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Abstract Lionfish are successful invasive predators in
the Caribbean region and inhabit a large range of habi-
tats. Our study in the Caribbean has focused on the
relationships between the biological characteristics of
lionfish particularly their size, their activities and use
of those different habitats. In this study, we observed a
high number of lionfish individuals, focusing on the
behavioural activities and biological traits in relation to
different habitats and environmental characteristics. We
monitored 793 individuals, recording their activities,
biological traits, and habitat characteristics. Our results
report that lionfish are not solitary, but frequently form
groups for many activities. We provide evidence of
differences between lionfish habitat use according to
activity, and the size of individual fish. Considering
the size is correlated with age, coral reefs appear to be
the preferred habitat of older individuals, whereas the

youngest lionfish use a diversity of habitats, ranging
from mangroves to coral reefs. In addition, this study
suggests that predation of lionfish is age-dependent
strategy, and depends on time and the tone of the envi-
ronment. Lionfish do not only use the head-down pos-
ture to catch prey but also horizontal and head-up pos-
tures. The youngest lionfish hunt mainly in dark areas
and during the night while the older fish were observed
hunting mostly during the day and in clear areas. These
new aspects of lionfish ecology and behaviour are
discussed in light of their invasive success.
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Introduction

Lionfish, Pterois voli tans (Linnaeus, 1758)
(Scorpaeniformes, Scorpaenidae), is an invasive species
in the Caribbean that can cause serious damage to reef
ecosystems (Albins and Hixon 2013). It occupies a wide
range of habitats such as mangroves, sand, barrier reefs,
lagoons, and it has also been reported in man-made
structures and docks (Jud et al. 2011). This carnivorous
fish eats small reef crustaceans and fish (Valdez-Moreno
et al. 2012). The importance of crustaceans in their diet
is inversely proportional to the age of the fish, where the
largest lionfish prey almost exclusively on teleost fish
(Morris and Akins 2009). Lionfish represent an impor-
tant competitor for native carnivores (O'Farrell et al.
2014; Raymond et al. 2015), reducing the recruitment
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of reef fish by up to 79% (Albins and Hixon 2008) as
well as the invertebrate population (Albins and Hixon
2013). Recent studies on the relationship between lion-
fish and its possible predators suggest that they are not
efficiently controlled by sharks or large groupers, and
that direct capture by fishing remains the best control
measure to decrease its abundance (Hackerott et al.
2013; Anton et al. 2014; Valdivia et al. 2014). However,
current control measures are based on direct capture by
divers and fishermen, which has resulted in great effort
with local and limited results (Barbour et al. 2011;
Frazer et al. 2012).

In their original environment, lionfish are able to
adapt to a wide range of habitats (Albins and Hixon
2013). For example, Cure et al. (2014) show the
plasticity of lionfish to water visibility: in Guam Is-
land (US territory in the western Pacific Ocean),
P. volitans is associated with low water visibility,
whereas in the Philippines it is more often found in
clear water in reef-associated habitat. Bejarano et al.
(2014) showed that reef complexity may influence the
abundance of lionfish which tend to choose sites with
high density of prey when they hunt. Anton et al.
(2014) showed that in the Bahamas, lionfish prefers
sites that have a low degree of exposure to wave
energy, and during the hours of strongest daylight
they take refuge in protected shelters. It is also an
opportunist and generalist hunter (Layman and
Allgeier 2011) that hunts its prey during hours of
low light intensity (Green et al. 2011). Even if lionfish
are generally considered as solitary (Fishelson 1975),
they may predate in groups during cooperative hunt-
ing (Lönnstedt et al. 2014). Many authors mentioned
that lionfish hunt preferably at low light intensity
(Green et al. 2011). Fishelson (1975) mentioned that
in the Red Sea, predation is a nocturnal activity for
lionfish. In the Caribbean, other authors observed that
the foraging activity occurs around sunrise and sun-
set, and that lionfish are inactive the rest of the time
(Green et al. 2011; Green and Côté 2014). Fishelson
(1975) describes that lionfish use their pectoral fins to
flush fish and benthic invertebrates into their mouths.
Lionfish also blow a jet stream of bubbles to mimic a
current, tricking fish into swimming headfirst into
their mouths (Albins and Lyons 2012). Jud and
Layman (2012) investigated lionfish in an estuary in
Florida, finding a pattern of site fidelity.

In a large variety of fishes, differences in use of
habitats are related to the size of the fish which generally
reflect the age, and activities, principally for reproduc-
tion, feeding and predation. For example, in the Carib-
bean, several species of fishes use mangrove and
seagrass beds as nurseries mainly because it provides
better protection against predators (Nagelkerken et al.
2001). However, according to the same authors, the
dependence for a specific kind of habitat (e.g., seagrass
bed, mangrove) may differ according to species. In this
context, Dahlgren and Eggleston (2000) demonstrate, in
the Nassau Grouper, the existence of a trade-off between
growth and being predated that provokes a shift between
habitats according to fish body size. Furthermore, when
there is a separation between day and night activities,
these can occur in different habitats or microhabitats.
For example, Jadot et al. (2006) tracked salema (Sarpa
salpa L. 1758; Perciformes, Sparidae) and demonstrated
that this fish used different habitats according to their
resting or displacement activities that to a large extent,
depend on, whether it is the night or day.

According to Edwards et al. (2014) and Johnson and
Swenarton (2016), the size of lionfish reflects their age.
The smallest individuals are more vulnerable when
faced with predators such as larger lionfish or groupers
(Maljković et al. 2008; Valdez-Moreno et al. 2012).
Also small lionfish may have different strategies than
older and larger individuals with regard to their choice
of habitats, daily activities, and social and predation
behaviour.

The literature provides a wide range information
about the time predation occurs, solitary or group-
ing behaviour, and the use of different habitats by
lionfish, showing the high plasticity of this species.
In order to develop adequate control strategies, it is
important to identify lionfish behaviour in relation
to their biological traits, particularly their size, hab-
itat characteristics and behavioural activities. To
understand these relationships, we used a large
variety of factors in different habitats to allow us
clarify lionfish life strategies in the southern region
of the Mexican Caribbean. Furthermore, we
hypothesise that behavioural activities used in a
large range of habitats where lionfish were ob-
served, may differ according to age, determined as
the size of these fish, the time of day and micro-
habitat characteristics.
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Material and methods

Collecting sites

We conducted lionfish observations between May 2013
and May 2014 in three localities in Quintana Roo State,
in the Mexican Caribbean (Fig. 1): Mahahual (18°42'N-
87°42'W), Banco Chinchorro Biosphere Reserve
(18°44'’N-87°19'W), and Xcalak Reef National Park
(18°21'N-87°48'W). We surveyed lionfish through di-
rect observations by focal observation and ad libitum
records (Altmann 1974) during one-hour SCUBA dive
sessions (fins and mask were used in mangroves). We
also made recordings with a GoPro Hero III™ camera.
In each locality surveys occurred in different areas re-
covering different spots. Each site within a given local-
ity was surveyed only once. As previous observations
(personal observation, MCGR) indicated higher lionfish
abundance on the barrier reef, our surveys were focused
in this type of habitat, rather than on the lagoon reef,
piers, mangroves and sea grasses. Dives took place
between 07:00 and 21:00, to record variations through-
out the day. Depth varied from 1 m to 30 m. During
nocturnal dives, we used white light (led) that seemed
not to affect lionfish the first 20 s, which gave us enough
time to describe their behaviour.

Data collection

To optimize data collection, three observers recorded
lionfish information. For each lionfish, we recorded
the following behaviours and characteristics: 1) total
length of fish considering three class of sizes (small: <
15 cm, medium: from 15 cm to 25 cm, and large: ≥
25 cm 2) tone of fish considering three classes (dark:
predominantly red/brown, medium: equal proportion of
red/brown and white, and light: more predominance of
white); 3) fish posture considering five categories (hor-
izontal, sideways, head-up, head-down and inverted; see
details in Table 1 and illustrations in Fig. 2); 4) behav-
iour at the moment of observation considering three
kinds of behaviours (motionless, moving and hunting;
see details in Table 1); 5) group composition consider-
ing solitary fish (when only one individual is present in a
1.5 m radius circle, or in a cave) vs group of individuals.

Lionfish were observed in different environments:
mangrove, under docks, reef patches, and barrier reef

(see details in Table 2). For each lionfish observed, we
recorded the type of environment and characteristics of
the microhabitat in where each fish was observed (all
details were given in Table 2). Temperature, observation
depth, and time were recorded using a TUSA™ IQ-800
computer.

Statistical analysis

A G-test (maximum likelihood ratio test) was used
because it is considered a more powerful test than a
Chi-square test and is recommended for large sample
size, to test significance in frequencies for the following
comparisons: 1) postures for each behaviour, 2) solitary
vs group for each behaviour, 3) behaviour for each size
of fish category, 4) behaviour for each fish tone. In
addition, to ascertain possible relationships between
activities, postures, biological traits, and environmental
characteristics, we used the Self-Organizing Map algo-
rithm (SOM, neural network).

The Self-Organizing Map algorithm (SOM; see
Kohonen 2001 for details) was used to analyse non-
linear data and/or variables that have skewed distribu-
tions, without an a priori transformation. Additionally,
the SOM algorithm averages the input dataset using
weight vectors and thus removes noise. These features
were relevant in our study because we analysed a binary
dataset with many zeros (presence/absence). The SOM
Toolbox (version 2) for Matlab® developed by the Lab-
oratory of Information and Computer Science at the
Helsinki University of Technology (http://www.cis.hut.
fi/projects/somtoolbox/) was used. The structure of the
SOM for our study consists of two layers of neurons
connected by weights (i.e., connection intensities): the
input layer comprises 38 neurons (one per variable, but
see below) connected to the 793 samples (fish), the
output layer is composed of 140 neurons (visualized as
hexagonal cells) organized on an array with 14 rows and
10 columns. In the output layer, the neurons act as
virtual sites and approximate the probability density
function of the input data. During the training, we used
a mask function to give a null weight to 24
environmental variables (habitat type, habitat
characteristics, time), whereas 14 biological variables
or Btraits^ (e.g., fish activities, postures and tones)
were given a weight of 1 so that the ordination process
was based on the 14 biological variables only. Setting
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the mask value to zero for a given component removes
the effect of that component on organization. The
occurrence probability of a fish trait in a given area in
the form of the connection intensity was visualized on
the SOM map by a scale of grey, and therefore allowed
us to analyse the effect of each environmental variable
on the patterning input dataset (fish behaviour, traits).
The map size is important in detecting the deviation of
the data. Therefore, the network was trained with

different map sizes (from 10 to 200 units), and the
optimum map size was chosen based on local
minimum values for quantization and topographic
errors (for a practical example see Céréghino and Park
2009). At the end of the learning process, each individ-
ual fish is set in a SOM hexagon. Neurons that are
neighbours on the grid are expected to represent
neighbouring clusters of fish; consequently, fish sepa-
rated by a large distance from each other, according to

Fig. 1 Study sites used in this study in the Southern Mexican Caribbean: Mahahual, Banco Chinchorro Biosphere Reserve and the Xcalak
National Park reef
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biological variables, are expected to be distant in the
output space. A k-means algorithm was applied to clus-
ter the trained map. The SOM units (hexagons) were
divided into clusters according to the weight vectors of
the neurons, and clusters were justified according to the
lowest Davis Bouldin Index, i.e. for a solution with low
variance within clusters and high variance between
clusters.

Results

A total of 796 fish (224 small, 335 medium, 237 large)
were recorded over a period of one year, of which 62
came from Mahahual, 357 from the Banco Chinchorro
Biosphere Reserve, and 374 from the Xcalak Reef Na-
tional Park. The great majority of individuals (81%; n =
644) were recorded during hours of daylight, 12% (n =
92) at dusk, and finally 7% (n = 57) during the night.
Sixty-seven percent of fish (n = 530) were observed at
low depths, 27% (n = 216) were found at intermediate
depths, and only 6% (n = 47) at high depths. The

visibility at day was always greater than 10 m, and the
average water temperature was 28.5 ± 1.5 °C.

Relationship among behaviour, posture and lionfish
characteristics

The most common and significant (G = 606.2, DF = 2,
P < 0.001) behaviour of the lionfish was Bmotionless^,
which was observed for 75% of individuals. The
Bmoving^ behaviour was observed for 18% (n = 139)
of individuals, and the Bhunting^ behaviour was ob-
served for only 7% of fish. Out of the five postures
observed, the most common is the horizontal position
(75% of individuals; Fig. 2a), principally observed for
Bmotionless^ and Bmoving^ fish (Fig. 3). The sideways
posture (Fig. 2b) is only observed for Bmotionless^ fish
(Fig. 3). The head-up posture (Fig. 2c) is observed for all
behaviours (Fig. 3), whereas although the head-down
posture (Fig. 2d) is observed for all three behaviours, it
was generally more associated with Bhunting^ fish (Fig.
3). Finally, the inverted posture (Fig. 2e) is predominant-
ly observed for Bmotionless^ fish (Fig. 3). Our study
shows that three postures were used by lionfish while
hunting; however, the head-down posture was dominant.
We did not observe a significant difference (G = 0.2,
DF = 1, P > 0.05) between the number of solitary indi-
viduals (n = 224) and lionfish moving in groups (n = 235
groups). The number of individuals found in groups
varies from two to a maximum of eight lionfish. Groups
of two individuals were the most frequently observed
(57%). There is a significant preference to conduct hunt-
ing behaviour solitarily (66%; 31 individuals of 47)
(Fig. 4). With respect to the other two behaviours, al-
though there is a tendency for Bmoving^ behaviour to be
conducted solitarily and Bmotionless^ behaviour to be
conducted as a group, none of these tendencies is signif-
icant (Fig. 4). Even if all fish size categories present all
behaviours (Fig. 5), our results show that for all size
categories, all fish were observed significantly more
frequently conducting Bmotionless^ behaviour, while
hunting was the least frequent behaviour.

In relation to the tone of lionfish, the majority (54%;
n = 424) presented a medium tone, 25% a dark tone (n =
191) and 21% a light tone (n = 162). There is a clear
dominance of medium tone fish for all behaviours
(Fig. 6). However, during hunting behaviour light col-
our individuals were more frequent than dark ones
(30.4% and 17.8% respectively) while there were no
differences between the proportion of individuals with

Table 1 Complete description of the lionfish behaviours and
postures used in this study

Behaviours Descriptions

Motionless Characterized by the lack of displacement, the
eyes can be open or closed and the pectoral
fins are relaxed

Moving The fish swim by moving the tail with lateral
movements and the pelvic fins are deployed.
The fish can move along the seafloor, leaning
with their pelvic fins.

Hunting Lionfish is quiet and moving slowly, using the
wide open pectoral fins as a shield, the caudal
fin undulating, and sucking the prey with the
mouth wide open

Postures Descriptions

Horizontal The fish lies prone on the floor, the pectoral fins
held almost against the flanks and the body
supported by the pelvic fins, or when the fish
is floating on the substrate

Sideways The fish is in lateral position, the pectoral and
pelvic fins hold the walls of the natural or
artificial structure

Head-up The fish is vertical, with its head up

Head-down The fish is also in vertical position its head down

Inverted Used when the fish is at the top of a cavern, or
any structure, in a horizontal inverted posture,
with the pectoral and pelvic fins touching the
ceiling
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light and dark tones for moving (26.3% and 20.5%
respectively) and motionless (20.6% and 16.9% respec-
tively) behaviours (Fig. 6).

Relationship between fish behaviour, biological traits
and habitat characteristics

In our study, the large majority (85%; n = 675) of lion-
fish were observed in the wall reef, while only 4% (n =
33) were found in patchy reef and docks, 2% on sand
and rocks, and less than 0.5% in mangroves and sea
grass. We distinguish six clusters (Fig. 7a) from the

SOM analysis (Fig. 7a, b, c, d), which allow us to relate
the three behaviours identified in this study with pos-
tures, biological traits, and habitat/environment charac-
teristics. Each behaviour can be associated with one or
more clusters: Bmotionless^ behaviour is associated
with clusters A, B, C and D, Bmoving^ and Bhunting^
behaviours with clusters E and F with two clearly sep-
arated groups reflecting two characteristic strategies that
will be specified through SOM analysis (Fig. 7b, c, d). It
appears that lionfish size is an important characteristic
that separates fish into different clusters: larger fish are
associated with clusters F and D; smaller lionfish are

Fig. 2 Illustrations of five postures identified in this study. Horizontal (a), sideways (b), head-up (c), head-down (d), and inverted (e)
(photos by Maria Del Carmen García Rivas)
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found principally in cluster B and in cluster F but in
different SOM units than larger lionfish, and intermedi-
ate sized fish are regrouped in clusters A, C, E.

To clarify the complexity of SOM analysis, we will
describe each cluster considering the associated

behaviours, postures, biological traits, habitats charac-
teristics and environmental conditions. Cluster A re-
groups lionfish that are intermediate sized, motionless
with a horizontal posture, and with dark or light tones.
The fish in this cluster are present in dome structures on

Table 2 Complete descriptions of habitat and environmental characteristics considered in this study. Information was acquired by personal
dive appreciation or using a dive computer Tusa (TUSA™ IQ-800)

Features Descriptions Measurement method

Type of Shelter

Simple Open and light-toned areas in the reef (walls) Dive appreciation
Dome or cave Structure with a roof and two walls

Complex Structure with at least three walls

Depth categories (m)

Low < 10 Dive computer
-Middle From 11 to 20

High From 21 to 30

Current

Soft When the current does not move soft coral Dive appreciation
Medium Soft corals leaning slightly

Strong Soft corals bent to 90°

Visibility

Low < 2 m Dive appreciation
Medium From 3 to 10 m

High > 10 m

Time of day

Morning 7:00 to 13:00 Dive computer
Midday 13:00 a 18:00

Night 18:00 a 21:00

Light exposition

Light Lionfish is in area with sunlight Dive appreciation
Shadow Lionfish is in a shaded area

Light along day

Light hours with sunlight Dive appreciation
Crepuscular twilight

Dark without sunlight

Tonality of the substrate

Light the support is clear Dive appreciation

Dark the support is dark

Temperature Measured in degrees Celsius Dive computer

Habitats

Wall reef Wall in frontal reef Dive appreciation
Lagoon Reef formation isolated in lagoon

Dock Concrete piers

Sand Patches of sand

Rock Rocks not covered by coral

Mangrove Mangrove

Seagrass Beds of seagrasses
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the reef, at a depth of between 21 and 30 m, and during
the morning. Cluster B regroups lionfish that are small,
motionless, mainly in a horizontal posture, but also in
inverted postures. These fish have intermediate tones.
This is the only cluster that contrasts negatively with the
reef habitat (white SOMunits) and other habitats such as
lagoons, docks, sand and rocks. In these habitats, the
small lionfish are in inverted postures, observed in dome
structures and mostly associated with rocks, dark sup-
port, and half-light in the morning. The SOM units
associated with small fish, particularly for sand, lagoon
and docks habitats are characterized by no current, low
depth (< 10 m), and darkness (night and morning).
Cluster C regroups exclusively intermediate size fish
with intermediate tone, horizontal, sideways, head-up,
inverted postures and motionless. Fish were encoun-
tered on the reef and in sea grass habitats. In reef
habitats, fish were found at 21–30 m deep, in dome
structures with a wide variability of postures, while in
sea grass habitat, fish were found at low depths (10 to
20 m) and only in a horizontal posture. The cluster D
regroups large motionless fish that only display

horizontal postures. In this cluster, fish were found with
different categories of tone, but associated with different
habitats. The dark tone fish are associated with sand
habitat while the intermediate and light tone ones are
regrouped with reef habitats that also experience strong
currents. This cluster also regroups SOM units with dark
support associated with reef habitat, dome structures and
intermediate tone fish. Finally, this cluster is associated
with activity during the morning. Cluster E regroups
exclusively intermediate size lionfish with intermediate
tones, and the SOM units are clearly divided between
moving behaviour in a horizontal posture, and hunting
behaviour with a head-down posture, but all SOM units
fit with the reef habitat. Moving behaviour is mostly
associated with simple structures, and to a lesser extent
with complex ones, with light substrate (clear support),
low depth and during the morning. Hunting behaviour is
associated with simple structures, light substrate, no
current, low depth, during the afternoon, and under
conditions of light. Cluster F regroups small light tone
and large intermediate tone lionfish that are hunting or
moving. All individuals that presented moving
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behaviour were in a horizontal posture while hunting
behaviour fish displayed a head-down posture. However,
some larger lionfish hunted with a head-up posture. In
both cases, small and large fish, always hunted in com-
plex structures and reef habitat, and to a lesser extent,
small fish were observed in sand habitats. Moving be-
haviour was associated with simple structure in man-
groves for small fish, and sand habitat for large lionfish.
Small fish were also clearly associated with low depth (<
10 m), no current and dark conditions. The large lionfish
were characterized by low depth when hunting. Large
fish were active (hunting or moving) during the after-
noon and under conditions of light, while small fish were
hunting mostly during night and moving during the
morning. All large fish were associated with light sup-
port (clear substrate) and simple structure when moving,
and mostly with complex structure when hunting. All of
these results are presented in Table 3.

Discussion

The lionfish were observed at the same frequencies
alone or in a group. One of the most important findings
from our observations concerns differences between
habitat use according to lionfish activities and their size
that is considered as equivalent to their age according to
several authors (Edwards et al. 2014; Johnson and
Swenarton 2016).

The three principal behavioural activities identified
for lionfish are: motionless, moving and hunting. Our
study confirms that lionfish hunt mainly in the head-
down posture, as observed previously by Fishelson
(1975) and Green et al. (2011). Older fish also hunt with
a head-up posture, and all size of fish may also use a
horizontal posture. The head-up and horizontal postures
are described for the first time for hunting lionfish.
Hunting occurs principally at low depth areas, in reef
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habitat, generally in complex structures, and on light
substrates. Large and intermediate fish hunt during the
afternoon in the light, and small or younger lionfish

during the night. The latter category is the only lionfish
that hunts in other habitats, specifically areas of sand.
These results suggest that the hunting strategy of
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lionfish is size-dependent and therefore, age-dependent,
where small/young lionfish use different postures, hours
of the day, and sometimes different habitats than older

and larger fish. Generally, lionfish were observed rest-
ing, and very few individuals were observed hunting.
Smaller lionfish were, in fact, rarely observed hunting;
they have a higher proportion of crustaceans included in
their diet at this stage of their development (Morris and
Akins 2009; Layman et al. 2014). Also in younger fish,
hunting behaviour is less conspicuous than for older
fish. As previously observed in the bluegill sunfish
Lepomis macrochirus Rafinesque, 1810 (Perciformes,
Centrarchidae) (Mittelbach 1981), younger lionfish may
have to learn hunting techniques and are thus unsuc-
cessful piscivores. This diet switch of lionfish from a
diet based principally on crustaceans to one based on
fish (Morris and Akins 2009; Valdez-Moreno et al.
2012), may explain the two different size-dependent
strategies observed in our study. Similar size-
dependent diet changes have been reported for other
carnivorous reef fish (Lukoschek and McCormick
2001). Additionally, lionfish favour areas with low or
no current, probably to facilitate the hunt with the
aspiratory system and prey detection. Hunting in open
areas, under twilight conditions (as observed for medi-
um and large lionfish), probably involves vision. Lion-
fish have good visual capacity (Guthrie 1986). Howev-
er, when hunting, small lionfish present a tendency to
remain in the dark. So, under dark conditions, other
senses may be used to detect prey, such as tactile capac-
ity or the lateral line to detect crustaceans in the coral
structure as demonstrated for other scorpaenids
(Montgomery and Hamilton 1996). Another hypothesis
to explain why younger lionfish hunt during the night, in
the dark and sometimes in different habitats than larger
fish, could be that they try to avoid being eaten by larger
lionfish, as suggested by stomach content analysis
(Valdez-Moreno et al. 2012), which show a high quan-
tity of lionfish remains in our area of observation. The
complexity of the habitat is also a good natural defence
against predators’ detections and attacks (Crowder and
Cooper 1982; Grabowski 2004). Large lionfish can also
use horizontal or head-up postures as strategies for the
hunting and capture of fish included in their diet (Morris
and Akins 2009; Valdez-Moreno et al. 2012) in clear
and open areas. These areas present a greater risk to
lionfish as they are much more visible to potential
predators. The head-down posture makes lionfish more
vulnerable to predators in these zones while the hori-
zontal or head-up postures allow lionfish to detect pos-
sible threats. The success of the invasion of the lionfish
in the Caribbean, and the limited impact of potential

Table 3 Synthesis of SOM results for all behaviour identified in
this study (hunting, moving and motionless) considering the im-
portant factor of individual size (large, medium and small)

Size of lionfish SOM results for fish traits, habitat and
environmental characteristics

Hunting behaviour

Large Intermediate tones, head-down or head-up postures
Reef habitat with complex structures, on light

substrate at low depth
Afternoon in light conditions

Intermediate Intermediate tone and head-down posture
Reef habitat with complex or simple structures, on

light substrate at low depth
Afternoon in light conditions and with any current

Small Light tone, head-down or head-up postures
Reef and sand habitats with complex structure on

light substrate at low depth
Night in dark conditions and with any current

Moving behaviour

Large Intermediate tones, head-down or head-up postures
Sand habitat with simple structure on light substrate
Afternoon in light conditions

Intermediate Intermediate tones, and horizontal posture
Reef habitat with simple structure on light substrate

at low depth
Morning

Small Light tone, and horizontal posture
Mangrove habitat and simple structure on light

substrate at low depth
Morning in dark conditions and without current

Motionless behaviour

Large Intermediate tones, and head-down or head-up pos-
tures

Reef habitat with complex structure on light
substrate at low depth

Afternoon in light conditions

Intermediate Dark or light tones, and horizontal posture
Reef habitat and dome structures at high depth
Morning
Or
Intermediate tones, and horizontal or sideways or

head-up or inverted postures
Reef habitat with domes structures at high depth (for

all positions)
Sea-grass habitat at middle depth (only horizontal

positions)

Small Intermediate tone, and horizontal or inverted
postures (only in dome structures)

Lagoons, docks, sand, rock habitats on dark
substrate at low depth

Morning (sand and docks) or night (lagoons) in dark
conditions and any current
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native predators (Hackerott et al. 2013; Valdivia et al.
2014) may be related with these evasion strategies.
Furthermore, prey fish appear to fail to detect lionfish
even in their native range (Lönnstedt and McCormick
2013), so piscivorous larger lionfishmay feed during the
day in the Caribbean because they are inconspicuous,
even in bright day light, due to fish naiveté towards
lionfish (Anton et al. 2016). The size and natural de-
fence of larger and older lionfish allow them to display
their predatory behaviour in open areas, and are more
detectable by possible lionfish´ predators during the day.
However, the efficacy of the defence capacities of the
lionfish is not well known (Morris and Whitfield 2009).

A specific use of habitat to carry out different behav-
iours, such as the covered shelters for resting, is com-
mon for nocturnal reef fish such as cardinalfish
(Perciformes, Apogonidae) to avoid predation
(Harmelin-Vivien 1975). The marine current is a deter-
minant factor in the behaviour of other fish species, and
it can be related to the choice of staying in one place to
limit the energetic cost of displacement in high marine
currents (Hobson and Chess 1978). Some studies
(Anton et al. 2014; Valdivia et al. 2014) demonstrate
that lionfish avoid areas with high swell to limit the loss
of energy necessary to maintain their position. Further-
more, these authors suggest that strong currents decrease
hunting success because lionfish hunt by squirting water
at their prey in order to confuse them, and a strong sea
current would affect this hunting strategy. In fact, no
hunting behaviour of lionfish was reported in sites with
high currents (Anton et al. 2014).

One important and interesting result is that around
50% of observed lionfish were associated with conspe-
cifics. Little is known about the social structure of
scorpaenids. Fishelson (1975) mentions that Pterois
miles (Bennett, 1828) is a solitary animal. McTee and
Grubich (2014) found a greater association among con-
specifics in P. miles compared to Pterois radiata (Cu-
vier, 1829). This association suggests an aggregative
behavioural tendency, due to attraction for the same
shelter characteristics, particularly during rest behav-
iour, as observed by Dendrochirus zebra (Cuvier,
1829) (Scorpaeniformes, Scorpaenidae) commonly
known as the Zebra lionfish (Moyer and Zaiser 1981).
This association could provide a better defence against
predators during movement, also hunting in groups
could increase the probability of capturing prey
(Rizzari and Lönnstedt 2014) but also may lead to
intraspecific competition according to Benkwitt

(2016). Considering that Pterois spp. are low-speed
predators (Albins and Lyons 2012), we propose that
hunting in groups may increase their feeding success.
In addition, it may be possible that by staying in groups
during resting, lionfish may have more chance of de-
tecting predators as frequently observed for various
animals including fish (Hoare et al. 2004). Similarly,
we regularly observed these fish observing congeners
and adapting their behaviour according to others lionfish
behaviour when trying to capture one individual of the
group (personal observations).

Lionfish can be identified by the intensity of its tone
from dark to light with a majority of observed fish
presenting an intermediate tone. Our results show that
the dark and intermediate tones of the fish are related
with inactivity on a dark background or shelter, while
the light tones are related to hunting activity on a pale
background. Those differences could be adaptive, as
observed for some poecilids in South America (Endler
1984). Do lionfish change their tone according to activ-
ities and habitat tonalities? Different mechanisms may
be proposed to explain this process: 1) physical process
by the presence of melanophores, xanthophores and
iridophores (Hawkes 1974), 2) physiological process,
such as colour changes in parrotfish related to the hor-
monal level (Cardwell and Liley 1991), or 3) behaviour-
al processes as observed for octopus (Packard and
Sanders 1971). Our results suggest that lionfish change
colour according to activity and site. However, further
studies are needed to understand the relationship be-
tween fish tone, activities and habitat tonality. Occasion-
ally, we observed lionfish bleaching (a change from a
dark to light colour), when captured by fishermen with a
harpoon (personal observation).

Our study on a large number of individuals confirm
that lionfish were found in a great diversity of habi-
tats, not only on reefs, as previously shown by
Fishelson (1975), where they are more abundant. We
found them also under docks, by rocks, sand, patch
reefs, and sometimes in mangroves and seagrass beds
(Barbour et al. 2010; Biggs and Olden 2011; Claydon
et al. 2011; Pimiento et al. 2013), as well as coastal
estuaries (Jud et al. 2011). This confirms previous
results (Claydon et al. 2011) that demonstrate that
lionfish adapt themselves to a great range of habitats.
Barbour et al. (2010) suggest that lionfish use man-
grove as nurseries. Claydon et al. (2011) proposed
that lionfish move from shallow habitats to deep reefs
in Turks and Caicos; however, Pimiento et al. (2013)
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proved in the Bahamas that in both habitats lionfish
had a similar size and diet. In our study, lionfish
display the three behaviours mostly on the reef, and
use other types of habitats to move, or as a rest zone,
but practically never to hunt. This observation sug-
gests that in non-reef habitats lionfish are generally in
transit, looking for new reefs or similar environment.
Moreover, in the Caribbean it seems that habitats
other than coral reef are mostly used by younger
lionfish and cannot be considered as alternative hab-
itats but as nurseries.

Our results showed that the immobility of lion-
fish is related mostly to horizontal posture, and this
position is usually accompanied by deployment of
the pectoral fins. We agree with Fishelson (1975),
that this cryptic posture hinders recognition of the
lionfish as a predator, by potential prey. Lönnstedt
and McCormick (2013) demonstrated, experimen-
tally, that damselfish Chromis viridis (Cuvier,
1830) (Perciformes, Pomacentridae) do not detect
lionfish, when compared with other predators. Fur-
thermore, numerous prey fail to recognize the lion-
fish as predator (Marsh-Hunkin et al. 2013; Black
et al. 2014; Anton et al. 2016). This could suggest
that a cryptic strategy may be also used by lionfish
against predators and explains why lionfish have
few predators in the Caribbean (Maljković et al.
2008; Diller et al. 2014).

Our study provides evidence of the importance of
understanding lionfish behaviour and the use of its
habitat to allow the development of better manage-
ment strategies for this invasive species. For example,
differences in habitat use between younger and older
lionfish may be linked with different strategies for
their management, such as capture methods or devel-
oping traps. In our area of study, this information
could allow lionfish to be caught at the right moment
and in the right place. Furthermore these results help
explain the success of the lionfish invasion, such as
an ability to use different habitats according to their
age, a capability of adapting themselves to the envi-
ronment in relation to foraging activity, and escaping
from potential predators including cannibalism. In
addition, because commonly observed in groups and
not only hunting but during resting in shelters, we
may expect they are also less vulnerable to predators.
This group strategy may also explain the low preda-
tion that those fish suffer from potential local preda-
tors and their success as invasive species.
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