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First records of the red lionfish (Pterois
volitans) in Martinique, French West Indies:
monitoring invasion status through visual

surveys
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The red lionfish (Pterois volitans) was first recorded in Martinique on 1 February 2011. Three years later, despite control
measures to prevent the increase of lionfish population densities, the species is now well established. Maximum density
has reached 1320 individuals ha™ " in some locations and the maximum fish size of 41 cm total length has been observed.
A monitoring program was initiated by the Marine Institute of Martinique (OMMM) in 2011 to monitor the invasion
and adjust local control efforts. Our results highlight how fast lionfish have been able to invade new littoral areas, especially
hard bottom habitats. It took two years for them to completely colonize the west coast of Martinique, despite increasing
capture efforts. It is expected that small-scale fisheries would target lionfish. Coastal ecosystems are clearly being subjected

to a new threat, which may negatively affect local biodiversity.
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INTRODUCTION

Originally imported into the United States for the aquarium
trade, the lionfish, Pterois volitans (Linnaeus, 1758) and
Pterois miles (Bennett, 1828), often cited as the complex
Pterois volitans/miles (Hamner et al., 2007; Whitfield et al.,
2007; Freshwater et al, 2009), were accidentally released
into the marine environment in the mid-1980s (Morris &
Akins, 2009). According to Freshwater et al. (2009), Pterois
volitans spread rapidly across the Caribbean Sea and the
Gulf of Mexico (Betancur-R et al., 2011; Johnston & Purkis,
2011; Hackerott et al, 2013) and might be the only species
of lionfish present in the Lesser Antilles (genetic studies are
in progress). This species has become a major threat to coral
reef biodiversity in the western Atlantic and the Caribbean,
and represents one of the worst invasion scenarios in the
marine environment (Coté et al., 2013; Green et al., 2013).
Marine coastal ecosystems are heavily threatened in
Martinique (French West Indies) (Legrand et al., 2012). The
lionfish is an additional new threat to native fishes and
small crustaceans through predation and competition and it
is about to disrupt the entire food chain (Green et al, 2012;
Coté et al, 2013). Through visual, genetic and isotopic
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analyses from stomach contents, it has been shown that the
feeding ecology of lionfish in the Caribbean is a concern as
its prey list continues to increase (Morris & Akins, 2009;
Munoz et al., 2011; Valdez-Moreno et al., 2012; Coté et al,
2013). Thus the monitoring and surveying of the lionfish
population in the coastal waters of Martinique was required.

In this paper we describe the first observation of lionfish in
Martinique and quantify their population growth along the
coast since 2011. We also describe the local strategy that
was set up to respond to the increase in lionfish numbers, as
advised in the Regional Lionfish Strategy Guide Book
(Morris, 2012).

MATERIALS AND METHODS

Lionfish identification

The lionfish species Pterois volitans and Pterois miles (order
SCORPAENIFORMES, family SCORPAENIDAE) are origin-
ally from the Indo-Pacific Ocean. The two species are mor-
phologically very similar, the only differences being the
number of dorsal and anal fin soft rays (Schultz, 1986) and
their mitochondrial DNA (Kochzius et al, 2003). Lionfish
are easily distinguished from other native fish species of the
same Scorpaenidae family in the Caribbean such as
Scorpaena plumieri (Bloch, 1789).
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Records of sightings and captures

In February 2011, during the first stage of the invasion, a pre-
liminary survey protocol was set up by the Marine Institute of
Martinique (Observatoire du Milieu Marin Martiniquais -
OMMM) to record visual observations and captures from
divers. After the colonization had extended along the coast
of Martinique, we only recorded captures, in order to avoid
double sightings. The table fields of the database were:
Observer name; Category (diver, snorkeler, fisherman); Date
of capture; Dive site name; Geographic coordinates (N, W);
Depth; Estimated length of lionfish (size class); and Habitat.
A dynamic map was produced to follow the removal rates
of individuals in Martinique and is available online (http://
cartes.observatoire-eau-martinique.fr/poisson_lion/flash/). The
size classes of individuals were estimated underwater - no
accurate measurements were taken. The lionfish were killed
underwater by volunteer divers and left in the ecosystem as
a food source.

Lionfish density assessment

From March 2012 to July 2012, lionfish were counted visually
by scuba-divers over 50 x 5 m” belt transects at depths of 5-
20 m (11 sites, 39 transects). Densities were calculated as the
number of lionfish per hectare.

In 2013, the survey area was increased to 50 X 50 m* quad-
rats to cover a larger portion of habitats, from the shallows to
the bottom of the reef slope. Only coral reef and rocky shore
habitats were sampled. Two divers delimited a surface of
approximately 2500 m* using two 50 m multi-decametres
placed in parallel, 50 m from each other, from the shallows
to the bottom of the reef or rocky bottom. The divers carefully
scrutinized every square metre following an S-shaped pattern.
Every lionfish was recorded and captured/killed if possible.
The total length (size class) of each lionfish was assessed
underwater and reported on a dive sheet, along with the
depth and habitat type (N = 6848 ind.). The captured fish
were not precisely measured afterwards. Most of the data
was provided by dive centres that were unable to provide
any accurate measurements.

The quadrat surveys were conducted over five sites along
the west coast. Sites were surveyed multiple times, but only
the data that had been collected during the first visit was
used to calculate the average density of each site, as the
number of lionfish per hectare, to avoid the effect of
removal on population densities (data not presented here).

Age of the first lionfish observed in Martinique

According to Barbour et al. (2011), the von Bertalanffy total
length - weight formula has been used to calculate the age of
the first lionfish observed in Martinique and to deduce the
approximate date of arrival of that particular fish.

RESULTS AND DISCUSSION

The first lionfish reported in Martinique was on 1
February 2011 at Pointe de la Baleine (14°3108.12"N-
61°05'51.09"W), Anses d’Arlet (Figure 1). The specimen
was spotted and photographed at 6 m depth in a habitat com-
posed of large rock blocks and its total length was visually

estimated to be 150 mm; however, due to a lack of adequate
equipment, the diver was unable to catch this fish. Using the
size equations developed by Barbour et al. (2011), it was cal-
culated that a 150 mm-long lionfish specimen would be
approximately five months old, suggesting that this individual
would have initially settled on the reef as a juvenile recruit in
Martinique in September 2010.

Martinique was one of the last islands in the Lesser Antilles
to be colonized by the lionfish (the first sighting was made in
2011, see Figure 2A, B). Guadeloupe and Dominica (two
northern islands) recorded lionfish presence slightly before
Martinique, on the 25 October 2010 in Guadeloupe (first spe-
cimen captured by the National Park) and on the 27 January
2011 in Dominica (first specimen captured confirmed by the
Fisheries Division), whilst the first record in Saint-Lucia was
made in October 2011 and the first catch was in November
the same year.

The north to south progression of the lionfish through the
Lesser Antilles remains unexplained as the major currents
travel north and the flow from the Atlantic Ocean to the
Caribbean Sea goes east to west (Shulman & Bermingham,
1995; Roberts, 1997). We would have expected the lionfish
in the Lesser Antilles to have originated from the south,
as the occurrence of the species was established in the
Dutch Antilles (Curagao, Bonaire) in October 2009 (de Ledn
et al., 2013).

After February 2011, lionfish observations in Martinique
were recorded in the vicinity of the Fort de France Bay, and
sightings progressed northward along the west coast. No
records from the south coast had been registered before
December 2011 (Figure 1).

The fact that the population extended from the central Fort
de France Bay in Martinique raised the question as to whether
the first larvae were introduced from the ballast water of com-
mercial ships, the maritime traffic being quite intense in this
area of the Lesser Antilles. However, no successful introduc-
tions of Scorpaenids are known to have occurred via ballast
water (Hare & Whitfield, 2003). Another explanation for
this extension could be the higher probability of detecting a
lionfish in this area due to habitat type, hydrodynamism
and search efforts. It could also be hypothesized that the
occurrence of lionfish on the reefs of the south coast of
Martinique late in 2011 might have been offspring of popula-
tions from Saint Lucia, transported by the north-headed
current in that area.

Nine habitats were identified from the database: Rock reef;
Rocky shore; Patch rock reef; Coral Reef; Artificial Structure;
Sand; Algal community; Seagrass; and Mangrove. Clustering
was performed to address the patterns of distribution accord-
ing to habitat, size of individuals and depth (N = 6848 cap-
tures). Three homogenous groups were identified (Table 1).

While it appears that the preferential habitat for lionfish is
hard bottom substrate, regardless of depth, the share of the
dominant size class increases with depth, confirming the sug-
gestion by Claydon et al. (2012) that lionfish settle in shallow
habitats for shelter before moving to deep reefs. This outcome
might also reflect a more efficient control effort in shallow
waters than in deeper waters where lionfish reach larger sizes.

As a consequence of successful recruitment, lionfish have
been found in all of the marine ecosystems on the west
coast of Martinique: reef (95.3% of catches); seagrass
(0.37%); and mangrove (0.06%). These results show a high
preference for hard bottom habitats (480 ha - 14.7% of
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Fig. 1. Extent of lionfish invasion in Martinique vs time - from the early stage of colonization in 2011 to January 2014 (observation/capture data provided by

divers). Each dot represents at least a single capture.

total habitats) and suggest that seagrass beds (1360 ha -
41.6% of total habitats) and mangroves are used as transitional
habitats, as compared to other studies (Barbour et al., 2010;
Claydon et al., 2012; Pimiento et al., 2013). However, sam-
pling efforts in seagrass beds and mangroves have been
lower than that in hard bottom habitats. The mangrove
habitat is quite unusual for the lionfish, as previously
mentioned by Barbour et al (2010). Four lionfish (size
class [15-20 cm]) were found together in the root systems
of the Fort-de-France Bay mangroves in Martinique during
a one person-hour exploration survey. This data from
Martinique’s mangrove represents a significant record for
population density - eight times more than that of San
Salvador’s mangrove (Bahamas) (Pimiento et al, 2013).
While the catch per unit effort is fairly even between reef
and mangrove habitats in San Salvador, it can be extremely
high in Martinique reefs (up to 75 lionfish in one person-hour-
personal record).

Seagrass beds constitute the major habitat along the
Caribbean coast of Martinique, where only 25 captures of
lionfish have been reported, also reflecting a low sampling
effort in this ecosystem. Generally, the habitat preferences of
lionfish are sponges, wooden logs or any artificial structures
providing shelter in seagrass. Lionfish are hardly ever
observed directly on seagrass and densities are certainly
higher if structures are <3 m in diameter, which are not con-
sidered as specific habitats according to Claydon et al. (2012).

The lionfish population in Martinique had dramatically
increased on the west coast by January 2012, from single spor-
adic observations to over 1500 captures per month in late 2013
(Figure 3). While relatively few sightings have been reported
by fishermen (fish traps - down to 120 m depth) from the
Atlantic east coast (Figure 1), the area has not been sampled
consistently nor efficiently due to difficult and dangerous
sea conditions. Thus, the lionfish population on the east
coast might be high. However, data from the Saint Martin
Marine Reserve (north Lesser Antilles) located on the wind-
ward coast of the island tends to show that the lionfish popu-
lation densities are quite low compared to the leeward coast of
other islands of the archipelago (data not presented here).
Rough environmental sea conditions on exposed coasts

might limit the spread of lionfish populations in Atlantic
reefs and other habitats.

The average population density in coral reefs and rocky
habitats, calculated from 50 x 5 m” belt transect data in
2012, was 14.7 + o.8 individuals ha™* (N = 39); however,
this value has to be taken carefully - Green et al. (2013)
have highlighted that belt transects are not the most efficient
method for measuring lionfish densities, as individuals tend to
aggregate in patchy distributions. By February 2013, lionfish
densities were assessed using 50 X 50 m* quadrats, giving an
average value of 118 + 24 individuals ha™ ', but densities
might have been even higher given the cryptic behaviour of
lionfish (Kulbicki et al., 2012). In July 2013, density reached
66 fish over 500 m” (1320 individuals ha™ ') on another site
(quadrat survey) south of the Saint Pierre Bay (north
Caribbean). This site is a rocky reef surrounded by a steep
slope slit and a sandy bottom. Surveys occurred at a depth
of between 13 and 20 m over 500 m®. The average lionfish
density in 2013 was 480 individuals ha™" (N = 5 calculated
with the density value of the first quadrat survey — without
lionfish removal effect).

After three years, the lionfish population densities in
Martinique are almost equivalent to those found in the
Bahamas when they invaded in the early 2000s. These
values are significantly above the values found in their
native range (Table 2).

Scuba-diving capture campaigns started in May 2011 in
cooperation with dive centres in Martinique and were coordi-
nated by OMMM. Dive centres are evenly distributed along
the west coast of Martinique and, thus, observations are con-
sidered consistent along the coast and reports from the dive
centres reflect, in part, the spread of the lionfish population.
As of 2014, a few dive centres were actively controlling lionfish
populations near dive sites. No significant information on
fishermen catches in fish traps or nets in Martinique has
been reported. During 2011, the invasion had been slow, as
indicated by the low number of divers’ observations (16 indi-
viduals observed in November 2011). Assuming that the visual
census effort from divers has been equivalent during the years
2011 and 2012, a strong colonization phase of lionfish started
in December 2011, with a peak in July 2012, with acceleration
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Fig. 2. (A) North-south regional progression of lionfish in the Lesser Antilles. (B) Transect and quadrat locations along the west coast of Martinique.

during the following months (70 catches in January 2012, 540
in January 2013 and 1502 in December 2013). Capture records
were regularly updated as it has been stated by Morris (2012)

Table 1. Clusters analysis similarities between groups of lionfish in
Martinique (N = 6848 captures).

Cluster N Dominant Major size Average
habitat (% of  class (%) depth (m)
catches)
Group1 Ci1 1640 Rocky shore: 49 [10-15cm]: 40 6.3
C6 1330 Rock reef: 52 [10-15 cm]: 28 7.3
Group 2 Cs 1423 Rock reef: 63 [15-20 cm]: 28 16.6
C2 1592 Rock reef: 71 [15-20 cm]: 30 16.5
Group 3 C3 180 Artificial [25-30 cm]: 32 42.5
structure: 37
C4 683 Rock reef: 47 [15-25 cm]™ 60 26.6

“In Group 3 both [15-20 cm] and [20-25 cm] classes represented 30%

and were pooled.

that an eventual invasion peak should be followed by an equi-
librium. From May 2011 to February 2014, 12,300 lionfish
were officially captured in Martinique, and this equilibrium
has not yet been reached (Figure 3).

The maximum size of captured lionfish also increased, with
individuals belonging to the 41-45 cm size class (Figure 3),
which is bigger than their natural size range: Pterois volitans
- 38 cm (Darling et al., 2011). The number of catches of lion-
fish that fall within the size classes of 21-25cm and 26—
30 cm had increased by the end of 2012, but the majority of
the fish captured were from the 11-15 cm and 16-20 cm
size classes, corresponding to fish that are sexually mature
(Morris & Whitfield, 2009).

Figure 4 reflects the succession of the percentage of the size
class frequency vs time between October 2011 and February
2013 (17 month period) obtained from captured fish (divers
were told to target all fish sizes). The number of captures
remained below 100 individuals until June 2012. Even if the
numbers of fish were low during the first year of invasion,
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Fig. 3. Size class distribution of captured lionfish in Martinique from May 2011 to February 2013 (size classes: 0-5 cm; 6-10 cm; 11-15 cm; 16-20 Cm; 21—
25 cm; 26— 30 €m; 31-35 Cm; 3640 cm; 41— 45 cm). Since March 2013, the numbers of lionfish captured per dive became too high for any volunteer to collect

data on size class, depth and habitat.

there is a displacement within the size class frequencies
between October 2011 and May-June 2012 towards an
increase in larger fish within the population structure. The
smaller fish frequency started to increase again by March
2012, representing the dominant size class by September
2012 and a significant size class of 16-20 cm was presented
by December 2012, which would suggest two cohorts of lion-
fish by early 2013.

In response to the invasion of lionfish in Martinique,
OMMM has set up a French Antilles network in cooperation

Table 2. Lionfish densities evaluated in their natural distribution area and
invasive range in the Caribbean.

Areas of study Lionfish density Authors

(ind. ha™")
Indo-Pacific 26 Kulbicki et al. (2012)
Palau Archipelago <14 Grubich et al. (2009)
Kenya 25 Darling et al. (2011)
North Carolina 21 (2004) Whitfield et al. (2007)

150 on average (2008)
Max 450 (2008)

Morris & Whitfield (2009)

Bahamas 100 on average (2008)  Darling et al. (2011)
Max 393 (2008) Green & Coté (2009)
440 on average (2012)  Hackerott et al. (2013)
Max 5200 (2012)

Cuba 150 (2012) Hackerott et al. (2013)

Belize 160 (2012) Hackerott et al. (2013)

Bonaire 66 on average (2013) de Leon et al. (2013)

Curagao 127 on average (2013)

Martinique 480 on average (2013)

Max 1320 (2013)

with the local authorities to develop a population control
strategy. This strategy defines four objectives, public aware-
ness, control strategies, monitoring and research, and is
inspired by the Regional Caribbean Lionfish Strategy.
Manual removal is the only option for controlling invasive
lionfish population to date and it has been shown that local
removal can be effective (Morris, 2012). Based on Green &
Coté (2009), removing all individuals greater than 15 cm in
total length from one site reduces the consumption capacity
of the remaining population to levels that are far surpassed
by the production of their prey, and would therefore be
sustainable.

Removal not only helps maintain a lower lionfish popula-
tion, but it also avoids a decline in native prey fish communi-
ties caused by lionfish predation. However, Green et al. (in
press) demonstrated that adult lionfish population thresholds
predicted to cause predation-induced declines are required to
maintain sustainable juvenile reef fish assemblages and bio-
masses, but are mostly site-specific. Other models revealed
that large numbers of lionfish would need to be removed regu-
larly to result in a significant decrease in the overall popula-
tion; it has been stated by Morris et al. (2011) that 27% of
the adult population should be removed every month while
Barbour et al. (2011) mentioned that a rate of 15-65%
removal of the total population each year would be necessary
to control lionfish population development region-wide.

Lionfish populations have reached maximum densities of
1320 individuals ha™" in coastal waters of Martinique, illustrat-
ing a concentration effect on isolated rocky reefs. Continuous
effort is required to increase catches. An agreement has been
recently released in Martinique by the local authorities to
encourage lionfish catches by the local small-scale fisheries,
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Fig. 4. Lionfish size class frequency vs time in Martinique (dashed lines). Only size classes with individuals recorded every month between October 2011 and
February 2013 are presented (6-10 cm; 11-15 cm; 16-20 cm; 21-25 cm). Bars illustrate the number of lionfish captured each month.

under certain conditions, excluding the coastal areas of the
west coast polluted with the banana pesticide chlordecone
(Coat et al., 2006). On northern islands, the ciguatera contam-
ination of lionfish (Robertson et al., 2013) might restrict the
catches and lionfish may be added to the list of banned
fishes (http://www.poissonlion-antillesfrancaises.com/work-
shop/ciguatera/). Local fishing restrictions will restrain the
lionfish population control efforts. It is therefore expected
that fishing gear would be required to specifically target lion-
fishes, especially to remove lionfish from marine protected
areas. Maintaining low-density population levels seems to be

the best current option to mitigate the ecological and socio-
economic impacts of the lionfish invasion.
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