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ABSTRACT 

 

TROPHIC IMPACTS OF POISONOUS AND VENOMOUS LESSEPSIAN 
FISH SPECIES IN THE NORTHEASTERN LEVANTINE SEA: A 

COMPARATIVE FOOD-WEB MODELLING APPROACH 
 

Uysal, Aybüke 
Master of Science, Institute of Marine Sciences 

Supervisor: Assoc. Prof. Dr. Ekin Akoğlu 
 
 

January 2026, 100 pages 

 

The construction of the Suez Canal in 1869 permanently altered the biogeographic 

isolation of the Mediterranean Sea, triggering the ongoing influx of Indo-Pacific 

species known as Lessepsian migrants. In the Eastern Mediterranean, several 

Lessepsian species are also poisonous, introducing ecological and socio-economic 

pressures that extend beyond typical predator–prey competition. Despite their 

increasing abundance, the trophic consequences of poisonous Lessepsian fishes at 

the ecosystem level remain understudied. This thesis presents a comparative trophic 

assessment of poisonous Lessepsian and native fish species inhabiting the Eastern 

Mediterranean, with particular emphasis on the coastal ecosystems of Mersin Bay 

and the Adana coast. A mass-balanced Ecopath with Ecosim (EwE) model was 

developed for the 2023–2024 period by integrating trawl survey data and species-

specific parameters from empirical and literature sources. Poisonous Lessepsian 

species, including Lagocephalus sceleratus, Lagocephalus guentheri, Lagocephalus 

suezensis, Torquigener flavimaculosus, Pterois miles, and Siganus luridus, were 

analyzed alongside non-poisonous Lessepsian and native fishes to evaluate direct 

and indirect trophic interactions. The results indicated that poisonous Lessepsian 

species exert disproportionately strong trophic effects on native fish communities, 

with the potential to reshape food-web structure. Accordingly, integrating these 
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poisonous migrants into ecosystem-based assessments is essential for improving 

fisheries management, biodiversity conservation, and risk-informed decision-

making in this rapidly changing marine region. 

Keywords: Eastern Mediterranean Sea; Lessepsian migration; Lagocephalus spp.; 

Ecopath with Ecosim; trophic impacts  
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ÖZ 

 

KUZEYDOĞU LEVANT DENİZİ’NDE ZEHİRLİ LESSEPSİYEN BALIK 
TÜRLERİNİN TROFİK ETKİLERİ: KARŞILAŞTIRMALI BESİN AĞI 

MODELLEMESİ YAKLAŞIMI  
 

Uysal, Aybüke 
Yüksek Lisans, Deniz Bilimleri Enstitüsü 

Tez Yöneticisi: Doç. Dr. Ekin Akoğlu 
 

 

Ocak 2026, 100 sayfa 

 

1869 yılında Süveyş Kanalı’nın inşası, Akdeniz Denizi’nin biyocoğrafik 

izolasyonunu kalıcı olarak değiştirmiş ve Lessepsiyen göçmenler olarak bilinen 

Hint-Pasifik kökenli türlerin devam eden istilasını tetiklemiştir. Doğu Akdeniz’deki 

bazı Lessepsiyen türlerin aynı zamanda zehirli olması, bilinen av–avcı 

etkileşimlerinin ötesine geçen ekolojik ve sosyo-ekonomik baskılar oluşturmaktadır. 

Artan bolluklarına rağmen, zehirli Lessepsiyen balık türlerinin ekosistem 

düzeyindeki trofik sonuçları halen yeterince çalışılmamıştır. Bu tez, Doğu 

Akdeniz’de yaşayan zehirli Lessepsiyen ve yerli balık türlerinin karşılaştırmalı bir 

trofik değerlendirmesini sunmakta olup, özellikle Mersin Körfezi ve Adana kıyıları 

boyunca uzanan kıyısal ekosistemlere odaklanmaktadır. 2023–2024 dönemini 

kapsayan kütle dengeli bir Ecopath with Ecosim (EwE) modeli, trol araştırmalarına 

dayalı veriler ile ampirik ve literatür kaynaklı tür-spesifik parametreler entegre 

edilerek oluşturulmuştur. Lagocephalus sceleratus, Lagocephalus guentheri, 

Lagocephalus suezensis, Torquigener flavimaculosus, Pterois miles ve Siganus 

luridus dâhil olmak üzere zehirli Lessepsiyen türler, doğrudan ve dolaylı trofik 

etkileşimleri değerlendirmek amacıyla zehirli olmayan Lessepsiyen ve yerli balık 

türleriyle birlikte analiz edilmiştir. Elde edilen sonuçlar, zehirli Lessepsiyen türlerin 



 
 

viii 
 

yerli balık toplulukları üzerinde orantısız derecede güçlü trofik etkiler oluşturduğunu 

ve besin ağı yapısını yeniden şekillendirme potansiyeline sahip olduğunu 

göstermektedir. Bu doğrultuda, söz konusu zehirli göçmenlerin ekosistem temelli 

değerlendirmelere entegre edilmesi; balıkçılık yönetiminin geliştirilmesi, biyolojik 

çeşitliliğin korunması ve hızla değişen bu denizel bölgede karar alma süreçlerinin 

iyileştirilmesi açısından kritik öneme sahiptir. 

Anahtar kelimeler: Doğu Akdeniz; Lessepsiyen göç; Lagocephalus spp.; Ecopath 

with Ecosim; trofik etkiler
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CHAPTER 1  

1 INTRODUCTION  

The Mediterranean Sea is a semi-enclosed region with limited access to two oceans: 

the Indian Ocean, which can be connected via the Suez Canal across the Red Sea, 

and the Atlantic Ocean via the Strait of Gibraltar (Lasram & Mouillot, 2008). It 

represents one of the global hotspots of marine biodiversity. Approximately 

seventeen thousand marine species have been recorded, with a significant proportion 

being endemic, reflecting its remarkable biological richness and diversity (Coll et 

al., 2010). The Mediterranean Sea is currently exposed to multiple stressors that 

threaten its unique ecosystems. Among the main threats are pollution (UNEP/MAP, 

2012), overfishing (Colloca et al., 2017), habitat loss (Klausmeyer & Shaw, 2009), 

and the introduction of new species (Katsanevakis et al., 2014), all of which are 

intensifying as a result of climate change (Cramer et al., 2018). The increasing rate 

of biological invasions stands out as one of the most severe and rapidly growing 

threats (Edelist et al., 2012). This growing invasion pressure is particularly 

noticeable in the eastern Mediterranean, where warming waters have accelerated the 

introduction of Red Sea species. 

Increased seawater warming in the Mediterranean Sea, occurring at rates two to three 

times higher than the global ocean, is driving habitat contraction and elevating 

extinction risks among endemic marine species (Schultz, 2023). The observed 

warming of the sea has intensified the influx of tropical and subtropical alien species 

(Raitsos et al., 2010). The construction of the Suez Canal in 1869, establishing a 

direct connection between the Red Sea and the Mediterranean Sea, further intensified 

this process, leading to the phenomenon known as the Lessepsian migration (Nawrot 

et al., 2015). The Levantine Basin, where Lessepsian species primarily enter and 

establish themselves, is where these migration dynamics are most noticeable (Figure 

1.1). 
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Figure 1.1. Major species introduction pathways into the Mediterranean Sea, 

showing the Strait of Gibraltar as a natural corridor for Atlantic species and the 

Suez Canal as an artificial gateway for Indo-Pacific (Lessepsian) migrants (Lasram 

& Mouillot, 2008). 

The Levantine Sea exhibits the highest ratio of alien to native species, making it the 

most threatened area in the Mediterranean Sea (Katsanevakis et al., 2014). The 

Levantine Sea is bordered by several important areas: Türkiye to the north; the coasts 

of Syria and Lebanon to the east; the western boundary extending to the island of 

Crete; and the coastlines of Israel and Egypt to the south. The warm, saline, and 

nutrient-poor environmental conditions of the Levantine basin are similar to those of 

the Red Sea, making it easier for migrants to adapt (Elleouet et al., 2014). The 

combined effects of anthropogenic alterations and climate change have accelerated 

the migration of the tropical species. Since the opening of the canal, the 

Mediterranean Sea has hosted 637 alien marine species (Costello, 2010), of which 

120 fish species are established in the area (Mavruk et al., 2017). In Turkish 

Mediterranean waters, regional inventories report that among approximately 80 
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established alien fish species, 72 originate from the Indo-Pacific via the Suez Canal, 

whereas only 8 species are of Atlantic origin, highlighting the dominant role of 

Lessepsian migration in shaping the current alien fish fauna (Ergüden et al., 2018). 

The establishment of numerous non-indigenous species has altered the food web and 

functioning of the Levantine ecosystem (Catford et al., 2018). One primary 

mechanism by which Lessepsian species disrupt the food web is through competitive 

interactions with native species (Belmaker et al., 2013). Lessepsian species possess 

ecological traits such as rapid growth, early maturation, high reproductive output, 

generalist feeding behaviour, and tolerance to a wide range of environmental 

conditions, enabling them to outcompete native species for both resource 

competition and habitat expansion (Edelist et al., 2012).  Moreover, this competition 

may result in a reduced mean trophic level of the community and predatory 

displacement in the ecosystem (Edelist et al., 2012). Due to the competitive pressure, 

native fish species may adapt by expanding their trophic niches (Winter et al., 2025). 

However, not all Lessepsian species have similar ecological impacts; for instance, 

some bring additional threats, such as having poisonous tissues and venomous 

spines. 

In addition to competitive effects, certain Lessepsian species show severe ecological 

and socio-economic consequences through their poisonous nature, as observed in 

pufferfish species.  Lagocephalus spp. contain a neurotoxin, called tetrodotoxin 

(TTX), which is distributed across various body tissues (Lee et al., 2025). Due to 

their poisonous nature, Lagocephalus spp. have a strictly limited number of natural 

predators, including only conspecific individuals (Ulman et al., 2021). This lack of 

predation pressure allows their populations to increase rapidly, showing their 

ecological impact on native communities. These complex ecological and 

socioeconomic effects highlight the need for an ecosystem-based modeling approach 

to quantify their trophic influence. 

Beyond their ecological effects, Lagocephalus species also pose substantial 

economic challenges to fisheries. For instance, the silver-cheeked toadfish 

Lagocephalus sceleratus (Gmelin, 1789) frequently damages gillnets and longlines, 
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resulting in substantial economic losses for small-scale fisheries (Ulman et al., 2021). 

In Türkiye, the average annual economic loss associated with fishing gear damage 

has been estimated at approximately 2,554 TL or approximately 60 USD per vessel 

(Ünal et al., 2015). When considered across the fishing sector as a whole, such losses 

translate into substantial economic pressure, highlighting the broader financial 

implications of gear damage (Ünal & Göncüoğlu Bodur, 2017). Moreover, 

Lessepsian species contribute to economic losses by altering catch composition and 

reducing the abundance of native commercial species (Yemişken et al., 2014). 

Previous studies have demonstrated that the biomass of Lessepsian migrants can 

dominate local fisheries; for example, Corsini-Foka et al. (2017) reported that in the 

southeastern Aegean Sea, particularly around Rhodes Island, non-native fish 

accounted for approximately 69% of the total catch, indicating a shift toward alien-

dominated fisheries. Similar patterns have been documented along the Turkish 

Mediterranean coast, where Lessepsian species were estimated to constitute 27% of 

the total trawl catch in 2007–2010 (Gücü et al., 2010). 

These ecological and economic challenges underscore the importance of analyzing 

the trophic impacts of poisonous Lessepsian fish species within an integrative, 

ecosystem-level framework, rather than focusing solely on individual species. 

Research on poisonous Lessepsian fishes in the Eastern Mediterranean Sea has 

mainly concentrated on singular species, detailing their geographical distribution, 

population growth characteristics, diets, and direct ecological or socio-economic 

effects (Doğdu & Turan, 2024; Ulman et al., 2021; Manaşırlı et al., 2020; 

Bilecenoğlu & Baki Yokeş, 2022; Tosunoğlu & Akyol, 2024; Soykan et al., 2020). 

Yet, despite the growing increase in single-species assessments, comparative 

evaluations that concurrently examine various poisonous Lessepsian and native fish 

species are still limited. Specifically, there is an absence of ecosystem-based research 

that combines trawl-derived abundance data with food-web modeling techniques to 

assess both direct and indirect trophic effects between poisonous Lessepsian and 

native species. Addressing such problems is crucial for comprehending how 

poisonous Lessepsian fishes collectively restructure native food webs and for 
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facilitating ecosystem-based fisheries management in the Eastern Mediterranean 

Sea. 

1.1 Poisonous and Venomous Lessepsian Species 

The poisonous Lessepsian migrants, Lagocephalus guentheri Miranda Riberio, 

1915, Lagocephalus suezensis Clark & Gohar, 1953, Lagocephalus sceleratus, and 

Torquigener flavimaculosus Hardy & Randall, 1983 are known for their high levels 

of the neurotoxin tetrodotoxin (TTX), which is present in various tissues, including 

the skin, muscle, liver, intestine, and gonads (Ulman et al., 2021; Figure 1.2). The 

toxicity of TTX is approximately 1000 times more powerful than cyanide and there 

is no known antidote. When consumed, TTX can be fatal to humans (Lee et al., 

2025). Even though some pufferfish species are primarily consumed in East Asia, its 

albeit under strict regulations and careful preparation protocols to avoid poisonous 

exposure (Chen et al., 2021).  

 

 

Figure 1.2. Lessepsian pufferfish species recorded in the Eastern Mediterranean: (1) 

Lagocephalus guentheri (photo by J. E. Randall, Smithsonian National Museum of 

Natural History collections), (2) Lagocephalus sceleratus (photo from Fishes of 

Australia), (3) Lagocephalus suezensis (photo by J. E. Randall), and (4) Torquigener 

flavimaculosus (photo by M. Corsini-Foka). 
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The lionfish, Pterois miles (Bennett, 1828), is a venomous Lessepsian migrant native 

to the Indo-Pacific region (Golani & Sonin, 1992; Figure 1.3). The dorsal, anal, and 

pelvic fins bear venomous spines equipped with longitudinal grooves that contain 

glandular tissues responsible for producing the toxin (Kochzius et al., 2003). Since 

the toxin is confined to the spines of this species, the flesh is considered edible for 

humans, provided that the spines are carefully removed and handled safely (Ayas et 

al., 2018).  

 

 

Figure 1.3. Pterois miles captured in İskenderun Bay, Türkiye. Venomous spines are 

shown in red circles (Photo: C. Turan) 

The last venomous Lessepsian migrant considered in this study is Siganus luridus 

(Rüppell, 1828), commonly known as the dusky spinefoot (Figure 1.4). Moreover, 

all of its fin spines are venomous, posing additional health risks to humans (Jawad, 

2017). Although commonly consumed in some regions, Siganus luridus has been 

linked to ciguatera fish poisoning and ichthyoallyeinotoxism (Haro & Pommier, 

2006), which refers to human poisoning following the consumption of fish that have 

bioaccumulated algal toxins, posing potential risks to human health.  
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Figure 1.4. Siganus luridus   

Photo by Dulčić, J., Dragičević, B., Grgičević, R., & Lipej, L. (2011). Acta 
Ichthyologica et Piscatoria, 41(2). Retrieved from https://aiep.pl 

1.2 Modelling as an Approach to Trophic Impact Assessment 

Ecosystem-based modeling tools are crucial for assessing the trophic effects of 

poisonous Lessepsian species, given their rapid expansion in populations and the 

complex mechanisms by which they affect local communities. In addition to direct 

predation and competition, poisonous invaders can also alter indirect processes, such 

as the flow of energy across trophic levels and the cascading effects that arise when 

changes in one species spread through multiple trophic levels (Edelist et al., 2012). 

Through quantitative evaluation of biomass accumulation across trophic levels, 

researchers can determine the overall impact of venomous species on ecosystem 

health and resilience (Pranovi et al., 2014).  

Ecopath with Ecosim (EwE) represents a significant advancement in ecological 

modeling, providing tools to analyze and simulate complex marine ecosystems 

effectively. Its importance lies in its ability to quantify energy flows, illustrate 

complex trophic interactions, evaluate the ecological consequences of fishing and 

species interactions, and analyze ecosystem-level responses, including alterations in 

biomass distribution, trophic structure, and ecosystem functionality (Christensen & 

Walters, 2004).  EwE models are capable of representing the effects of species 
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additions or removals across trophic levels, thus providing valuable insights into the 

ecological balance and trophic interdependencies within marine ecosystems 

(Riberio, 2018). In the Eastern Mediterranean Sea, EwE has previously been applied 

to investigate alien species and fisheries effects. The Lamas region model 

demonstrated that the invasive Nemipterus randalli negatively impacted keystone 

species—taxa that exert a disproportionately large influence on ecosystem structure 

and functioning relative to their biomass (Paine, 1969)—including Sparus aurata 

(Linnaeus, 1758) and Spicara smaris (Linnaeus, 1758) populations, while 

simultaneously creating indirect beneficial impacts on commercially important 

native species by decreasing their predation pressure from the Lessepsian predator 

Saurida lessepsianus by functioning as an alternative food item for the predator 

(Akgün & Akoglu, 2023). The Mersin Bay model revealed that alien species 

profoundly impacted ecosystem structure and function, primarily through negative 

impacts on native taxa, with trawling potentially providing certain invasive species 

an advantage at lower trophic levels (Saygu et al., 2020). Simulations of the Cyprus 

shelf ecosystem indicated that a 25% change in fishing mortality would significantly 

impact the biomass of major pelagic fishes, but alien species were expected to rapidly 

recover to their original biomasses after the end of increased fishing pressure 

(Michailidis et al., 2023). The modeling of the Israeli Mediterranean continental 

shelf revealed that the impact of alien species has increased over time, extensively 

contributing to demersal fish biomass and catch, while also proving the critical role 

of fisheries in changing ecosystem structure (Corrales et al., 2017). 

Even though there are several previous Ecopath models developed for the Eastern 

Mediterranean Sea, none have explicitly incorporated poisonous Lessepsian species, 

leaving an important gap in understanding their trophic role. Therefore, in this study, 

a similar modelling approach was used to assess the potential impacts of newly 

introduced alien species, particularly poisonous Lessepsian species, on the Eastern 

Mediterranean ecosystem. 
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1.3 The Aim of the Study 

In this study, we developed an Ecopath model of the coastal ecosystem of the Eastern 

Mediterranean Sea (Mersin Bay and the Adana coast) representing the 2023-2024 

period. The model offers an updated and spatially broader model of the northeastern 

Levantine Sea food web by integrating recent trawl data gathered from both Mersin 

and Adana marine regions. By quantifying the ecosystem-level interactions and 

potential risks to human health associated with poisonous Lessepsian fishes in the 

region, this approach aimed to fill a significant gap in previous modeling efforts and 

enables an explicit examination of the direct and indirect trophic pathways through 

which poisonous invaders may affect native communities, fisheries productivity, and 

ecosystem resilience. The model was used to (i) analyze potential impacts of 

poisonous Lessepsian species, and (ii) determine how they might affect native fish 

stocks and the stability of the northeastern Levantine Sea ecosystem.
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CHAPTER 2  

2 MATERIALS AND METHODS 

2.1 Study Area 

The Levantine Sea, located in the eastern part of the Mediterranean Sea, spans 

approximately between 30°–36.5°N degrees latitude and 28°–36°E degrees 

longitude and is bordered by the coasts of Türkiye, Cyprus, Greece, Syria, Lebanon, 

Israel, and Egypt (Figure 2.1). This study specifically focused on the Bay of Mersin 

and Adana, situated along the southern coast of Türkiye. Mersin Bay and Adana 

include a wide continental shelf and sandy plains, rendering them highly suited to 

trawl fishing (Galili et al., 2017). Situated in a hotspot of Lessepsian migration, 

Mersin Bay and Adana support high biological diversity, including both native and 

alien fish species (Çınar et al., 2021). Wide sandy and muddy plains that sustain 

intensive bottom-trawl fisheries are characteristic of the Mersin Bay and Adana 

coasts (Avşar, 2005).  
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Figure 2.1. Trawling stations in the region covering the Mersin Bay and Adana 

Coast in the Northeastern Levantine Sea (2–4 December 2023 in Mersin; 18–21 

February 2024 in Adana). Triangles denote trawl sampling stations. 

2.2 Trawl Sampling 

Trawl sampling was carried out in two regions: between 2–4 December, 2023, along 

the coasts of Mersin, and between 18, 20, and 21 February, 2024, along the coasts of 

Adana. Sampling stations were selected based on consultations with local fishers, 

who identified areas frequently occupied by alien species, particularly Lessepsian 

migrants. A total of 43 hauls were conducted across different depth strata (40–100 

m, 100–150 m, and 150–200 m), each lasting 30 minutes. All trawl operations were 

conducted aboard the fishing vessel and strictly complied with the distance-from-

shore regulations outlined in the Communique No. 5/1 on Commercial Fisheries, 

issued by the Ministry of Agriculture and Forestry of Türkiye.  
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In this study, seven fish species were evaluated based on trawl data, including three 

poisonous Lessepsian species namely the Guenther’s puffer (Lagocephalus 

guentheri), the Suez puffer (Lagocephalus suezensis), and the yellowspotted puffer 

(Torquigener flavimaculosus); two non-poisonous Lessepsian species, the red 

cornetfish (Fistularia petimba Lacepède, 1803) and the brushtooth lizardfish 

(Saurida lessepsianus (Russell, Golani & Tikochinski, 2015)); and two native 

species, the spotted flounder (Citharus linguatula Linnaeus, 1758) and the European 

hake (Merluccius merluccius Linnaeus, 1758), focusing on those represented by at 

least fifty individuals to ensure reliable and meaningful statistical interpretation. 

Additional poisonous species reported in the region, including the silver-cheeked 

toadfish (Lagocephalus sceleratus), the common lionfish (Pterois miles), and the 

dusky spinefoot (Siganus luridus), were also included in the model using empirical 

data from the literature to capture broader trophic influences. 

2.2.1 CPUE & CPUA Calculation 

Catch per unit of effort (CPUE) is commonly used as an indicator of the relative 

abundance of exploited fish populations (Chen & Chiu, 2009). Accurate estimation 

of CPUE requires the standardization of catch and effort data to ensure consistency 

and comparability across different sampling conditions. It was calculated following 

Gulland (1983), where Cw is the catch weight in kilogrammes and t is the net hauling 

time in hours: 

                                                   𝐶𝑃𝑈𝐸 = 𝐶𝑤 ÷ 𝑡                                             

CPUA (Catch Per Unit Area) provides information about the spatial distribution of 

fish biomass in the surveyed area, as it is expressed in kg/km². In this study, the seven 

fish species (L. guentheri, L. suezensis, T. flavimaculosus, C. linguatula, F. petimba, 

M. merluccius, S. lessepsianus) biomasses were calculated by using the CPUA 

calculation. It is calculated by dividing the total catch (kg) by the area surveyed 

(km²), thereby enabling standardized comparisons of fish abundance across various 
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spatial scales and fishing environments (Avşar, 2005). The area surveyed during 

each trawl haul was calculated using the following Avşar (2005): 

𝑎 = 𝐷ℎ𝑋2 

Where D is the distance trawled (meters), h is the head rope length (set to 22 meters), 

and X2 represents the opening ratio of the head rope, taken as 0.5 after Pauly (1980). 

For each trawl haul, the starting and ending positions were recorded using latitude 

and longitude coordinates, which were subsequently used to calculate the distance 

trawled. The parameter D was calculated using the Haversine formula: 

𝐷 = 60√⁡(𝑙𝑎𝑡2 − 𝑙𝑎𝑡1)
2 + (𝑙𝑜𝑛.2− 𝑙𝑜𝑛1)

2 cos⁡(0.5 ∗⁡(𝑙𝑎𝑡1) (lat2)) 

Where the geographic latitudes of the start and finish latitudes are represented by lat1 

and lat2 in the equation, while the respective longitudes are indicated by lon1 and 

lon2.   

2.2.2 Length-Weight Relationship 

The length-weight relationship is a fundamental biological parameter used to 

evaluate the environmental adaptability and overall condition of fish species. It is 

commonly expressed by the formula (Le Cren, 1951): 

𝑊 = 𝑎𝐿𝑏 

where W is the body weight (g), L is the total length (cm), a is the intercept (also 

known as the condition factor or Fulton’s factor) (Batubara, 2019), and b is the 

growth factor that describes the allometric growth pattern of the species.  

The parameters a and b in the length–weight relationship were derived from species-

specific data collected in this study using linear regression on log-transformed 

measurements (Sparre, 1992) and were used in the calculation of consumption to 

biomass (Q/B) ratios for the Ecopath model. 
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When the exponent b is equal to 3, the growth of the organism is considered 

isometric, indicating that weight increases proportionally with length. When the b 

value is greater than 3, it reflects positive allometric growth, where weight increases 

at a faster rate than length. Conversely, when b value is less than 3, it indicates 

negative allometric growth, suggesting that length increases more rapidly than 

weight (Ricker, 1975). 

2.2.3 Von Bertalanffy Growth Function 

The von Bertalanffy Growth Function (VBGF) is a commonly used model in 

fisheries research (Bertalanffy, 1957) that delineates the growth trajectory of an 

organism over time by predicting the changes in an individual’s length as it ages 

(Ricker, 1975). This study evaluated VBGF parameters to get species-specific 

growth coefficients, which were then utilized as inputs for the empirical estimation 

of natural mortality (M). It is commonly expressed by the formula: 

𝐿𝑡 = 𝐿∞(1 − 𝑒−𝐾(𝑡−𝑡0)) 

In this equation, L∞ denotes the asymptotic length, which represents the theoretical 

maximum length a fish can attain with age. The parameter K is the Brody growth 

coefficient that reflects the rate at which the fish approaches this asymptotic length. 

The parameter t0 represents the theoretical age at which a fish’s length would be zero, 

assuming continuous growth according to the VBGF model (Haddon, 2011). This 

value is typically negative. Lastly, Lₜ refers to the estimated length of the fish at a 

specific age t (Pauly, 1983).  

When L∞ values were not available in the literature, they were empirically estimated 

by dividing the maximum observed length (Lmax) by 0.95, following the method 

proposed by Pauly (1983). This approach provided an approximate L∞ value for the 

species examined. 

The Brody growth coefficient (K) values were primarily obtained from the literature 

shown in Table 2.1. For species where literature values were unavailable, K 
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parameters were fitted using the Electronic Length-Frequency Analysis (ELEFAN) 

method within the R package TropFishR (Taylor and Mildenberger, 2017), which 

applies an optimization algorithm to identify the best-fitting growth curve from 

length-frequency data without requiring direct age estimates or nonlinear regression.  

Table 2.1 Growth coefficient (K) values and references 

Species K Reference 

Lagocephalus guentheri 0.12 This study 

Lagocephalus suezensis 0.6 Manaşırlı et al. (2020) 

Torquigener flavimaculosus 0.96 Ulman et al. (2023) 

Citharus linguatula 0.25 Çakır et al. (2005) 

Fistularia petimba 0.1 This study 

Merluccius merluccius 0.135 Girgin & Başusta (2020) 

Saurida lessepsianus 0.51 Gökçe et al. (2007) 

 

The theoretical age (t0) parameter was calculated using the formula (Pauly, 1983): 

𝑙𝑜𝑔10(−𝑡0) = −0.3922 − 0.275𝑙𝑜𝑔10𝐿∞ − 1.038𝑙𝑜𝑔10𝐾        

2.3 Natural Mortality 

Natural mortality (M) was estimated using the empirical formula developed by Pauly 

(1980), which incorporates the VBGF parameters and ambient water temperature. 

The equation is expressed as follows: 

𝑙𝑜𝑔10(𝑀) = −0.0066 − 0.279𝑙𝑜𝑔10(𝐿∞) + 0.6543𝑙𝑜𝑔10(𝐾) + 0.4634𝑙𝑜𝑔10𝑇 

Where L∞ is the asymptotic length (cm), K is the Brody growth coefficient (year⁻¹), 

and T is the mean annual environmental temperature (°C). This method provides a 

widely used approximation of natural mortality in fish populations when direct 

estimates are unavailable. 
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2.4 Ecosystem Model Construction 

The Ecopath and Ecosim (EwE) version 6.6.8 (www.ecopath.org) was used to 

construct the food web model of the Levantine Basin to explore the trophic impacts 

of poisonous Lessepsian fish species. EwE is widely applied in ecosystem-based 

fisheries management due to its ability to represent complex trophic interactions and 

assess the ecological impacts of fishing and species invasions (Essington, 2007). 

By employing a series of linear equations, Ecopath describes trophic linkages among 

functional groups and offers a mass-balanced static overview of ecosystem structure 

for a given time frame (Christensen & Pauly, 1992). Our model aims to quantify 

biomass levels, evaluate the role of non-indigenous species, and offer a foundation 

for future dynamic simulations. Field data collected through trawl surveys, along 

with literature-based parameters, were used for model parameterization. 

2.4.1 Model Structure 

In this study, only the static Ecopath component of the model was employed. It is a 

key tool in fisheries science used to create mass-balanced representations of aquatic 

ecosystems by incorporating data on species/groups of species and their interactions. 

It relies on specific input parameters for each functional group to build a balanced 

food web model, helping researchers understand ecosystem dynamics in marine and 

freshwater environments (Heymans, 2016). For each functional group in the model, 

at least three of four key parameters must be provided: biomass (B, t/km2), 

production-to-biomass ratio (P/B, y-1), consumption-to-biomass ratio (Q/B, y-1), and 

ecotrophic efficiency (EE), which represents the portion of the production of 

species/group utilized through predation or fishing. Additionally, information on diet 

composition and catches by fishing fleets is necessary to accurately describe trophic 

interactions and anthropogenic impacts (Christensen and Walters, 2004). 

Ecopath represents a mass-balanced modeling framework that relies on two 

fundamental equations. The energy balance equation is expressed as follows: 

http://www.ecopath.org/
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1. Consumption(Q) = production(P) + respiration(R) + unassimilated food(E) 

The mass-balance equation explains how the total production of each functional 

group (i) is distributed among several components. It can be formulated as: 

2. Production = fisheries catches + predation losses + biomass change + net 

migration + other mortality  

More specifically,  

𝑃𝑖 = 𝑌𝑖 + (𝐵𝑖 ∗ 𝑀2𝑖) + 𝐸𝑖 + 𝐵𝐴𝑖 + 𝑃𝑖 ∗ (1 − 𝐸𝐸𝑖) 

Where Pi represents the total production of group i; Yi is the fishery catch; M2i is the 

mortality due to predation; Bi is the biomass; Ei refers to the net migration 

(emigration minus immigration); BAi is the biomass accumulation rate; and M0i = 

Pi·(1−EEi) denotes the residual mortality that is not attributed to predation or fishing. 

This equation can also be written as follows: 

𝐵𝑖 ∗ (𝑃 𝐵)⁄
𝑖
−⁡∑𝐵𝑗

𝑛

𝑗=1

∗ (𝑄 𝐵)⁄
𝑗
∗ 𝐷𝐶𝑗𝑖 − (1 − 𝐸𝐸𝑖) ∗ 𝐵𝑖 ∗ (𝑃 𝐵)⁄

𝑖
− 𝐸𝑖 − 𝑌𝑖 −𝐵𝐴𝑖 = ⁡0 

where (P/B)i represents the production-to-biomass ratio of group i, which is equal to 

total mortality (Z) under steady-state conditions (Allen, 1971), (Q/B)j is the 

consumption-to-biomass ratio of predator j, and DCji denotes the relative proportion 

of prey i in the average diet of predator j. 

2.4.2 Functional Groups 

The functional groups included in this model were selected based on their ecological 

relationships with the poisonous Lessepsian fish species. To evaluate the trophic 

effects of these invasive species on the Levantine ecosystem, functional groups were 

chosen to represent both direct trophic interactions (as prey or predators) and indirect 

interactions through competition for similar food resources.  
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Table 2.2 Functional Groups in The Model 

Functional Group Common Name Origin Trophic Role 

1. Phytoplankton - - Primary 

producer 

2. Zooplankton - - Primary 

consumer  

3. Benthic 

invertebrates 

- Native Detritivore 

4. Polychaetes - Native Detritivore  

5. Dicentrarchus 

labrax 

European 

seabass 

Native Carnivore 

(demersal 

predator) 

6. Sparus aurata Gilthead 

seabream 

Native Omnivore 

(benthic feeder) 

7. Parupeneus 

forsskali 

Red Sea goatfish Lessepsian Carnivore 

(benthic feeder) 

8. Siganus luridus Dusky spinefoot Lessepsian 

(venomous) 

Herbivore 

(grazer) 

9. Lagocephalus 

sceleratus 

Silver-cheeked 

toadfish 

Lessepsian 

(poisonous) 

Carnivore (top 

predator) 

10. Lagocephalus 

suezensis 

Suez pufferfish Lessepsian 

(poisonous) 

Carnivore 

(benthic feeder) 

11. Lagocephalus 

guentheri 

Diamondback 

puffer 

Lessepsian 

(poisonous) 

Carnivore (top 

predator) 

12. Torquigener 

flavimaculosus 

Yellowspotted 

puffer 

Lessepsian 

(poisonous) 

Carnivore 

(small benthic 

feeder) 

13. Pterois miles Devil firefish Lessepsian 

(venomous) 

Carnivore (top 

predator) 
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14. Fistularia 

petimba 

Red cornetfish Lessepsian Piscivore 

15. Saurida 

lessepsianus 

Brushtooth 

lizardfish 

Lessepsian Carnivore 

(demersal 

predator) 

16. Nemipterus 

randalli 

Randall's 

threadfin bream 

Lessepsian Carnivore 

(benthic feeder) 

17. Merluccius 

merluccius 

European hake Native Carnivore (top 

demersal 

predator) 

18. Red mullets Red mullet  

Surmullet 

Native Carnivore 

(benthic feeder) 

19. Citharus 

linguatula 

Spotted flounder Native Carnivore 

(benthic 

predator) 

20. Epinephelus 

aeneus 

White grouper Native Carnivore (top 

predator) 

21. Detritus - - Non-living 

organic matter 

 

2.4.3 Input Parameters 

2.4.3.1 Biomass 

In this study, the biomass of the seven focal species was derived from trawl survey 

data by applying Catch Per Unit Area (CPUA) calculations, which provided 

standardized biomass estimates across the sampled area. For the remaining 

functional groups, biomass estimates were obtained from the literature, as 

summarized in Table 2.3. 

Table 2.2 (cont'd) 
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Table 2.3 Functional groups biomass (t/km2) and references 

Functional Group Biomass References 

1. Phytoplankton 7.75 Akgun & Akoglu (2023)  

2. Zooplankton 3.385 Yılmaz & Besiktepe (2010) 

3. Benthic invertebrates 8.71 Papapanagiotou et al. (2020) 

4. Polychaetes 5.33 Papapanagiotou et al. (2020) 

5. Dicentrarchus labrax 0.000036 Catch statistics sampling before 

mass-balance. 

6. Sparus aurata 1.29 Gamito & Erzini (2005) 

7. Parupeneus forsskali - - 

8. Siganus luridus 0.00198 Catch statistics sampling before 

mass-balance. 

9. Lagocephalus 

sceleratus 

0.01573 Özbek et al. (2017) 

10. Lagocephalus 

suezensis 

0.0399 Trawl data 

11. Lagocephalus 

guentheri 

0.0275 Trawl data 

12. Torquigener 

flavimaculosus 

0.0064 Trawl data 

13. Pterois miles 0.012 Michailidis et al. (2023) 

14. Fistularia petimba 0.0303 Trawl data 

15. Saurida lessepsianus 0.4053 Trawl data 
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16. Nemipterus randalli 0.037 Akgun & Akoglu (2023) 

17. Merluccius merluccius 0.0536 Trawl data 

18. Red mullets 0.315 Akgun & Akoglu (2023) 

19. Citharus linguatula 0.0346 Trawl data 

20. Epinephelus aeneus 0.43 Özbek et al. (2013) 

21. Detritus 105.35 Yucel (2018) 

 

2.4.3.2 Production-to-Biomass Ratio 

Production-to-biomass ratio for the seven fish was calculated with the empirical 

formula from Hoening (1983):  

ln 𝑍 = 1.44 − 0.982 ∗ ln 𝑡𝑚𝑎𝑥 

tmax, which is the maximum age of the species, was calculated empirically based on 

Pauly’s (1980) formula:  

𝑡𝑚𝑎𝑥 ≈ ⁡
3

𝐾
+ 𝑡0 

For the other fish species, P/B ratios were obtained from the literature (Table 2.4) 

Table 2.4 Functional groups P/B ratios and references 

Functional Group P/B ratios References 

1. Phytoplankton 195.1 Yucel (2018) 

2. Zooplankton 21.9 Akgun & Akoglu (2023) 

3. Benthic invertebrates 1.15 Papapanagiotou et al. (2020) 

4. Polychaetes 1.63 Papapanagiotou et al. (2020) 

5. Dicentrarchus labrax 0.867 El-Desoki et al. (2021) 

Table 2.3 (cont'd) 
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6. Sparus aurata 1.16 Gaber et al. (2021) 

7. Parupeneus forsskali 0.69 Hamwi & Ali-Basha (2021) 

8. Siganus luridus 0.89 Hamwi et al. (2024) 

9. Lagocephalus sceleratus 0.4 Torcu Koç et al. (2020) 

10. Lagocephalus suezensis 0.93 Trawl data 

11. Lagocephalus guentheri 0.16 Trawl data 

12. Torquigener flavimaculosus 1.46 Trawl data 

13. Pterois miles 0.83 Kοndylatos et al. (2024) 

14. Fistularia petimba 0.4 Trawl data 

15. Saurida lessepsianus 0.67 Trawl data 

16. Nemipterus randalli 0.94 Akgun & Akoglu (2023) 

17. Merluccius merluccius 0.44 Trawl data 

18. Red mullets 1.23 Akgun & Akoglu (2023) 

19. Citharus linguatula 1.08 Trawl data 

20. Epinephelus aeneus 0.44 Hamwi (2024) 

21. Detritus - - 

 

2.4.3.3 Consumption-to-Biomass Ratio 

Q/B ratios were calculated for the seven fish species our study focuses on with the 

formula (Pauly et al., 1998): 

log(𝑄 𝐵⁄ ) = 7.964 − 0.204𝑙𝑜𝑔𝑊∞ − 1.965𝑇′ + 0.083𝐴 + 0.532ℎ + 0.398𝑑 

Where W∞ is the asymptotic weight (wet weight in g), A is the aspect ratio of the 

caudal fin, and h and d are binary variables representing feeding type (h=1, d=0 for 

herbivores; h=0, d=1 for detrivores; h=0, d=0 for carnivores). T’ represents the 

mean ambient water temperature, calculated as 1000/(T + 273.15), where T is the 

temperature in 0C.  T was taken as 22.6 0C as calculated by Sakınan (2014). 

Aspect ratios were taken from FishBase (Froese & Pauly 2025). 

Table 2.4 (cont'd) 
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For calculating W∞, the length–weight relationship equation was used as below: 

𝑊∞ = 𝑎𝐿∞
𝑏 

Where L∞ is the asymptotic length, and a and b correspond to the intercept and 

exponent defined in Section 2.3.1. 

To calculate the asymptotic length for the remaining species, this formula was used 

following Taylor (1958): 

𝐿∞ ≅ 𝐿𝑚𝑎𝑥 0.95⁄  

The rest of the Q/B ratios for the functional groups were obtained from the literature 

shown in Table 2.5. 

Table 2.5 Q/B ratios for the functional groups and references  

Functional Group Q/B ratios References 

1. Phytoplankton - - 

2. Zooplankton 92.18 Akgun & Akoglu (2023) 

3. Benthic invertebrates 3.27 Papapanagiotou et al. (2020) 

4. Polychaetes 12.46 Papapanagiotou et al. (2020) 

5. Dicentrarchus labrax 5.74 Froese & Pauly (2024) 

6. Sparus aurata 5.76 Froese & Pauly (2024) 

7. Parupeneus forsskali 9.54 Froese & Pauly (2024) 

8. Siganus luridus 26.96 Froese & Pauly (2024) 

9. Lagocephalus sceleratus 4.52 Froese & Pauly (2024) 

10. Lagocephalus suezensis 11.53 Trawl data 

11. Lagocephalus guentheri 9.15 Trawl data 

12. Torquigener flavimaculosus 8.86 Trawl data 

13. Pterois miles 6.00 Froese & Pauly (2024) 

14. Fistularia petimba 10.75 Trawl data 

15. Saurida lessepsianus 8.84 Trawl data 

16. Nemipterus randalli 7.78 Akgun & Akoglu (2023) 
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17. Merluccius merluccius 7.75 Trawl data 

18. Red mullets 9.89 Akgun & Akoglu (2023) 

19. Citharus linguatula 11.91 Trawl data 

20. Epinephelus aeneus 1.56 Froese & Pauly (2024) 

21. Detritus - - 

 

2.4.3.4 Catch Data 

Catch data for Turkish waters in the Mediterranean Sea were obtained from the 

official landing statistics provided by the Turkish Statistical Institute (TÜİK, 2025) 

(Table 2.6). To standardize the data, total catch (in tons) was divided by the total 

area of Türkiye’s Mediterranean Exclusive Economic Zone (EEZ), as calculated by 

Akgün and Akoglu (2023) as 72.195 km2, yielding catch per unit area (tons/km²). 

Table 2.6 Catch data for functional groups  

Functional Groups Catch (t/km2) 

Dicentrarchus labrax 0.000036 

Sparus aurata 0.00164 

Siganus luridus 0.00198 

Pterois miles 0.000037 

Saurida lessepsianus 0.000528 

Nemipterus randalli 0.00291 

Merluccius merluccius 0.000382 

Red mullets 0.00485 

Citharus linguatula 0.000015 

Epinephelus aeneus 0.00306 

 

Table 2.5 (cont'd) 



 
 

26 

2.4.3.5 Diet 

In this study, the diet composition of the functional groups was obtained from the 

other Mediterranean models and the literature. The full diet matrix, including source 

references and proportional values for all predator–prey relationships, is provided in 

Appendix A. 

2.4.4 Model Balancing and Diagnostics 

Parameter adjustments during the balancing of the Ecopath model were made 

apparent by unrealistic outputs from EwE. Energetically incompatible consumption 

rates were identified when estimated predator consumption exceeded available prey 

biomass, as indicated by excessively high Q/B ratios, or P/Q values outside expected 

ranges.  

High predation mortality was assessed through the evaluation of ecotrophic 

efficiency (EE) values of prey groups. Functional groups with EE values exceeding 

1 were interpreted as undergoing excessive predation pressure with regard to their 

production. Under these inconsistencies, the diet input was adjusted by redistributing 

consumption among alternative prey groups, in accordance with established diet data 

and feeding habits derived from FishBase. A series of parameter adjustments was 

carried out until mass-balance was achieved for all functional groups (EE ≤ 1). 

The pedigree index was calculated by Ecopath to assess the overall quality and 

reliability of the input data used in the model. The overall pedigree index was 

calculated by Ecopath as a weighted average of the pedigree scores given to each 

parameter, offering a quantitative assessment of data origin within the model 

(Christensen et al., 2005). The pedigree index of Ecopath models generally range 

from 0.16 to 0.68 (Morissette et al., 2006). 
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2.4.5 Pre-balance Diagnostics 

Pre-balance diagnostics (PREBAL) were implemented according to the 

methodology suggested by Link (2010) to assess the ecological consistency and data 

quality of the Ecopath model before mass balancing and dynamic simulations. 

Diagnostics focused on key model parameters, including biomass distributions 

among trophic levels, biomass, and ratios (P/B, Q/B, P/Q). When one or several 

diagnostics from expected patterns were identified, initial parameter values were 

reassessed before model calibration to ensure ecological reliability and consistency 

in model interpretation. To improve the resolution of expected ecological patterns 

across trophic levels, parameters were log-transformed and re-plotted as part of the 

PREBAL diagnostics, according to established methodologies for assessing trophic 

scaling relationships (Link, 2010). 

2.4.6 Mixed Trophic Impact and Keystoneness Index  

The Mixed Trophic Impact (MTI) analysis was used to assess the direct and indirect 

trophic effects among functional groups within the ecosystem model, focusing 

specifically on the interactions between poisonous Lessepsian and native fish 

species. MTI analysis includes positive as well as negative impacts resulting from 

predator-prey dynamics and indirect interactions, such as competition, within the 

ecosystem (Ulanowicz & Puccia, 1990). MTI values ranged between +1, indicating 

strong positive impact, and -1, indicating strong negative impact, calculated with this 

formula: 

𝑚𝑖𝑗 =∐ (𝑑𝑗𝑖
𝑛

𝑖=1
− 𝑓𝑖𝑗) 

Where 𝑑𝑗𝑖 indicates the positive impacts that prey i exerts on predator j, determined 

by the proportion of prey in the predator's diet, and 𝑓𝑖𝑗 indicates the negative effects 

that predator j causes on prey i, calculated by the fraction of total prey consumption 

by the predator (Libralato et al., 2006). The values of mixed trophic impact were 
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evaluated according to their sign and magnitude. Positive MTI values signified 

positive effects among functional groups, while negative values indicated negative 

effects resulting from direct predation, fishing pressure, or indirect trophic 

interactions. MTI values approaching zero were seen as indicative of weak or 

negligible interactions between functional groups and species within the ecosystem. 

To evaluate the ecological significance of functional groups, the keystoneness index 

(KS) was calculated to identify groups that exert an excessive influence on 

ecosystem structure and function as opposed to their biomass. The keystoneness 

value for each functional group was calculated as: 

𝜀𝑖 = √∑𝑚𝑖𝑗
2

𝑛

𝑗≠𝑖

 

𝐾𝑆𝑖 = log⁡[𝜀𝑖(1 − 𝑝𝑖)] 

Where ε𝑖 represents the overall effect on group j, 𝑚𝑖𝑗 represents the net MTI 

excluding the impact of the group on itself, 𝐾𝑆𝑖 indicates the keystoneness of group 

i, and p𝑖 is the proportion of the biomass of group i relative to the total biomass of all 

groups, excluding detritus (Libralato et al., 2006). Functional groups with higher KS 

values, while having a low biomass, were regarded as keystone groups that exert a 

huge impact on ecosystem structure and function. On the contrary, groups with large 

biomass yet low KS values were seen as dominant or fundamental components of 

the food web, rather than keystone groups, following the study of Libralato et al. 

(2006).  

2.4.7 Ecological Network Indices 

Ecological Network Analysis facilitates the computation of several synthetic 

ecological indicators that define the ecological structure and function of ecosystems 

(Table 2.7). The indices are obtained from the input-output flow matrix used in EwE, 
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which considers the trophic interactions and energy transfers among various 

functional groups (Christensen et al., 2008; Guesnet et al., 2015).  These indices are: 

The trophic level (TL) of each functional group was calculated by Ecopath based 

on diet composition, following the approach by Christensen et al. (2008): 

𝑇𝐿𝑗 = 1 +∑ 𝐷𝐶𝑗𝑖 ∗ 𝑇𝐿𝑖
𝑛

𝑗=1
 

Where 𝐷𝐶𝑖𝑗 represents the proportion of prey i in the diet of predator j, and 𝑇𝐿𝑖 

represents the trophic level of prey i. 

The Lindeman spine was generated in Ecopath by demonstrating the distribution of 

energy flows between trophic levels by combining functional groups into integer 

trophic levels (Lindeman, 1942). Each trophic level is defined by its total energy 

throughput, including consumption, respiration, exports, and detrital flows, thereby 

demonstrating the vertical transfer and dissipation of energy across the trophic food 

chain (Christensen et al., 2005). To calculate transfer efficiency (TE), the ratio of 

total energy throughput at trophic level TLn+1 to that at TLn was used, expressed as a 

percentage, using the Lindeman spine outputs. 

The mean trophic level of the community (mTLco)  was estimated after calculating 

the TL of each functional group. mTLco describes the overall trophic structure of the 

ecosystem. The calculation excludes primary producers and detritus groups (TL = 1) 

to concentrate on consumer dynamics within the food system. The mTLco was 

calculated applying the following equation ny Christensen et al. (2005):  

𝑚𝑇𝐿𝑐𝑜 =
∑ (𝑇𝐿𝑖 ∗ 𝐵𝑖)𝑖

∑ 𝐵𝑖𝑖
 

Where TLi is the trophic level, and Bi is the biomass of the functional group i.  

The mean trophic level of the catch (mTLc) was calculated to determine the trophic 

footprint of the catch and to assess fishing pressure across trophic levels. The mTLc 

was calculated following Pauly et al. (1998): 
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mTL𝑐 =
∑ (𝑇𝐿𝑖 ∗ 𝑌𝑖)𝑖

∑ 𝑌𝑖𝑖
 

Where TLi represents the trophic level of functional group i, and Yi denotes the 

corresponding catch of functional group i. A high value indicates that the catch 

consists mainly of apex predators (TL > 4), and a low value indicates that the lower 

trophic levels make the most of the catch (Essington et al., 2006) and possibly is a 

sign of fishing down the food web impact (Pauly et al., 1998). 

Total System Throughput (TST) is the sum of all flowswithin a system: total 

export, total consumption, total respiration, and total flows to detritus by following 

the equation of Finn (1976):  

𝑇𝑆𝑇 =∑ 𝑇𝑖𝑗
𝑛

𝑖=1,𝑗=1
 

where Tij represents the flow of energy from functional group i (prey) to functional 

group j (predator) within the ecosystem. TST serves as an indicator for the overall 

system size and activity, akin to Gross Domestic Product of a country, with higher 

values indicating more energy throughput and metabolic intensity within the 

ecosystem (Ulanowicz, 1986). 

The total primary production to total respiration ratio (PP/R) was calculated to 

evaluate the developmental stage and maturity of the ecosystem following the 

ecosystem development theory proposed by Odum (1969). According to Odum’s 

ecosystem development theory, PP/R values greater than 1 indicate immature or 

developing ecosystems, whereas values approaching 1 are characteristic of mature 

ecosystems in which production and respiration are balanced. 

Net system production (NSP) was determined by subtracting total respiration from 

total primary production, being used as an indicator of the net accumulation of 

organic matter in the system. Positive values are indicative of developing 

ecosystems, whereas values nearing zero characterize mature systems functioning 

under steady-state conditions (Odum, 1969). 
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The Finn’s cycling index (FCI) assesses the degree of energy cycling within the 

food web. It acts as an indicator of ecosystem maturity, and it is calculated following 

Finn (1976): 

𝐹𝐶𝐼 =
𝑇𝑆𝑇𝑐
𝑇𝑆𝑇

 

Where TST defines the total system throughput, and 𝑇𝑆𝑇𝑐 represents the total flow 

that is recycled. Low FCI values are typical of immature ecosystems with weak 

internal recycling, whereas higher FCI values indicate more mature ecosystems 

characterized by greater energy recycling and trophic organization (Finn, 1976). 

Finn’s mean path length (FMPL) represents the average number of trophic 

transfers that energy undergoes within the food web before leaving the systemIt was 

calculated as the average length of energy flow pathways through the food web, 

derived from the ratio of total system throughput to the throughput leaving the 

system, following Finn (1976). 

The system omnivory index (SOI) represents the average degree of omnivory 

within the ecosystem, and it is calculated following Christensen & Walters (2005):  

𝑆𝑂𝐼 =
∑ (𝑂𝐼𝑖 ∗ 𝑙𝑜𝑔𝑄𝑖)
𝑛
𝑖=1

∑ 𝑙𝑜𝑔𝑄𝑖
𝑛
𝑖=1

 

where Qi is the total consumption of group i.  

The System Omnivory Index (SOI) was used to quantify trophic complexity and 

connectivity within the modeled food web. In Ecopath, omnivory is initially assessed 

for each functional group using the Omnivory Index (OI), which quantifies the 

variability of the trophic levels of a predator’s prey, weighted by diet composition 

(Pauly et al. 1987): 

𝑂𝐼𝑗 =∑[(𝑇𝐿𝑗 − (𝑇𝐿𝑖))
2

∗ 𝐷𝐶𝑖𝑗]

𝑛

𝑗=1

 

Where n shows the number of groups within the system, TLj represents the trophic 

level of prey j, TL signifies the mean trophic level of the prey, which is one less than 
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the trophic level of predator i, and DCij indicates the ratio of prey (i) in the average 

diet of predator (j).  

Shannon's diversity index was calculated to measure the diversity of functional 

groups within the model, based on biomass distribution. The index was calculated 

following Shannon (1948):  

𝐻′ = −∑𝑝𝑖ln⁡(𝑝𝑖)

𝑖

 

Where pi represents the proportion of biomass of functional group i relative to the 

total biomass of all functional groups in the model.  

Connectance index was computed to assess the structural complexity of the food 

web by evaluating the ratio of actual trophic interactions to all potential interactions 

among functional groups. The index was calculated by Ecopath following 

Christensen et al. (2005): 

𝐶𝐼 =
𝐿

𝑆2
 

Where 𝐿 is the number of realized trophic links in the model, and S is the total number 

of functional groups. 

Ascendancy was calculated as an information-based indicator that reflects both the 

magnitude of energy flows and the level of organization within the ecosystem. It is 

calculated following Ulanowicz (1986): 

𝐴 =∑𝑇𝑖𝑗 ∗ log⁡(
𝑇𝑖𝑗 ∗ 𝑇𝑆𝑇

𝑇𝑖 ∗ 𝑇𝑗
) 

Where Tᵢₜ denotes the energy transfer from compartment i to compartment j, Tᵢ and 

Tₜ represent the total outflow and inflow of compartments i and j, respectively, 

while TST indicates the total system throughput. Ascendancy is interpreted as an 

indicator of system organization and efficiency, where higher values signify more 

structured and regulated energy flows within the ecosystem (Ulanowicz, 1986).  
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Overhead (resilience) was calculated by Ecopath as the difference between 

development capacity (the theoretical maximum of a system’s organization) and 

ascendency. Higher overhead values suggest greater system flexibility and resistance 

to external disturbances, whereas lower values imply a more inflexible but highly 

organized system (Ulanowicz, 1986; Christensen & Walters, 2004). 

Table 2.7 Ecological network indices used in the ecosystem model and their 

definitions 

Index (Abbreviation) Definition and Ecological Significance 

Trophic Level (TL) The position of a functional group in the food web. 

Lindeman Spine & 

Transfer Efficiency 

(TE) 

Demonstrates the distribution of energy flows 

between trophic levels and the efficiency of energy 

transfer from trophic level to the next. 

Mean Trophic Level of 

the Community 

(mTLco) 

Describes the overall trophic structure of the 

ecosystem consumers, excluding primary producers 

and detritus. 

Mean Trophic Level of 

the Catch (mTLc) 

The weighted average trophic level of the catch; used 

to determine the trophic footprint of fisheries. 

Total System 

Throughput (TST) 

The sum of all flows in the system. It indicates 

overall system size and metabolic activity. 

Primary Production / 

Respiration (PP/R) 

The ratio of total primary production to total 

respiration. It assesses ecosystem maturity. 

Net System Production 

(NSP) 

Total primary production minus total respiration. It 

indicates the net accumulation of organic matter. 

Finn’s Cycling Index 

(FCI) 

The fraction of the Total System Throughput that is 

recycled within the food web.  
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Finn’s Mean Path 

Length (FMPL) 

The average number of trophic transfers energy 

undergoes before leaving the system. It represents the 

average length of energy flow pathways. 

System Omnivory 

Index (SOI) 

Represents the average degree of omnivory (variance 

of prey trophic levels) in the ecosystem. It quantifies 

trophic complexity and connectivity. 

Shannon’s Diversity 

Index  

Measures the diversity of functional groups based on 

biomass distribution. 

Connectance Index 

(CI) 

The ratio of actual trophic links to the number of 

possible links. It assesses the structural complexity of 

the food web. 

Ascendency (A) An information-based indicator reflecting both the 

magnitude of energy flow and the level of 

organization/efficiency within the ecosystem,. 

Overhead The difference between development capacity and 

ascendency. It suggests system flexibility and 

resilience (resistance to external disturbances). 

  

 

 

Table 2.7 (cont'd) 
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CHAPTER 3  

3 RESULTS  

3.1 Trawl Sampling 

Catch Per Unit of Effort (CPUE) values were calculated for seven fish species (Table 

3.1). The CPUE values indicated variations in species abundance across the two 

sampling locations. For instance, M. merluccius showed the highest CPUE in 

Mersin. Conversely, the same species abundance was zero in Adana. In total, S. 

lessepsianus, a Lessepsian migrant, showed the highest CPUE value. 

Table 3.1 Catch Per Unit Effort (CPUE, kg/h) values for seven fish species recorded 

during the trawl surveys conducted in December 2023 (Mersin) and February 2024 

(Adana) 

Species Adana Mersin Total 

Lagocephalus 

guentheri 
0.063 0.237 0.139 

Lagocephalus 

suezensis 
0.107 0.322 0.201 

Torquigener 

flavimaculosus 
0.006 0.067 0.032 

Citharus linguatula 0.302 0.010 0.174 

Fistularia petimba 0.001 0.348 0.153 

Merluccius 

merluccius 
0.000 0.619 0.270 

Saurida 

lessepsianus 
2.862 0.988 2.043 
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In parallel with these findings, Catch Per Unit Area (CPUA) values also 

demonstrated substantial regional variation between Adana and Mersin (Table 3.2). 

Given its dominance in Adana and Mersin, S. lessepsianus had the highest CPUA 

overall. In contrast, C. linguatula was more abundant in Adana, whereas 

Lagocephalus spp., T. flavimaculosus, F. petimba, and M. merluccius showed higher 

CPUA values in Mersin.  

Table 3.2 Catch Per Unit Area (CPUA, kg/km²) values for seven fish species 

recorded during the trawl surveys conducted in December 2023 (Mersin) and 

February 2024 (Adana). 

Species Adana Mersin Total 

Lagocephalus 

guentheri 
1.30 4.44 2.75 

Lagocephalus 

suezensis 
2.22 6.05 3.99 

Torquigener 

flavimaculosus 
0.12 1.25 0.64 

Citharus linguatula 6.26 0.19 3.46 

Fistularia petimba 0.02 6.54 3.03 

Merluccius 

merluccius 
0 11.62 5.36 

Saurida lessepsianus 59.39 18.54 40.53 

 

Together, these results indicated that CPUE and CPUA consistently reflected the 

same regional patterns, especially the dominance of S. lessepsianus, while also 

pointing out subtle differences in the geographical distribution of biomass between 

native and Lessepsian species. 
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3.2 Growth Analysis 

3.2.1 Length-Weight and Length-Frequency Relationships   

Length–weight relationships were established for each of the seven fish species 

examined in this study based on trawl-derived total length (mm) and body weight (g) 

measurements. The fitted relationships showed species-specific patterns, and the 

estimated parameters a and b are presented in Table 4.1. The corresponding length–

weight relationships are illustrated in Figure 3.1. 
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Figure 3.1. Length–weight relationships for the seven fish species examined in this 

study, showing the relationship between total length (mm) and body weight (g). 

 

Length–frequency relationships of the fish species are presented in Figure 3.2. These 

relationships were plotted only for the seven species selected for subsequent 

analyses, as at least fifty individuals were required to obtain statistically robust 

estimates.  
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Figure 3.2. Length-frequency distributions for all seven fish species examined in 

this study. Each panel presents the size-frequency (total length, mm) and 

corresponding abundance for an individual species, illustrating the dominant size 

classes observed during the sampling period. 

Length-frequency graphs are essential for evaluating population dynamics in 

fisheries science. It is observed that C. linguatula and L. guentheri have unimodal 

distributions. On the other hand, S. lessepsianus and M. merluccius exhibited wider, 

multi-modal distributions.  



 
 

40 

 

Figure 3.3. Total number of individuals captured per species in our study area. 

The total number of individuals captured for each species can be seen in Figure 3.3. 
In terms of individual count, S. lessepsianus was by far the most abundant species, 
followed by L. suezensis and C. linguatula. 

 

Figure 3.4. Total catch weight (kg) per species in our study area. 
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Most of the catch by weight was composed of S. lessepsianus. M. merluccius, on the 

other hand, came in second, showing that even though fewer individuals were 

collected (as shown in Figure 3.4), their larger average size allowed them to 

contribute significantly to the overall weight. 

3.2.2 Von Bertalanffy Growth Function 

The VBGF curves illustrated the growth in length over time for seven fish species. 

Steeper curves represent faster growth rates, providing a comparative view of 

species-specific growth dynamics. The parameters of the VBGF, including 

asymptotic length (L∞) and the Brody growth coefficient (K), are affected by density-

dependent growth. This is frequently determined by competition for food (Beverton, 

1957). For example, when population density is high and competition intensifies, 

individuals tend to grow more slowly, resulting in lower K values and reduced 

asymptotic lengths (Specziàr & Turcsányi, 2018). The growth patterns of the seven 

species are depicted in Figure 3. 5.  
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Figure 3.5. Estimated t₀ values derived from the Von Bertalanffy Growdth Function 

(VBGF) for the seven fish species examined in this study. Each panel represents the 

species-specific growth curve starting from its corresponding t₀ value. Growth 

curves were fitted using the VBGF formula:  𝐿𝑡 = 𝐿∞(1 − 𝑒−𝐾(𝑡−𝑡0)) 
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3.3 Natural Mortality 

The natural mortality (M) values were calculated using the Pauly (1980) empirical 

formula. Values presented in Table 3.3 ranged from 0.31 to 1.76 across the seven 

species. The lowest value was calculated for F. petimba, and the highest value was 

obtained for T. flavimaculosus. Fishing mortality (F) was not independently 

estimated in this study, as Ecopath internally derives F values from the ratio of catch 

to biomass (F = C/B) for exploited functional groups. Therefore, catch statistics 

incorporated into the model already represent fishing pressure without requiring 

separate calculation of F. 

Table 3.3 Calculated natural mortality of the fish species  

Species Natural Mortality 

Lagocephalus guentheri 0.36 

Lagocephalus suezensis 1.33 

Torquigener flavimaculosus 1.76 

Citharus linguatula 0.70 

Fistularia petimba 0.31 

Merluccius merluccius 0.42 

Saurida lessepsianus 0.97 

 

3.4 Model Results 

3.4.1 Model Outputs 

During the balancing of the model, certain model parameters were adjusted to 

achieve mass-balance consistency among functional groups (Table 3.4 and Table 

3.5). Initial estimates produced unrealistic ecotrophic efficiency values, so changes 

were made to ensure EE values are within range (EE ≤ 1). The diet matrix was also 



 
 

44 

refined, particularly for predator groups whose original feeding preferences resulted 

in energetically incompatible consumption rates or unrealistically high predation 

mortality (see Table 3.5). 

Table 3.4 Model outputs by functional groups: Trophic level (TL); biomass (B); 

production/biomass ratio (P/B); consumption/biomass ratio (Q/B); ecotrophic 

efficiency (EE); gross food conversion efficiency (P/Q). Values are rounded to 

three decimals. (Values marked with * indicate parameters that were adjusted 

during model balancing, while values marked with ** represent parameters 

estimated directly by Ecopath.)  

Group name TL B (t/km²) P/B 

(/year) 

Q/B 

(/year) 

EE P/Q 

(/year) 

Phytoplankton 1 7.750 195.1  0.144  

Zooplankton 2.053 3.385 21.900 92.180 0.431 0.238 

Benthic invertebrates 2.033 8.710 2.000* 4.570* 0.969 0.438 

Polychaets 2.035 5.330 1.630 12.460 0.914 0.131 

Dicentrarchus labrax 3.114 0.360* 0.967* 5.740 0.717 0.168 

Sparus aurata 3.005 1.290 1.160 5.760 0.888 0.201 

Parupeneus forsskali 2.494 5.099** 0.690 9.540 0.990 0.072 

Siganus luridus 2.888 0.020 0.890 10.960* 0.346 0.081 

Lagocephalus sceleratus 3.549 0.016 0.900* 4.520 0.903 0.199 

Lagocephalus suezensis 3.127 0.040 0.930 11.530 0.252 0.081 

Lagocephalus guentheri 3.469 0.028 0.160 9.150 0.924 0.017 

Torquigener 

flavimaculosus 

2.950 0.006 1.460 8.860 0.423 0.165 

Pterois miles 3.407 0.012 0.860* 6.000 0.004 0.143 

Fistularia petimba 3.666 0.030 0.400 10.750 0.041 0.037 

Saurida lessepsianus 3.918 0.221* 0.670 8.840 0.605 0.076 

Nemipterus randalli 3.091 0.037 0.940 7.780 0.084 0.121 

Merluccius merluccius 3.475 0.054 0.440 7.750 0.016 0.057 

Red mullets 2.639 0.615* 1.476* 9.890 0.773 0.149 

Citharus linguatula 3.089 0.396* 1.080 11.910 0.456 0.091 

Epinephelus aeneus 4.551 0.030* 0.440 1.560 0.232 0.282 

Detritus 1 105.350     
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3.4.2 Summary Statistics and Network Analysis 

The flow diagram provides the Levantine food web structure by illustrating the 

energy pathways among functional groups (Figure 3.6). Node sizes are proportional 

to biomass, and the nodes are vertically arranged according to their trophic levels, 

with higher-trophic groups appearing toward the upper part of the diagram. In the 

model, trophic levels ranged from 1.0 for phytoplankton and detritus to 4.55 for 

Epinephelus aeneus, the group with the highest trophic position. Detritus serves as 

the primary energy flow pathway in the model, supporting a variety of consumers 

across multiple trophic levels. Lessepsian species have settled in multiple trophic 

links, which reflects their integration and growing impact on the energy flow of the 

ecosystem.  

 

Figure 3.6. Flow diagram of the functional groups according to their trophic levels.   
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The Lindeman spine diagram (Lindeman, 1942) (Figure 3.7) summarizes the flow of 

energy across consecutive trophic levels in the modeled ecosystem. Lindeman's 

spine showed a substantially detritus-driven food chain, with most energy 

concentrated at trophic level I (primary producers and detritus) and rapidly declining 

toward higher trophic levels. Transfer efficiency (TE) declined progressively across 

trophic levels, from approximately 9.3% between TL II and TL III, to 8.5% between 

TL III and TL IV, and further to 6.3% between TL IV and TL V.  

 
Figure 3.7. Trophic fluxes between consecutive trophic levels (TL) are seen in the 

Lindeman spine. P stands for primary producer, D for detritus, TST for total system 

throughput, and TE for transfer efficiency. 

The Ecopath summary statistics (Table 3.6) indicated a trophic energy flow in the 

Levantine Sea model that is characterized by high total system throughput, 

dominance of primary production, and decreasing energy transfer toward higher 

trophic levels. The statistics indicated a total system throughput of 3439.7 t/km²/year, 

with total consumption and respiration estimated at 491.336 and 285.723 t/km²/year, 

respectively. The model-derived total production (sum of production of all functional 

groups) was 1619.37 t/km²/year, while total primary production was 1512.025 

t/km²/year. The mean trophic level of the catch was 3.24. The model's total pedigree 

index was 0.523, signifying an appropriate degree of data reliability for a regional 
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Ecopath model. This value indicated that a substantial proportion of the input 

parameters were derived from empirical data or robust literature sources. The 

Shannon diversity index was 1.89. 

Table 3.6 Summary of statistics for our model.  

Parameter Value Units 

Sum of all consumption 491.3361 t/km²/year 

Sum of all exports 1226.302 t/km²/year 

Sum of all respiratory flows 285.7234 t/km²/year 

Sum of all flows into detritus 1436.338 t/km²/year 

Total system throughput 3439.7 t/km²/year 

Sum of all production 1619.37 t/km²/year 

Mean trophic level of the catch 3.241635  

Gross efficiency (catch/net p.p.) 0.0000102  

Calculated total net primary production 1512.025 t/km²/year 

Total primary production/total respiration 5.29192  

Net system production 1226.302 t/km²/year 

Total primary production/total biomass 45.23309  

Total biomass/total throughput 0.009718117 t/km²/year 

Total biomass (excluding detritus) 33.42741 t/km² 

Total catch 0.01544013 t/km²/year 

System Omnivory Index 0.1290984  

Ecopath pedigree 0.523  

Shannon diversity index 1.891242  

Throughput cycled (excluding detritus) 19.48 t/km²/year 

Throughput cycled (including detritus) 89.92 t/km²/year 

Finn's cycling index 2.614 % of total throughput 

Finn's mean path length 2.275  

Ascendency 45.41 % 

Overhead 54.59 % 
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The Ecopath summary statistics derived from the Ecopath model showed that the 

System Omnivory Index (SOI) was 0.13. Net system production was estimated at 

1226.302 t/km²/year, where total primary production greatly exceeds total 

respiration. The ratio of total biomass to total system throughput (B/TST) was 

0.0097, while the respiration-to-biomass ratio (R/B) was 8.55 year⁻¹. The estimated 

Ascendancy of the system was 45.41%, while the corresponding Overhead was 

54.59%. These values summarize the energetic structure and overall flow 

characteristics of the modeled ecosystem. 
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3.4.3 PREBAL Diagnostics 

The pre-balance (PREBAL) diagnostics are essential tools for evaluating the stability 

and reliability of ecosystem models. These analyses show the correlations between 

trophic levels of functional groups with biomass (B), production/biomass ratio (P/B), 

consumption/biomass ratio (Q/B), and production/consumption ratio (P/Q) as shown 

in Figure 3.8. The expected ecological trend of each parameter along the trophic level 

is represented by the regression line in each of the four pre-balance diagnostic plots. 

Large deviations may indicate inconsistencies that need to be adjusted, whereas 

values near this line indicate ecologically realistic inputs (Link, 2010).  

 
Figure 3.8. Pre-Balance Diagnostic Plots for Biomass, P/B, Q/B, and P/Q Across 

Trophic Levels.  
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3.4.4 Mixed Trophic Impact  

The mixed trophic impact (MTI) analysis (Figure 3.11) was performed to show the 

poisonous Lessepsian species' impact on the food web of the Levantine Basin 

ecosystem. Poisonous Lessepsian species (L. scleratus, L. suezensis, L. guentheri, T. 

flavimaculosus, S. luridus, and P.miles) were found to have significant negative 

effects on several native fish species, according to MTI analysis (Figure 3.9).  Due 

to competition for benthic resources as well as predation, these effects were 

especially noticeable on C. linguatula (Spotted flounder), D. labrax (European 

seabass), and red mullets, commercially important native fish species. 

 

Figure 3.9. Negative MTI impacts of poisonous Lessepsian species on native fish 

Non-poisonous Lessepsians exhibited even more negative values, due to predator-

driven effects, especially S. lessepsianus, which showed high negative interactions 

with D. labrax (–0.411) and C. linguatula (–0.447). Lessepsian invaders' competitive 

advantage was further enhanced by trawling pressure, which had severe negative 
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impacts on native commercial species. It can also be observed from the MTI analysis 

that poisonous Lessepsian species also exhibit interspecific competition, which may 

be due to the similarity of common prey resources and cannibalism. L. sceleratus 

was negatively impacted by Lagocephalus guentheri (–1.273), while L. guentheri 

was negatively impacted by Torquigener flavimaculosus (–1.375).  

 

Figure 3.10. The highest positive Mixed Trophic Impact (MTI) values were 

identified in the model. 

The MTI analysis revealed five highly positive trophic interactions within the 

system, shown in Figure 3.10. The highest positive effect was identified from L. 

guentheri to T. flavimaculosus (1.167). Trawling activity showed the second-

strongest positive interaction, exerting a positive effect on F. petimba (0.691), 

indicating that the removal of certain functional groups by trawlers resulted in an 

overall positive trophic impact on this species within the model structure. Additional 

positive impact included L. guentheri on S. luridus (0.655), Parupeneus forsskali 

(Fourmanoir & Guézé, 1976) on M. merluccius (0.594), and P. miles on L. sceleratus 
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(0.579). A weak positive mixed trophic impact was observed from S. lessepsianus to 

M. merluccius (MTI ≈ 0.03). 

 

Figure 3.11. Mixed Trophic Impact (MTI) matrix showing positive (blue) and 

negative (red) direct and indirect effects among functional groups. 

3.4.5 Keystoneness Index (KS) 

The Keystoneness Index (KS) values differed within functional groups, indicating 

species with a relatively strong trophic impact with regard to their biomass. L. 

guentheri, L.s sceleratus, and P. miles exhibited the highest Keystone Index values 

(3.387, 3.559, and 3.524). These species were found in the graph's upper-right 

quadrant, which suggested that they have a high potential to alter ecosystem structure 

in addition to having strong overall trophic impacts. In contrast, native species, 

including D. labrax and S. aurata, had keystone index scores of 1.811 and 1.196 

respectively, indicating more typical ecological roles with less impact on an entire 
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ecosystem. Figure 3.12 shows that native species, except for E. aeneus, were located 

below Lessepsian species, which dominated in the upper part of the graph. 

 

Figure 3.12. Keystoneness index of functional groups adapted from a methodology 

proposed by Libralato et al. (2006). (Lessepsian species represented with light blue, 

native species represented in dark blue) 

The comparison of keystone metrics calculated using two different approaches, 

Keystone Index #1 from Libralato et al. (2006) and Keystone Index #2 from Power 

et al. (1996), revealed a similar overall pattern among functional groups. L. 

guentheri, L. sceleratus, and P. miles showed the highest values in both indices and 

were positioned in the upper-right portion of the plot (Figure 3.13). Intermediate 

values were observed for species such as S. lessepsianus and E. aeneus. Lower-

trophic groups, including phytoplankton, polychaetes, zooplankton, and benthic 

invertebrates, exhibited consistently low values in both indices.  
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Figure 3.13. The distribution of the keystone index across groups when evaluated 

using both the Libralato et al. (2006) and Power et al. (1996) approaches. 
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CHAPTER 4  

4 DISCUSSION 

4.1 Interpretation of Trawl-Based Abundance and Population Dynamics 

The present Ecopath model indicated that the food web structure of the study area 

was strongly influenced by the biomass dominance and trophic interactions of 

poisonous and non-poisonous Lessepsian species. This pattern was supported by the 

CPUE and CPUA results, which revealed clear spatial variability in species 

abundance between the two sampling regions along the Levantine coast. In 

particular, areas characterized by higher CPUA values for poisonous Lessepsian 

species corresponded to functional groups exerting stronger trophic impacts in the 

Ecopath model. While CPUE reflected relative abundance patterns, CPUA provided 

a more spatially explicit representation of biomass distribution, reinforcing the 

model-based evidence of region-specific dominance by poisonous Lessepsian 

species. Together, these complementary indicators consistently highlighted 

pronounced regional differences in species composition and population structure 

across the study area. 

Similar spatial patterns were found in both CPUE and CPUA results, indicating that 

the species composition of Adana and Mersin varied considerably. Adana was 

strongly dominated by the invasive non-poisonous S. lessepsianus, which exhibited 

exceptionally high abundance, indicating its ecological adaptability as a predator that 

feeds on various prey, which allows it to thrive across various habitats (Golani, 

1993). In line with its preference for environments with sandy bottoms (Dalamas et 

al., 2010), C. linguatula also exhibited greater abundance in Adana. In contrast, 

Mersin displayed higher CPUE and CPUA values for several Lessepsian native 

species, including L. suezensis, L. guentheri, and F. petimba, as well as the native 

predator M. merluccius, which is typically associated with deeper and cooler waters 

(Maynou, 2006). These patterns suggested that environmental gradients, particularly 
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those related to depth and substrate type, play a significant role in shaping species 

distributions, which may facilitate the spatial expansion of Lessepsian migrants in 

the region. While fluctuations in CPUE and CPUA indicated differences in species 

abundance between the two regions, these metrics alone are insufficient to clarify 

the demographic structure of the populations. Consequently, length-frequency 

analyses were conducted to better understand size composition and potential growth 

characteristics of the seven species. 

In our study, poisonous migrants such as L. guentheri, L. suezensis, and T. 

flavimaculosus showed narrower and more concentrated unimodal distributions, 

indicating that captures were dominated by a single size class during the sampling 

period. In contrast, native species exhibited multi-modal distributions, reflecting the 

presence of multiple cohorts within the population. The dominance of a single length 

group suggested a sensitivity to overfishing pressure if the dominant length group is 

targeted. However, having a multi-modal distribution has its benefits to the 

population. Overfishing pressure in one year will not cause the entire population to 

collapse. Other age classes will ensure the population's survival (Sánchez‐

Hernández, 2016). In addition, the relatively short temporal scope of the sampling in 

this study limits the ability to fully resolve population structure through length–

frequency patterns. A longer-term dataset could potentially reveal additional modes 

and provide a clearer representation of cohort dynamics within the population. 

Cannibalism was observed in the juvenile stages of various pufferfish species 

(Ulman et al., 2021; Ulman et al., 2024), suggesting that intraspecific interactions 

during early development may affect overall size-structure patterns. Cannibalism 

serves as a self-regulating mechanism that limits competition by selectively 

eliminating smaller size groups, leading to a reduction in the overall population 

across size classes and an increase in the dominant cohort (Sogard & Olla, 1994). 

When smaller individuals were selectively consumed, the population might shift to 

a unimodal distribution due to an insufficient number of individuals to maintain a 

multimodal structure. The present study did not explicitly evaluate behavioral 

causes; nonetheless, the unimodal distributions identified in L. suezensis, T. 
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flavimculosus, and L. guentheri may align with cohort filtering caused by 

cannibalism throughout early life stages. 

The length–weight relationship (LWR) parameters of the present study offered 

essential insights into species-specific growth strategies of the sampled fish species. 

The comparative table below shows the LWR parameters collected in the present 

study alongside values reported in previous studies conducted in the Eastern 

Mediterranean (Table 4.1). 

The growth patterns found in this study align closely with those reported in previous 

studies from various Mediterranean areas, while also emphasizing considerable 

regional variation. The growth pattern of L. guentheri observed in this study aligns 

with the negative allometric growth reported by Bilge et al. (2017) from the southern 

Aegean, whereas Doğdu and Turan (2024) documented a positive allometric pattern 

for the same species in the Gulf of Iskenderun. This variation may suggest that 

regional environmental factors could have an impact on population distribution, 

causing differences in growth patterns, even within the Mediterranean Sea. L. 

suezensis demonstrated a negative allometric growth, aligning with findings from 

Gulf of Iskenderun by Manaşırlı et al. (2020) and the southern Aegean Sea by Bilge 

et al. (2017), suggesting consistent growth patterns across different locations. The 

growth pattern of T. flavimaculosus in our study aligned with the documented 

findings by Ayas et al. (2019) in Mersin Bay, while diverging from the patterns 

documented in the southern Aegean and Gulf of Iskenderun (Bilge et al., 2017; 

Ergüden et al., 2015). All of these variabilities reflect an essential growth plasticity, 

which may contribute to the ecological success of poisonous pufferfish species 

during their spread in the Eastern Mediterranean. 
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The differences observed in length-frequency distributions among species also 

indicated variations in growth dynamics. The Brody growth coefficient K can further 

explain these variations by showing the rate at which a species reaches its asymptotic 

length. According to Branstetter (1987), fish species can be categorized based on 

their Brody growth coefficient: those with K values between 0.20 and 0.50 are 

considered fast-growing, values between 0.10 and 0.20 indicate moderate or uniform 

growth, and values ranging from 0.05 to 0.10 correspond to slow-growing species.  

In our research, poisonous species exhibited various growth strategies. While L. 

suezensis and T. flavimaculosus exhibited relatively high growth coefficients (K = 

0.60 and K = 0.96), indicating fast-growing life histories based on literature-derived 

parameters, L. guentheri, whose growth parameters were estimated using the 

TropFishR package in R, showed a much lower K value, reflecting a slower growth 

pattern. These results indicated that poisonous fish species did not uniformly exhibit 

fast growth but instead encompassed a range of life-history strategies. Other 

Lessepsian fish species also exhibited distinct growth patterns, with F. petimba, for 

which growth parameters were likewise estimated using TropFishR, representing a 

slow-growth strategy (K = 0.11), whereas S. lessepsianus (K = 0.51), based on 

literature values, aligned with fast-growing taxa. In contrast, native fish species such 

as C. linguatula (K = 0.25) and M. merluccius (K = 0.135), whose growth parameters 

were derived from published sources, generally exhibited lower growth coefficients, 

indicating comparatively slower population turnover. When poisonous Lessepsian 

fish species were compared with native taxa, poisonous species were generally 

characterized by higher growth rates. Poisonous species with faster growth may 

mature earlier and experience more rapid population turnover, potentially facilitating 

their establishment and spread following introduction (Blažek et al., 2013).  

However, these comparisons should be interpreted with caution, given the mixed use 

of literature-based and empirically estimated growth parameters. Populations with 

higher growth coefficients often exhibit higher natural mortality (M), indicating a 

typical life-history trade-off between rapid growth and shorter lifespans (Pauly, 

1980). This pattern was further supported by the natural mortality values found in 
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this study, with slower-growing taxa showing lower mortality and faster-growing 

species showing larger M values. 

 

Figure 4.1. Parameters of the von Bertalanffy growth curves for the selected fish 

species. 

The von Bertalanffy growth curves presented in Figure 4.1 illustrated clear 

interspecific differences in growth patterns among the studied fish species. Species 

with higher asymptotic lengths (L∞), such as M. merluccius and F. petimba, exhibited 

a greater potential maximum body size, but were characterized by slower growth 

rates, reflecting a trade-off between size and growth. In contrast, L. suezensis and T. 

flavimaculosus displayed lower L∞ values while exhibiting faster growth rates, 

indicating alternative life-history strategies. 
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4.2 Model Evaluation 

4.2.1 PREBAL and Parametrisation 

In the initial balancing phase of the model, the main goal was to ensure that all 

functional groups met the requirement of mass-balance consistency. This process 

involved evaluating whether the B, P/B, Q/B, and EE parameters were aligned within 

Ecopath’s energy budget constraints. Several functional groups demonstrated EE 

values exceeding 1.0, and to correct these inconsistencies, modifications were 

implemented to certain parameters, including B, P/B, Q/B, and diet fractions, while 

maintaining biologically acceptable bounds. In the first version of the model, these 

functional groups exhibited EE values greater than 1: Benthic invertebrates, L. 

sceleratus, S. lessepsianus, M. merluccius, Red mullets, and C. linguatula. Such 

violations of mass-balance typically arise when predation mortality (M2) is 

unrealistically high or when P/B, Q/B, or biomass inputs are incompatible with 

ecosystem productivity. 

In order to fix the inconsistencies, input parameters were modified throughout the 

balancing procedure. Benthic invertebrates experienced a decrease in both P/B and 

Q/B (P/B = 2.0, Q/B= 4.570). Following parameter corrections, multiple 

modifications were implemented to the diet composition of necessary functional 

groups to fix inconsistencies in predation mortality and ecotrophic efficiency. The 

preliminary model version demonstrated significant predation pressure on benthic 

invertebrates and polychaetes, primarily caused by invasive predators including P. 

forsskali, S. luridus, S. lessepsianus, and various Lagocephalus species. The 

modified diet matrix indicated that benthic invertebrates required reductions of 

specific predator diets (e.g., Groups 3, 7, 15, and 20).  

When we examine the pre-bal analysis, biomass decreases as trophic level (TL) 

increases in our model, as expected in a typical ecosystem. The biomass of the 

functional group P. forsskali, as estimated by Ecopath, may be overestimated. With 

low biomasses in high-trophic predators (e.g., Epinephelus aeneus (Geoffroy Saint-

Hilaire, 1817)) and high biomasses in lower-trophic groups (zooplankton, benthic 
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invertebrates, and phytoplankton), biomass values exhibited a typical ecosystem 

structure. The regression line shown in the plots was generated solely from the model 

outputs and therefore reflected the internal relationship of parameters among the 

functional groups. The majority of groups showed ecologically realistic biomass 

inputs by clustering near the model-based regression line. P/B values of most fish 

groups were close to the model’s regression line. As presumed, phytoplankton and 

polychaetes showed high P/B values above the slope line. However, phytoplankton’s 

P/B value (195.1) was taken from another model and might be overestimated. Q/B 

ratios exhibited a consistent pattern, with predator groups showing higher 

consumption rates. Because of their short life cycle and fast turnover rate, 

zooplankton exhibit extremely high Q/B, placing them above the model-derived 

trend line. 

4.2.2 Summary Statistics 

The Total System Throughput (TST) estimated in our study (3439.7 t/km2/year) was 

higher than other studies have been done for the Israeli shelf (631 t/km²/year) by 

Corrales et al. (2017) and the Mersin Bay model (1150 t/km²/year) by Saygu et al. 

(2020). Nonetheless, our results align closely with the findings of Akgun & Akoglu 

(2023) for the Lamas region (3360 t/km²/year). This shows that the study area is 

affected by nutrient inputs from the Lamas, Göksu, Seyhan, and Ceyhan Rivers, 

which lead to higher primary production than the open waters of the Eastern 

Mediterranean.  

Given its increased productivity, the Primary Production/Respiration (PP/R) ratio 

was 5.29. As stated in Odum (1969), a PP/R ratio exceeding 1 suggests autotrophy, 

where the ecosystem generates more organic matter than it consumes, indicating a 

productive environment. Whereas a PP/R ratio near 1 suggests a mature and 

equilibrated ecosystem, wherein energy production is roughly equivalent to 

respiratory losses (Odum,1969). Our result aligns with the models from Israel (4.26) 

and the previous Lamas model (6.26). The excess production (PP > R) indicates that 
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energy is accumulating in the system instead of being effectively transmitted to 

higher trophic levels or recycled.  

The System Omnivory Index (SOI) was estimated as 0.13, indicating a relatively 

narrow spectrum of diet variability of species across trophic levels, and consistent 

with the value reported by Akgün & Akoglu (2023) The low SOI implied a linear, 

chain-like food web structure instead of a complex web, making the system less 

tolerant to disturbances (Long et al., 2011).  

The low Finn’s Cycling Index of 2.61% indicated a slightly limited amount of 

material recycling within the system, similar to the reported regional value (Lamas: 

2.24%)  (Akgun & Akoglu, 2023) but significantly less complex than the Israeli shelf 

(5.78%) (Corrales et al., 2017) and Mersin Bay model (10.09%) (Saygu et al., 2020). 

This suggested restricted energy cycling within the ecosystem, possibly driven by 

the dominance of non-assimilated flows returning to detritus, including a substantial 

fraction of unutilised primary production (Corrales et al., 2017). Historically, low 

FCI (e.g., Dropping to as low as 2.76% in the Black Sea) indicated severe system 

degradation due to opportunistic species diverting energy flows in the food web 

(Akoglu, 2013). 

Finn’s Mean Path Length (PL) was found to be 2.275 in our study, closely aligning 

with Lamas model (2.22) and Israeli coast model (2.62). Low PL means an average 

unit of energy travels about 2.275 steps within the food chain before exiting the 

system or sinking to detritus. Corrales et al. (2017) suggested that if a system's 

indices of food web complexity, such as the SOI and PL, are low, the system exhibits 

a more chain-like structure than a food web-like structure.   

Ascendency and overhead of a system indicated the system’s resilience and its ability 

to recover from disturbances. However, our study findings (A = 45.41%, Overhead 

=  54.59%) aligned with Lamas model (A = 48.3%, Overhead =  51.7%), which 

contrasted with signs of immaturity in other complexity metrics (SOI, FCI, PL).  

The combination of these indicators demonstrated that although the ecosystem 

exhibited a strong Ascendency/Overhead balance, its internal trophic complexity 

(low PL/FCI) suggested immaturity and structural simplicity characteristic of highly 
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disturbed or rapidly evolving northeastern Levantine Sea coastal ecosystems (Akgun 

& Akoglu, 2023). 

Mean trophic level of the catch (mTLc) implies the major target of fisheries in that 

region. The mTLc estimated in this study was 3.24, which aligned closely with the 

observed range of values in other recent Ecopath models, such as Lamas (3.14), 

Mersin Bay (3.29), Cyprus (3.25), and the Israeli coast (3.37) (Akgün & Akoglu, 

2023; Saygu et al., 2020; Michailidis et al., 2020; Corrales et al., 2017). Our study 

supported the finding of Ulman et al. (2013), which found shifts in Türkiye’s marine 

fisheries when primary captures transitioned from high trophic species, such as 

bonito, to lower trophic species, such as anchovy. A mTLc value of approximately 3 

implied that fisheries in the study's area mainly target mid-trophic-level consumers 

rather than apex predators, indicating a fishing strategy focused on mesopredatory 

species. This pattern may indicate low availability of higher trophic level predators 

and the increasing contribution of abundant Lessepsian species to the catch, causing 

the "fish down the food web" in the region (Pauly et al., 1998). 

The current model’s pedigree index was calculated as 0.523, slightly lower than 

Akgün & Akoglu (2023) and Saygu et al. (2020), however, similar to Corrales et al. 

(2017). This suggested that a significant portion of the input data was obtained from 

empirical sources and reliable literature, while a lesser amount depended on regional 

parameter predictions. 

As a whole, these indicators showed a productive but structurally simplified food 

web in which alien species and detritus-driven pathways limited the development of 

trophic networks. Comparison of ecosystem metrics among other regional Ecopath 

models is shown in Table 4.2.  
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Table 4.2 Comparison of Ecosystem Metrics Among Regional Ecopath Models  

 This 

study 

Akgün 

& 

Akoglu 

(2023) 

Saygu et 

al. 

(2020) 

Corrales 

et al. 

(2017) 

Michailidis 

et al. 

(2020) 

Units 

Period 2023-

2024 

2019-

2020 

2009-

2013 

2008-

2012 

2015-2017  

Study 

region 

Mersin 

Bay and 

Adana 

Coast 

Lamas 

region 

Mersin 

Bay 

Israel’s 

coast 

Cyprus  

Total 

system 

throughput 

(TST) 

3439.7 3360 1150 632 841 t/km2/y

ear 

Primary 

Production/

Respiration 

(Pp/R) 

 6.26 1.49 4.26 2.04  

System 

Omnivory 

Index (SOI) 

0.13 0.06 0.16 0.19 0.23  

Finn’s 

Cycling 

Index (FCI) 

2.6 2.24 10.09 5.78 9.3 % 

Finn’s mean 
path length 
(PL) 

2.275 2.22 3.12 2.62 3.21  

Ascendency 45.41 48.3 24.32 - - % 

Overhead  54.59 51.7 75.66 - - % 

Mean 
trophic 

3.24 3.14 3.29 3.37 3.25  
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level of 
catch 
Pedigree 
index 

0.52 0.63 0.63 0.54 0.62  

 

The Lindeman spine demonstrated that energy flow within the modeled ecosystem 

was primarily detritus-driven, with a significant portion of energy retained at lower 

trophic levels and only a minor fraction reaching higher levels. This pattern indicated 

significant energy loss via respiration and low efficiency in trophic transfer, implying 

that ecosystem functioning is primarily structured from the base of the food web and 

was heavily reliant on detrital recycling. According to Odum’s ecosystem 

development theory (1969), this configuration is typical of a developing or immature 

stage, where high primary production and restricted internal recycling limit the 

effective transfer of energy to higher trophic levels. This structural pattern aligned 

with Lindeman spine results observed in other oligotrophic shelf ecosystems in the 

Eastern Mediterranean Sea, such as the Israeli (Corrales et al., 2017) and Cyprus 

shelves (Michailidis et al., 2020), where detrital pathways dominated energy flow 

and trophic transfer efficiencies decreased significantly with rising trophic levels. 

Previous research   highlighted that dependence on detritus-based pathways was a 

fundamental characteristic of Mediterranean Sea food webs, a sign of nutrient 

limitation and the occurrence of rapid energy losses at lower trophic levels (Tecchio 

et al., 2013). The observed similarities indicated that the modeled system aligned 

with a regional trend characterized by high-throughput and low-efficiency energy 

transfer, supporting the interpretation of an immature system, separating from a 

mature, well-organized trophic structure. 

4.3 Trophic Impacts of Lessepsian Species on Native Communities 

Understanding the trophic role of poisonous Lessepsian species is important for 

understanding their ecological impact within Eastern Mediterranean food webs. 

Negative Mixed Trophic Impact effects are often considered as direct predation or 

competition for common prey resources. Strong negative MTI values between 

Table 4.2 (cont'd) 
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Lagocephalus spp. and native demersal fishes reflect direct predatory interactions, 

supported by the fact that demersal fish groups include an explicit percentage of their 

diet according to the diet matrix. Another reason may be due to dietary overlap, 

especially with benthic functional groups. Given the broad and opportunistic feeding 

strategies of Lagocephalus spp., these species may reduce the availability of shared 

prey, indirectly suppressing native competitors. For instance, poisonous Lessepsian 

predators like L. scleratus and P. miles consistently caused major negative impacts 

on native demersal and mesopredatory fish through direct predation or significant 

dietary overlap with native predators targeting similar benthic and pelagic prey. 

Negative MTI values between L. guentheri and S. lessepsianus likely indicated 

indirect trophic interactions, given that both species inhabited overlapping trophic 

niches and utilize similar prey resources. 

Positive MTI values may be explained by predator-mediated indirect effects. When 

a predator preys upon another predator or competitor, the prey of that species may 

encounter less predation pressure, leading to a positive indirect effect. Positive MTI 

values observed between poisonous Lessepsian spp. and lower trophic level 

groups may indicate the inhibition of intermediate consumers that often exert strong 

predation on resources. The interaction patterns of P. miles reinforced this theory. P. 

miles, as an effective mesopredator, certainly imposed significant negative effects 

on small-sized native fishes and other mesopredators by direct predation. 

Simultaneously, its predation on intermediate consumers may unintentionally benefit 

lower trophic groups, demonstrating how a singular invading predator can produce 

both negative and positive MTI values across trophic levels. Although the mixed 

trophic impact between S. lessepsianus and Merluccius merluccius was low (MTI ≈ 

0.02–0.03), the consistently positive values suggested a weak but indirect 

relationship rather than a direct trophic interaction mediated through shared prey 

resources. An increase in S. lessepsianus biomass was associated with positive 

effects on benthic invertebrates, likely through the suppression of intermediate 

benthic consumers. As M. merluccius relied strongly on benthic and demersal prey, 

this indirect relaxation of benthic resource limitation may result in a weak positive 
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trophic effect. This pattern reflects indirect resource-mediated pathways rather than 

direct trophic facilitation.  

When the MTI results were evaluated alongside the Keystoneness Index values, a 

consistent pattern emerged. Predatory alien fishes such as L. guentheri, L. sceleratus, 

and P. miles exhibited the highest keystoneness values, indicating their influence on 

the food web structure primarily through their function within the food web instead 

of a dominance in biomass.  These species affected both intermediate and lower 

trophic levels, facilitating the transfer of energy flows and the regulation of trophic 

control mechanisms within the ecosystem. However, other poisonous Lessepsian 

species, such as S. luridus and T. flavimaculosus, displayed comparatively lower 

keystoneness values. A reason for this may be due to their limited feeding habits.  

Several studies have emphasized the functional significance of Lessepsian species 

with respect to their biomass. On the Israeli continental shelf, S. lessepsianus was 

recognized as a possible keystone species due to its considerable trophic impact 

despite its moderate biomass (Corrales et al., 2017). Ecosystem models for Mersin 

Bay indicated high keystoneness values for poisonous puffers and lionfish, 

signifying their essential role in trophic interactions (Saygu et al., 2020). Akgün and 

Akoglu (2023) revealed that even low-biomass Lessepsian species, such as 

Nemipterus randalli, can significantly impact key native functional groups in the 

Lamas region. In the study by Akgün and Akoğlu (2023), the identified predators of 

N. randalli were limited to marginal diet contributions from cephalopods (cuttlefish 

and squids) and Saurida lessepsianus, each represented with a diet composition value 

of 0.01. Such low values indicate ecologically negligible predation and primarily 

reflect model balancing requirements rather than biologically meaningful trophic 

interactions. Therefore, no predators were defined for N. randalli in this study. 

Despite direct effects, previous EwE study findings highlighted the importance of 

indirect trophic pathways and fishery-mediated cascading effects. Trawling was 

demonstrated to indirectly promote the establishment and persistence of specific 

alien species, particularly lower-trophic-level invaders like alien crabs and shrimps, 

by the elimination of native predators and rivals (Saygu et al., 2020). The MTI results 

in our study revealed that poisonous Lessepsian species had negative interactions 
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with economically important native taxa. Continued trawling could worsen 

interactions as mentioned in Edelist et al. (2012) by disproportionately affecting 

native species, potentially diminishing their competitive and predatory resilience, 

thereby enhancing the trophic impact of invasive species in the future. Moreover, 

modeling-based studies demonstrated that invasive predators frequently exhibited 

significant persistence, rapidly recovering to their initial biomass levels when fishing 

pressure declines, emphasizing the limitations of short-term or localized 

management strategies (Michailidis et al., 2023). 

An important management aspect that should be considered when interpreting the 

trophic impacts of poisonous Lessepsian species is the government-supported 

removal program implemented in Turkish waters. Within this scheme, fishers are 

financially compensated for capturing invasive pufferfish (Lagocephalus spp.) by 

collecting tail parts of the individuals as regulated under the Ministry of Agriculture 

and Forestry’s Communiqué on the Support of Pufferfish Fishing (Republic of 

Türkiye, 2021). Such directed removal efforts effectively introduce an additional 

fishing mortality component for these species that is not explicitly represented in 

conventional catch statistics or ecosystem models. Therefore, incorporating 

management-driven removals into future Ecopath simulations may improve the 

realism of trophic impact assessments for poisonous Lessepsian fishes in the 

Levantine Sea. 
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CHAPTER 5  

5 CONCLUSION 

The primary aim of this study was to develop a mass-balanced food-web model for 

the coastal ecosystems of Mersin Bay and the Adana coast to evaluate the trophic 

roles and ecological impacts of poisonous Lessepsian fish species. This research 

applied the Ecopath with Ecosim (EwE) modeling framework and incorporated new 

trawl-derived biomass data from the 2023–2024 period, along with species-specific 

population parameters, to deliver an updated snapshot of the Northeastern Levantine 

Sea food web. The emphasis on poisonous migrants, including certain pufferfish 

species (Lagocephalus spp. and T. flavimaculosus), the common lionfish (P. miles), 

and the dusky spinefoot (S. luridus), addressed a significant gap in previous 

ecosystem-based evaluations that frequently categorized invasive species as a 

general, undifferentiated group. 

The model results revealed a complex food web structure characterized by a detritus-

driven energy flow. The trophic levels in the system extend edfrom primary 

producers and detritus to apex predators such as E. aeneus. The research region was 

characterized as a highly productive and ecologically immature system, shown by 

high Total System Throughput (TST) and a Primary Production to Respiration 

(PP/R) ratio significantly exceeding one. The low values calculated for the System 

Omnivory Index (SOI) and Finn’s Cycling Index (FCI) supported this interpretation, 

characterizing a food web with a predominantly linear, chain-like structure and 

restricted internal recycling. Such indices suggested an ecosystem in which energy 

was largely accumulated at lower trophic levels rather than being efficiently 

transferred or recycled through complex networks. This pattern was characteristic of 

disturbed or rapidly evolving marine environments. 

The Mixed Trophic Impact (MTI) analysis clarified the direct and indirect pathways 

through which poisonous Lessepsian species interacted with the broader community. 

Poisonous migrants negatively impacted several commercially and ecologically 
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essential native species, including D. labrax, C. linguatula, and red mullets. These 

negative interactions can be attributed to both direct predatory effect and intense 

competition for common benthic resources. On the contrary, the model identified 

beneficial indirect effects, possibly mediated by predator-prey cascades, where the 

consumption of intermediate consumers by poisonous Lessepsian predators 

potentially benefited lower trophic levels. These findings highlighted that poisonous 

Lessepsian species were not only additions to the biomass but served as active 

components that exerted diverse pressures across the food web.  

The ecological significance of these species was further emphasized by the 

Keystoneness Index. L. sceleratus, L. guentheri, and P. miles demonstrated the 

greatest keystoneness values in the model, indicating that they exerted a 

disproportionately significant impact on ecological structure relative to their 

biomass. Meanwhile, indigenous predators exhibited lower keystoneness scores, 

suggesting that the functioning framework of the current food web was significantly 

affected by these poisonous invaders. Poisonous species such as S. luridus and T. 

flavimaculosus exhibited low keystoneness values owing to their specific feeding 

behaviors; yet, their existence continued to enhance the overall trophic complexity 

and competition within the ecosystem. 

The Ecopath model offered a comprehensive quantitative framework for analyzing 

these relationships, however certain limits must be acknowledged. The model served 

as a static, mass-balanced representation of the 2023–2024 period, offering a 

snapshot of the ecosystem's condition rather than a dynamic simulation of its 

development. The dependence on both field data and literature-derived parameters, 

despite being verified by a reliable pedigree index, brings uncertainty concerning 

regional variations in diet and growth. Therefore, the insights derived should be 

interpreted as model-based assessments of current trophic organization rather than 

definitive evidence of temporal change.  

In conclusion, this thesis contributed to the scientific understanding of the 

Northeastern Levantine Sea by explicitly modeling the trophic roles and impacts of 

poisonous Lessepsian fishes. By highlighting their role as keystone components and 
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their negative effects on native taxa, this study provided a scientific basis for future 

ecosystem-based research and assessments. The findings emphasized the importance 

of incorporating poisonous migrants into broader ecological frameworks to improve 

understanding of the resilience and functional organization of invasion-dominated 

marine ecosystems. Overall, this work offered a foundation for future studies aimed 

at examining energy transfer pathways and food-web stability in the Northeastern 

Levantine Sea. 
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APPENDICES 

A. Supplementary Parameters and Data Sources 

Species Lmax (mm) Source / Calculation Method 

Lagocephalus guentheri 279 Fitted from data 

Lagocephalus suezensis 174 Fitted from data 

Torquigener flavimaculosus 191 Fitted from data 

Citharus linguatula 219 Fitted from data 

Fistularia petimba 593 Fitted from data 

Merluccius merluccius 330 Fitted from data 

Saurida lessepsianus 371 Fitted from data 

 

Species L∞ (mm) Source / Calculation Method 

Lagocephalus guentheri 293.68 Empirically estimated as Lmax / 0.95 

Lagocephalus suezensis 183.16 Empirically estimated as Lmax / 0.95 

Torquigener flavimaculosus 201.05 Empirically estimated as Lmax / 0.95 

Citharus linguatula 230.53 Empirically estimated as Lmax / 0.95 

Fistularia petimba 624.21 Empirically estimated as Lmax / 0.95 

Merluccius merluccius 347.37 Empirically estimated as Lmax / 0.95 

Saurida lessepsianus 390.53 Empirically estimated as Lmax / 0.95 
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Species W∞ (g) Source / Calculation Method 

Lagocephalus guentheri 361.02 Fitted from data 

Lagocephalus suezensis 68.39 Fitted from data 

Torquigener flavimaculosus 207.77 Fitted from data 

Citharus linguatula 56.04 Fitted from data 

Fistularia petimba 134.91 Fitted from data 

Merluccius merluccius 300.13 Fitted from data 

Saurida lessepsianus 412.01 Fitted from data 

 

Species A Source / Calculation Method 

Lagocephalus guentheri 1.97 Froese & Pauly (2025) 

Lagocephalus suezensis 1.40 Froese & Pauly (2025) 

Torquigener flavimaculosus 1.21 Froese & Pauly (2025) 

Citharus linguatula 1.36 Froese & Pauly (2025) 

Fistularia petimba 1.76 Froese & Pauly (2025) 

Merluccius merluccius 0.90 Froese & Pauly (2025) 

Saurida lessepsianus 1.93 Froese & Pauly (2025) 
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Species K (year-1) Source / Calculation Method 

Lagocephalus guentheri 0.1 Mildenberger et al. (2017) 

Lagocephalus suezensis 0.6 Manaşırlı (2020) 

Torquigener flavimaculosus 0.96 Ulman (2023) 

Citharus linguatula 0.25 Çakır (2005) 

Fistularia petimba 0.11 Mildenberger et al. (2017) 

Merluccius merluccius 0.135 Girgin & Başusta (2020) 

Saurida lessepsianus 0.51 Gökçe (2007) 

 

Species t0 (year) Source / Calculation Method 

Lagocephalus guentheri -1.75 Bertalanffy (1957) 

Lagocephalus suezensis -0.31 Bertalanffy (1957) 

Torquigener flavimaculosus -0.19 Bertalanffy (1957) 

Citharus linguatula -0.72 Bertalanffy (1957) 

Fistularia petimba -1.29 Bertalanffy (1957) 

Merluccius merluccius -1.22 Bertalanffy (1957) 

Saurida lessepsianus -0.30 Bertalanffy (1957) 

 

Species tmax Source / Calculation Method 

Lagocephalus guentheri 28.25 Empirically estimasted 

Lagocephalus suezensis 4.69 Empirically estimasted 

Torquigener flavimaculosus 2.94 Empirically estimasted 

Citharus linguatula 4.00 Bayhan (2015) 

Fistularia petimba 11.10 Kondylatos et al. (2024) 

Merluccius merluccius 10.00 Soykan (2015) 

Saurida lessepsianus 6.50 Lotfy et al. (2025)  
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Species Ф' Source / Calculation Method 

Lagocephalus guentheri 1.936 Empirically estimasted 

Lagocephalus suezensis 2.304 Empirically estimasted 

Torquigener flavimaculosus 2.589 Empirically estimasted 

Citharus linguatula 2.123 Empirically estimasted 

Fistularia petimba 2.632 Empirically estimasted 

Merluccius merluccius 2.212 Empirically estimasted 

Saurida lessepsianus 2.891 Empirically estimasted 
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