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ABSTRACT: As invasive lionfish populations continue to expand in the Western Atlantic and Ca-
ribbean, understanding the ecology and foraging behavior of lionfish in their native habitats will
help identify biotic constraints that may improve management of invaded reefs. The most compre-
hensive survey of lionfish, concluded to date, of native Red Sea lionfish was undertaken to identify
potential differences in vertical distribution, density and diurnal cycles of foraging behavior. The
overall, combined density of lionfish was estimated at 47.9 fish ha™!, the highest yet recorded
throughout their native range. The most commonly encountered lionfish species were Pterois
miles (26.4 fish ha™!) and P. radiata (20.8 fish ha™!). The density of P. miles was significantly greater
at the northernmost site surveyed and also significantly greater at depths less than 15 m, with indi-
viduals often observed in aggregations. In contrast, P. radiata were often solitary and evenly dis-
tributed along the reef profile. Despite ecological differences between these 2 species, the major-
ity of foraging activities for both P. miles and P. radiata occurred around or after sunset. These
results validate that the shallow coral reef habitats of the Red Sea host the highest densities of
lionfish in their native range and highlight areas of ecological variability among native lionfish

species.
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INTRODUCTION

The invasion of the Western Atlantic and Caribbean
by lionfish (e.g Pterois volitans and P. miles, 2 eco-
morphologically synonymous species) was identified
by Sutherland et al. (2010) as one of the top 15 global
challenges in marine conservation. Invasive species
not only affect native biodiversity, but are often asso-
ciated with significant economic and ecological costs.
Establishment of non-native species in both terrestrial
and aquatic habitats has become increasingly com-
mon with increasing globalization (Kolar & Lodge
2002, Kellner & Hastings 2009, Liao et al. 2010); how-
ever, few cases can match the speed and magnitude
of the human-mediated geographical range expan-
sion of lionfish in the Western Atlantic and Caribbean
over the last decade (Whitfield et al. 2002, Freshwater
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et al. 2009, Morris and Akins 2009, Schofield 2009,
2010). The extraordinary predatory abilities of lionfish
in combination with their defensive venomous spines,
lack of natural predators (Albins & Hixon 2013) and
life history strategy that includes early age at ma-
turity and high fecundity (Morris 2009) have likely
facilitated their expansive invasion.

In their native habitats, lionfishes are commonly
found on reef slopes (Fishelson 1975, Harmelin-
Vivien & Bouchon 1976) within the coral matrix, on
reef walls, or underneath overhangs (Grubich et al.
2009). P. volitans/miles also frequent soft-bottom
areas (Fishelson 1975) and other marine habitats
(Kulbicki et al. 2012). Observed native densities
differ by species, but generally range from 0.27 to
26.3 fish ha™! (Kulbicki et al. 2012). Lionfishes are
known to primarily forage during crepuscular and
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nocturnal hours in native habitats of the Gulf of
Agaba, East Africa, and Indo-Pacific (Fishelson 1975,
Harmelin-Vivien & Bouchon 1976, Darling et al.
2011, Cure et al. 2012). While few trophic data exist
from native habitats, the diet of P. volitans/miles from
the Indian Ocean was found to consist primarily of
small crustaceans and coral reef fishes (Harmelin-
Vivien & Bouchon 1976).

Due to the potential repercussions of the establish-
ment of P. volitans/miles throughout the Caribbean
and western Atlantic, the scientific community has
made substantial efforts to study invasive lionfish
populations during the last 10 years (Coté et al. 2013).
Recently, comparative studies have begun to estab-
lish significant differences between native and inva-
sive populations, with invasive populations trending
towards a more diverse prey assemblage, greater
daily consumption rates, and larger body size (Dar-
ling et al. 2011, Cure et al. 2012). Lionfish in the At-
lantic and Caribbean are not restricted to coral reefs,
but are also utilizing habitats in and around man-
groves (Barbour et al. 2010), seagrass meadows
(Biggs & Olden 2011), and coastal estuaries (Jud &
Layman 2012), consistent with their occurrence and
distribution within native habitats (Kulbicki et al.
2012). Given that P. volitans can occupy a variety of
habitats and has the ability to reduce the abundance
and recruitment of fish species in invaded habitats
(Albins & Hixon 2008, Green et al. 2013), invasive
lionfish have the potential to affect native biodiversity
and trophic structure in several marine ecosystems
throughout the western Atlantic and Caribbean.

As the body of knowledge regarding the invasive
populations continues to grow, research into the ecol-
ogy and behavior of lionfish species within their na-
tive habitats is, and will, continue to be useful. As-
sessments of lionfish behavior and habitat utilization
within their native ranges provide fundamental com-
parative data necessary to ascertain whether invasive
populations are exhibiting atypical traits, which may
indicate a release from abiotic or biotic constraints
present in their native habitat. Additionally, such
comparisons speak to the effects lionfish may have on
local ecosystems, highlight ways in which P. voli-
tans/miles may be adapting to the newly invaded
habitats, and give a measure to the extent of their
successful invasion in the Atlantic and Caribbean.

Thus far, the Red Sea region has the highest
recorded densities of Pterois miles in their native
range (Fishelson 1997, Kulbicki et al. 2012). These
estimates, however, are based on surveys that were
limited in both scope and geographic range. To
expand our understanding of Red Sea lionfishes, the

coral reefs of the northern Red Sea and Gulf of Aqaba
were surveyed to investigate 3 basic questions: (1) do
densities of lionfishes vary geographically within the
Red Sea, (2) do lionfish species exhibit depth prefer-
ences along the coral reef profile, and (3) does forag-
ing activity and hunting behavior vary among lion-
fish species?

MATERIALS AND METHODS
Study sites

Survey efforts were focused on 6 sites collectively
referred to as the ‘morthern Red Sea': Dahab, in the
Gulf of Agaba; Sharm El Sheik, at the mouth of the
Straits of Turin; Hurghada, just south of the Gulf of
Suez; Marsa Shagra and Marsa Nakari, along the
southeastern coast of Egypt near Marsa Alam; and
Jeddah, Saudi Arabia in the eastern Red Sea (Fig. 1).
The Red Sea is unique in that it is characterized by
high salinities (40—-45 ppt) with little to no freshwater
input, small tidal cycles, and a narrow thermal range
(e.g. 20-30°C). The Gulf of Agaba, being a narrow
(6—25 km wide) northern extension of the Red Sea,
experiences reduced hydrological exchange and sim-
ilarly high salinities. In general, coral reefs of the
northern Red Sea are comprised of fringing reefs be-
ginning only a few meters from the high tide line with
short reef slopes that quickly descend to 20-25 m
depth, followed by sand-dominated slope habitats ex-
tending hundreds of meters deep. The reefs surveyed
varied in habitat type, coral cover and vertical relief.
In contrast to the Gulf of Aqaba, the Straits of Turin,
and Marsa Alam, the continental shelves of Jeddah
and Hurghada are larger, extending over 10 km in
some places. These extended shelves are covered by
a series of inner patch reefs that experience various
levels of sedimentation from coastal development
and windblown sand, while clearer fringing reefs are
found at their most seaward margins.

Red Sea lionfishes

There are potentially up to 6 species of lionfishes
that inhabit the coral reefs of the Red Sea and Ara-
bian Basin (Randall 1983, Debelius 2001, Lieske &
Myers 2004). The devil firefish Pterois miles and the
clearfin lionfish P. radiata are the most commonly
encountered species. Population genetic studies on
invasive populations within the Western Atlantic and
Caribbean estimate that approximately 7% of the
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Fig. 1. Location of 6 reef sites (white circles) surveyed for lionfish species dis-
tribution, abundance and patterns of foraging behavior in the northern Red
Sea region. From north to south: Dahab (Gulf of Aqaba) Sharm El Sheik
(Straits of Turin); Hurghada, Marsa Shagra & Marsa Nakari (Egypt, north-
western Red Sea); Jeddah (Saudi Arabia, east-central Red Sea). n = total num-
ber of transects completed at each study site. Image modified from Google

earth v.6.2 (2012)

invasive populations originate from the P. miles line-
age (Hamner et al. 2007, Betancur-R et al. 2011)
whose native range spans from the Red Sea south
along the east coast of Africa and throughout the
Indian Ocean (Eschmeyer 1986, Kulbicki et al. 2012).
Although P. miles are considered a genetically dis-
tinct species from the Indo-Pacific P. volitans, they
are ecomorphologically synonymous (Kochzius et al.
2003). P. radiata is easily discerned from P. miles by
its color pattern and white threadlike pectoral fin
rays. P. radiata is also ecomorphologically distinct
from P. miles in that it grows to a smaller body size,
has a smaller oral gape with thick, fleshy lips, and
feeds almost exclusively on crustaceans found in the
dense reef matrix, while P. miles (and P. volitans con-
sequently) feed mainly on reef fishes (Harmelin-
Vivien & Bouchon, 1976, pers. obs).

SCUBA surveys

Visual surveys of lionfish species were conducted
from January 2010 through June 2011. Using SCUBA,
2 divers performed a total of 106 belt transects (50 x

5 m). Transects were conducted paral-
lel to dominant reef topography along
pre-determined depth contours: 5, 10,
15 and 20 m. Surveys beyond 20 m
were not possible at many sites due to
the structure and topography of the
reef, as well as restrictive Egyp-
tian dive regulations. All Scorpaenid
species encountered during surveys
were identified, including stonefishes
(Synanceia verrucosa), scorpionfishes
(Scorpaenopsis spp.), and lionfish spe-
cies including a shortfin dwarf lionfish
(Dendrochirus brachypterus). Survey
effort, however, was focused on re-
cording the presence of the 2 most
commonly encountered species in the
region, P. miles and P. radiata.

Given the cryptic nature of lionfish
in their native habitat, each transect
was surveyed twice. Following the
initial survey by the first diver, a
second diver would search crevices,
overhangs and other reef structures,
ensuring all lionfish in the transect
area were accounted for. This survey
method is similar to the lionfish-
focused surveys (LFS) subsequently
described by Green et al. (2013), dif-
fering slightly in the search pattern and thereby
duration. In this study, instead of swimming in the
S-shaped pattern characteristic of a LFS, the second
diver would zigzag across the transect according to
the presence of habitat features and substrate where
lionfish may be sheltering and that required addi-
tional inspection. As a result, the duration of the sur-
veys was dictated by habitat rugosity and benthic
features encountered. The majority of transects (n =
65) were conducted between 9:00 and 14:00 h; how-
ever, survey effort was distributed throughout the
day, starting an hour after sunrise (7:00 h; n = 8),
through the late afternoon (14:20-17:00 h; n = 25)
and during or after sunset, which occurred at appro-
ximately 18:00 h (n = 8). For dives conducted after
sunset, dive lights were covered with red filters to
minimize diver influence and disruption to lionfish
foraging behavior.

To better elucidate the normal foraging behavior
and activity patterns of native lionfish species, notes
on movement and/or activity were recorded for all
lionfish encountered. Lionfish that were sheltering,
or exposed but stationary on substrate, were con-
sidered ‘inactive’. Lionfish actively swimming, suc-
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cessfully feeding, or engaged in attempted foraging
behavior were noted as 'active’. Free-swimming sur-
veys for lionfish were also conducted at each site,
allowing for more detailed observations, as well as
photo and video documentation of lionfish foraging
behavior.

Statistical analysis

One-way ANOVAs using standard least squares
regression were used to evaluate differences in den-
sity among sites as well as depth distributions for
P. miles and P. radiata. To account for unequal vari-
ances in our data (due to the large number of tran-
sects with zero lionfish counts) we adjusted the
degrees of freedom using the Welch modification
(Welch 1947). All comparisons were run on JMP sta-
tistical software v.5.01.

RESULTS
Lionfish density
Combining observations of Pterois miles and P. ra-

diata for all surveys, the overall mean density of Red
Sea lionfishes was 47.9 fish ha™!. Significant variation

in the density of P.miles was detected among the
6 sites (Welch ANOVA: Fs 355 =3.26, p = 0.016;). Pair-
wise comparisons identified Dahab as having signifi-
cantly greater densities of P. miles (mean + SD: 87.3 +
117.5 fish ha™!) compared to the other 5 sites (Tukey-
Kramer HSD = 2.18, a = 0.05; Table 1). In contrast,
P. radiata densities were not statistically different
between the 6 sites (Welch ANOVA Fj 45,5=1.59,p =
0.185; Table 1). A strong latitudinal gradient in lion-
fish densities was observed across the study sites,
which spanned more than 6 degrees latitude (i.e.
22.2 to 28.5°N) (Fig. 1). Lionfish densities in the
northern-most site of Dahab were 31.5 times greater
than in southern reefs off Saudi Arabia (87.3 + 117.5
vs. 1.7 + 8.2 fish ha™!) (Table 1). The reefs of Hur-
ghada and Marsa Alam, which are centrally located,
yielded intermediate densities ranging from 13.3 =
46.2 to 18.9 + 46.9 fish ha™'.

Depth distribution

Red Sea lionfishes were found vertically distrib-
uted throughout the reef matrix, among fringing reef
crests, walls and reef slopes, sand flats with patch
reef outcroppings, and especially among larger coral
bommies and pinnacles. Densities of P. miles were
significantly greater at shallower depths (i.e. <14 m),

Table 1. Density of the lionfish Pterois miles and P. radiata reported from their native habitats. Regional variation in lionfish
density was observed in this study, with significantly greater densities of P. miles in Dahab compared to other sites. When
available, the number of sites, transects (n) surveyed, and mean density + 1 SD are provided

Ocean basin ~ Region Site —— Density (ind. ha™!) — Source
P. miles P. radiata
Red Sea Gulf of Aqaba Dahab (n = 22) 87.3 £ 117.5¢ 36.4 + 47.7 This study
Straits of Turin Sharm El Sheik (n = 16) 7.5+ 16.1 25.0 +28.8
NW Red Sea Hurghada (n = 13) 15.4 +34.8 154 +35.1
Marsa Shagra (n = 12) 13.3 +£46.2 10.0 = 18.1
Marsa Nakari (n = 19) 18.9 +46.9 21.1+£40.8
Eastern Red Sea Jeddah (n = 24) 1.7+8.2 11.7 £22.0
NW Red Sea Safaga (2 sites; n = 6) 20.8 12.5 Alter et al. (2008)
Safaga (2 sites; n = 6) 8.25 20.75 Alter & von Mach (2010)
Indian Kenya (6 sites) 8P 9 Kulbicki et al. (2012)
Kenya (7 sites; n = 23) 25.1 +£45.7 8.6 £22.7 Darling et al. (2011)
Reunion 6.2 na Letourneur et al. (2008)
Mauritius 3 na Graham et al. (2007)
Indo-Pacific Pohnpei (10 sites) 0.81° 0.27 Kulbicki et al. (2012)
Guam (14 sites) 0.39° 2.51
Cebu (6 sites) 1.8° 0
Palau (28 sites) na ~13.1 Grubich et al. (2009)
Moorea na 0.9 Lecchini et al. (2006)
“Welch ANOVA: P. miles: Fs 355 = 3.26, p = 0.016
PDensities reported for P. volitans/miles complex
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(Welch ANOVA: F; 5, =3.11, p = 0.034). A similar, yet
non-significant trend was observed in P. radiata
(Welch ANOVA: F; 47 =2.62, p = 0.061) which reflects
the moderate densities of P. radiata at the deepest
(20 m) depth category (Fig. 2). Although overall den-
sities for both species were lower at transects con-
ducted at 15 and 20 m; lionfish were observed at
depths of up to 37 m during free swimming surveys.
In areas where lionfish densities were high, P. miles
tend to be found aggregated in groups of 2 or more,
often associated with large coral pinnacles or bom-
mie outcroppings located near sandy habitats along
the reef slope. P. radiata were generally solitary.

Activity and behavior

Similar to observations from other native habitats,
P. miles and P. radiata were both primarily active
at night and during crepuscular periods (Fig. 3).
Although one-third of the survey effort (36 of 106
transects) and over 25 % of lionfish observations (38
of 138 lionfish) occurred between 11:00 to 14:00 h, no
active lionfish were observed during this time period.
Activity levels of both P. miles and P. radiata in-
creased throughout the afternoon (from 0 to 25 %, n =
48) as sunset (18:00 h) approached. In surveys con-
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Fig. 2. Distribution of Red Sea lionfish Pterois miles and
P. radiata by depth. Density of P. miles was significantly dif-
ferent among the 4 depth categories, with higher densities
observed at shallower depths of 5 and 10 m (Welch ANOVA
F;5, = 3.11; p = 0.034). A similar trend was observed for
P. radiata; however, no significant difference was detected
(Welch ANOVA F; 45 = 2.62; p = 0.061). Sample sizes (n)
shown indicate the number of transects completed at each
depth. Data are mean density + SD

ducted from 17:00 h onwards, 94 % of lionfish en-
countered (n = 18) were active (Fig. 3).

While some of the P. miles observed were solitary,
they often exhibited a type of group hunting behav-
ior where multiple individuals with pectoral fins
flared would slowly swim together to herd and corner
prey. These hunting packs were often encountered at
night over sandy bottoms, in close proximity to their
daytime coral shelters, where they were observed
successfully feeding on nocturnal cardinal fishes
(e.g. Apogon spp.). During crepuscular hours, P.
miles were also observed actively pursuing schools of
reef-dwelling fairy basslets Pseudanthias squamipin-
nis, silversides Atherinomorus lacunosus and sand-
burrowing fishes such as shrimp gobies (e.g. Ambly-
eleotris spp.). Actively hunting fish exhibited several
behaviors including chasing baitfish at the surface,
hovering inverted mid-water, and slowly cruising
near the bottom with pectoral fins flared (Fig. 4).
Nocturnal observations of P. radiata hunting be-
havior indicated a strong preference for areas with
dense coral cover to pursue cryptic invertebrate prey
(authors' pers. obs.).

DISCUSSION
Red Sea densities

This study provides the first comprehensive re-
gional assessment of native lionfishes in the Red Sea.
In total, we observed 127 lionfish (Pterois miles = 70;
P. radiata = 57) across 106 transects throughout the
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Fig. 3. Activity patterns for 138 lionfish observed in the

northern Red Sea. Data points represent percent of lionfish

observed that were ‘active’. n = total number of each species

of lionfish (P. miles and P. radiata respectively) observed

during that time period. Sunrise occurred at approximately
6:00 and sunset at 18:00 h
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Fig. 4. Activity and foraging behaviors of the Red Sea lionfish Pterois miles: (A) mid-day diurnal resting underneath coral over-

hang (arrow), (B) nocturnal group hunting over open sand, (C) crepuscular mid-water stalking in head-down vertical orien-

tation, (D) late afternoon active pursuit of reef silver side Atherinomorus lacunosus with suction strike breaking the surface
(inset; photo K. Stoutenburg)

northern Red Sea (Fig. 1). For comparison at an
ocean-basin scale, Kulbicki et al. (2012) compiled
data from over 10000 transects from the Pacific and
Indian oceans, which recoded only 64 and 61 lionfish
from each area respectively. The overall lionfish
density we found in the Red Sea (47.9 fish ha™!) is
13 times greater than the lionfish surveys compiled
by Kulbicki et al. (2012) from the Indian Ocean
(3.6 fish ha™!), and is 177 times greater than Pacific
Ocean density estimates (0.27 fish ha™!) (Table 1).
Our results confirm that the Red Sea basin harbors
some of the highest densities of lionfishes for any por-
tion of their native geographic range.

While our results confirm the Red Sea has the high-
est native densities, it is apparent that densities of
some invasive populations in the Atlantic and Carib-
bean are unusually high (Table 2). Many of the stud-
ies published from the Bahamas and Caribbean indi-
cate lionfish density commonly exceeds 100 fish ha™!,
with many sites in the Bahamas exhibiting densities
exceeding 400 fish ha™!. Although it is not uncommon
for invasive species to start off with high population
densities that decrease over time (Sakai et al. 2001),
the magnitude of the difference in abundance sug-

gests some invasive populations are experiencing a
release from abiotic forces or interspecific interac-
tions that constrain lionfish densities within their
native range.

Within the Western Atlantic and Caribbean, it has
been suggested that native groupers may act as
biotic controls of lionfish density, commonly referred
to as the 'biotic resistance’ hypothesis. Several stud-
ies have shown support for this hypothesis. Among
protected marine reserves where fishing is banned,
high grouper abundance and species richness has
been associated with low lionfish densities in inva-
ded and native habitats (Grubich et al. 2009, Mumby
et al. 2011). However, several recent investigations
have brought into question the validity of biotic re-
sistance in controlling invasive lionfish populations.
Hackerott et al. (2013) and Valdivia et al. (2014) did
not find any evidence to support biotic resistance
when comparing densities of invasive lionfish to
large and small native grouper species that might
prey upon or compete for resources with lionfish.
Likewise, Kulbicki et al. (2012) found no correlation
between Pterois spp. densities and the density or
diversity of piscivores between protected and unpro-
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Table 2. Density (mean + SD or range) of invasive lionfish Pterois

volitans from studies in the Western Atlantic and Caribbean.

In instances where authors reported density in fish m™! or fish 100 m~2, density was extrapolated to fish ha™!. Location, number
of sites and total number of transects are also reported

(50 m?) transects

Ocean basin Location Density of Source
P. volitans (ind. ha™)
Caribbean Bahamas New Providence Island 393.3+ 1444 Green & Coté (2009)
(3 sites; n = 12)
Bahamas Lee Stocking Island 2009: ~530 Lesser & Slattery (2011)?
(1 site; n = 15-30) 2010: ~640
Honduras Roatan ~17.1 Biggs & Olden (2011)P
(21 sites; n = 21)
Bahamas New Providence Island 101.7 £ 103 Darling et al. (2011)
(13 sites; n = 75)
Bahamas Exuma Cays Land & Sea Park ~3-30 Mumby et al. (2011)
(12 sites; n = 96)
Bahamas Cape Eleuthera 300 + 600 Green et al. (2013a)
(33 sites; n = 60)
Bahamas, Cuba, (71 sites; n ~ 6-8 site™) 440 Hackerott et al. (2013)
Belize & Mexico
Western Atlantic USA North Carolina 21.2+5.1 Whitfield et al. (2007)
(17 sites; n = 17)
Florida Straits USA Florida Keys 2009: 0 Ruttenberg et al. (2012)
(see Smith et al. 2011) 2010: 1.6 £ 0.4
2011: 6+ 0.9

aDensity extrapolated from reported densities of 0.053 and 0.064 fish m~2
PNumber of sites and density of lionfish not specifically reported. Density based on 531 reported observations from 21

tected areas of the western Indian Ocean. The pool-
ing of all Pterois spp., however, neglects to account
for pronounced ecological differences in diet and
body size between lionfishes, which influence their
trophic roles in native reef fish communities (Fishel-
son 1975, Harmelin-Viven & Bouchon 1976). Addi-
tionally, protected areas status may not be a good
indicator of local fishing pressure on food fishes (i.e.
groupers and snappers), especially along the coastal
margins of east Africa where enforcement capacity is
limited.

In the Gulf of Agaba, controlled removal of small
and medium-sized groupers (Cephalopholis spp.)
from coral reefs resulted in numerical increases of
lionfishes and other coral reef predators, as well
as low subsequent recruitment of these groupers
species, providing some experimental support for
biotic resistance in the form of resource competition
(Shpigel & Fishelson 1991) . In the present study, the
Gulf of Agaba (Dahab), along with the Straits of
Turin, exhibited the highest densities of lionfish of
the sites surveyed. In light of the biotic resistance
debate, it is worth noting that these sites have the
greatest annual influx of coral-reef related tourism,
which is centered around the popular Sinai Pe-
ninsula resort destinations of Sharm El Sheik and
Dahab. From 1989 to 2006, SCUBA-diving related

activities in these 2 destinations increased by 1421 %
and 8395%, respectively (Hilmi et al. 2012). Such
dramatic increases in tourism can increase demand
for and fishing of local coral-reef fishes such as
groupers (Serranidae) and snappers (Lutjanidae)
(Sheppard et al. 2009). Additionally, coastal develop-
ment, pollution, and overfishing have been reported
as major threats to this area, affecting up to 55% of
local reef habitats in the Gulf of Agaba (Khalaf &
Kochzius 2002, Kotb et al. 2008, Burke et al. 2011). In
contrast, vast areas of coastline along Saudi Arabia,
where the lowest densities of lionfish were observed,
are isolated from human impacts, and the coral reef
habitats have experienced little degradation due to
tourism-related coastal development or overfishing.
In fact, Saudi Arabian reefs have among the highest
estimates of grouper densities in the Red Sea (i.e.
30 % greater compared to Egyptian reefs; Kotb et al.
2008).

Our results indicate a strong latitudinal signal for
lionfish densities at a regional scale within the north-
ern Red Sea, which reflects a similar trend identi-
fied at an ocean-basin scale by Kulbicki et al. (2012).
Whether the underlying causal mechanism is linked
to abundances and diversity of groupers (Cephalo-
pholis spp.) via competitive exclusion or some other
combination of abiotic factors remains to be estab-
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lished. Many coral-reef grouper species are territo-
rial and have overlapping trophic niches with lionfish
species, such as P. volitans and P. miles (Harmelin-
Vivien & Bouchon 1976, Shpigel & Fishelson 1989a,b,
Morris & Akins 2009); however, it is important to
recognize that Indo-Pacific, Indian Ocean, and Red
Sea groupers are highly diverse, have co-evolved
with lionfishes over millions of years, and are not
uniform in either their trophic roles, diet ontogeny,
territoriality, or body sizes (Shpigel & Fishelson
1989a,b, St. John 1999).

Behavior and habitat use

Reef fishes are known to exhibit pronounced be-
havioral changes related to diurnal cycles, with cre-
puscular periods often associated with a pulse of
predatory activity (Helfman 1986) as well as migra-
tions between foraging, spawning and sheltering
habitats (Domeier & Colin 1997). Twilight periods
offer a unique temporal feeding opportunity for
piscivorous species, as the ability of both diurnal
and nocturnal species to detect predators is visually
comprised at this time (Hixon 1991). In addition to
visual advantages, the abundance of preferred lion-
fish prey species may also increase during these
periods Fishelson (1975), resulting in optimum for-
aging conditions.

The absence of reef substrate or shelter at depths
greater than 15 m was reflected in total lionfish abun-
dance, as both P. miles and P. radiata tend to be con-
centrated at shallower depths. In areas where lion-
fish densities were high, P. miles were often found
aggregated in groups of 2 or more. In addition, our
observations in the Red Sea revealed that P. miles
incorporate a suite of different hunting strategies
during foraging (Fig 4). In contrast, P. radiata is a
more specialized predator that was primarily ob-
served individually hunting among the complex
coral reef matrix. The observed affinity of P. miles for
other conspecifics at high population densities may
facilitate a competitive advantage in prey resource
acquisition compared to other reef predators. Lion-
fish are slow-swimming predators that must get
within a body length of the prey in order to use their
extraordinary suction feeding ability. Thus, hunting
in groups over open sandy habitat may counteract
their slow swimming speeds by increasing the effec-
tiveness of herding prey within strike range. At the
same time, the long venomous spines of multiple
lionfishes may provide an effective deterrent to other
piscivorous competitors.

Our observations confirmed that lionfish in the
Red Sea exhibit activity levels typical of crepuscular
predatory reef fish, with the majority of hunting
occurring around and after dusk (Fig. 3). Multiple
investigations of invasive lionfish populations in the
Western Atlantic and Caribbean have documented
highly variable activity patterns in lionfish foraging,
including atypical mid-morning, mid-day, and early
afternoon feeding events (Morris & Akins 2009, Coté
& Maljkovic 2010), as well as diurnal inactivity and
crepuscular feeding (Green et al. 2011, Cure et al.
2012, Jud & Layman 2012). Such variation in ob-
served foraging behavior may be the result of ecolog-
ical differences in environmental variables among
sites. Lionfish activity levels have been found in
some regions to be greatly influenced by cloud cover,
depth and type of habitat (Cure et al. 2012). Lionfish
are versatile predators and can occupy a wide range
of habitat types (mangrove, heterogeneous coral
reef, sand-dominated reef flats). Given that the type
of habitat occupied will likely determine localized
environmental variable and prey species encoun-
tered, the foraging tactics, and potentially, the time of
day feeding activities occur will also likely be influ-
enced by habitat.

Future directions

Recent studies have examined and compared data
from multiple lionfish species to investigate differ-
ences in density, size, and biomass between native
and invasive populations (Darling et al. 2011, Kul-
bicki et al. 2012). It is important to recognize that,
within the diversity of lionfish species, there are
potential ecological and behavioral differences that
may hold important insights into the role of lionfishes
in coral reef communities. While the Western At-
lantic and Caribbean invasive species P. volitans and
P. miles are essentially eco-morphologically identical
and feed almost exclusively on fishes, not all lionfish
species are piscivorous meso-predators, nor do they
exhibit the same habitat preferences and behavioral
traits (Fishelson 1975, Harmelin-Vivien & Bouchon
1976). Our surveys of Red Sea lionfishes revealed
previously unrecognized behavioral and habitat
utilization differences between species. With few
known ecological drivers that can control lionfish dis-
tributions in the Western Atlantic and Caribbean, it
will be essential to continue comparative research
with native populations to better understand their
role in structuring reef fish communities. The Red
Sea, with its variable lionfish densities and diverse
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coral reef habitats, provides a unique coastal region
to examine evolutionary, ecological, as well as
anthropogenic factors that affect lionfish distribu-
tions in their native range. However, until restrictive
policies on experimental marine research and limited
access to reef habitats for researchers are eased, sci-
entific progress of this type in the Egyptian Red Sea
will unfortunately be limited.
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