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Introduction

Abstract

The present study investigated the bioecology of invasive lionfish
species (Pterois spp.) through regular dives along the Mersin
coastline, northeastern Mediterranean. The length, weight, age,
stomach contents and gonads of the collected lionfish were analyzed,
and the environmental parameters such as seawater temperature,
depth, pH and salinity at the sampling stations were also recorded.
The total lengths ranged from 6.0 to 38.0 cm and the weights ranged
from 1.3 to 769.0 g. The length-weight relationships were calculated
for all individuals as W = 0.049 x L*3°. The growth pattern was
detected as positive allometric. The maximum age class was VII for
all individuals. The von Bertalanffy growth parameters were L. =
4535 cm, W, = 1435 g, k = 0.061 year!, tp = -6.282 years. The
stomach contents were found to be predominantly composed of small
fish, accounting for 77.5% of the total weight, while invertebrates
constituted a smaller proportion (5.9%). The mean gonad weight of
191 females was 4.52 g, with a maximum of 60 g. Mean egg diameter
measured 1.3 mm, and females averaged 74 eggs. Gonadosomatic
index and condition factor analyses show reproduction peaks in
summer. Lionfish proliferation in the eastern Mediterranean is driven
by venomous spines, rapid growth, early maturation, hunting success,
and opportunistic feeding. Findings highlight rapid growth, high
fecundity, and dietary overlap with native predators, suggesting
sustainable control requires protecting natural predators and targeted
removals.

Keywords: Lionfish, Pterois spp., invasive species, bioecological
characteristics, northeastern Mediterranean, Tiirkiye.

The opening of the Suez Canal in 1869 and the completion of the Aswan Dam in 1970 eliminated
natural barriers between the Red Sea and the Mediterranean, enabling the migration of numerous
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species (Turan et al., 2016, 2024; Stamouli et al., 2017). This biogeographic shift, particularly
prominent in the eastern Mediterranean, has significantly altered regional biodiversity. Many non-
native species, especially from the Red Sea, have become established and pose ecological risks by
outcompeting native fauna (Poursanidis, 2015; Farrag et al., 2016). Invasive species are
characterized by high reproductive rates, broad ecological tolerance, and adaptability, often leading
to reduced biodiversity and altered ecosystem functions (Zenetos et al., 2012; Otero et al., 2013;
Turan et al., 2018). Among these, lionfish (Pterois miles and Pterois volitans), venomous predators
from the Scorpaenidae family, have rapidly expanded their range (Johnston and Purkis, 2014;
Kletou et al., 2016; Turan, 2020). Their morphology, including venomous spines and camouflage
coloring, along with opportunistic feeding behavior and lack of natural predators, make them highly
successful invaders. Studies have shown they primarily prey on small reef fish and crustaceans,
with significant impacts on local food webs (Cote et al., 2013; Andradi-Brown et al., 2017).

The devil firefish Pterois miles (Bennett, 1828) was first reported from the coasts of Israel
(Golani and Sonin, 1992), and then northwards from Lebanese (Bariche et al., 2013) and Cypriot
waters (Evripidou, 2013; Oray et al., 2015). In Turkish marine waters, P. miles was first reported
from the Iskenderun Bay by Turan et al. (2014) and spread westwards to Mersin (Yaglioglu and
Ayas, 2016) and Antalya Bays (Ozbek et al., 2017) and the South Aegean coast of Tiirkiye (Turan
and Oztiirk, 2015; Bilge et al., 2016; Ozgiil, 2020; Orug et al., 2022). Most recently, P. miles,
recorded in 2023 by Alkan et al. (2023) from the Edremit Bay, has expanded its spread towards the
the North Aegean coast of Tiirkiye. The red lionfish Pterois volitans (Linnaeus, 1758) was first
reported in the Mediterranean Sea by Giirlek et al. (2016) from the Iskenderun Bay, followed by
records from the Antalya Bay by Gokoglu et al. (2017) and from the Mersin Bay by Ayas et al.
(2018). In the last decade, lionfish have expanded their habitat to the Central Mediterranean and
continue to spread to the Western Mediterranean, highlighting their high invasive potential (Turan,
2020; Ulman et al., 2020).

This study aimed to reveal some bioecological characteristics of lionfish species on the
Mersin coast in the northeastern Mediterranean. Regular dives were made at four stations over two
years, collecting data on morphometric, age, nutrition, reproduction, and environmental variables
(temperature, salinity, pH, depth, and currents). Therefore, by better understanding the adaptation of
Pterois spp. and its regional ecological impact, potential management strategies against this
invasive species were evaluated.

Material and Methods

Between June 2020 and June 2022, a total of 320 lionfish specimens were collected through
systematic dives along the Mersin coastline. Following several exploratory dives, Akkum,
Susanoglu, Dana Island and Aydincik were identified as sampling areas with high lionfish density
(Figure 1).
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Figure 1. Map of the study area along the Mersin coastline, showing the four sampling stations:
Akkum, Susanoglu, Dana Island, and Aydincik.

Due to its venomous spines, lionfish is challenging to harvest (Arbuatti and Lucidi, 2010).
Specimens were collected using a 180 cm hand harpoon and a custom 10 L container and preserved
in 70% ethanol. Environmental parameters were recorded using an Aqualung 1450 dive computer
(depth and temperature) and an ATC 0-100% refractometer (salinity). Dives ranged from 2 to 30
meters.

The total length and weight of 320 individuals were measured to the nearest 0.1 cm and 0.01
g. Age determination was carried out using scales, as they were preferred over otoliths and
vertebrae due to their consistency and clarity. Scales were collected dorsally, near the head and
pectoral fin, and then cleaned using a warm distilled water-NaOH protocol (Cete and Ergene,
2018), mounted between slides, and read independently by two observers using a stereo microscope
(Figure 2).

Figure 2. The scale of lionfish used for age determination.
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Total length-weight relationships were calculated for all individuals with the formula W = a
x L’ (Ricker, 1975). W is the fish weight (g), L is the fish length (cm), a is a coefficient relative to
body form, and exponent b is the allometry coefficient of the linear regression equation expressing
isometric (= 3), positive allometric (> 3) and negative allometric (< 3) growth in length.

Fulton condition factor (K) was calculated according to the formula (Le Cren, 1951) K =

BW-G
((L—3W)) x 100, where GW is the gonad weight, BW is the body weight, and L is the fish total

length.

The age-length relationship was modeled using the von Bertalanffy growth function L; = L«
[ - e*()], where L, is the fish length (cm) at the time ¢ (year), L. is the mean asymptotic length
(cm), k is the growth coefficient (year!), and ¢, (year) is the theoretical time at which the length
equals to zero. On the other hand, the age-weight relationship was also calculated von Bertalanfty
growth function W, = W [1 - e*"'1>, where W, is the weight of the fish at any age (g), W is the
theoretical maximum weight (g), k is the growth coefficient (year!), ¢ is the age (years), #, is the
theoretical age (years) at the time when fish length is assumed to be zero (von Bertalanffy, 1957).

The internal organs of a total of 320 fish were removed in the dissecting tub, the structures
outside the digestive system were separated, and the stomach contents were examined. The
digestive system was weighed with PL202-S model precision balance (0.01-210 g). Both full and
empty weights of the digestive system were measured. The stomach and intestines were opened and
the prey items in the stomach were counted and grouped as vertebrates, invertebrates and
unidentified. Macro-sized organisms in the stomach content were photographed using a scale and

calculated using NOF = TTNI formula (Lagler, 1956), where NOF is the number of organisms per

fish, TNI is the total number of individuals of a given prey taxon, and N is the number of fish
examined.

The weight of the gonads of the 320 fish examined was measured on a precision scale, the
eggs were counted and their measurements were taken under a stereo microscope. The
Gonadosomatic Index (GSI) was calculated according to the method of Render et al. (1995)

GSI = (gmgiy) x 100, where GW s the gonad weight, BW is the body weight. All statistical

analyses were performed using SPSS Statistics (v.25).
Result and Discussion

Lionfish typically inhabit rocky substrates, crevices, and caves, exhibiting ambush predation
behavior by remaining motionless near aggregations of small fish (Golani et al., 2006; Darling et
al., 2011). Although rarely observed in open waters, they are frequently encountered near Diadema
setosum, a long-spined sea urchin that shelters small fish, indirectly attracting lionfish.

Sampling focused on four key areas due to habitat suitability. Lionfish abundance increased
during summer and autumn, coinciding with higher prey availability and making them more
detectable. In colder seasons, they retreat into deeper burrows and caves. While juveniles exhibit
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site fidelity (Jud et al., 2011), adults, especially those >30 cm, tend to roam freely and are often
observed at greater depths. Lionfish were also found near artificial reefs and shipwrecks, such as
around Dana Island, where habitat complexity supports their presence.

Over the two-year study period, the highest number of lionfish specimens was recorded at
the Susanoglu station (n = 120), followed by Dana Island (n = 93), Akkum (n = 67), and Aydincik
(n = 40). These locations are characterized by rocky substrates and complex structures, such as the
shipwreck near Dana Island, which acts as an artificial reef and supports dense populations of small
prey fish. Although Aydincik also hosts a high lionfish presence, sampling was limited due to
diving safety constraints, as the majority of individuals were observed at depths exceeding 30
meters. Standard diving limits restricted maximum sampling depth to 30 m.

During the two-year study period, a notable increase in sea surface and air temperatures was
recorded, with 2021 being the warmest year. In coastal areas, sea temperature did not fall below
20°C even during winter, favoring thermophilic and migratory species such as lionfish. Supporting
this, Poursanidis (2015) identified the eastern Mediterranean as the most suitable region for lionfish
expansion, in contrast to less favorable northern basins like the Adriatic or Tyrrhenian Seas.

pH values measured at coastal stations averaged 7.9, showing no significant changes over
time. Although this is slightly lower than the typical Mediterranean range (8.0-8.2), the region
remains buffered against acidification due to high saturation levels of calcite and aragonite
(Schneider and Erez, 2006). A slight decrease in pH was observed in surface waters during 2021,
the warmest year on record.

Salinity ranged seasonally between 35%o0 and 39%o, peaking in summer and decreasing in
winter, likely influenced by freshwater inputs from the Taurus Mountains. Despite these
fluctuations, lionfish, known for their broad salinity tolerance and resilience to environmental
stressors, appeared unaffected. No signs of disease or high parasite load were detected, consistent
with findings by Kindinger (2014).

Length and weight frequency distributions of 320 lionfish individuals were presented
(Figure 3). The minimum total length (6.0 cm) and weight (1.3 g) were obtained from Akkum,
while the maximum total length (38.0 cm) and weight (769.0 g) were obtained from Dana Island
samples. The average weight of the Dana Island samples was 333.0 g, while the average weight of
the Akkum samples was 157.0 g. In addition, the fact that most specimens on Dana Island (n = 242;
75.6%) were in the range of 18.0-30.0 cm and had an average total length of 27.6 cm (n = 93) may
be attributed to the optimal habitat conditions created by the proximity of the region to fish farms,
as well as the regional ecosystem may have provided suitable conditions for lionfish. In contrast,
the lowest number of samples (n = 67) and mean length (22.0 cm) were observed from Akkum.
Consistent with the study conducted by Kondylatos et al. (2024) on Rhodes Island, it showed
similarity in the total length range obtained (15.7-38.8 cm).
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Figure 3. Length (a) and weight (b) frequency distribution of Pterois spp. from the Mersin coastline
between June 2020 and June 2022.

The functional relationship in the fitted growth curve was determined by constructing
length-weight relationship for all individuals of Pterois spp. (Figure 4). The constant b was found to
be positive allometric with a value of 3.30 and was statistically significant (P < 0.05). This finding
is consistent with Perera-Chan and Aguilar-Perera (2014), Toledo-Hernandez et al. (2014), Sabido-
Itza et al. (2016), Savva et al. (2020), and Yilmaz and Demirhan (2020), but inconsistent with
Barbour et al. (2011) and Zannaki et al. (2019). Perera-Chan and Aguilar-Perera (2014) calculated b
value of P. volitans as positive allometric 3.30 in 455 samples from the Yucatan Peninsula (Gulf of
Mexico). Toledo-Hernandez et al. (2014) found that P. volitans sampled across Puerto Rico
exhibited positive allometric (b = 3.32) in 87 immature samples, isometric (b = 2.99) in 140 mature
samples, and positive allometric (b = 3.11) in all individuals. Sabido-Itza et al. (2016) detected the
growth pattern of P. volitans samples as positive allometric obtained from the coasts of Banco
Chinchorro (n = 368) and Xcalak (n = 449) (Mexico) and determined the » constants to be 3.25 and
3.19, respectively. Savva et al. (2020) observed positive allometry in P. miles collected from the
coasts of Cyprus, with b values of 3.16 for 119 female and 3.12 for 75 male specimens. Yilmaz and
Demirhan (2020) reported the positive allometric growth pattern detected in 254 P. volitans
individuals collected from Iskenderun Bay with b value of 3.11. Conflictingly, Barbour et al. (2011)
determined negative allometry by calculating b value as 2.89 in 774 P. miles and P. volitans
samples collected along the southeastern coast of the USA. Zannaki et al. (2019) reported an
isometric growth pattern in P. miles sampled from Rhodes Island, with b value of 2.896 based on 42
specimens. The parameter b, which reflects the natural growth pattern of fish, typically ranges
between 2 and 4. Variations in length-weight relationships across different geographic regions may
arise from a combination of influences, including methodological approaches, sampling location,
habitat conditions, seasonal effects, maturity stage, sex, age, dietary factors, and the length
distribution of the sampled fish (Ricker, 1975; Bagenal and Tesch, 1978).
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Figure 4. The length-weight relationship of lionfish (Pferois spp.) individuals from the Mersin
coastline, northeastern Mediterranean.

Table 1 summarizes the range of length (L) and weight (W) across different age groups,
along with sample sizes. A total of 320 individuals were studied, with age group contributions
ranging from 3.1% (Group VII) to 24.7% (Group III). The largest sample was observed in Group III
and the smallest in Group VII. Length ranges (Lmin-Lmax) indicate that at age 0, individuals measured
6.0-19.0 cm, with maximum length increasing steadily with age. The widest ranges were recorded
in Groups VI (34.0-38.0 cm) and VII (30.0-37.0 cm). Lengths for all age groups of individuals
ranged from 6.0 to 38.0 cm. Weight ranges (Wuin-Wmax) also increased with age. At age 0, weights
were 1.3-98.0 g, while in Groups VI and VII they reached 510.0-764.0 g and 395.0-769.0 g,
respectively. Weights for all age groups of individuals ranged from 1.3 to 769.0 g. Mean values
(£SD) showed the same trend. Average length rose from 15.6+£3.1 cm at age 0 to 35.4+1.7 cm in
Group VI. Average weight increased from 50.5+26.3 g to 633.2466.2 g in the same group,
reflecting a normal growth pattern in the population.

Table 1. Distribution of sample size, total length (cm) and weight (g) ranges, and mean values by
age groups of Pterois spp. individuals.

Age 0 1 11 1 v v V1 VII All
N 31 41 57 79 68 23 11 10 320
% coverage 9.7% 12.8% 17.8% 24.7% 21.3% 7.2% 3.4% 3.1% 100%
Lin-Lumax 6.0-19.0 14.0-22.0 19.0-25.0 21.0-28.0 21.0-34.0 25.0-37.5 34.0-38.0 30.0-37.0 6.0-38.0

LuneartSD 15.6£3.1 18.5+1.8 21.9+1.3 24.6£1.6 28.4+2.8 31.9+43.2 35.4+1.7 35.5+2.4 24.5+5.8

Wonin=Wmax 1.3-98.0 32.0-145.0  80.0-190.0 114.0-305.0  94.0-592.0  204.0-720.0 510.0-764.0 395.0-769.0  1.3-769.0
WineantSD 50.5+26.3 77.2424.3 130.3+£29.1  188.6+47.1 329.7£107.1 466.9£150.7 633.2+66.2 627.6+138.4 229.6+174.8

N, sample number; L, minimum total length; L,,,, maximum total length; L,..,, mean total length; W,,,, minimum weight; W,,.,, maximum weight;
W ean, mean weight; SD, standard deviation.
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Lionfish are generally reported to have lifespans ranging from 0 to IX years, although
individuals in the wild have been observed to live up to XV years (Green et al., 2012; Pusack et al.,
2016), and those maintained in captivity have survived as long as XXX—-XXXIII years (Potts et al.,
2010). Field surveys across multiple regions consistently indicate that lionfish populations are
dominated by younger cohorts: in the Gulf of North Carolina, 90% of 814 specimens were under 11
years of age (Potts et al., 2010); in the Gulf of Mexico, 93% were < Il years (Fogg et al., 2019); and
in areas such as Little Cayman and northeast Florida, 90% were < III years (Barbour et al., 2011;
Edwards et al., 2014; Johnson and Swenarton, 2016).

The total lengths and calculated asymptotic length (L. = 45.35 cm) of lionfish individuals
assigned to each age class were shown in Figure 5. This L. estimation is comparable to previous
reports from Rhodes Island (Kondylatos et al., 2024) with 45.35 cm, Iskenderun Bay (Yilmaz and
Demirhan, 2020) with 47.58 cm, the northeast Florida coast (Johnson and Swenarton, 2016) with
44.8 cm, southern Cyprus (Savva et al., 2020) with 44.4 cm, and North Carolina (Barbour et al.,
2011) with 45.5 cm. The growth coefficient (k) was estimated at 0.061, consistent with values
reported in both the Atlantic and Mediterranean. A low k value suggests slower growth and lower
natural mortality rates (Sparre and Venema, 1992), which is likely due to reduced predation
pressure (Andradi-Brown et al., 2017).

450 I—t — 4535 [1 — 9_0061(t' 6282)]

Length (cm)

3 R? Linear = 0,843

) 10 20 30 40 50 60 7.0

Age

Figure 5. von Bertalanffy growth curves applied to total length-at-age data for lionfish (Pterois
spp.) individuals from the Mersin coastline, northeastern Mediterranean.

The weights and calculated asymptotic weight (W, = 1435 g) of lionfish individuals
assigned to each age class were shown in Figure 6. Although a typical sigmoid curve was not
observed here, growth initially proceeded rapidly and then slowed. Fish weights increased only
gradually in the younger age groups, reflecting limited early development. However, the growth
rate accelerates during the early age classes and eventually levels off in older individuals, a pattern
consistent with the general growth trajectory commonly reported in fish populations (Avsar, 2005).
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Ehemann (2017) reported lionfish measurements of 45.7 cm in total length and 1440 g in weight
from Margarita Island (Venezuela). This high theoretical maximum weight (W.) suggests a
significant potential biomass, which has important implications for both the ecosystem and potential
fisheries.

800,0 Wt — 1435 [1 _ e_0.061(t - 6.2?2)]3 .
6

o
°
o
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Weight (gr)

R Square =0878
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Figure 6. von Bertalanffy growth curves applied to weight-at-age data for lionfish (Pterois spp.)
individuals from the Mersin coastline, northeastern Mediterranean.

The condition factor (K), a measure of nutritional status and environmental fitness, ranged
from 0.83 to 1.68 in 262 individuals. According to age-related categories, it ranged from 1.14 to
1.50, with the highest mean value in the age group V (1.50). The mean K was 1.28, indicating that
the lionfish specimens examined were in a generally good physiological condition (Avsar, 2005).
Lionfish are one of the species at the top of the food web in many coral reef environments. With a
high prey capture rate, lionfish are known to feed on crustaceans (and other invertebrates) and local
fish species, starting from small fry to fish up to their own size. P. volitans consumes on average 8.2
times its body weight in food per year. Juveniles consume 5.5-13.5 g of food per day, while adults
consume 14.6 g of food per day. Assuming that lionfish eat about 8.5 g per day, they consume 3.10
kg of food per year, and for 80 fish living on a reef 1 km long, this would be about 228.48 kg per
year (Fishelson, 1997).

This study exhibited a high proportion of fully digested stomach contents, which prolonged
digestive retention, likely due to their ambush hunting strategy and low metabolic activity. An
analysis of stomach contents showed that 17 individuals had full digestive systems, 38 were half-
full, 76 were partially full, and 186 were empty. Lionfish are highly resistant to starvation; larger
individuals tolerate longer fasting periods due to greater energy reserves (Fishelson, 1997). On the
other hand, lionfish exhibit a broad diet, as observed in the Bahamas where their stomach contents
included 41 bony fish species across 21 families (Morris, 2009). Studies indicate that their feeding
habits remain consistent across invaded regions, showing no significant difference between
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Mediterranean and Atlantic populations (Benkwitt, 2016). Experimental research demonstrated that
a single lionfish could reduce reef fish abundance by 93.7%, exerting 2.6 times more predation
pressure than native groupers (Albins, 2013).

Stomach content analysis of this study revealed prey items such as Chromis chromis (n =5),
Cheilodipterus novemstriatus (n = 4), Sargocentron rubrum (n = 4), Siganus sp. (n = 3), and Coris
julis (n = 1) in 17 individuals with full stomachs. All invertebrate prey belonged to the infraorder
Caridea. Similarly, Savva et al. (2020) identified fish as the dominant prey group in lionfish
stomachs, with species such as Chromis chromis, Spicara smaris, Apogon imberbis, Thalassoma
pavo and Sparisoma cretense being frequently consumed. The predominance of pelagic and reef-
associated species may be attributed to a generalist and opportunistic feeding strategy, potentially
extending to migratory fish.

The overall stomach content analysis of 320 individuals further revealed that vertebrates
accounted for 77.5%, whereas invertebrates comprised only 5.9% (NOF). The longest vertebrate
prey item found in a stomach was 12 cm. It should be noted that prey identification is highly
influenced by the digestion state, limiting taxonomic resolution, especially in partially digested
samples (Baker et al., 2014). Previous studies have revealed a broad diet of lionfish, with up to 50
different prey species including bony fish, crustaceans, and shrimp (Albins and Hixon, 2008; South
et al., 2017). DNA barcoding has revealed 31-39 fish species in lionfish stomachs across different
regions (Valdez-Moreno et al., 2012; Harms-Tuohy et al., 2016). Fish constituted the majority of
the diet, accounting for 74.4% in the Bahamas and 84.1% along the Atlantic coasts of USA (Eddy et
al., 2016). In the Iskenderun Bay, teleosts represented 65% of the stomach contents of 96
individuals (Demirci and Demirhan, 2022). The present study revealed results that closely coincided
with the aforementioned findings.

In addition, lionfish are opportunistic predators that are predominantly active during the day,
and their most intense feeding occurs early in the morning and at dusk (Fishelson, 1975; Jud and
Layman, 2012; Benkwitt, 2016). Observations from the study confirmed this pattern; during the
dives at 08:00-10:00 and close to sunset, stomach fullness increased. The lack of hunting in night
dives supports their classification as diurnal hunters; however, there may also be occasional feeding
due to their opportunistic nature.

Lionfish show limited sexual dimorphism during reproduction, with courtship involving
circling, lateral displays, and following behaviors, typically occurring around dusk and extending
into the night (Fishelson, 1975). Following courtship, females release two buoyant egg masses,
externally fertilized by males, which rise to the surface; embryos become free-floating within 36
hours, enhancing reproductive success. Previous studies reported male-biased sex ratios, such as
1:1.2 (Chin et al., 2016), 1:1.64 (Jhonson and Swenarton, 2016), 1:1.06 (Edwards et al., 2014), and
1:0.67 (Daghan and Demirhan, 2020). In contrast, our study revealed a female-biased ratio of
1:1.76, with females comprising 59.7% (191) and males 33.7% (108) of the sampled population.

Reproductive parameters measured for the 262 individuals in this study showed that gonad
development progressed rapidly with age. The fish in the age group I had an average gonad weight
of 1.18 g, producing an average of 46.6 eggs (0.4 mm), while those in the age group II produced
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2.17 g and fecundity was ~81.7 eggs (0.56 mm). In the IV-V age groups, where reproductive
capacity occurred, gonad weights averaged 7.9-8.3 g and fecundity was ~86-90 eggs (0.56-0.6 mm).
Individuals in the VI-VII age group had reduced gonad mass, but the number of eggs was relatively
stable, and the egg size was slightly larger (up to 0.65 mm). Previous studies have shown that
lionfish usually reach 16.6-19.0 cm in length at the age of I, with a maximum lifespan of V-VIII
years (Barbour et al., 2011; Edwards et al., 2014), while populations in the northern Gulf of Mexico
rarely exceed IV-V years and attain sexual maturity within the first year (Fogg et al., 2017).
Considering their early maturity, sustained reproductive activity, and high fertility, the invasive
potential of lionfish in the eastern Mediterranean stands out.

Sexual maturation occurred between 16.0-18.0 cm total length (Figure 7), with peak
reproductive efficiency observed at II-IV years of age and lengths of 18.0-28.0 cm. Minimum
spawning sizes reported in Southern Cyprus were 15.4 cm for males and 15.8 cm for females
(Savva et al., 2020), while other studies have documented sexual maturity at 17.5-19.0 cm (Morris,
2009; Gardner et al., 2015). The findings from the present study are consistent with these values.
The smallest mature individual measured 16.0 cm, confirming that lionfish reach functional
maturity at relatively small sizes; this contributes to their invasive success in the eastern
Mediterranean.

Number of eggs
Number of eggs

Figure 7. Relationship between female lionfish fecundity (egg count), age (a), and total length (b).

Gonadosomatic index (GSI) analyses have shown that reproductive activity occurs
throughout the year, with seasonal variations occurring. GSI values were observed highest in
summer and autumn, and lowest in winter (Figure 8). These findings are also supported by the fact
that lionfish, which are also observed in different geographical regions, have the ability to
reproduce throughout the year (Morris et al., 2008; Savva et al., 2020). The agreement between the
fitness factor and the GSI indicates that the lionfish are ready for reproduction throughout the year
and show more activity during the warmer months. Given their high fertility rates and rapid larval
development, it seems quite difficult to control lionfish populations through fishing alone.
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Figure 8. Seasonal variation in the gonadosomatic index of female lionfish (Pterois spp.)
throughout the study period.

In conclusion, present study demonstrated that lionfish in the eastern Mediterranean have
successfully established permanent populations due to favorable environmental conditions, rapid
growth, early maturation, high fecundity, opportunistic feeding, and the absence of strong predators.
They predominantly inhabit rocky areas, caves, artificial reefs, and shipwrecks, where small fish are
abundant, and larger individuals are found at depths greater than 30 m. Length-weight analysis of
Pterois spp. in the Mersin coastline indicated positive allometry, while age analysis showed fast
early growth and the potential for longer lifespans under low predation pressure. Their diet,
dominated by local and foreign fish species, overlapped with the diets of important species such as
groper species, suggesting direct competition for food. Although eradication is not feasible,
management strategies should focus on identifying and protecting natural predators, reducing
fishing pressure on these species, and promoting controlled lionfish harvesting by trained divers.
Without intervention, lionfish are likely to continue expanding, posing long-term risks to
Mediterranean biodiversity and fisheries sustainability.
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