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Abstract

The substantial influx of non-indigenous species (NIS) into the eastern Mediterranean Sea from the Suez Canal has prompted
questions about the mechanisms enabling their establishment and the resulting impacts on native species. We focus on the trophic
level dynamics of the dominant native red mullet (Mullus barbatus) and the four NIS Pomadasys stridens, Upeneus moluccen-
sis, U. pori, and Parupeneus forsskali. Using various methods, including trophic level estimations, intestine length analysis, and
monthly trophic level variations, we assessed their trophic positions and flexibility. The results indicate that compared to M.
barbatus, P. stridens occupies a lower trophic level due to its omnivorous nature, potentially facilitating its biomass increase.
This lower trophic position is further supported by its lengthy intestine relative to size. Conversely, U. moluccensis, U. pori, and
P. forsskali position themselves consistently at higher trophic levels than M. barbatus. Monthly trophic level variations suggest
temporal dietary changes, which point to seasonal impacts on NIS success. M. barbatus’s resilience, including its preference for
polychaetes, may explain its sustained dominance amid competition. This study sheds light on NIS-native species coexistence,

further suggesting that NIS success could stem from exploitation of vacant niches and adaptation to new food sources.

Keywords: Trophic level; Red mullet; NIS; stomach content; relative intestine length.

Introduction

Non-indigenous species (NIS) are considered one of
the major threats to marine biodiversity, and their pres-
ence can resonate beyond ecological disruption to cause
profound socio-economic impacts (Edelist, 2013). These
impacts jeopardize the livelihoods of coastal communi-
ties (Bacher et al., 2023). In the complex and dynamic
marine environment, this poses a daunting challenge,
especially given the escalating threats that the world’s
oceans are currently facing. Therefore, understanding the
mechanisms that facilitate the spread of NIS is crucial for
developing effective strategies to control the process and
mitigate its adverse consequences.

This understanding becomes particularly pertinent
when examining regions like the Mediterranean Sea,
which is acutely impacted by the influx of NIS. This is es-
pecially true in the eastern part of the sea, where the Suez
Canal provides an inlet for these organisms. For over a
century, this influx has been radically altering ecosys-
tem dynamics, affecting not just ecological balances but
also the socio-economic fabric of the region (Ben-Tuvia,
1985; Golani & Appelbaum-Golani, 2010). NIS may con-
stitute over 85% of the biomass along the eastern Medi-
terranean coasts, prompting a dramatic shift in food web
dynamics and increasing competition for native species
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(Glicii et al., 2010; Mavruk et al., 2017). The situation is
further exacerbated by environmental stressors, such as
overfishing and rising temperatures, which are leading to
a significant shift in ichthyofaunal diversity on the upper
continental shelf, favouring non-indigenous species over
native ones (Goren et al., 2016).

The substantial increase in biomass brought about
by NIS inevitably exerts heightened pressure on native
populations, predominantly via intensified competition
for the same limited food resources within the Mediterra-
nean ecosystem, which is often classified as oligotroph-
ic (Glicii & Ok, 2018). Postulated cases of this pressure
include the invasive lizardfish (Saurida lessepsianus),
which might have played a role in the decline of native
hake (Merluccius merluccius) populations (Ben-Yami &
Glaser, 1974), and the possible pressure of Nemipterus
randalli on the native common pandora (Pagellus eryth-
rinus) in the eastern Mediterranean Sea (Yapici & Fil-
iz, 2019). Another theory has been put forth that native
species shift to greater depths as a result of NIS pressure
(Chaikin & Belmaker, 2023).

Given these changes, the eastern Mediterranean ma-
rine environment has emerged as a prime natural labora-
tory for the study of NIS dynamics (Azzuro et al., 2022).
The interplay of invasive species with established native
ones can be keenly observed in the region’s soft-bottom
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demersal habitats. Here, the red mullet (Mullus barbatus),
one of the historically dominant species (Vassilopoulou
& Papaconstantinou, 1992; FAO, 2016, 2020), has shown
remarkable resilience in the face of both environmental
changes and intense fishing pressures. This resilience
suggests an adaptation finely tuned to the eastern Medi-
terranean environment, yet the introduction of con-famil-
ial species such as Upeneus moluccensis and U. pori in
the 1950s brought new dynamics to the ecosystem. These
NIS thrived, and U. moluccensis became a commercially
harvested fish (Giicii et al., 1994). Nonetheless, the data
indicate that their abundance has not eclipsed that of M.
barbatus (TurkStat, 2023). Concurrently, Parupeneus
forsskali, a species with similar nutritional requirements
as M. barbatus (Vagenas et al., 2023), has been observed
within the same habitats but has failed to outcompete M.
barbatus, showing a more selective habitat and depth
preference. In contrast, Pomadasys stridens, a more re-
cent arrival observed first in 2009 (Bilecenoglu et al.,
2009), has shown an extraordinary increase in regional
biomass, achieving up to 2000 kg/km? by 2020 (Eskinat
et al., 2023). This figure is unprecedented for species liv-
ing on the soft-bottom continental shelf. Interestingly, red
mullet populations have remained robust with no signifi-
cant signs of depletion despite the increasing competition
for resources among the various species and the intensive
fishing activities in their habitat (FAO, 2020).

These changes in the ecosystem of the eastern Medi-
terranean Sea have prompted two questions regarding the
NIS. The first is how NIS are able to establish themselves
amid the long-standing dominance of native species with
well-adapted biological traits. The second is how NIS, es-
pecially P. stridens, obtain the energy to produce greater
biomass than M. barbatus in oligotrophic seas like the
Eastern Mediterranean.

For decades, scientists have grappled with similar
questions of why certain species become successful in-
vaders while others do not, and the consensus points to
a multifaceted answer. The issue has also been examined
from the perspective of resource exploitation, with stud-
ies indicating that trophic flexibility and opportunistic
feeding behaviours are key factors in the establishment
and success of NIS (Kostrzewa & Grabowski, 2003; Go-
lani, 2010; Arndt ef al., 2018). This is further highlighted
by the findings of Tiiziin and Giicii (2023) on the stomach
contents of P. stridens, which revealed that its ability to
adapt to different food sources may be just as critical as
other factors in explaining the species’ dramatic increase
in biomass in the Mediterranean.

One key factor influencing dietary preferences in fish
is the ratio of intestine length (IL) to total body length
(TL), often calculated as relative intestinal length (RIL).
The allometric relationship between TL and IL provides
insights into dietary preferences, with a negative value
typically indicating a carnivorous diet and values greater
than 1 suggesting an omnivorous one (Karachle & Ster-
giou, 2010a). Research suggests that longer intestines,
typically with RILs between 2 and 21, are associated
with herbivores, which have evolved to digest tougher
materials such as cellulose or lignin (Kapoor et al., 1975;
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Cleveland & Montgomery, 2003). In contrast, carnivores
generally have shorter intestines (Kapoor et al.,, 1975;
Wootton, 1990; Kramer & Bryant, 1995a).

In an attempt to understand and assess the red mullet’s
susceptibility to NIS pressure, we compared its trophic
position and flexibility with four NIS of similar troph-
ic levels. We examined the diets and compared trophic
positions of the selected species using four different ap-
proaches: trophic level estimations based on prey items in
the stomach contents and the relationships between TL,
total body weight (TW), and IL.

Materials and Methods

Five species were selected based on their habitat and
dietary preferences (carnivorous, mainly preying on
crustaceans, bottom and sub-bottom feeders, and mostly
preferring sandy—muddy substrates). These species are
Pomadasys stridens, Mullus barbatus, Upeneus moluc-
censis, U. pori and Parupeneus forsskali. Specimens of
these species were collected between November 2021
and March 2023 off the coasts of Mersin, Turkey (north-
east Levantine) (Fig. 1). The specimen samplings were
carried out using trawl nets on board the R/V Lamas, at
depths of 10 m to 200 m.

All fish were measured to determine total length (TL,
cm) and total weight (TW, g) before dissection. For a
proportion of each species, the guts were removed and
uncoiled (without stretching), and measured for intes-
tine length (IL, mm) from pylorus to anus. The stomachs
were also removed and their contents were examined
under a stereomicroscope. Plant fragments and unidenti-
fied organic material extracted from the stomach contents
were also weighed and categorised separately as “plant
material” and “organic material”, respectively. The diets
of the fish were assessed based on the index of relative
importance (IRI), which accounts for the percentages of
abundance (Ni%), weight (Wi%), and frequency of oc-
currence (Fi%) of the prey groups. IRI is calculated as
Fi% x (Ni% + Wi%) (Pinkas et al., 1971).

IL as a function of TL and TW is used to evaluate
trophic positions; hence the relative intestinal length,
RIL (calculated as IL/TL), and intestinal weight—length
(IWL) {Zihler’s index, ZI = intestine length (mm) / 10
[TW (g)'"]; Zihler, 1982} were used for intra- and in-
terspecific comparisons. Differences in RILs, IWLs, and
trophic levels among species were tested with one-way
analysis of variance (ANOVA) for cases where paramet-
ric test conditions were applicable, while the Kruskal—
Wallis test was used otherwise.

Trophic levels (Troph) were calculated using weight
percentages (Wi%) of each prey item in the stomach
content by using the dietr package (Borstein, 2020) of
R Software v.4.3.0 (R Core Team, 2023). This package
uses food item data to calculate trophic levels following
procedures in TrophLab (Pauly et al., 2000). We empha-
sized the significance of seasonal impact on trophic levels
by following the approach established by Karachle and
Stergiou (2008). This impact was attributed to variations
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Fig. 1: Sampling area with trawl stations represented by red dots.

in food availability and the stages of the biological cycle,
as previously demonstrated by Albert (1994). To assess
the monthly variations in trophic levels, we employed the
Kruskal-Wallis test, a non-parametric method suitable
for our data analysis.

The linear relationship between TL and IL, and its
implication on the feeding strategy, was investigated
following the approach detailed by Kramer and Bryant
(1995b). The approach was expanded by incorporating a
‘random effect’ term to assess species-specific variabili-
ty. To achieve this, we conducted the analysis utilizing a
random intercept—slope model from the /me4 package of
R Software v.4.3.0 (Bates et al., 2015).

Results

In total, 2436 individuals of five species were ob-
tained, measured, and examined for their diet (Table 1).
Organisms that were found in the stomach content were
classified into 19 taxa belonging to six phyla. Based
on the IRI percentages of the prey groups found in the
stomach contents (Fig. 2), P. stridens mainly consumed

34.5
ongitude

copepods (81%) and relatively small amounts of poly-
chaetes (7%). Polychaetes (36%) played a major role in
the diet of M. barbatus, followed by copepods (24%) and
decapods (24%) (See Appendix for the Ni%, Wi%, Fi%,
and IRI% values of the prey groups for all species). The
Upeneus species had similar diets primarily comprising
copepods and decapods, with variations in percentag-
es among species; U. moluccensis showed a preference
for copepods (70%), while U. pori consumed significant
amounts of both decapods (41%) and copepods (54%). P.
forsskali had the most diverse diet among the examined
species, including copepods (33%), decapods (29%), am-
phipods (11%), cumaceans (10%), polychaetes (6%), and
ostracods (5%) (Fig. 2).

A comparison between species revealed that P._forsskali
and U. pori occupied the highest trophic level, followed by
U. moluccensis, M. barbatus, and lastly, P. stridens (Fig.
3). The differences in trophic levels among the species was
significant (Kruskal-Wallis, p < 0.05), except for between
P, forsskali and U. pori (p = 0.39). When compared to the
TL values given in FishBase, the mean trophic levels of
all species except M. barbatus appear to be relatively low.
However, it is worth noting that the confidence intervals

Table 1. Number (N), body length (TL) and body weight (TW) measurements of examined species (Min: Minimum, Max: Max-

imum, SD: Standard deviation).

TL, cm W, g
Species N Min-Max Mean + SD Min-Max Mean + SD
P, stridens 785 5.3-17.6 13.3+2.43 1.7-67.3 32.3+15.25
M. barbatus 896 4.0-24.6 149+4.14 0.4-165.1 453 +31.91
U. moluccensis 420 5.6-17.8 9.6+2.71 1.3-62.5 104 +£11.31
U. pori 231 6.6-18.5 11.2+1.91 2.5-62.4 4.1+7.93
P, forsskali 104 5.6-25.3 10.9 +3.63 1.0-195.3 18.0 +£29.97
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Fig. 2: Index of relative importance percentages (IR1%) of the prey groups comprising the stomach content of M. barbatus, P.
stridens, U. moluccensis, U. pori, and P. forsskali. Prey groups with IRI% < 1 are not included.
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Fig. 3: Trophic levels (Troph) of examined species calculated with dietr. The lines in boxes represent medians, the error bars are

95% confidence intervals, and the outliers are shown as dots.

(calculated using SE values) overlap (Table 2).

Monthly changes in trophic levels were significant for
all species (Kruskal-Wallis, p < 0.05). A general peak in
late spring to early summer (April-June) was observed in
all species, followed by a decrease in mid-summer to ear-
ly autumn (July—September) (Fig. 4). M. barbatus and P
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stridens followed a similar trend throughout the year. Their
trophic levels continued to stay relatively low towards the
end of the year, while the trophic levels of the other species
increased. The presence of P, forsskali populations showed
seasonal variation in the area; some months had none,
while others had low numbers (Table 3).
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Table 2. Trophic levels (Troph) calculated for each species based on stomach content data, along with TROPH levels obtained
from FishBase (N: Number of fish, SD: Standard deviation, SE: Standard error, CI: Confidence interval).

This study Fishbase
Species N Troph SE 95% CI Troph SE 95% CI
M. barbatus 818 3.30 0.009 3.28-3.32 3.14 0.13 2.88-3.39
P, forsskali 102 3.47 0.026 3.42-3.52 3.54 0.26 3.03 -4.05
P, stridens 620 3.09 0.016 3.06-3.13 4.02 0.67 2.71-533
U. moluccensis 407 3.39 0.015 3.36-3.42 3.63 0.27 3.10-4.16
U. pori 229 3.44 0.016 342-348 3.51 0.49 2.55-4.47
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Fig. 4: Monthly variations in trophic levels (Troph) among species. The lines in boxes represent medians, the error bars are 95%

confidence intervals, and the outliers are shown as dots.

Our results showed that P. stridens exhibited the great-
est RIL, followed in order by M. barbatus, P. forsskali, U.
pori and U. moluccensis (Fig. 5, Table 4). Statistically
significant differences in mean RIL values among spe-
cies were observed (ANOVA, p < 0.001). A similar rank
order was observed from Zihler’s indices (IWL) (Table
4), with the exception of P. forsskali, which had a higher
IWL than M. barbatus. However, the difference between
the mean IWL values of these two species was found to
be insignificant (t test, p = 0.87).

An examination of the relationship between IL and
TL for each species revealed that P. stridens has the most
rapid intestinal growth relative to body size, as shown by
its steep slope in Figure 6. In contrast, M. barbatus pre-
sents a relatively flat slope (b) despite having an intercept
above the random model.
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Discussion

In any ecosystem, the survival of each species, wheth-
er native or NIS, depends on its ability to access the nec-
essary energy within the ecosystem. Their position in the
food web is determined by the source of the energy they
acquire. From the perspective of NIS survival, examining
where they successfully establish themselves and where
they face challenges within the food chain can offer val-
uable insights into the dynamics of the ecosystem. In this
context, we compared the dominant species (red mullet)
of the soft-bottom continental shelf of the Mediterranean
Sea with three confamilial non-indigenous mullids and
a haemulid NIS that share the same habitat. Among the
three mullid species, U. pori and U. moluccensis have
been present in the Mediterranean Sea for over half a cen-
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Table 3. Monthly trophic level (Troph) values of each species (N: Number of specimens, SD: Standard deviation, SE: Standard

error, CI: 95% confidence interval).

Species Month N Troph SD SE Cl

Species Month N Troph SD SE Cl

1 126 324 0.248 0.022 0.044

1 93 313 0415 0.043 0.085

2 18 3.21  0.207 0.049 0.103 3 91 3.11 0413 0.043 0.086
3 127 337 0.266 0.024 0.047 4 23 3.13 0.380 0.079 0.164
4 79 327 0.218 0.025 0.049 5 46 336 0.361 0.053 0.107
5 14 3.37 0.201 0.054 0.116 P stridens 7 97 3.15 0.298 0.030 0.060
M. barbatus
6 80 343  0.286 0.032 0.064 8 70  3.11 0.375 0.045 0.089
7 168 333 0.254 0.020 0.039 9 63 295 0375 0.047 0.094
9 56 322 0.242 0.032 0.065 11 89 3.00 0324 0.034 0.068
11 117 323 0.292 0.027 0.053 12 48 293 0.644 0.093 0.187
12 33 322 0.257 0.045 0.091 1 41 3.62 0.113 0.018 0.036
1 60 3.56 0.305 0.039 0.079 2 19 3.55 0.053 0.012 0.026
2 19 341 0.126 0.029 0.061 3 39 342 0.142 0.023 0.046
3 113 3.50 0.247 0.023 0.046 U. pori 6 57 3.57 0.069 0.009 0.018
4 2 391  0.719 0.509 6.464 8 3 3.00 0.000 0.000 0.000
5 10 3.54  0.109 0.035 0.078 9 41  3.04 0.105 0.016 0.033
U. moluccensis 6 4 3.83 0.448 0.224 0.713 11 29 3.54 0.132 0.025 0.050
7 372 0.226 0.160 2.034 1 3 3.51  0.023 0.013 0.057
8 76 3.08 0.221 0.025 0.051 64 336 0.162 0.020 0.041
9 28 3.10 0.126 0.024 0.049 P forsskali 9 1 3.02 NA NA NA
11 72 3.37 0.251 0.030 0.059 11 6 344 0.288 0.118 0.302
12 21 3.61 0.237 0.052 0.108 12 28 374 0.253 0.048 0.098
° [ ]
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5
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Fig. 5: Relative intestine length (RIL) and Zihler’s Index of the examined species. Lines in boxes represent medians, error bars

are the 95% confidence intervals and outliers are shown as dots.

tury, yet they have never held the same commercial sig-
nificance as the red mullet, as indicated by catch statistics
(FAO, 2020; TurkStat, 2023). The third species, P. forss-
kali, is relatively new to the Mediterranean Sea, having
appeared in the last two decades (Cinar et al., 2006) and
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recently progressed in its dispersal (Evagelopoulos et al.,
2020). The inclusion of the fourth species (P, stridens) in
this study was based on its remarkable biomass expan-
sion, which started sometime after 2012 on the eastern
Mediterranean coasts of Turkey and reached a substantial

387



Table 4. Relative intestine length (RIL) and Intestinal weight-length for each species (N: Number of fish, SD: Standard deviation,

SE: Standard error, CI: Confidence interval).

RIL (Gut Length/Total Length)

IWL (Intestinal Weight-Length, Zihler)

Species N Mean SD SE 95 % CI Mean SD SE 95 % CI
M. barbatus 182 0.87 0.097 0.007 0.85-088 3.92 0.406  0.030 3.86-3.98
P. forsskali 106 0.82 0.094 0.009 0.80-0.84 3.93 0.421 0.041 3.84-4.01
P, stridens 187 1.02 0.109 0.008 1.00 - 1.03 4.44 0.427  0.031 4.37-4.50
U. moluccensis 131 0.68 0.082 0.007 0.66 - 0.69 3.27 0.385 0.034 3.20-3.33
U. pori 141 0.75 0.114 0.010 0.73-0.76 3.54 0.499  0.042 3.45-3.62
20 4
’g 151
o
<
S)
c
o
[0}
£
3
£ 101
Species Intercept (a) Length (b)
~o— M. barbatus  -0.13 0.88
=o= P. forsskali -0.57 0.88
5 —e= P. stridens -1.98 1.18
=e=U. moluccensis -0.54 0.73
3 == U. pori -3.56 1.08
5 10 15 20

Total length (cm)

Fig. 6: IL-TL correlations for P. stridens, M. barbatus, U. moluccensis, U. pori and P. forsskali. The black line represents the
random slope model, and the inset table shows the intercept (a) and slope (b) of each species’ IL-TL relationship.

biomass level by 2016 (Eskinat ef al., 2023). The results
reveal that, qualitatively, all of the studied species feed
on the same prey groups, as was previously documented
by Golani (1993) for M. barbatus, U. moluccensis, and
U. pori. Karachle and Stergiou (2008), on the other hand,
pointed out the significance of the temporal availability
of food sources and suggested that the trophic levels of
the fish within an ecosystem are likely to display seasonal
variability. Indeed, the species investigated in this study
occupy different levels due to temporal changes in their
preferences and/or the availability of their prey (Figs 3
& 4).

Trophic level calculations are based on the Troph val-
ues of the prey items that constitute a species’ diet. These
values fundamentally depend on the length of the food
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chains linking that species to autotrophs (Ginzburg &
D’Andrea, 2001). Therefore, an organism’s trophic level
can vary significantly depending on the ecosystem which
it inhabits. This study relied on the trophic levels of prey
items provided by FishBase, although their relevance to
the study area is subject to question. Nevertheless, the
two supporting indicators applied to address this concern
yielded quite similar results. RIL is proposed as an indi-
cator of a species’ feeding behaviour, with different RIL
ranges being associated with various diet types (Kram-
er & Bryant, 1995a; German & Horn, 2006; Karachle &
Stergiou, 2010b). In the Mediterranean Sea, fish species
with RILs less than 1 are typically carnivorous, whereas
RILs greater than 1 suggest an omnivorous diet (Karach-
le & Stergiou, 2010a). In light of these classifications, P,

Mediterr. Mar. Sci., 25/2, 2024, 382-392



stridens, which has the longest intestinal length among
the studied species (mean RIL: 1.02, IWL: 4.44), appears
to exhibit an omnivorous feeding nature and is positioned
at a lower trophic level.

Based on the RILs, the allometric correlations in gut
development, and the Troph values, the similarities ob-
served between the rankings of the species indicate that
the trophic positions of the species within the study area
have been estimated with reasonable accuracy. Notably,
P, stridens, achieving high biomass, is positioned below
the native M. barbatus, while less abundant non-indig-
enous mullids, especially the pioneering U. pori and U.
moluccensis that arrived significantly earlier, are posi-
tioned above it.

Considering the trophic level as proximity to au-
totrophs in the food chain, the ecosystem’s capacity to
support biomass diminishes as levels move further away
from autotrophs due to ecotrophic efficiency (Odum,
1971). From this perspective, the lower trophic position
of P. stridens may provide a clue as to how this fish can
reach a biomass value above M. barbatus while others
cannot.

In his 1993 study, Golani examined successful NIS
in the eastern Mediterranean Sea, including species ad-
dressed in this study. He identified the vacant niches in
the Mediterranean Sea as one of the key factors behind
their success. It is suggested that both temporal and
depth-related vacant niches have emerged as a result of
the reproductive calendars of native species and their ba-
thymetric preferences related to hydrography, and NIS
have benefited from these gaps. The same study argues
that food competition between native and NIS is negligi-
ble (Golani, 1993).

Similarly, in a comparative study based on the settle-
ment patterns of native and non-indigenous herbivorous
fish, Bariche et al. (2004) highlighted the significance of
the absence of competition, especially for Siganus rivula-
tus, drawing attention to vacant niches within the ecosys-
tem of the eastern Mediterranean Sea. Considering that
native species in the Mediterranean Sea originated from
the temperate Atlantic and therefore had to adapt to the
suboptimal conditions of the eastern Mediterranean Sea,
the existence of vacant niches facilitating the success of
NIS should not be disregarded.

The scope of this study does not allow definitive de-
termination of whether non-indigenous mullid species
in the Mediterranean Sea prefer diets similar to those in
their original habitats. It also remains unclear whether
they have adapted their dietary preferences to minimize
competition with the dominant native species in their new
ecosystem. It was recently demonstrated that P. forsskali
can undergo significant changes in its food sources as a
NIS compared to its native Red Sea population (Tsadok
et al.,, 2023). This finding suggests strong adaptive be-
haviour, highlighting the need for close monitoring of its
progress in the shallow waters along the Mediterranean
coasts.

The fact that the stock of the native dominant demer-
sal fish species remains unaffected despite all the pres-
sures and competitive NIS is intriguing from a trophic
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interaction perspective. Such a situation is typically ob-
served when a new food source emerges that was not pre-
viously available, or when native competitors disappear
(Wootton, 1990; Rodriguez, 2006). Analysis of the red
mullet’s diet reveals a predominance of polychaetes; that
this contrasts with the lesser importance of this prey in
the diets of competing NIS provides clues to the mul-
let’s resilience against NIS. Polychaetes are known to
be resistant to eutrophication and increase in abundance
during transitions from oligotrophic to eutrophic states
(Dauvin et al., 2016). Evidence also suggests recent in-
creases in the diversity and biomass of polychaetes in the
region (Cmar et al.,, 2021). Alongside the implemented
five-month breeding period fishing ban for the protection
of mature mullets and recruits (TFR, 2020), these increas-
es could be contributing to the success of the red mullet.

In conclusion, the results of this study offer valuable
insights into the positioning of certain NIS in new en-
vironments, their successful establishment, and the ef-
fects on native species. The native species in focus, M.
barbatus, has successfully maintained its populations
at its trophic level, while the examined NIS appeared to
be strategically positioned in relation to it. Notably, the
species below the trophic level of M. barbatus, namely
P. stridens, demonstrated a higher biomass attributed to
ecotrophic efficiency. However, confamilial NIS posi-
tioned above M. barbatus could not achieve a similar suc-
cess. The dietary preferences of M. barbatus, particularly
its inclination towards polychaetes, may play a pivotal
role in sustaining its populations, as this preference aligns
with the advantage of polychaetes in coastal eutrophic
hotspots within the generally oligotrophic Mediterranean
marine ecosystem.

Funding: This study was carried out within the scope
of two projects supported by the Scientific and Techno-
logical Research Council of Tiirkiye (TUBITAK): Pro-
ject No:118C544 and Project No: 120Y347. Declaration
of competing interest: The authors declare that they
have no known competing financial interests or person-
al relationships that could have appeared to influence
the work reported in this paper. Author Contributions:
Suna Tiizlin: Writing-original draft, Data curation, Inves-
tigation, Visualization, Methodology. Ali Cemal Giicii:
Writing-reviewing & editing, Conceptualization, Meth-
odology, Software.

Acknowledgements

We are thankful to technician Hasan Pinar for the lab-
oratory work, to all graduate students who participated in
the field studies and the crew of RV LAMAS-1 for their
help during samplings.
References

Albert, O.T., 1994. Biology and ecology of Norway pout
(Trisoptems esmarki Nilsson, 1855) in the Norwegian deep.

389



ICES Journal of Marine Science, 51, 45-61.

Arndt, E., Givan, O., Edelist, D., Sonin, O., Belmaker, J., 2018.
Shifts in eastern Mediterranean fish communities: Abun-
dance changes, trait overlap, and possible competition be-
tween native and non-native species. Fishes, 3 (19), 1-15.

Azzurro, E., Smeraldo, S., D’ Amen, M., 2022. Spatio-temporal
dynamics of exotic fish species in the Mediterranean Sea:
Over a century of invasion reconstructed. Global Change
Biology, 28, 6268-6279.

Bacher, S., Galil, B., Nunez, M., Ansong, M., Cassey, P. et al.,
2023. Chapter 4: Impacts of invasive alien species on na-
ture, nature’s contributions to people, and good quality of
life. p. 397-559. In: Thematic Assessment Report on Inva-
sive Alien Species and their Control of the Intergovernmen-
tal Science-Policy Platform on Biodiversity and Ecosystem
Services. Roy H.E., Pauchard, A., Stoett, P., Truong, R.T.
(Eds). IPBES secretariat, Bonn, Germany.

Bariche, M., Letourneur, Y., Harmelin-Vivien, M., 2004.
Temporal fluctuations and settlement patterns of native
and Lessepsian herbivorous fishes on the Lebanese coast
(eastern Mediterranean). Environmental Biology of Fishes,
70, 81-90.

Bates, D., Maechler, M., Bolker, B., Walker, S., 2015. Fitting
Linear Mixed-Effects Models Using lme4. Journal of Sta-
tistical Software, 67 (1), 1-48.

Ben-Tuvia, A., 1985. The impact of the Lessepsian (Suez Ca-
nal) fish migration on the eastern Mediterranean ecosys-
tem. p. 367-375. In: Mediterranean Marine Ecosystems.
Moraitou-Apostolopoulou, M., Kiortsis, V. (Eds). Plenum
Press, New York.

Ben-Yami, M., Glaser, T., 1974. The invasion of Saurida un-
dosquamis (Richardson) into the Levant Basin — An ex-
ample of biological effect of interoceanic canals. Fishery
Bulletin, 72 (2), 359-373.

Bilecenoglu, M., Kaya, M., Eryigit, A., 2009. New data on the
occurrence of the two alien fishes, Pisodonophis semicinc-
tus and Pomadasys stridens, from the Eastern Mediterrane-
an. Mediterranean Marine Science, 10 (2), 151-155.

Borstein, S.R., 2020. dietr: an R package for calculating frac-
tional trophic levels from quantitative and qualitative diet
data. Hydrobiologia, 847, 4285-4294.

Chaikin, S., Belmaker, J., 2023. Fish depth redistributions do
not allow maintenance of abundance in a region of rapid
change. Oikos, 1-15.

Cinar, M.E., Bilecenoglu, M., Oztiirk, B., Can, A., 2006. New
records of alien species on the Levantine coast of Turkey.
Aquatic Invasions, 1 (2), 84-90.

Cinar, M.E., Bilecenoglu, M., Yokes, M.B., Oztiirk, B., Taskin,
E. et al, 2021. Current status (as of end of 2020) of marine
alien species in Turkey. PLoS ONE, 16 (5), 1-46.

Cleveland, A., Montgomery, L., 2003. Gut characteristics and
assimilation efficiencies in two species of herbivorous dam-
selfishes (Pomacentridae: Stegastes dorsopunicans and S.
planifrons). Marine Biology, 142, 35-44.

Dauvin, J.C., Andrade, H., De-La-Ossa-Carretero, J.A., Del-Pi-
lar-Ruso, Y., Riera, R., 2016. Polychaete/amphipod ratios:
An approach to validating simple benthic indicators. Eco-
logical Indicators, 63, 89-99.

Edelist, D., Rilov, G., Golani, D., Carlton, J.T., Spanier, E.,
2013. Restructuring the Sea: Profound shifts in the world’s

390

most invaded marine ecosystem. Diversity and Distribu-
tions, 19, 69-77.

Eskinat, D., Giicii, A.C., Ok, M., 2023. Annual reproductive
cycle of a successful Lessepsian immigrant in the East-
ern Mediterranean Sea, Pomadasys stridens (Forsskal,
1775) (Family: Haemulidae). Marine Biology Research, 19
(1), 13-24.

Evagelopoulos, A., Nikolaou, A., Michailidis, N., Kampouris,
T.E., Batjakas, L.E., 2020. Progress of the dispersal of the
alien goatfish Parupeneus forsskali (Fourmanoir & Guézé
, 1976) in the Mediterranean, with preliminary information
on its diet composition in Cyprus. Biolnvasions Record, 9
(2),209-222.

FAO, 2016. The State of Mediterranean and Black Sea Fisher-
ies. General Fisheries Commission for the Mediterranean.
Food and Agriculture Organization of the United Nations,
Rome, 134+x pp.

FAO, 2020. The State of Mediterranean and Black Sea Fisher-
ies 2020. General Fisheries Commission for the Mediter-
ranean. Food and Agriculture Organization of the United
Nations, Rome, 139+x pp.

German, D.P., Horn, M.H., 2006. Gut length and mass in her-
bivorous and carnivorous prickleback fishes (Teleostei: Sti-
chaeidae): Ontogenetic, dietary, and phylogenetic effects.
Marine Biology, 148, 1123-1134.

Ginzburg, L.R., D’Andrea, R., 2001. Trophic levels. p 264—
268. In: Encyclopedia of Biodiversity, 2nd ed. Levin, S.A.
(Ed). Academic Press, USA.

Golani, D., 1993. Trophic adaptation of red sea fishes to the
eastern Mediterranean environment - Review and new data.
Israel Journal of Zoology, 39, 391-402.

Golani, D., 2010. Colonization of the Mediterranean by Red
Sea fishes via the Suez Canal — Lessepsian migration. p.
145-188. In: Fish invasions of the Mediterranean Sea:
change and renewal. Golani, D., Appelbaum-Golani, B.
(Eds). Pensoft, Sophia-Moscow.

Golani, D., Appelbaum-Golani, B. (Ed.), 2010. Fish invasions
of the Mediterranean Sea change and renewal. Pensoft
Publishers, Sofia-Moscow, 332 pp.

Goren, M., Galil, B.S., Diamant, A., Stern, N., Levitt-Barmats,
Y., 2016. Invading up the food web? Invasive fish in the
southeastern Mediterranean Sea. Marine Biology, 163
(180), 1-11.

Giicii, A.C., Bingel, F., Avsar, D., Uysal, N., 1994. Distribu-
tion and occurrence of Red Sea fish at the Turkish Medi-
terranean coast-northern Cilician basin. Acta Adriatica, 34
(1/2), 103-113.

Gici, A.C., Ok, M., Sakinan, S., 2010. Past and present of
fish fauna in the NE Levant Sea and factor facilitating the
colonization by Lessepsian fishes. p. 88-108. In: Report of
the Technical Meeting on the Lessepsian Migration and its
Impact on Eastern Mediterranean Fishery. FAO-EastMed
Project, Scientific and Institutional Cooperation to Support
Responsible Fisheries in the Eastern Mediterranean, GCP/
INT/041/EC — GRE — ITA/TD-04, Athens.

Gicii, A.C., Ok, M., 2018. Lessepsian impact on the native fish
stocks- The case of red mullet in GSA 24. Online In: Fish
Forum, Rome, 10-14 December 2018, METU Institute of
Marine Sciences, Mersin. https://open.metu.edu.tr/han-
dle/11511/79134 (Accessed 20 June 2024)

Mediterr. Mar. Sci., 25/2, 2024, 382-392



Kapoor, B.G., Smit, H., Verighina, [.A., 1975. The Alimentary
Canal and Digestion in Teleosts. Advances in Marine Biol-
ogy, 13, 109-239.

Karachle, P.K., Stergiou, K.I., 2008. The effect of season and
sex on trophic levels of marine fishes. Journal of Fish Biol-
ogy, 72, 1463-1487.

Karachle, P.K., Stergiou, K.I., 2010a. Intestine morphometrics
of fishes: A compilation and analysis of bibligraphic data.
Acta Ichthyologica et Piscatoria, 40 (1), 45-54.

Karachle, PK., Stergiou, K.I., 2010b. Gut length for several
marine fish: relationships with body length and trophic im-
plications. Marine Biodiversity Records, 3, 1-10.

Kostrzewa, J., Grabowski, M., 2003. Opportunistic feeding
strategy as a factor promoting the expansion of racer goby
(Neogobius gymnotrachelus Kessler, 1857) in the Vistula
basin. Lauterbornia, 48, 91-100.

Kramer, D.L., Bryant, M.J., 1995a. Intestine length in the fishes
of a tropical stream: 2. Relationships to diet - the long and
short of a convoluted issue. Environmental Biology of Fish-
es, 42, 129-141.

Kramer, D.L., Bryant, M.J., 1995b. Intestine length in the fishes
of a tropical stream: 1. Ontogenetic allometry. Environmen-
tal Biology of Fishes, 42, 115-127.

Mavruk, S., Bengil, F., Yeldan, H., Manasirli, M., Avsar, D.,
2017. The trend of lessepsian fish populations with an em-
phasis on temperature variations in Iskenderun Bay, the
Northeastern Mediterranean. Fisheries Oceanography, 26
(5), 542-554.

Odum, E.P., 1971. Fundamentals of ecology. Third Edition.
W.B. Saunders Co., Philadelphia, 574 pp.

Pauly, D., Froese, R., Sa-a, P., Palomares, M., Christensen, V.,
Rius, J., 2000. TrophLab manual. ICLARM, Manila, Phil-
ippines, 115 pp.

Pinkas, L., Oliphant, M.S., Iverson, I.L.K., 1971. Food habits
of aslbacore, Bluefin Tuna, and Bonito in California waters.
Fishery Bulletin, 152, 1-105.

R Core Team, 2023. R: A Language and Environment for Statis-
tical Computing. R Foundation for Statistical Computing,

Mediterr. Mar. Sci., 25/2, 2024, 382-392

Vienna, Austria. https://www.R-project.org/ (Accessed 20
June 2023).

Rodriguez, L.F., 2006. Can invasive species facilitate native
species? Evidence of how, when, and why these impacts
occur. Biological Invasions, 8, 927-939.

TFR, 2020. Turkish Fisheries Regulation, Communique no:
5/1, Regulation of commercial fisheries (in Turkish). https://
www.mevzuat.gov.tr/mevzuat?MevzuatNo=34823&Mev-
zuatTur=9&MevzuatTertip=5 (Accessed 20 June 2023)

Tsadok, R., Zemah-Shamir, Z., Shemesh, E., Martinez, S., Ra-
mon, D. et al, 2023 Dietary habits change of Lessepsian
migrants’ fish from the Red Sea to the Eastern Mediterrane-
an Sea. Aquatic Invasions, 18 (4), 521-531.

TurkStat, 2023. Fishery Statistics, Turkish Statistical Institute.
https://www.tuik.gov.tr/ (Accessed 16 September 2023)
Tiizln, S., Giicii, A.C., 2023. Diet variations of Striped Piggy,
Pomadasys stridens (Forsskal, 1775) (Teleostei: Haemuli-
dae) in the northeastern Mediterranean Sea. Regional Stud-

ies in Marine Science, 66, 1-8.

Vagenas, G., Dogrammatzi, A., Kondylatos, G., Karachle, P.K.,
2023. On the biology of the alien Red Sea goatfish, Parupe-
neus forsskali (Fourmanoir & Guézé, 1976) in the Aegean
Sea, eastern Mediterranean. Marine Biology Research, 19
(10), 564-573.

Vassilopoulou, V., Papaconstantinou, C., 1992. Aspects of the
biology of the red mullet (Mullus barbatus) in the Aegean
Sea. FAO Fisheries Report, No 477, 12 pp.

Wootton, R.J., 1990. Ecology of teleost fishes. Chapman and
Hall, New York, 404 pp.

Yapici, S., Filiz, H., 2019. Biological aspects of two coexisting
indigenous and non-indigenous fish species in the Aegean
Sea: Pagellus erythrinus vs. Nemipterus randalli. Mediter-
ranean Marine Science, 20 (3), 594-602.

Zihler, F., 1982. Gross morphology and configuration of diges-
tive tracts of Cichlidae (Teleostei, Perciformes): Phyloge-
netic and functional significance. Netherlands Journal of
Zoology, 32 (4), 544-571.

391



9°0L 0 | 8IS Ly 1'$9 899 [eLIoyeW d1UR3I)
86 | 900 119 | $0°0 €6€ | 100 66 | 800 98¢ | 90 [eLIoYeW JUR] g
100 |26€| 0 | 120 0 |vv0| 0 | 100 100 | I¥'S | 200 | TO 100 | 80°C | 00 | TO 0 | $90]|100]|¢€00| epodoydeog
10T | SST| €L°0 | LSV S0 | LT | 2T€0 | 6€T 600 | 901 | #1°0 | SS°0O LOT | TET | LSO | 8¢ LT | 1Lz | 60| s1°¢| epodonsen BISN[[OIN
69T | 961 | 6¥'C | 6T€ 200 | 669 | 600 | LT'0 00 | ¥19 | €1°0 | 61°0 L99 | €0¢ | TL'S | 90°S 91°0 | €06 | LTO | TLO BIA[RAIG
€T SYT | Tl | vI'T 100 | 1179 | 900 | 210 630 | 1€ [9L0]| 291 99°0 | TOT | IST | L1 610 | €11 | €0 | €90 | ®opronydg
BIRULIDPOUTYOH
- - - - - - - - 0 |szo| o |100 0 | +T0| 200|200 0 | €T | L10] S00 eapIouryoy
¥0 | 86 | I1CT| 90 100 | 29T | 9€°0 | LOO 90| 98 | ITY | 1T0 610 |91t | SL'T | 870 9€°0 | 90°€ | €79 | LTO 19)S09[9, 13)S09[9,
- - - - - - - - 0 |61¢| 0 |600 610 | TI1 | LOO|LLO 10 | €01 | 900|150 rozoAig vozoA1g
¥€0 | L91 | 80°0 | 8CT'I Y00 | €8 | 11°0 | 9€°0 200 | ¥I'9 | 00 | T0O I1°T | 881 | 820 | 29T $0°0 | TES | ¥00 | +0 eaoEpreut ],
100 | 96T | 1€0 | 6070 - - - - - - - - - - - - - - - - | epodojewio}g
SLY | #°0€ | TE0 | TOT 80°0 | TTI | ¥0°0 | 850 00 | 6€9 | 200 | ¥TO 00| €€ | 100|920 0 |9zT| 0 |110 epodBISO
Y00 | 6% | 800 | L¥O 600 | 119 | 860 | ZT€0 LO0 | 606 | CCTO | +0 90 | €29 | SL'O | L8T 00 | 6€€| TO | 810 BPISAIN
. . } } } . . . . } ) } . . . . . } . epodos (eo0rySILID)
00 | T6E | CI0| LTO 0 | 79C]|100]L00 €00 | 98 | €00 | LTO 10T | 661 | TI'0 | 8€°T 700 | 89t | #0°0 | STO podosy epodorgry
6T | SSL| vTl | vel It | 98 | ¥og| L€l 1T | LS | €ST | 8IS €T | SS | T |LI6 SST | LST | 978 | 680 epodedsa(q
10T | 6CS | €1°T | LOT 6€T1 | 88T | CI'T | ¥€'€ 10T | THE | $9°0 | 18°T SE0 | 8L6 | ¥1°0 | 651 660 | 691 | €20 | LOE B3dRUINY)
67C€ | 695 | 19T | T9¢ I'bS | 865 | L0 | TEL 1°0L | S°8S | L'61 | ¥'6L €T | TYT| 9 | L'eh 18 | I'€S | 658 | €LL epodado)
CIL | 6%S | S9T | TTI I'T | 8TE|SLO|LET 9IS | S'I¥ | IS'T | LL'S ¢e |6ve| 80| 9 S| 91€ | 260 | 68 epodiydury
- - - - - - - - - - - - - - - - 0 €0 0 70°0 | epruo3ouolq epodoiypry
- - - - - - - - 0 |€TT| 0 |¢€00 6C0 | ¥'OT | LT'O | LT'T 10°0 | 8S°C | SO0 | €10 enoundg
eprouuy
929 | 6'%S | 80°€ | LSP LT | ST | T¢ | sT¢ 91T | SLT | 65T | 880 1'9¢ | 6°0L | S99 | €8I 8TL | €0F | 299 | ¥S'€ ©J0BYOA[OJ
%I | %d | %M | %N %I | %d | %M | %N %I | %d | %M | %N %I | %d | %M | %N %I | %d | %M | %N sdnoi3 £a1g
QS\@EO\N .N\RXN n &htmbbscs n MSNSQ&SQ ‘W wtmﬁwhw d

XIANHddV

1pyss0f J pue riod ) ‘Sisuadonjout
‘1 ‘SIpqInq P ‘SUaPLIS J JO U0 Yorwols oY) ul sdnoid Laxd Jo safeiusoad (o, 1) oueyiodwur 9A1R[AI JO XIPU] PUB (91]) 90ULINID0 JO Kouanbaiy ‘(94IA) WS1om “(24IN) ouepunqy

Mediterr. Mar. Sci., 25/2, 2024, 382-392

392


http://www.tcpdf.org

