9–25.0 −0.60⁎

%N 36.7–12.3 −0.80⁎⁎⁎

%W 33.2–1.9 −0.70⁎⁎

Crab
%F 6.3–39.5 0.02
%N 2.2–24.5 0.13
%W 0.8–31.4 0.20

⁎ Significant at the 0.01 level.
⁎ Significant at the 0.05 level.
⁎ Significant at the 0.10 level.
contribution of crabs (i.e., %F = 28, %N= 12, and %W= 15) is the larg-
est observed for lionfish in their invaded range. While lionfish are op-
portunistic generalist carnivores (Peake et al., 2018), individual and
population level dietary specializations can occur, and are more likely
to occur at local scales (Layman and Allgeier, 2012). Research is needed
to determinewhether lionfish in the ACNP preferentially consume crab,
or if crab are simply higher in relative abundance.

A total of 54 prey families have been reported across the four known
lionfish diet studies conducted along the eastern Yucatan Peninsula (see
Table 3). Gobiidae (Gobies), Gonodactylidae (mantis shrimps),
Labridae, Pomacentridae, Scaridae, and Serranidae were reported in all
four studies, and Labridae, Pomacentridae, Scaridaewere rankedwithin
the top sixmost important prey families to lionfish diet in this study and
Arredondo-Chávez et al., 2016 which was the only other study that re-
ported prey importance. Despite the likely effects of differences in
methodologies on prey composition among the studies (i.e., differences
in prey identification techniques), these findings suggest species in the
families Labridae, Pomacentridae, and Scaridae are among the most
common and important prey to the diets of lionfish throughout this re-
gion. The data presented here can be used to help prioritize research
and monitoring efforts in and around the ACNP.
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Table 3
Lionfish diet composition and prey importance across studies conducted along the eastern
Yucatan Peninsula.

This study Arredondo-Chávez
et al. (2016)

Valdez-Moreno
et al. (2012)

Villaseñor-Derbez
and Herrera-Pérez
(2014)

Bothidae (6) Alpheidae Alpheidae Apogonidae
Calappidae Apogonidae Apogonidae Blenniidae
Carangidae Aulostomidae Bothidae Gobiidae
Gobiidae Axiidae Euphausiidae Gonodactylidae
Gonodactylidae Bothidae Gobiidae Grammatidae
Haemulidae (7) Calappidae Gonodactylidae Hippolytidae
Labridae (3) Carangidae Grammatidae Labridae
Lutjanidae Chaenopsidae Haemulidae Labrisomidae
Monacanthidae (4) Columbellidae Holocentridae Mysidae
Mullidae Cymothoidae Hippolytidae Pomacentridae
Pomacanthidae Dactyloscopidae Labridae Portunidae
Pomacentridae
(2)

Disciadidae Labrisomidae Scaridae

Portunidae Engraulidae Monacanthidae Scorpaenidae
Scaridae (1) Gobiidae (7) Palaemonidae Serranidae
Scorpaenidae (8) Gonodactylidae Pomacentridae Tetraodontidae
Serranidae (5) Grammatidae Pseudosquillidae −
Sparidae Haemulidae Scaridae −
Stenopodidea Hemisquillidae Scorpaenidae −
Synodontidae Inachoididae Serranidae −
− Labridae (3) Tripterygiidae −
− Labrisomidae − −
− Littorinidae − −
− Lutjanidae − −
− Majidae − −
− Monacanthidae − −
− Mullidae − −
− Muricidae − −
− Palaemonidae (8) − −
− Palinuridae − −
− Penaeidae (4) − −
− Pomacentridae (2) − −
− Porcellanidae − −
− Portunidae − −
− Pseudosquillidae − −
− Rhynchocinetidae

(1)
− −

− Scaridae (6) − −
− Scyllaridae − −
− Sergestidae − −
− Serranidae − −
− Sicyoniidae − −
− Solenoceridae (5) − −
− Sphaeromatidae − −
− Stenopodidae − −
− Synodontidae − −
− Tripterygiidae − −

Families are listed alphabetically.
Families in bold were identified in all four studies.
Prey importance rank is noted in parentheses where applicable.
Sampling locations, prey identification techniques, and sample sizes for each study were
as follows:
• This study (Arrecifes de Cozumel National Park, visual, n = 343).
• Arredondo-Chávez et al. (2016) (numerous locations from Isla Contoy to Xcalak,
visual, n = 1482).
• Valdez-Moreno et al. (2012) (numerous locations from Isla Contoy to Xcalak, DNA
barcoding, n = 157).
• Villaseñor-Derbez and Herrera-Pérez (2014) (Puerto Aventuras, visual, n = 109).
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