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Abstract in English  

The Mediterranean Sea has undergone substantial ecological transformations driven 

by climate change, overfishing, and the continuous introduction of non-indigenous 

species (NIS) through the Suez Canal. These stressors often interact, resulting in 

complex ecological responses. The Northeastern Mediterranean, is among the 

regions most heavily impacted by these factors, suffers from a scarcity of long-term 

datasets, making it challenging to interpret the trajectory of these changes. However, 

the scarcity of long-term datasets in this area makes it challenging to interpret the 

trajectory of these ecological changes. In this study, datasets collected by METU-

IMS since the 1980s (including both CTD measurements and fisheries survey data) 

were integrated with newly collected data to investigate faunal changes in one of the 

fastest-warming and most NIS-impacted region of the Mediterranean. Rather than 

attributing these changes to a single factor, the aim of this study was to address them 

from multiple perspectives. The objectives of this study were to (i) identify fish 

assemblages and their temporal changes, (ii) disentangle the environmental drivers 

underlying biomass variability in an exploited demersal species, through an approach 

that separates ecological signals from the confounding effects of long-term fishing 
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pressure, and (iii) elucidate the response of the bathymetric distribution of a native 

fish species to environmental changes, given their expected sensitivity to climate-

driven variability. To address the latter two objectives, the red mullet (Mullus 

barbatus) served as a case study. As a native and heavily exploited species in the 

region since the 1940s, it was used in both the analysis of biomass fluctuations and 

the evaluation of bathymetric distribution changes.  

Non-metric multidimensional scaling (NMDS) and cluster analysis constructed 

using the trawl data collected during the spring and autumn seasons between 1983ï

1984 and 2022 (0ï100 m depths) revealed three major zones in the region. The 

shallow zone, referred to as Por's "Lessepsian Province," has been consistently 

dominated by NIS biomass, with their contribution reaching up to 97% by 2022. In 

contrast, the deeper zone, which extends to circalittoral area, exhibited a relatively 

stable community structure with dominance of native biomass, where M. barbatus 

remained a significant contributor to biomass over the years. However, NIS biomass 

showed a notable increase during the spring season. The western zone, characterized 

by Posidonia oceanica meadows, partially overlaps with a marine protected area and 

was also dominated by native species.  However, the highest proportional increase 

in NIS numbers to total species count was recorded in this zone. Notably, NIS such 

as Parupeneus forsskali, which are scarcely found in the other parts of the study area, 

have emerged as indicator species in the western zone. Both the depth and location 

of the sampling stations significantly influenced community composition.  

To explore fluctuations in M. barbatus biomass over the years, official landing 

statistics since 1968 and trawl survey data collected since 2007 (0ï150 m depths) 

were incorporated into the stochastic surplus production model in continuous time 

(SPiCT). The model was used primarily to derive residuals, which served as inputs 

for the main analyses conducted in this study. To assess environmental influences, 

three large-scale climate indices were considered: (i)North Atlantic Oscillation 

(NAO), (ii) East Atlantic Pattern (EA), and (iii) East Atlantic/Western Russia Pattern 

(EA/WR), each of which can simultaneously impact multiple environmental 
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parameters. Biomass variations that could not be explained by fisheries models, were 

analyzed using wavelet coherence analysis with these climate indices to explore 

covariance between environmental influences and biomass trends. This analysis 

revealed a significant coherence between these and the climate indices. Notably, the 

EA index consistently influenced M. barbatus biomass from 2000 to 2015, while the 

effects of NAO and EA/WR were particularly strong in the 1980s and early 1990s. 

Interestingly, all indices showed a combined influence in the early 1990s, coinciding 

with an increase in M. barbatus biomass. This period also overlapped with major 

ecological shifts observed in the Mediterranean, offering a broader perspective on 

the interaction between climatic variability and ecosystem changes. Although the 

influence of NAO is generally known to diminish towards the Eastern 

Mediterranean, a significant link detected in this study during the 1990s emphasizes 

its transient relationship with fish biomass. Furthermore, this study highlights the 

importance of the previously underexplored association between EA and EA/WR 

indices and biomass fluctuations of demersal fish.   

Climate-induced warming is expected to modify bathymetric habitat structure in 

marine ecosystems, potentially forcing species to shift deeper in the water column in 

search of suitable thermal conditions. To assess whether such shifts have occurred 

in the Northeastern Mediterranean, the bathymetric distribution of the maximum 

biomass of M. barbatus was examined for the period 2010 to 2023. 

The results revealed that the depth of maximum M. barbatus biomass followed a 

clear seasonal cycle in the study area, being shallowest in late winter/early spring 

and deepest in autumn. Beyond this seasonal cycle, a long-term deepening trend was 

observed, with the maximum biomass depth during the study period. Concurrently, 

the water column displayed significant thermal changes. The temperature model 

indicated a non-linear warming trend, particularly after 2016. The results showed 

that the thermocline exhibited a gradual deepening and prolonged persistence 

between 2010 and 2023. This deepening, specifically in September, showed a strong 
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temporal correspondence with the observed long-term deepening of the maximum 

M. barbatus biomass depth. 

The Northeastern Mediterranean plays a crucial role in anticipating the future state 

of the Mediterranean Basin, particularly as climate change and the spread of NIS 

continue to accelerate at an unprecedented rate. This research provides valuable 

insights into faunal dynamics in this critical region and emphasizes the need for 

sustained monitoring and integrative approaches to predict and mitigate future 

ecological transformations in this rapidly changing ecosystem. 

 

Keywords: Northeastern Mediterranean, Non-indigenous Species, Large-Scale 

Climate Indices, Demersal Trawl, Climate Change 
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Tez Özeti  

Akdeniz, iklim deĵiĸikliĵi, aĸērē avcēlēk ve S¿veyĸ Kanalē yoluyla taĸēnan yabancē 

t¿rlerin (NIS) d¿zenli olarak artēĸē nedeniyle ºnemli ekolojik dºn¿ĸ¿mler 

ge­irmiĸtir. Bu stres faktºrleri sēklēkla birbiriyle etkileĸime girerek karmaĸēk 

ekolojik tepkilere sebep olmaktadēr. Kuzeydoĵu Akdeniz, bu faktºrlerden en yoĵun 

etkilenen bºlgeler arasēnda yer almaktadēr. Fakat bu bºlgedeger­ekleĸmekte olan 

deĵiĸimlerin yºn¿n¿ ve nedenlerini yorumlamak, uzun dºnemleri kapsayan veri 

setlerinin eksikliĵi nedeniyle olduk­a g¿­t¿r. Bu ­alēĸmada, ODT¦-Deniz Bilimleri 

Enstitüsü (METU-IMS) tarafēndan 1980'lerden itibaren toplanan  veri setleri (hem 

CTD ºl­¿mleri hem de balēk­ēlēk verileri) yeni toplanan verilerle birleĸtirilerek, 

Akdenizôin en hēzlē ēsēnan ve en ­ok yabancē t¿r etkisine maruz kalan bºlgelerinden 

biri olan Kuzeydoĵu Akdenizôdeki faunal deĵiĸimler araĸtērēlmēĸtēr. Sºz konusu 

deĵiĸimlerin tek bir faktºrle a­ēklanmasē yerine, bu ­alēĸmada onlarē ­ok boyutlu bir 

bakēĸ a­ēsēyla ele almak hedeflenmiĸtir. Bu doĵrultuda ­alēĸmanēn ama­larē 

ĸunlardēr:, (i) balēk topluluklarēnē ve bu topluluklardaki zamansal deĵiĸimleri 

belirlemek, (ii) uzun dºnemli balēk­ēlēk baskēsēnēn etkilerinden arēndērēlmēĸ bir 

yaklaĸēmla, sºm¿r¿len bir demersal t¿rde biyok¿tle deĵiĸiminin  çevresel etkenlerle 

iliĸkisini ortaya koymak, (iii) iklim kaynaklē deĵiĸime duyarlēlēĵē y¿ksek olduĵu 
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ºngºr¿len yerli bir balēk t¿r¿n¿n batimetrikdaĵēlēmēnēn ­evresel deĵiĸimlere 

tepkisini deĵerlendirmek. Son iki ama­ doĵrultusunda 1940'lardan beri bºlgede 

yoĵun olarak avlanan, yerli bir t¿r olan barbunya balēĵē (Mullus barbatus)üzerine 

odaklanēlmēĸ ve bu t¿rhem biyok¿tle dalgalanmalarēnēn analizinde hem de batimetrik 

daĵēlēm deĵiĸimlerinin deĵerlendirilmesinde kullanēlmēĸtēr.. 

1983ï1984 ile 2022 yēllarē arasēnda ilkbahar ve sonbahar sezonlarēnda 0ï100 m 

derinliklerde toplanan trol verileri, metrik olmayan çok boyutlu ölçekleme (NMDS) 

ve k¿meleme analizleri bºlgede ¿­ ana zonun varlēĵēnē ortaya koymuĸtur. Porôun 

"Lessepsian Province" olarak adlandērdēĵē ñkēyē-araò zonda, ­alēĸma boyunca NIS 

biyok¿tlesi s¿rekli y¿ksek olduĵu bir alan olmakla birlikte, 2022 yēlēnda NISôin 

toplam biyok¿tleye katkēsē %97'ye ulaĸmēĸtēr. Sēĵ zon, literat¿rde Porôun 

ñLessepsiyen Bºlgesiò olarak adlandērdēĵē alana denk gelmektedir. Burada yabancē 

t¿rlerin biyok¿tledeki payē her zaman y¿ksek olmuĸ, 2022 yēlēnda ise %97ôye kadar 

­ēkmēĸtēr.Buna karĸēlēk, sirkalittoral bºlgeye uzanan daha ñderinò zon, gºrece 

istikrarlē bir topluluk yapēsē sergilemiĸtir. Burada yerli t¿rler biyok¿tlede baskēn 

olmuĸ, ve M. barbatus yēllar boyunca biyok¿tleye ºnemli bir katkē saĵlamēĸtēr. 

Ancak, yabancē t¿r biyok¿tlesi ºzellikle ilkbahar sezonunda belirgin bir artēĸ 

gºstermiĸtir. Batē zonu ise kēsmen bir deniz koruma alanē ile ºrt¿ĸen ve deniz 

­ayērlarē (Posidonia oceanica) ile karakterize edilen bir bölgedir. Burada da yerli 

t¿rler biyok¿tlede baskēn olmuĸtur fakat toplam t¿r sayēsēna oranla yabancē t¿r 

sayēsēndaki en y¿ksek artēĸ bu zonda kaydedilmiĸtir. ¥zellikle, ­alēĸma alanēnēn 

diĵer kēsēmlarēnda nadiren rastlanan Parupeneus forsskali gibi yabancē t¿rler batē 

zonunda gºsterge t¿r olarak ºne ­ēkmēĸtēr. Hem ºrnekleme istasyonlarēnēn derinliĵi 

hem de konumu, topluluk kompozisyonlarēnē anlamlē olarak etkilemiĸtir. 

M. barbatus biyok¿tlesindeki yēllar i­indeki dalgalanmalarē incelemek i­in, 

1968'den itibaren resmi av istatistikleri ve 2007'den itibaren toplanan trol araĸtērma 

verileri (0ï150 m derinliklerde) Sürekli Zamandaki Stokastik Artēk Üretim Modeli 

(SPiCT)  ile analiz edilmiĸtir. Model, esas olarak artēk deĵerleri t¿retmek i­in 

kullanēlmēĸ ve bu artēklar ­alēĸmadaki temel analizlerde girdi olarak 
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deĵerlendirilmiĸtir. ¢evresel etkileri deĵerlendirmek i­in, aynē anda birden fazla 

çevresel parametreyi etkileyebilen i­ adet b¿y¿k ºl­ekli iklim indeksi ele alēnmēĸtēr: 

(i)Kuzey Atlantik Salēnēmē (NAO), (ii) Doĵu Atlantik Paterni (EA) ve (iii) Doĵu 

Atlantik/Batē Rusya Paterni (EA/WR). Balēk­ēlēk modeli tarafēndan a­ēklanamayan 

biyok¿tle deĵiĸimleri (model artēk deĵerleri)  bu iklim indeksleriyle birlikte dalgacēk 

uyum analizi kullanēlarak incelenmiĸ ve ­evresel etkilerle biyok¿tle eĵilimleri 

arasēndaki ortak deĵiĸim araĸtērēlmēĸtēr. 

Sonu­lar, model artēk deĵerleri ile iklim indeksleri arasēnda anlamlē bir 

uyumolduĵunu gºstermiĸtir. ¥zellikle, EA indeksinin 2000-2015 yēllarē arasēnda 

barbunya balēĵē biyok¿tlesi ¿zerinde s¿rekli bir etkiye sahipken, NAO ve EA/WR 

etkileri ise 1980'lerde ve 1990'larēn baĸēnda belirgin olmuĸtur. Ķlgin­ bir ĸekilde, 

1990'larēn baĸēnda t¿m indekslerin aynē anda etkili olduĵu gºr¿lm¿ĸ ve bu dºnem, 

barbunya balēĵē biyok¿tlesindeki bir artēĸla ºrt¿ĸm¿ĸt¿r. Bu dºnem aynē zamanda 

Akdeniz'de gºzlemlenen b¿y¿k ekolojik deĵiĸimlerle de ºrt¿ĸmektedir. Sonu­lar 

iklimsel deĵiĸkenlik ile ekosistem deĵiĸiklikleri arasēndaki etkileĸim ¿zerine daha 

geniĸ bir bakēĸ a­ēsē sunmuĸtur. NAO etkisinin genellikle Doĵu Akdenizôe doĵru 

azaldēĵē bilinse de, bu ­alēĸmada 1990'lardaki g¿­l¿ iliĸki, ge­ici de olsa bu indeksin 

balēk biyok¿tlesiyle olan baĵēnē vurgulamaktadēr. Ayrēca, EA ve EA/WR 

indekslerinin demersal balēklarēn biyok¿tle dalgalanmalarēyla olan iliĸkisi daha ºnce 

yeterince incelenmemiĸken, bu ­alēĸma bu baĵlamda ºnemli bir katkē saĵlamaktadēr.  

K¿resel ēsēnmanēn denizel ekosistemlerde batimetrik yaĸam alanlarēnē deĵiĸtirerek 

t¿rleri su kolonunda daha derinlere yºnelmeye zorlamasē beklenmektedir. Bu 

­alēĸmada, bºyle bir deĵiĸimin Kuzeydoĵu Akdeniz'de ger­ekleĸip 

ger­ekleĸmediĵini deĵerlendirmek amacēyla, 2010-2023 yēllarē arasēnda M. 

barbatus'un maksimum biyok¿tlesinin bulunduĵu derinlikler analiz edilmiĸtir. 

Sonu­lar, ­alēĸēlan bºlgede M. barbatusôun maksimum biyok¿tle derinliĵinin 

belirgin bir mevsimsel dºng¿ izlediĵini ortaya koymuĸtur; bu derinlik ge­ kēĸ/erken 

ilkbaharda en sēĵ, sonbaharda ise en derin seviyededir. Bu mevsimsel döngünün 

ºtesinde, ­alēĸma s¿resince uzun vadeli bir derinleĸme eĵilimitespit edilmiĸtir. Aynē 
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dºnemde su kolonunda da ºnemli termal deĵiĸiklikler gºzlenmiĸtir. Sēcaklēk modeli, 

ºzellikle 2016 sonrasēnda belirginleĸen doĵrusal olmayan bir ēsēnma eĵilimini ortaya 

koymuĸtur. Bulgular, 2010ï2023 yēllarē arasēnda termoklinin kademeli olarak 

derinleĸtiĵini ve mevsimsel olarak daha uzun s¿re kaldēĵēnē gºstermiĸtir. ¥zellikle 

eyl¿l ayēnda gºr¿len bu derinleĸme, M. barbatusôun maksimum biyokütle 

derinliĵinde gºzlemlenen uzun vadeli derinleĸme ile g¿­l¿ bir zamansal uyum 

sergilemiĸtir. 

Kuzeydoĵu Akdeniz, iklim deĵiĸikliĵi ve NIS yayēlēmēnēn eĸi benzeri gºr¿lmemiĸ 

bir hēzla devam ettiĵi g¿n¿m¿zde, t¿m Akdeniz Havzasēônēn gelecekteki durumunu 

ºngºrme a­ēsēndan kritik bir rol oynamaktadēr . Bu araĸtērma, bu ºnemli bºlgedeki 

faunal dinamiklere dair deĵerli bilgiler sunmakta ve hēzla deĵiĸen bu ekosistemde 

gelecekteki ekolojik dºn¿ĸ¿mleri ºngºrebilmekmek ve olumsuz etkileri 

azaltabilmek için düzenli izlemenin yanēnda b¿t¿nc¿l yaklaĸēmlarēn ºnemini ortaya 

koymaktadēr. 
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CHAPTER 1  

1 INTRODUCTION   

The Mediterranean Sea has been a focal point of human activity since ancient times, 

serving as a crucial route for trade and colonization while providing food for 

numerous communities throughout history. Despite covering just 0.82% of the 

world's ocean surface area and 0.32% of its volume, it harbours 7% of global marine 

biodiversity (Coll et al., 2010), with over 17,000 marine species recorded (Galil, 

2023). However, its ecosystem has experienced unprecedented changes, particularly 

in recent decades, due to anthropogenic pressures (Bianchi & Morri, 2000; Galil, 

2023), including pollution, habitat degradation, the introduction of non-indigenous, 

overfishing, and climate-induced changes (Barange et al., 2018). These impacts are 

especially pronounced in the Northeastern Mediterranean, where the ecosystem has 

undergone major shifts within a short timeframe. 

The semi-enclosed Mediterranean Sea spans 2.5 million km² (Criado-Aldeanueva & 

Soto-Navarro, 2020) and connects to the Atlantic Ocean through the narrow and 

shallow Strait of Gibraltar, to the Black Sea via the Turkish Straits System 

(Dardanelles and Bosphorus), and to the Red Sea and the Indian Ocean through the 

Suez Canal (Galil, 2023). The Mediterranean Sea is divided into two main basins, 

the Western and Eastern, by a sill extending from Sicily to the North African coast 

(Papaconstantinou & Farrugio, 2000). The Eastern Mediterranean consists of four 

main sub-basins: the Ionian, Adriatic, Aegean, and Levantine, and is characterized 

by a complex oceanographic system with notable interannual variability (Özsoy et 

al., 1991; 1993).  

The Mediterranean Sea serves as a natural laboratory for processes typical of global 

ocean circulation, such as deep-water formation and thermohaline circulation 
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(Criado-Aldeanueva & Soto-Navarro, 2020). As an evaporative basin, it loses about 

70 cm of water per year, compensated by Atlantic Ocean inflow through the Strait 

of Gibraltar. This inflow, characterized by a salinity of ~36.15 and a temperature of 

~15°C (Tanhua et al., 2013), creates a dynamic thermohaline circulation system with 

several cells (Cusinato et al., 2019). As these waters move eastward, they undergo 

modifications due to evaporation, increasing in salinity (~38.6) and temperature, and 

are referred to as Modified Atlantic Water (MAW) (Pinardi & Masetti, 2000). The 

MAW extends to the eastern boundary of the Levantine Basin (Özsoy et al., 1981), 

where it contributes to temporal variations in the regionôs hydrography.  

The MAW reaches the Levantine Basin through the Cretan Passage, forming the 

Mid-Mediterranean Jet (MMJ). This jet flows eastward, bifurcating south of Cyprus 

into the Asia Minor Current (AMC) to the north and another branch to the south. 

Occasionally, a northern extension of this jet directs Atlantic water into the 

Northeastern Mediterranean (Figure 1-1). In the Northeastern Mediterranean, the 

water column is structured into four distinct water masses observable in vertical 

profiles: Levantine Surface Water (LSW, 38.8ï39.4 psu, 16ï25°C), Atlantic Water 

(AW, 38.77ï38.86 psu, ~17°C), Levantine Intermediate Water (LIW, ~39.1 psu, 

~15.5°C), and Levantine Deep Water (LDW, ~ 38.7, ~psu, 13.6°C) (Özsoy et al., 

1993). The surface waters of the Mediterranean are oligotrophic and exhibit low 

productivity, which becomes more pronounced from west to east due to increasing 

nutrient limitations (Krom et al., 2004; Pitta et al., 2005). 
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Figure 1-1. Sub-basin scale and mesoscale circulation features in the eastern 

Mediterranean (The figure was retrieved on November 2024, from  

https://www.oc.nps.edu/~paduan/OC4331/projsum/u05/dare_mededdies.html ). 

1.1 Stressors in the Mediterranean Sea, with Emphasis on the Northeastern 

Mediterranean 

The Mediterranean Sea supports a mix of industrial, semi-industrial, and small-scale 

fisheries, producing approximately 1.2 million tonnes annually (Food and 

Agriculture Organization of the United Nations, 2016). This sustains employment 

for a significant number of people and supplies seafood products to both regional 

and international markets (Barange et al., 2018). However, intense fishing pressure 

has led to the overexploitation of many fish populations (Colloca et al., 2017). 

Despite a notable decline in average fishing pressure since 2012, the majority of 

commercially important fish stocks in the basin remain outside biologically 

sustainable limits (GFCM, 2023). 
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The demersal stocks along the Northeastern coast of the Mediterranean have been 

exploited since the 1940s (Aasen & Akyüz, 1956; Gücü & Bingel, 2011; Gücü et al., 

2010). G¿c¿ and Bingel (1994) identified Ķskenderun, Mersin, and partially Antalya 

bays as the most productive fishing grounds, with trawling being the most effective 

fishing method due to the wider continental shelf in these areas compared to other 

parts of the region. Unlike the oligotrophic nature of much of the Mediterranean, the 

coastal surface waters of the Northeastern Mediterranean, particularly Ķskenderun 

and Mersin bays, are highly eutrophic due to river inputs and the discharge of 

partially treated domestic and industrial wastewater (Tuĵrul et al., 2016). Although 

the region's production is low compared to Türkiye's total fishery production, the 

catch includes high-value species, contributing significantly to the local economy.  

In 1940, there were only two demersal trawlers in the Northeastern Mediterranean 

region (Aasen & Akyüz, 1956). By the 1950s, this number had increased to 14, 

accompanied by a noticeable decline in catch per unit effort (CPUE) (Aasen & 

Akyüz, 1956).  The fishing fleet continued to grow, particularly after the mid-1980s, 

when many vessels operating in the Black Sea shifted to southern seas, causing 

dramatic declines in target species stocks (Bingel et al., 1993; Gücü, 1995). Despite 

management measures introduced in recent decades (Göktay et al., 2018), demersal 

catch levels continue to exhibit fluctuating trends (G¿c¿ & Bingel, 2011; Kēlē­ et al; 

2023).  

In addition to overfishing, the Mediterranean Basin has been recognized as one of 

the regions most vulnerable to climate change (García-Ruiz et al., 2011; 

Intergovernmental Panel on Climate Change [IPCC], 2023). Warming, which has 

intensified in recent decades, has converted the Mediterranean Sea into a climate 

change hotspot. This semi-enclosed basin lies between the temperate zone in the 

north and the subtropical zone in the south (Cramer et al., 2018), a geographic 

position that increases its susceptibility to climate impacts (Mannino et al., 2017 and 

references therein). Recent reports indicate that temperatures in the Mediterranean 

are increasing 20% faster than the global average (MedECC, 2020). This warming 
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is uneven across the basin, with the Eastern Mediterranean, particularly its 

Northeastern end, experiencing the highest rates of increase, at approximately 1.2°C 

per decade (Özer et al., 2017; Schroeder et al., 2017). Future projections predict a 

2.2°C rise in temperature in the Mediterranean, with the Eastern Mediterranean 

expected to exhibit the highest regional increases (MedECC, 2020). 

In addition to gradual warming, marine heatwaves have become more frequent and 

severe, especially in the past decade (Garrabou et al., 2022; Hamdeno & Alvera-

Azcarate, 2023). These events have led to catastrophic mass mortality in benthic 

communities (Garrabou et al., 2009), seagrass bed losses (Marbà & Duarte, 2010), 

and shifts in marine species distributions (Boudouresque et al., 2024). As with 

warming, the effects of marine heatwaves (MHWs) are also uneven, with events in 

the Eastern Basin penetrating depths of over 50 meters in recent years (Hamdeno & 

Alvera-Azcarate, 2023). 

Ongoing climate change impacts native fauna and flora in a wide range of ways. 

Aquatic biota responds to changes in marine ecosystems based on their biological 

requirements, with processes such as growth, metabolism, reproduction, and 

community structure closely linked to climate variability (Beaugrand et al., 2003; 

Doney et al., 2012; Hastings et al., 2020; Rutterford et al., 2023). One of the most 

apparent biological responses to climate change is the shift in species distributions 

(Perry et al., 2005). In general, species are expected to move poleward as they adapt 

to warming conditions (Parmesan et al., 1999). However, the responses of individual 

species are often heterogeneous, resulting in shifts occurring at varying rates and in 

different directions (Mackenzie et al., 2007; Perry et al., 2005; Pinsky et al., 2020). 

Beyond poleward shifts, populations may migrate to deeper, cooler waters, 

particularly when latitudinal movements are restricted by geographic features 

(Poloczanska et al., 2016). This shift in the depth preference can have significant 

impacts on fisheries, as target species may disappear from traditional fishing grounds 
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(Perry et al., 2005). Extinction risks also increase for species with limited dispersal 

capabilities or when suitable habitats are unavailable (Thomas, 2004). 

In the Mediterranean Sea, rising water temperatures have already driven 

distributional changes in marine biota (Coll et al., 2010; Givan et al., 2018). For 

instance, species like Balistes capriscus and Sparisoma cretense, previously 

confined to warmer southern regions, are expanding into northern sectors in a 

process known as ñmeridionalizationò (Azzurro, 2008; Bianchi et al., 2018). 

Understanding the direction and rate of these shifts and their relationship with 

climate change remains a primary research priority. 

In addition to climate-driven changes, the Eastern Mediterranean ecosystem has been 

significantly impacted by non-indigenous species (NIS). The primary vector for NIS 

introduction is the Suez Canal, which was constructed in 1869 to shorten commercial 

shipping routes (Galil, 2023). The canal eliminated the geographic barrier between 

the Red Sea and the Mediterranean and facilitated the entry of tropical Red Sea and 

Indo-Pacific species into the Mediterranean (Ben-Tuvia, 1966, 1973; Galil, 2000). 

Besides the Suez Canal, human activities such as shipping and the aquarium trade 

have caused other NIS introductions (Zenetos & Galanidi, 2020). Among these, Red 

Sea species dominate fish assemblages due to their continuous influx and high 

adaptability to Mediterranean conditions (Azzurro et al., 2022a, 2022b). These NIS 

have significantly altered the Mediterranean ecosystem, affecting both biodiversity 

and fisheries (Galil, 2023). Their ecological impacts, combined with the effects of 

climate change, highlight the importance of ongoing monitoring and management 

efforts to mitigate their influence on native ecosystems. The Strait of Gibraltar also 

causes the entry of Atlantic fish into the Mediterranean. However, this geographic 

pathway has shaped the composition of Mediterranean marine fauna and flora since 

approximately five million years ago (Galil, 2023) and according to widely accepted 

definitions (e.g., Carlton, 1996; Olenin et al., 2010), species that enter through this 
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route naturally, without human intervention (Essl et al., 2019; Evans et al., 2020) are 

not classified as true alien or non-indigenous species. 

A significant number of tropical non-indigenous species (NIS) have penetrated the 

Mediterranean, with some establishing wide and stable populations (Azzurro et al., 

2022a; Galil, 2023). As a result, the faunal composition of the Mediterranean Sea 

has undergone substantial changes following the establishment of these species 

(Arndt et al., 2018; Golani, 2010; Gücü & Bingel, 1994; Gücü et al., 2010; Mavruk 

& Avsar, 2008; Streftaris & Zenetos, 2006). The immigration of NIS into the 

Mediterranean became evident shortly after the opening of the Suez Canal, with 11 

species documented before 1900 (Galil et al., 2018). By the first decade of the 20th 

century, an additional 13 NIS were recorded (Galil, 2012). Since then, the number 

of NIS has steadily increased, more than doubling after 1970. The highest influx 

occurred during the 1990s and 2000s (Galil et al., 2018). Currently, over 1000 NIS 

have been recorded in the Mediterranean (Zenetos et al., 2022). 

The spread of NIS is especially pronounced in the Eastern Mediterranean, which is 

recognized as the most invaded marine area globally, where NIS have become a 

major component of the ecosystem (Galil, 2023; Bilecenoĵlu, 2010; Mavruk & 

Avsar, 2008). Historically, NIS entering via the Suez Canal was thought to remain 

confined to the Southeastern Mediterranean (Galil et al., 2018). Avsar (1999) noted 

the influence of the Nileôs plume, which reduced surface salinity and acted as a 

hydrographic barrier to westward dispersal before the construction of the Aswan 

Dam. Similarly, Andaloro & Azzuro (2004) highlighted salinity and temperature 

differences between the Eastern and Western Mediterranean as factors limiting the 

spread of NIS into the Western basin. However, recent research indicates that many 

NIS have broader climatic niches than previously assumed (Arndt & Schembri, 

2015), with 15 species already expanding beyond the Strait of Sicily (Azzurro et al., 

2022a). 
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In Turkish waters, recent studies report a total of 90 NIS species along the coasts of 

Türkiye, with the highest numbers observed in the Northeastern Mediterranean 

(Bilecenoĵlu, 2024). In this region, NIS have been present since the 1950s (Geldiay 

& Mater, 1968; Kosswig, 1956), with their numbers increasing over time (Gücü & 

Bingel, 1994; Gücü et al., 2010). A bottom trawl study comparing data from the 

1980s to the 2000s showed that NIS fish increased at a rate of 1.7 species per year, 

comprising 20ï30% of the total catch in the Northeastern Mediterranean (Gücü et 

al., 2010). Today, NIS dominate the biomass and abundance of demersal species in 

the Northeastern Mediterranean (Gücü & Bingel, 1994; Gücü et al., 2010; Gökçe et 

al., 2016; Yemiĸken et al., 2014). 

Although some NIS may have positive impacts on ecosystems (Goodenough, 2010; 

Katsanevakis et al., 2014), they are generally recognized as one of the major threats 

to biodiversity (Breithaupt, 2003). NIS can cause local population extinctions and 

negatively impact human health, the environment, and the economy (Vilà et al., 

2011). For example, the intense grazing activity of herbivorous NIS has been shown 

to disrupt macrophyte growth, resulting in barren areas and altering benthic 

communities in Türkiye and Greece (Azzurro et al., 2007; Katsanevakis et al., 2020; 

Sala et al., 2011). 

As this migration is a continuous process, the estimate of new introductions is 

constantly changing (Belmaker et al., 2009; Edelist et al., 2013; Gücü et al., 2010). 

However, determining the mechanisms underlying the success of NIS is a 

complicated task (Kalogirou et al., 2012; Belmaker, et al., 2013). The extent of the 

introduction, establishment and dispersal has been discussed by a number of 

researchers (Azurro et al., 2016, 2022a; Belmaker et al., 2019; Galil, 2023). 

Similarities between bio-ecological and hydrographic conditions between the Red 

Sea and the Mediterranean Sea have been reported as one of the reasons that enable 

the migration and adaptation of species (Avĸar, 1999). Ben-Tuvia (1973) stated the 

main reasons for the direction of this migration towards the Mediterranean Sea as: 
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¶ The number of species are higher in the Red Sea. 

¶ Species originating from the Indo-Pacific are more adaptable to 

different ecological niches than the native Mediterranean fauna. 

¶ The currents and winds promote the dispersal of eggs and larvae of NIS.  

Moreover, unsaturated ecological niches in the Mediterranean are reported to be an 

important factor in the successful establishment of NIS (Golani, 1993; Givan et al., 

2017). For example, the scarcity of native herbivores in the Eastern Mediterranean 

may have allowed herbivorous NIS, such as Siganus luridus, to establish themselves 

(Bariche et al., 2004; Golani, 1996).  

Recent studies emphasize the importance of trophic flexibility and compatibility 

with pre-existing traits in the establishment success of NIS (Eĸkinat et al., 2023; 

Tüzün & Gücü, 2024). For instance, Tüzün and Gücü (2024) analyzed the trophic 

dynamics of the native species Mullus barbatus and four NIS Pomadasys stridens, 

Upeneus moluccensis, Upeneus pori, and Parupeneus forsskali, in the Northeastern 

Mediterranean. Their study revealed that P. stridens occupies a lower trophic level 

than the native M. barbatus due to its omnivorous diet, which may have contributed 

to its increased biomass. 

1.2 Problem to be Solved 

Marine ecosystems are inherently complex and multidimensional, often influenced 

by multiple stressors acting simultaneously. These stressors can amplify or mitigate 

each otherôs effects, making it challenging to attribute variations to a single driver. 

For example, numerous studies have explored the role of climate change in the 

Mediterranean Sea and reported that rising temperatures have facilitated the 

introduction, settlement, and dispersal of tropical NIS (Ben-Tuvia, 1966; Ben-Yami 
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& Glaser, 1974; Lasram et al., 2010; Por, 2009; Mavruk et al., 2017). Warming has 

accelerated the intrusion and establishment of warm-water biota, a phenomenon 

often referred to as the "tropicalization" of the Mediterranean, which has gained 

significant attention in recent years (Bianchi & Morri, 2003). Species with high 

turnover and generation rates are often showing rapid distributional responses (Perry 

et al., 2005). 

However, Mavruk et al. (2017) noted that trends indicating the dominance of non-

indigenous fish assemblages in the region are nonlinear. One commonly accepted 

hypothesis suggests that native species are displaced from their geographical ranges 

due to interspecific competition with NIS. Although no extinctions have been 

documented in Mediterranean ichthyofauna due to migration of tropical NIS (Golani, 

2010), several studies have highlighted the adverse effects on native fish stocks 

(Galil & Zenetos, 2002; Goren & Galil, 2005). For instance, Ören (1957) reported 

that the sudden proliferation of S. lessepsianus forced hake to inhabit deeper and 

cooler waters. This finding was supported by Ben-Yami and Glaser (1974), who 

attributed the decline in hake catches to competition with S. lessepsianus as well as 

the combined effects of fisheries pressure, climate change, and rising water 

temperatures. The authors emphasized that these stressors have created vacant 

niches, allowing NIS to thrive. 

Nevertheless, Gücü and Bingel (2011) argued that bathymetric distribution and 

seasonal occurrence of hake on the shelf are more closely linked to regional 

hydrography than competition. Specifically, the intrusion of Modified Atlantic 

Water (MAW) creates optimal conditions for hake, while warmer Levantine Surface 

Water (LSW) is generally avoided by this species. Furthermore, studies on zonal 

distribution revealed that NIS are more successful in the shallow infralittoral zone 

(down to 30 meters), with their abundance declining significantly in the circalittoral 

zone (30ï50 meters) (Gücü & Bingel, 1994; Gücü et al., 2010). However, a 

comparison of data from the 1980s and 2000s showed that the depth range of NIS 
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has expanded, with notable density gradients near the lower edge of the mixed layer 

depth (Gücü et al., 2010). Depth distribution patterns can also be species-specific. 

Özyurt et al. (2018) observed higher catch per unit area (CPUA) of Equulites 

klunzingeri at deeper stations, whereas Upeneus pori exhibited greater abundance in 

shallower waters. These distributional shifts may alter interspecies interactions by 

changing the degree of spatial overlap (Edwards & Richardson, 2004). 

In the Mediterranean Sea, changes in the spatial distribution of both native and non-

indigenous fauna in response to temperature have been well-documented (Bianchi, 

2007; Azzurro, 2008; Lasram et al., 2008; Hiddink et al., 2012), whereas shifts in 

depth distribution remain understudied (Chaikin & Belmaker, 2023). While rising 

temperatures have influenced species distributions, the relationship between 

increased temperatures and the distribution of NIS does not appear to be linear 

(Chaikin & Belmaker, 2023; Mavruk et al., 2017; Ok, 2012). For instance, Mavruk 

et al. (2017) found no correlation between the annual maximum sea surface 

temperatures and non-indigenous fish assemblages. Instead, these assemblages were 

more closely associated with increases in annual minimum and average 

temperatures. A study conducted in the Northeastern Mediterranean between 2007 

and 2010 revealed that the deepening of the mixed layer at the end of May, driven 

by warming temperatures, causes native fish species to migrate to deeper waters. 

This migration creates an ecological window between the surface and the seasonal 

thermocline, providing optimal conditions for NIS to thrive (Ok, 2012). Notably, 

species such as Lagocephalus suezensis have been observed to respond positively to 

warming temperatures within this layer (Gücü et al., 2010). Interestingly, the 

duration and depth of this layer exhibit inter-annual variability, which can occur 

without significant increases in annual average temperatures. As such, the effects of 

these changes on the bathymetric distribution of NIS cannot be fully understood by 

focusing solely on average or maximum temperature values (Gücü, 2021). Beyond 

regional climate drivers, large-scale climate indices and teleconnections, such as the 

North Atlantic Oscillation (NAO) and the East Atlantic-Western Russia (EA-WR) 
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pattern, significantly influence hydrography in the Mediterranean Sea (Josey et al., 

2011; Feliks et al., 2010; López-Moreno et al., 2011). For example, Tsikliras et al. 

(2019) demonstrated the impact of the NAO and the Atlantic Multidecadal 

Oscillation (AMO) on the distribution of pelagic fish species. Additionally, extreme 

events, one of the key features of global climate change, can lead to sudden and 

short-term changes in distribution patterns. These findings underline the importance 

of detailed investigations into the hydrography and environmental conditions of the 

region. 

Lastly, another critical factor influencing the faunal composition is the impact of 

trawl fisheries. Over-exploitation has severe consequences, particularly for species 

with slower life histories that cannot compensate for rising temperatures through 

demographic responses (Reynolds et al., 2001). The r-selected life history strategy, 

which involves traits such as rapid reproduction and growth, is often associated with 

a higher likelihood of invasion success (Ruesink, 2005). Although NIS arriving via 

the Suez Canal do not predominantly exhibit r-selected traits (Arndt & Schembri, 

2015), Ok (2012) noted that the growth rates of some NIS were exceptionally high 

during critical periods. Similarly, Eĸkinat (2024) observed that reduced fishing 

pressure in the Fishery Restricted Area in the region favoured opportunistic NIS with 

tropical traits over native species. Furthermore, fisheries often target specific species 

and sizes due to economic and regulatory reasons. These regulations, typically 

designed to maintain commercially valuable stocks, can inadvertently benefit some 

species while disadvantaging others. For example, Gücü (2012) reported that Triglia 

lucerna, once a dominant species, was unable to compete with other species under 

intense fishing pressure and has almost disappeared from the region. In contrast, M. 

barbatus benefited from seasonal fishery closures, allowing it to maintain its 

population (Gücü et al., 2010). It is well-established that fishing pressure 

significantly impacts fish population dynamics. Size-selective fishing, for instance, 

can alter demographic structures, thereby increasing reliance on recruitment 
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(Maynou, 2011; Quetglas et al., 2013; Báez et al., 2021). This, in turn, can increase 

vulnerability to environmental changes (Hidalgo et al., 2011).  

1.3 The Purpose of the Study 

The Northern Mediterranean holds significant importance as a natural laboratory for 

studying the impacts of multiple stressors acting in different directions. However, 

the lack of long-term datasets limits detailed investigations. Changes in demersal 

fish stocks are often attributed separately to climate, fisheries, and non-indigenous 

species (NIS), but critical knowledge gaps remain. Within this context, the main 

objective of this dissertation is to enhance understanding of temporal changes in 

demersal fish stocks in the rapidly evolving Northeastern Mediterranean. 

In the second chapter, the focus is to determine the composition of demersal fish 

assemblages along the continental shelf of the Turkish coast in the Northeastern 

Mediterranean. Considering the tropicalization and meridionalization processes 

shaping the Mediterranean ecosystem, this chapter aims to identify the general 

characteristics of these assemblages, and to present changes in species composition 

between the 1980s and 2022. This analysis provides a historical perspective on 

changes in species composition, offering valuable insights for predicting the future 

state of the basin. 

The aim of the third chapter is to examine the environmental drivers of fluctuations 

in demersal fish stocks, while accounting for the influence of fisheries. The analysis 

focuses on M. barbatus, a commercially valuable species and one of the key 

demersal stocks in the region. The most notable part of this chapter lies in employing 

a method that separates the effects of fishing activities from environmental 

variability, enabling a clearer understanding of the factors shaping stock dynamics. 
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The primary objective of the fourth chapter is to investigate changes in the depth 

distribution of native demersal fish species and assess the influence of variability in 

the thermal window that emerges during the seasonal thermocline. This window, 

which develops in May and expands with the deepening of the thermocline layer 

throughout summer, creates distinct ecological niches by providing favorable 

conditions near the surface for non-indigenous species (NIS) while displacing native 

species to deeper waters. Therefore, to better capture the effects of climate-driven 

changes on species distributions, this chapter focuses on variations in the thermocline 

layer as a key environmental driver rather than relying solely on sea surface 

temperature (SST). By analyzing temporal trends in bathymetric distributions 

concerning climate-driven changes, this chapter seeks to uncover the mechanisms 

underlying depth-related shifts in native M. barbatus. 
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CHAPTER 2  

2 FISH ASSEMBLAGES IN THE TRAWLING GROUNDS OF NORTHEASTERN 

MEDITERRANEAN: COMPARISON BETWEEN 1980S AND 2020S 

 

 

This chapter has been published as the following article:  

Kurt, M., & Gücü, A. C. (2025). Fish assemblages in the trawling grounds of 

Northeastern Mediterranean: Comparison between the 1980s and 2020s. 

Mediterranean Marine Science. https://doi.org/10.12681/mms.39686 

 

Merve Kurt1, Ali Cemal Gücü1 

1. Middle East Technical University, Institute of Marine Sciences, P.O. Box 

28,33731, Erdemli-Mersin, Türkiye 

Abstract 

Since the opening of the Suez Canal, the Eastern Mediterranean has been 

continuously affected by the influx of non-indigenous species (NIS), leading to 

significant changes in species composition. In this study, we focus on the temporal 

changes in marine teleost fish communities within one of the most heavily invaded 

shelf ecosystems. To examine changes in species assemblages, we integrated 

historical seasonal trawl data from the 1980s with recent data collected in 2022 along 

the Northeastern Mediterranean coast at depths of 0ï25 m, 25ï50 m, and 50ï100 m.  

As a result, we identified 130 fish species, consisting of 37 NIS and 93 native species. 

Cluster analysis and Non-metric Multidimensional Scaling (NMDS) results revealed 

three main groups: a shallow water group, a deeper water group, and a western group, 

along with additional groups exhibiting sporadic occurrences. The western group, 

influenced by the presence of Posidonia oceanica meadows, has consistently been 

dominated by native biomass. However, the ratio of NIS to the total number of 
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species has notably increased since the 1980s.  The shallow water group, considered 

Por's "Lessepsian Province", is predominantly composed of NIS biomass and spans 

a depth range of 7 to 60 meters. In contrast, the deeper water group, which extends 

up to 82 meters, has maintained a relatively stable community dominated by native 

biomass over the years.  However, since the 1980s, there has been a recorded increase 

in the contribution of NIS biomass and the overall proportion of NIS in the total 

species count within this group. Significant differences in community structure were 

correlated with depth and the spatially defined subregions within the study area. This 

study elucidates the dynamic nature of species assemblages in the continental shelf 

of the Northeastern Mediterranean and emphasizes the need for continuous 

monitoring to understand the ongoing transformations in these heavily impacted 

regions.  

Key words: Non-indigenous species; composition; fish assemblages; indicator 

species. 

2.1 Introduction  

Marine ecosystems have undergone significant changes due to the spread of non-

indigenous species (NIS) (Costello et al., 2010). In their established habitats, NIS 

disrupt community structures, jeopardize ecosystem functioning, and consequently 

impact human health and the economy (Golani, 2010; Vilà et al., 2011). The 

Mediterranean Sea, recognized as a hotspot for NIS introductions, hosts over a 

thousand NIS, primarily introduced through the Suez Canal, which was constructed 

in 1869 (Azzurro et al., 2022a, 2022b). The opening of the canal led to the migration 

of tropical species (Por, 1978) into the Mediterranean (Ben-Tuvia, 1964; Galil, 

2023). Today, the canal remains an essential pathway for the migration of NIS (Galil, 

2023). As a result of this continuous influx, the number of NIS in the Mediterranean 

has progressively increased (Arndt et al., 2018; Azzurro et al., 2022a; Belmaker et 

al., 2009; Galil, 2023; Gücü et al., 2010). This spread is particularly pronounced in 
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the Eastern Mediterranean, where unsaturated ecological niches (Galil, 2023; 

Oliverio & Taviani, 2003) and various anthropogenic stressors, such as pollution, 

habitat degradation, and climate change, enhance the regionôs vulnerability to the 

influx of NIS (Barange et al., 2018; Bilecenoĵlu, 2010; Coll et al., 2012; G¿c¿ et al., 

2010; Katsanevakis et al., 2014; Lejeusne et al., 2010). Consequently, significant 

transformations in marine biota have been documented, with many NIS becoming 

major components of the ecosystem (Bilecenoĵlu, 2010; G¿c¿ et al., 2010; Mavruk 

& Avĸar, 2008; Ok, 2012; ¥ndeĸ & ¦nal, 2023; Yemiĸken et al., 2014). Once 

established, the impacts of NIS are challenging or impossible to reverse (Galil, 

2023). Therefore, understanding the mechanisms that drive their spread and 

establishment is essential for developing effective management strategies. 

One key hypothesis concerning NIS spread suggests that competition with NIS 

drives the displacement of native fauna from their geographical ranges, posing a 

significant threat to biodiversity (Breithaupt, 2003). For example, the decline of 

native herbivorous fish Sarpa salpa in Lebanese waters has been attributed to 

competition from the NIS herbivore Siganus rivulatus (Bariche et al., 2004). 

Similarly, studies conducted in Türkiye and Greece have documented how intensive 

grazing by non-indigenous siganids disrupts macrophyte development, resulting in 

barren areas (Azzurro et al., 2007; Katsanevakis et al., 2020). This grazing effect 

cascades through ecosystems, altering benthic assemblages (Sala et al., 2011) and 

reducing species richness and biomass of carnivorous fish, particularly in warmer 

regions (Vergés et al., 2014). However, some studies suggest that interactions are 

not always detrimental. Giakoumi (2014) found a positive relationship between the 

abundance of Siganus luridus and native thermophilic Sparisoma cretense, 

indicating the potential for facilitative interactions. In certain cases, declines in 

native species attributed to NIS may instead be linked to other factors. For instance, 

while competitive exclusion has been suggested between native 

Merluccius merluccius and NIS Saurida lessepsianus (Ören, 1957; Ben-Yami & 

Glaser, 1974), Gücü & Bingel (2011) argued that hydrographic conditions in the 
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Southern Türkiye could better explain fluctuations in M. merluccius populations. 

Other studies highlight the significance of trophic flexibility and compatibility of 

pre-existing traits in facilitating NIS establishment (Eĸkinat et al., 2023; T¿z¿n & 

Gücü, 2023, 2024). Beyond their ecological impacts, NIS exert multifaceted socio-

economic impacts (Bariche, 2012; Christidis et al., 2024). Some fish species, such 

as S. lessepsianus, shrimps and prawns, such as Penaeus japonicus and Penaeus 

semisulcatus, have become commercially valuable and are now actively targeted by 

fishers (Duruer et al., 2008; Galanidi et al., 2018). Others, like Equulites klunzingeri 

and Pomadasys stridens, have reached high biomass levels, likely displacing native 

competitors and altering trophic dynamics (Arndt et al., 2015; Mavruk et al., 2017). 

Meanwhile, species such as Lagocephalus sceleratus, Plotosus lineatus, and 

Rhopilema nomadica may pose significant threats to human health and local fisheries 

operations (Christidis et al., 2024). Regardless of the debate surrounding their impact 

on native fauna, there is consensus that NIS distribution is progressing westward 

(Azzurro et al., 2022a; Golani, 2021) and expanding into deeper waters (Edelist et 

al., 2013; Gücü et al., 2010). Faunal analyses by depth zones reveal that NIS 

generally dominate at shallower depths, although species-specific variations exist 

(Gücü et al., 2010; Özyurt et al., 2018). While a substantial body of literature 

addresses non-indigenous fish in the Eastern Mediterranean Sea (Azzurro et al., 

2022a; Golani et al., 2021; ¢ēnar et al., 2021), relatively few studies directly examine 

their ecological impacts (Kalogirou et al., 2012a; Katsanevakis et al., 2014; Solanou 

et al., 2023). Furthermore, much of the discussion has centered on specific NIS 

species (Eĸkinat et al., 2023; Giakoumi, 2014; Katsanevakis et al., 2020; T¿z¿n & 

Gücü, 2023), with less focus on broader patterns of change. 

The Eastern Mediterranean, recognized as one of the fastest warming regions within 

the Mediterranean basin, has received significant attention (MedECC, 2020). 

However, its northeastern part remains understudied regarding faunal composition 

dynamics (Arndt et al., 2018; de Meo et al., 2018; Edelist et al., 2013; Gücü & 

Bingel, 1994; Mavruk et al., 2017). Existing research often provides fragmented 
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insights, highlighting the importance of utilizing historical data (Arndt et al., 2018; 

Edelist et al., 2013; Gücü et al., 2010). To address these gaps, we integrated historical 

and newly collected scientific bottom trawl data, both obtained following the same 

sampling protocol. This approach enables us to (i) describe the composition of 

demersal fish assemblages along the continental shelf of the Turkish coast in the 

Northeastern Mediterranean, (ii) test whether non-indigenous fish assemblages have 

expanded into deeper strata and westward regions, and (iii) identify the species 

driving compositional differences. 

2.2 Material and Methods 

2.2.1 Study Area and Sampling Data 

The study area is located in the Northeastern Mediterranean Basin, encompassing 

the coastline from Iskenderun Bay in the east to Cape Anamur in the west. Region-

wide bottom trawl surveys were conducted in autumn 1983, spring 1984, autumn 

1984, spring 2022, and autumn 2022. Details of the sampling procedure, including 

coordinates, dates, and times, are provided in Appendix A, Table A1. Data were 

collected by RV/Lamas of METU-IMS, using the same trawl net design in all 

surveys and applying the same sampling protocol (applied by Gücü & Bingel, 1994) 

throughout the study. The covered coastline was divided into three subregions to 

evaluate the westward spread of non-indigenous fish. These subregions were 

Iskenderun Bay, Mersin Bay, and the coastal strip between the Cape Ķncekum (Gºksu 

River) and Cape Anamur. To represent different faunal characteristics of the basin, 

three hauls from fixed depth strata (0-25 m, 25-50 m, 50-100m) were sampled in 

each subregion. Since the commercial fishing fleet did not operate in depth strata 

deeper than 100 meters in the 1980s, the deepest areas sampled in this study is limited 

to 100 meters. The standard haul duration was 30 minutes; some operations were cut 

short due to rocky bottoms, mechanical issues, or static gear. In such cases, hauls 

were deemed valid if at least half the planned duration was completed. In borderline 
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cases, the survey leader assessed validity based on operational judgment and data 

quality. All sampling was conducted during daylight hours. Elasmobranchs were 

excluded from the community analysis due to their low catchability, stemming from 

their large body size relative to the teleosts targeted by the sampling gear and their 

sporadic occurrence in demersal trawl samples. When encountered, they were 

typically represented by a small number of large individuals. This combination of 

rarity and high individual weight exerted a disproportionate influence on the 

biomass-based analysis by introducing noise into the clustering results. In particular, 

their inclusion led to the formation of additional, analytically unstable clusters that 

masked broader patterns in overall community structure. Preliminary analyses 

comparing results with and without elasmobranchs confirmed that their inclusion 

distorted cluster formation and reduced interpretability. To ensure consistency and 

better capture general trends in the fish assemblages, we therefore restricted our 

analysis to teleost species. The catch from each haul was sorted and taxonomically 

identified to the species level, and the total weight of each species was measured on 

board.  

2.2.2 Statistical analysis 

The trawlable biomass index was performed by estimating the catch per unit area 

(CPUA) (Sparre & Venema, 1998). To estimate CPUA, the catch weight was divided 

by the area swept during the haul. The swept area for each haul was estimated using 

the following formula: 

A = D*hr*X 2                                                                                                                                                                 (1) 

óDô is the distance covered, óhrôs the head rope length, and óX2ôis a fraction of the 

head rope length. Drawing on Pauly (1980), a head rope length fraction (X ) of 0.5 

was used in this study. The catchability coefficient of the trawl net is assumed as (q 

= 1). The length of the head rope of the trawl net used was 23.7. The distance covered 
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during each haul was calculated in the RStudio environment (Posit Team, 2024) 

using the "distance" function from the "argosfilter" package (version 0.7) within R 

(R Core Team, 2024). 

To ascertain fish assemblages, CPUA values were log-transformed (log (X+1)) to 

minimize the impact of occasional high biomass values of NIS species and reduce 

skewness. The transformed data were organized into a matrix, with species as 

columns and station IDs as rows. After matrix construction, Bray-Curtis 

dissimilarities were calculated based on the log-transformed data (Baselga, 2013). 

Average linkage hierarchical clustering algorithms were used to identify groups of 

fish communities based on their species composition. These groupings were then 

interpreted based on the native or NIS status of the species. Non-metric 

multidimensional scaling (NMDS) was also applied to provide an alternative 

perspective and facilitate interpretation of the results in conjunction with hierarchical 

cluster analysis (Hong & Zhinan, 2003). For the first period, clusters were identified 

at a 50% dissimilarity level, resulting in five distinct clusters. This number of clusters 

was then fixed and applied to subsequent periods for consistency in comparison 

(Kindt & Coe, 2005). The obtained clusters were coded and extracted, and the group 

codes of corresponding stations were mapped using the QGIS software (Version 

3.40) (QGIS Development Team, 2024).  

To evaluate the significance of clusters in terms of species composition, 

Permutational Multivariate Analysis of Variance (PERMANOVA) was used, as the 

data did not meet the parametric criteria (Anderson, 2001). However, this test does 

not distinguish whether the significance arises from differences in the centroids or 

from heterogeneity in dispersion among the groups. Therefore, the PERMDISP (a 

multivariate extension of Leveneôs test) is used to calculate the distance from each 

sampling unit to the centroid for its grouping factor level (Anderson et al., 2006). 

Bias adjustment was set to true due to the unequal number of samples in clusters 

(Anderson, 2006). These distances were examined with PERMUTEST to test 
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differences. Clusters formed by data from a single station are not included in the 

analysis due to the assumptions of the statistical tests. Similarly, PERMDISP and 

two-way PERMANOVA were applied to test differences among depth strata and 

subregions.  

To facilitate the interpretation of compositional differences, Similarity percentage 

analysis (SIMPER) was used to identify the species that contributed most to the 

average Bray-Curtis dissimilarity between clusters. Additionally, Indicator Species 

Analysis (ISA) was also performed to determine which species are associated with 

or indicative of particular assemblages (Dufrêne & Legendre, 1997). 

All statistical analyses were conducted in R software v.4.3.3 (R Core Team, 2024) 

using the RStudio interface (Posit team, 2024). Tests were performed using the 

package óveganô (Oksanen et al., 2023) and package óindicspeciesô (Cáceres & 

Legendre, 2009). Graphs were produced using package óggplot2ô (Wickham, 2016). 

2.3 Results 

A total of 249 hauls were performed throughout this study, capturing 130 distinct 

teleost fish species from 54 families along the continental shelf of the Northeastern 

Mediterranean Sea (see Table 2-1). This dataset included 81 species from 44 families 

recorded in the 1980s and 118 species from 50 families recorded in the 2020s. The 

ratio of NIS to the total reported fish species increased from 19.75% in the 1980s to 

29.66% in the 2020s. The highest number of NIS was recorded in autumn 2022 

(Figure A2, see Appendix A for details Table A1-A20). Over the study period, total 

CPUA exhibited a marked increase, particularly in recent years. In the early 1980s, 

total CPUA ranged from 753 to 972 kg/km², while by 2022, it had risen to 2,928 

kg/km² in the spring and 2,446 kg/km² in the autumn (Figure 2-1). This overall 

increase was primarily driven by NIS, whose CPUA rose sharply, while the CPUA 
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of native species declined. Notably, the CPUA of NIS in spring 2022 was 

approximately 14 times higher than that documented in spring 1984 (Figure 2-1).  

Table 2-1. The list of teleost species recorded along the continental shelf area of the 

Northeastern Mediterranean Sea. The origin of each species is given in parentheses. 

ñNISò represents non-indigenous species, andò ñNò represents the native species. 

Valid name Family Valid name Family 

Alosa fallax (N) 
Alosidae 

  

Muraena helena (N) Muraenidae 

Sardina pilchardus (N) Nemipterus randalli (NIS) Nemipteridae 

Apogonichthyoides nigripinnis (NIS) 

Apogonidae 

  

  

  

  

Echelus myrus (N) Ophichthidae 

Cheilodipterus novemstriatus (NIS) Phycis blennoides (N) 
Phycidae 

  Jaydia queketti (NIS) Phycis phycis (N) 

Jaydia smithi (NIS) Pomatomus saltatrix (N) Pomatomidae 

Ostorhinchus fasciatus (NIS) Sparisoma cretense (N) Scaridae 

Atherinomorus lacunosus (NIS) Atherinidae Argyrosomus regius (N) Sciaenidae 

Balistes capriscus (N) Balistidae Umbrina cirrosa (N) 
  

Scombridae Blennius ocellaris (N) 
Blenniidae 

  

Scomber colias (N) 

Microlipophrys dalmatinus (N) Pterois miles (NIS)  

Scorpaenidae 

  

  

  

Arnoglossus laterna (N) 
Bothidae 

  

  

Scorpaena notata (N) 

Arnoglossus thori (N) Scorpaena porcus (N) 

Bothus podas (N) Scorpaena scrofa (N) 

Callionymus filamentosus (NIS) 
Callionymidae 

  

Serranus cabrilla (N) 
Serranidae 

  

  

Callionymus maculatus (N) Serranus hepatus (N) 

Alepes djedaba (NIS) 

Carangidae 

  

  

  

  

  

  

Serranus scriba (N) 

Caranx crysos (N) Siganus luridus (NIS) 
Siganidae 

  Caranx rhonchus (N) Siganus rivulatus (NIS) 

Scyris alexandrina (N) Sillago suezensis (NIS) Sillaginidae 

Seriola dumerili (N) Microchirus ocellatus (N) 
Soleidae 

  

  

Trachurus mediterraneus (N) Monochirus hispidus (N) 

Trachurus trachurus (N) Solea solea (N) 

Macroramphosus scolopax (N) Centriscidae Boops boops(N) Sparidae 

  

  

  

  

  

  

  

  

  

  

Cepola macrophthalma (N) Cepolidae Dentex dentex (N) 

Champsodon nudivittis (NIS) Champsodontidae Dentex gibbosus (N) 

Citharus linguatula (N) Citharidae Dentex macrophthalmus (N) 

Conger conger (N) Congridae Diplodus annularis (N) 

Cynoglossus sinusarabici (NIS) Cynoglossidae Diplodus cervinus (N) 

Dactylopterus volitans (N) Dactylopteridae Diplodus puntazzo (N) 

Sardinella aurita (N) Dorosomatidae Diplodus sargus (N) 
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Table 2- 1. Continued  

 

Valid name Family Valid name Family 

Sardinella maderensis (N) Dorosomatidae Diplodus vulgaris (N) 

 Sparidae 

 

 

 

 

 

 

 

 

 

 

Dussumieria elopsoides (NIS) 
Dussumieriidae 

 

Lithognathus mormyrus (N) 

Etrumeus golanii (NIS) Oblada melanurus (N) 

Remora remora (N) Echeneidae Pagellus acarne (N) 

Engraulis albidus (N) 
Engraulidae 

  

Pagellus bogaraveo (N) 

Engraulis encrasicolus (N) Pagellus erythrinus (N) 

Epinephelus aeneus (N) 
Epinephelidae 

  

Pagrus auriga (N) 

Epinephelus marginatus (N) Pagrus pagrus (N) 

Fistularia commersonii (NIS) 
Fistulariidae 

  

Sparus aurata (N) 

Fistularia petimba (NIS) Spicara flexuosum (N) 

Deltentosteus quadrimaculatus (N) 
Gobiidae 

  

  

Spicara maena (N) 

Gobius niger (N) Spicara smaris (N) 

Oxyurichthys papuensis (NIS) Spondyliosoma cantharus (N) 

Pomadasys incises (N) 
Haemulidae 

  

Sphyraena chrysotaenia (NIS) 
Sphyraenidae 

  Pomadasys stridens (NIS) Sphyraena sphyraena (N) 

Sargocentron rubrum (NIS) Holocentridae Hippocampus guttulatus (N) 
Syngnathidae 

  

  

Coris julis (N) 

Labridae 

  

  

  

  

  

  

Hippocampus hippocampus (N) 

Pteragogus trispilus (NIS) Syngnathus acus (N) 

Symphodus mediterraneus (N) Saurida lessepsianus (NIS) 
Synodontidae 

  Symphodus roissali (N) Synodus saurus (N) 

Symphodus rostratus (N) Pelates quadrilineatus (NIS) Terapontidae 

Symphodus tinca (N) Lagocephalus sceleratus (NIS) 

Tetraodontidae 

  

  

  

Xyrichtys novacula (N) Lagocephalus suezensis (NIS) 

Equulites klunzingeri (NIS) 

Leiognathidae 

  

Lagocephalus spadiceus (NIS) 

Equulites popei (NIS) 
Torquigener hypselogeneion 

(NIS) 

Merluccius merluccius (N) Merlucciidae Trachinus draco (N) Trachinidae 

Stephanolepis diaspros (NIS) Monacanthidae Trichiurus lepturus (N) Trichiuridae 

Chelon auratus (N) 

Mugilidae 

  

  

  

Chelidonichthys lastoviza (N) 
Triglidae 

  

  

Chelon saliens (N) Chelidonichthys lucerna (N) 

Mugil cephalus (N) Lepidotrigla cavillone (N) 

Planiliza carinata (NIS) Uranoscopus scaber (N) Uranoscopidae 

Mullus barbatus (N) 

Mullidae 

  

  

  

  

Zeus faber (N) Zeidae 

Mullus surmuletus (N)   

Parupeneus forsskali (NIS)   

Upeneus moluccensis (NIS)   

Upeneus pori (NIS)   
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Figure 2-1. Total CPUA (kg/km²) of teleost fishes per sampling period, partitioned 

into native species and NIS based on their proportional contributions (%). Bar height 

represents the total CPUA, and bar segments display group-specific shares.  

Average linkage clustering of the samples revealed the occurrence of three main 

discernible assemblages: a shallow water group, a deeper water group and a western 

group, with additional groups exhibiting sporadic occurrences (Figure 2-2). 

Generally, NMDS ordinations effectively reflected the dendrogram's grouping, 

providing a reliable representation with moderate stress levels (Figure A1).  

Temporal changes in the main groups are visualized in Figure 2-4. A summary of 

the overall patterns is provided in Appendix A. in Figure A1, whereas Table A3 

presents detailed group-specific values across sampling periods. These details are 

further elaborated for each sampling period in the following subsections. 
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Figure 2-2. Dendrograms illustrating the similarity levels among 5 clusters for 

autumn 1983 (A), spring 1984 (B), autumn 1984 (C), spring 2022 (D), autumn 2022 

(E). Abbreviations: S = Seyhan River, A = Akyayan Lake, Sh = Shallow, D = Deep, 

W = West of Mersin Bay, Ec = Eastern coast, Mc = Mersin coast, Cd =Coastal-Deep, 

Wc =Western coastal, L = Lamas, Ed = Deep in the east, X = No common feature.   

 

While the total CPUA remained relatively stable in the deeper group, the 

contribution of NIS to CPUA increased in the 2020s (Figure 2-4). In the western 

group, total CPUA in the 2020s was generally lower than in the 1980s, except in 

spring 1984. However, the proportion of NIS CPUA was higher in the 2020s than 

the 1980s, except in 1983. The only group that exhibited an overall increase in CPUA 

was the shallow water group, driven by a substantial rise in NIS biomass, which 
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exceeded 90% of the CPUA. The significance of PERMUTEST and PERMANOVA 

results indicated that, particularly for autumn 1983 the dispersion within the depth 

strata might be more critical than their centroids regarding community composition. 

Conversely, for spring 1984, autumn 1984, spring 2022 and autumn 2022, the lack 

of significance in dispersion versus significant PERMANOVA results indicates 

statistical differences in the fish community compositions among three depth strata 

(Table A5 and Table A6). Moreover, the homogeneity of dispersions, together with 

the significant PERMANOVA results across all sampling periods, indicates notable 

differences in community composition among the clusters and subregions (except 

spring 1984 for subregions) (Table A5 and Table A6). According to the SIMPER 

results, the highest level of dissimilarity among groups was observed in spring 2022 

(Figure A3). While the significant contribution of NIS to average dissimilarity 

markedly increased from the 1980s to the 2020s, that of native species remained 

relatively stable across most group comparisons, except for a notable decline 

observed between the Shallow and Western groups in the 2020s.  

2.3.1 Autumn 1983 

In autumn 1983, 66 teleost fish species were documented, with 53 native species 

contributing 63.4% of the total CPUA (Figure 2-1, Table A2). Table A4 presents the 

top fifteen species representing the highest percentages of total biomass in each 

subregion. In this period, the cut-off dissimilarity level for five clusters was 50% 

(see Figure 2-2). Upon closer examination of the dendrogram, it was observed that 

initially, two branches emerged. The first branch consisted of two isolated groups 

labelled S (Seyhan River) and A (Akyayan Lake), each consisting of a single station. 

The second branch comprised groups labelled Sh (Shallow), D (Deep) and W (West 

of Mersin Bay) (Figure 2-2). The group code of each station is depicted on a map 

(Figure 2-3).  
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Figure 2-3. Spatial distribution of species assemblages in the autumn 1983. 

Abbreviations: Sh = Shallow, D = Deep, A = Akyayan Lake, S = Seyhan River, W 

= West of Mersin Bay. 

 

2.3.1.1 Shallow (8-58.5m) 

The stations categorized under this group encompass waters within the 8.5 m to 58.5 

m isobaths, extending from the easternmost part of Iskenderun Bay to near the Göksu 

River mouth. A total of 52 teleost fish species were identified. This group was 

characterized by a particularly high biomass of NIS, exceeding that of other groups 

sampled in the same period (Figure 2-4, Table A3). The NIS E. klunzingeri, 

S. lessepsianus, and native Mullus barbatus accounted for 72% of the total CPUA, 

making them the dominant species in the trawl catches (Table A4) According to the 

ISA, species identified in autumn 1983 had a widespread distribution among the 

observed groups. For instance, S. lessepsianus was an indicator of Deep, Shallow 

and Western groups (stat = 0.978945, P = 0.004) (Table A16). 
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Figure 2-4. Total CPUA (kg/km²) of the main groups identified in the cluster 

analysis, partitioned into native and NIS based on their proportional contributions 

(%). Panels show the following: (a) Deep water group, (b) Shallow water group (Sh), 

and (c) Western group (W). Bar height indicates total CPUA, while segments 

represent the relative contributions of native species and NIS within each group and 

period. 
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2.3.1.2 Deep (25-75m) 

The stations in this group covered deep waters from Iskenderun Bay to the Cape 

Anamur, excluding a single station in Anamur at 25 meters. A total of 44 teleost fish 

species, including nine NIS, were identified. The most notable feature of this 

assemblage was the strong dominance of native species, forming 83% of the total 

CPUA (Table A3). The top three species with the highest biomass were 

school forming benthopelagic native teleost Boops boops, M. barbatus, and the 

NIS S. lessepsianus (Table A4). Additionally, the CPUA of M. barbatus surpassed 

any other group during this sampling period. Native species Citharus linguatula 

(stat=0.95, P=0.001), and Lepidotrigla cavillone (stat = 0.89, P = 0.001) served as 

strong indicators of the combination of Deep and West of Mersin Bay assemblages 

(Table A16). Based on the SIMPER results, the average dissimilarity between the 

Deep and Shallow pair was 54%, with C. linguatula, L. cavillone, and 

Uranoscopus scaber being the main contributors to this dissimilarity Table A7. 

Among the species contributing significantly to this dissimilarity, native species 

were dominant in both groups but were considerably more abundant in the Deep 

group (Figure A4). 

2.3.1.3 West of Mersin Bay (13.5-36m) 

This group is located in the western part of Mersin Bay, stretching from Limonlu 

towards the narrow continental shelf found west of the Göksu River. A total of 41 

teleost fish species were identified in this group, 32 of which were native. The most 

common species was the NIS S. lessepsianus, accounting for 33% of the total 

biomass (Table A4). Native Pagrus pagrus (stat=0.81, P=0.005), 

and B.  podas (stat=0.71, P=0.005) were relatively strong indicators of this group. 

The average dissimilarity was 55% between the Shallow and West of Mersin Bay 

pair, and 50% between the Deep and West of Mersin Bay pair. In both comparisons, 

the species contributing significantly to the dissimilarity were primarily native and 

more abundant in the Shallow and Deep groups, respectively (Figure A4). According 
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to the SIMPER results, P. pagrus had the highest contribution to the average 

dissimilarity between this group and the others Table A7. 

2.3.2 Spring 1984 

In spring 1984, 70 teleost fish species were recorded, including 13 NIS. Compared 

to autumn 1983, native species contribution increased to 75% of the total biomass 

(Figure 2-1). During this season, five clusters were formed at 54% dissimilarity. 

Three isolated clusters with no common feature with the rest of the fauna are coded 

as Ec (Eastern coast), Mc (Mersin coast) and A (Akyayan Lake) (Figure 2-2). The 

remaining branch was formed by two clusters: W (West of Mersin Bay) and Cd 

(Coastal to Deep). The most striking change is the mixing of shallow and deep-water 

groups, resulting in a more uniform view compared to the preceding period (Figure 

2-5).   
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Figure 2-5. Spatial distribution of the species assemblages in the spring 1984. 

Abbreviations: Ex = Eastern coast, Mx = Mersin coast, A = Akyayan Lake, W = 

West of Mersin Bay, and Cd = Coastal to Deep). 

This group covered a large area, including stations from deep to shallow waters from 

Iskenderun Bay to Cape Anamur (Figure 2-5). Among 63 teleost fish species 

recorded, 53 native species formed 71% of the total catch. In the CPUA-rank species 

list, S. lessepsianus and M. barbatus were the most common species (Table A8). 

According to SIMPER analysis, the average between group dissimilarity between 

Coastal-Deep and West of Mersin Bay pair was 65%, with P. pagrus, 

Diplodus vulgaris, and Mullus surmuletus being the main constituents of this 

dissimilarity (Table A9). Table A10 

2.3.2.1 West of Mersin Bay (13.5-56m) 

The coverage of this group decreased in spring 1984.  The main constituent in the 

former period, S. lessepsianus, disappeared from the top 15 species of the highest 

biomass. The contribution of native biomass remarkably increased to 90%, with M. 
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barbatus and P. pagrus being the most common species (Table A8). Regarding the 

ISA results, M. surmuletus (stat = 0.99, P = 0.002), P. pagrus (stat = 0.96, P = 0.02), 

and Scorpaena notata (stat = 0.96, P = 0.03) were strong indicators of this 

assemblage (Table A17). 

2.3.3 Autumn 1984 

In autumn 1984, 73 teleost fish species were identified. Although the number of NIS 

recorded remained the same, their proportion in the biomass increased more than 

two-fold Figure 2-1, Table A2). During this period, the cut-off level for five clusters 

indicated a higher differentiation than in previous periods (Figure 2-2). In the 

dendrogram, two main branches can be observed: separating coastal groups in the 

west from the rest of the region. The observed groups were coded as W (West of 

Mersin Bay) and Wc (West coast), Shallow (Sh), Deep (D), and I (Intermediate) 

(Figure 2-6). According to the SIMPER analysis, the average dissimilarity was 

highest between the Intermediate and Western groups (87%) and lowest between the 

Intermediate and Deep groups (61.8%) (Figure A3).  

2.3.3.1 Shallow (7-46m) 

This group extends from Iskenderun Bay to the area west of the Göksu River, 

reaching as far as Cape Anamur. In Iskenderun Bay, it covers depths of 7 and 46 

meters, while in Anamur, it spans depths of 25 to 34 meters. A total of 63 teleost fish 

species were identified in this group. Notably, the contribution of NIS increased to 

73% of the total biomass (Figure 2-4,Table A3). The top three species by biomass 

were exactly the same as in autumn 1983 (Table A10). However, the proportion of 

E. klunzingeri increased, while that of M. barbatus declined. This shift notably 

impacted the dissimilarity between the groups. Indicator species analysis showed 

that E. klunzingeri (stat = 0.94, P = 0.001) was widespread across all coastal groups 

up to the the mouth of Göksu River (Sh, I, Wc) (Table A18). The average 

dissimilarity was 63% between the Shallow and Intermediate groups, and 75% 
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between the Shallow and West of Mersin Bay groups. Notably, E. klunzingeri 

became the main contributor to the average dissimilarity between the Deep and 

Shallow groups in this period. Among the species contributing significantly to the 

dissimilarity between the Shallow and West groups, NIS were dominant for the first 

time (Figure A4). The second most important species contributing to this 

dissimilarity was L. cavillone, maintaining the same average contribution as in 

autumn 1983 (Table A11). 

2.3.3.2 Intermediate (38-44m) 

The subregion (I) exhibits a patchy distribution at intermediate depths across both 

the eastern and western parts of the study area. It replaced part of group Cd around 

Yumurtalēk Lagoon and the small bay west of the Gºksu River, previously observed 

in spring 1984 (Figure 2-6). The NIS S. lessepsianus is the primary constituent of 

this group, contributing 65% of the total catch. The overall average dissimilarity 

between the Intermediate and Shallow groups is 63%, with E. klunzingeri, 

M. barbatus, and Sphyraena chrysotaenia being the top three contributors (Table 

A11). Based on the ISA, S. chrysotaenia is also a strong indicator of this group (stat= 

0.94, P=0.001) (Table A18). 

2.3.3.3 Deep (55m-82m)  

Similar to the previous periods, this subregion extends from Iskenderun Bay to the 

Cape Anamur. However, its lower depth boundary is now located in deeper waters 

compared to the spring 1983 (Figure 2-6). The proportion of native biomass has 

dropped to 77%. As in the autumn of 1983, M. barbatus remains the most trawled 

fish, but the rest of the CPUA ranked species list was notably changed (Table A10). 

The average dissimilarity between Deep and West of Mersin Bay is 65%, with 

C. linguatula and Dentex macrophthalmus being the most important contributors to 

this dissimilarity (Table A11). 
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2.3.3.4 West of Mersin Bay (33-66m) 

In contrast to earlier periods, this group was confined to the western end of the study 

area and covered deeper waters. Compared to spring 1984, the contribution of NIS 

biomass increased to 35% (Table A3). Formerly a common species, M. barbatus 

disappeared from the CPUA-ranked species list (Table A10). D. macropthalmus was 

not only the most common species in terms of biomass but also a strong indicator of 

western groups (stat = 0.94, P = 0.003) (Table A18). Based on the SIMPER results, 

E. klunzingeri and D. macrophtalmus were the top two species contributing to the 

differentiation between this group and the Shallow group (Table A11).  

 

 

Figure 2-6. Spatial distribution of the species assemblages in the autumn o1984. 

Abbreviations: Sh = Shallow, W = West of Mersin Bay, Wc = West coast, I = 

Intermediate, and D = Deep. 
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2.3.4 Spring 2022 

In spring 2022, 106 teleost fish species, including 32 NIS, were caught. The 

contribution of NIS was the highest among all sampling periods, comprising 92% of 

the total biomass (Figure 2-1). The average dissimilarity among all main groups 

increased. Generally, two distinct branches can be recognized, separating the West 

of Mersin Bay (W) and from rest of the groups. In addition to Sh (Shallow) and D 

(Deep) groups, two more coastal groups were observed and coded as Ec (Eastern 

coast), L (Limonlu) (Figure 2-7).  

2.3.4.1 Shallow (6-38m) 

In spring 2022, this group extended from Iskenderun Bay to the west of the Göksu 

River. Its western and eastern extent was shorter compared to the autumn 1984 

(Figure 2-7). Across all sampling periods, the highest biomass of NIS was recorded 

in this group, with native fish accounting for only 3% of the total CPUA (Figure 

2-4). The penetration of new NIS dramatically altered the species composition. The 

contributions of S. lessepsianus and E. klunzingeri were reduced to very low levels, 

whilst the striped piggy, P. stridens, accounted for 91% of the total catch (Table 

A12). Based on ISA, Sparus aurata (stat = 0.91, P = 0.001) was a strong indicator 

of this group, whereas P. stridens (stat = 0.90, P = 0.001) was an indicator of this 

group and the other coastal group off the coast of Limonlu (Table A 19). According 

to the SIMPER results, P. stridens also had the highest contribution to average 

dissimilarity between Shallow, Deep and West of Mersin Bay groups (Table A12).  

2.3.4.2 Deep (34-74m) 

During this season, this group was confined to the western part of Iskenderun Bay, 

extending from intermediate to deeper waters near Akyayan Lake, reaching Cape 

Anamur. For the first time across the sampling periods, this specific group was 

predominantly inhabited by non-native fish species, accounting for 57% of the total 
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biomass (Figure 2-4, Table A4). Notably, although the percentage contribution of 

M. barbatus increased compared to autumn 1984, P. stridens constituted the 

majority of the biomass in this group (Table A13). According to the SIMPER results, 

the average dissimilarity between the Deep group and the West of Mersin Bay group 

was 75% with Upeneus pori and Parupeneus forsskali contributing most 

significantly to the dissimilarity between them (Table A13). 

 

 

Figure 2-7. Spatial distribution of the species assemblages in the spring 2022. 

Abbreviations: Sh = Shallow, W = West of Mersin Bay, Ec = Eastern coast, L = 

Limonlu, and D = Deep). 

2.3.4.3 West of Mersin Bay (10.5-39.2m) 

The stations labelled under this group were confined to small bays along the western 

part of the Göksu River (Figure 2-7). Although it was the only subregion with native 

fish dominance in spring 2022, the contribution of NIS remained higher than in the 

preceding periods. The formerly common Stephanolepsis diaspros was no longer 
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among the top 15 species with the highest biomass, 

and Diplodus vulgaris and Epinephelus aeneus became the top two important 

species in biomass (Table A3). Furthermore, P. forsskali (stat = 0.88, P = 0.002) was 

a strong indicator of this group (Table A 19). Based on SIMPER results, 

P. stridens, P. forsskali, and S. aurata contributed the most to the differences 

between West of Mersin Bay and Shallow groups (Table A13).   

2.3.5 Autumn 2022 

In autumn 2022, 106 teleost fish species were recorded. Among them, 34 NIS 

accounted for 83% of the total biomass (Figure 2-1,Table A2). The cut-off level for 

five clusters was 57%. A completely isolated group with no common feature with 

the others was coded as ñXò. The remaining stations were divided into two main 

branches one consisting solely of the Deep (D) group, and the other comprising the 

West of Mersin Bay (W), Coastal-IntermediateïShallow (CI-Sh), and Deep in the 

East (Ed) clusters (Figure 2-2 and Figure 2-8). 

2.3.5.1 Shallow (11.5-41.5m) 

Stations categorized under this group encompassed waters between the 11.5 m to 

41.5 m isobaths, extending from the easternmost part of Iskenderun Bay to the west 

of the Göksu River mouth, with an additional patch of this group present at the 

western end of the study area (Figure 2-8). The proportion of NIS biomass slightly 

decreased compared to the spring 2022 but remained notably higher than in the 1980s 

(Figure 2-4). As in the former period, P. stridens dominated the biomass, 

contributing 70% of the total catch, followed by E. klunzingeri (Table A14). 

Argyrosomus regius (stat = 0.83, P = 0.009) was a strong indicator of this assemblage 

(Table A20Table A20). The average dissimilarity between the Shallow and West of 

Mersin Bay groups decreased to 65%, with A. regius and P. forsskali being the top 

two contributors. The average dissimilarity between the Shallow and Deep groups 
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also decreased to 67% with P. stridens and E. klunzingeri being the top two 

contributors to this dissimilarity (Table A15).  

2.3.5.2 Deep (59.5-70.5m) 

This group once again covered a large extent, similar to autumn 1984, including 

stations deeper than 59.5m. It was dominated by native biomass, as in the 1980s, but 

with a lower percentage contribution (Figure 2-4). The CPUA of P. stridens 

decreased remarkably, whereas M. barbatus increased (Table A15). In addition, 

Champsodon nudivittis and Pagellus acarne significantly contributed to the 

intergroup dissimilarity between the Deeper group and Shallow groups (Table A16).  

 

 
 

Figure 2-8. Spatial distribution of the species assemblages in the autumn 2022. 

Abbreviations: Sh= Shallow, D = Deep, W = West of Mersin Bay, Ed = Deep in the 

east, and X = No common feature). 
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2.3.5.3 West of Mersin Bay (15-47.5m) 

The western extent of this group was replaced by the Shallow group compared to 

spring 2022 (Figure 2-8). The proportion of NIS decreased to 36% (Figure 2-4, Table 

A3). D. vulgaris, the most common species in spring 2022, disappeared from the top 

15 species by biomass (Table A14). Conversely, M. barbatus, which had disappeared 

after spring 1984, became very abundant in this season. The NIS P. forsskali (stat = 

0.92, P = 0.008), and native B. podas (stat = 0.80, P = 0.07) were strong indicators 

of this group (Table A20). However, B. podas and P. forsskali ranked low on the 

CPUA list. The average dissimilarity between Deep and West of Mersin Bay groups 

was 67% with C. nudivittis and P. forsskali making the highest contributions (Table 

A15). Interestingly, P. forsskali occured exclusively in Western group, whereas C. 

nudivittis (ava=0, avb=3.459) occurred exclusively in the Deep group (ava =3.221, 

avb=0). Among the species contributing significantly to the dissimilarity, native 

species were dominant in the Deep group (Figure A4). 

 

2.4 Discussion 

Globally, the introduction of NIS is recognized as one of the primary drivers of 

biodiversity change (Galil, 2023). A well-documented case of this phenomenon is 

the continuous influx of tropical NIS into the Mediterranean Sea, facilitated by the 

construction of the Suez Canal (Galil, 2007). Given that the introduction and spread 

of NIS is an ongoing process, understanding the direction and scale of these changes 

is crucial for mitigating future impacts on the Mediterranean ecosystem. In this 

study, we combined demersal trawl survey data from the 1980s with newly collected 

data from 2022 to examine and characterize changes in the composition of demersal 

fish assemblages over time. Despite substantial spatio-temporal variability in species 

composition, one of the key findings of this study is the identification of three major 

assemblages with distinct characteristics in the Northeastern Mediterranean Basin: 

The Shallow Group (Sh), the Deeper Group (D), and the Western Group (W). This 
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classification formed the basis for further analyses of regional biomass patterns and 

NIS dynamics.   

Our analysis revealed a remarkable increase in the contribution of NIS biomass over 

the course of the study period.  Total CPUA increased significantly, rising from 

approximately 750ï970 kg/km² in the 1980s to over 2,400 kg/km² by 2022. This 

overall increase in biomass was primarily driven by NIS and was not uniform across 

groups. In the autumn 1983, NIS constituted 25% of the total biomass. By 2022, their 

contributions had surged to 92% in the spring and 83% in the autumn. The Shallow 

group experienced the most substantial increase in CPUA, largely driven by a sharp 

rise in NIS biomass, whereas native species biomass remained relatively stable. In 

contrast, in the Deep group, native CPUA declined while NIS biomass increased 

slightly. Consequently, the NIS share of total CPUA increased in the Deep group 

over time. The Western group exhibited a fluctuating pattern in total CPUA, peaking 

at 1,907.6 kg/km² in the early 1980s, followed by a sharp decline and partial recovery 

by 2022 (549.2 kg/km²). Changes in NIS contributions to CPUA within this group 

were more complex and require consideration of shifting spatial coverage during the 

sampling periods. In 1983, when NIS contributions reached 47%, the Western group 

extended eastward, covering more central parts of the study area where NIS presence 

was higher. In subsequent years, the spatial extent of the Western group was limited 

to the westernmost part of the study area. Within this narrower area, NIS 

contributions varied significantly depending on whether stations from the Göksu 

region were included in the Western group, based on clustering results. Their 

contribution was lower when the group extended to the Göksu region, probably due 

to freshwater input from the river. These spatial shifts likely influenced the observed 

variation in NIS dominance within the Western group over time. Overall, excluding 

1983, when the Western group extended eastward, NIS contributions in this group 

showed an increasing trend, rising from 10ï35% in 1984 to 36ï44% in 2022, 

indicating a gradual rise in NIS dominance.  
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Although the methodological differences complicate direct comparisons, our 

findings suggest a substantially higher contribution of NIS than previously estimated 

(Gücü & Bingel, 1994; Mavruk et al., 2017), confirming the unprecedented pace of 

NIS spread in the region. This pattern reflects the growing dominance of NIS in 

shallow and deep-water habitats as well as a westward extension of their distribution 

within the Northeastern Mediterranean region. This regional progression is 

consistent with the broader expansion of NIS described in previous studies (e.g., 

Lasram et al., 2008) and may be interpreted as a ongoing extension of the so-called 

'Lessepsian Province' along the Northeastern Mediterranean coast (Galil, 1993). 

The Shallow group consists of waters primarily within the infralittoral zone, 

extending from Ķskenderun Bay to the vicinity of Gºksu River mouth, with an 

additional patch near the western boundary of the study area. This zone has been the 

most impacted by the spread of NIS and was already dominated by NIS biomass in 

the 1980s, with contributions ranging from 62% to 73%. According to Gücü & 

Bingel (1994), this area corresponds to Porôs ñLessepsian Provinceò, which is 

characterized by shallow depths and soft-bottom habitats (Avĸar, 1999; Por, 2010). 

One possible explanation for the success of NIS in this zone is the "boom-bust" 

dynamic (Pianka, 1970). A typical example is E. klunzingeri, which exhibits a high 

reproduction rate (r-selected; Pianka, 1970), and is characterized by phases of rapid 

population growth followed by sharp declines (Gücü & Bingel, 1994). During the 

1980s, NIS biomass in the Shallow-water group was primarily composed of 

S. lessepsianus and E. klunzingeri, which alternated in dominance. Since their 

introduction to the Eastern Mediterranean in the 1950s, both species have established 

viable populations (Ben-Yami & Glaser, 1974; Erazi, 1943; Gücü & Bingel, 1994; 

Özyurt et al., 2018). According to Gücü and Bingel (1994), this dominance 

fluctuation was linked to E. klunzingeriôs high vulnerability to trawl pressure due to 

its girth factor, its susceptibility to predation by demersal piscivores, and its rapid 

post-spawning biomass recovery characteristic of an r-selected life history strategy. 

By 2022, NIS biomass in this group reached up to 97%, with P. stridens emerging 
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as the dominant species. This newcomer accounted for up to 90% of the total 

biomass, significantly altering the species composition within a short period. The 

first occurrence of this species in the study area was reported in 2009 in Iskenderun 

Bay (Bilecenoĵlu et al., 2009). Its population rapidly increased and spread westward 

along the coastal habitats, becoming one of the most dominant species after 2013 

(Ergüden et al., 2010; Eĸkinat et al., 2023; Mavruk et al., 2017). Our findings 

indicated that the biomass of P. stridens has continued to increase significantly, 

suggesting that its rapid expansion in coastal habitats is still ongoing. Mavruk et al. 

(2017) linked the success of P. stridens to rising annual minimum temperature in 

Ķskenderun Bay. However, a single factor alone cannot fully explain the invasion 

process (Belmaker et al., 2013). Recent studies have explored various aspects of the 

impacts and success of P. stridens (Eĸkinat et al., 2023; Özbek, 2017; Tüzün & Gücü, 

2023, 2024; Uyan et al., 2018;), suggesting the potential long-term persistence of 

this species in the basin.  

The Western group generally extends from the shallow infralittoral zone to the lower 

circalittoral zone, covering the area where the continental shelf narrows significantly 

in the west. Although the Shallow group occasionally extends into the western 

region, the area near the Göksu River mouth and east of the Cape Anamur 

consistently remains within this group. This region exhibits diverse bottom 

structures, including sandy substrates, rocky formations, and Posidonia oceanica 

meadows (Eĸkinat, 2024; Mutlu, 2015). Notably, the range of P. oceanica is 

confined to this area and does not extend eastward beyond Beĸparmak Island (G¿c¿ 

& Gücü, 2002). P. oceanica is endemic to the Mediterranean Sea and provides 

critical habitat for settlement, nurseries, shelter, and food for various marine species 

(de Meo et al., 2018; Kalogirou et al., 2012b). Typical species in the Western group 

include those adapted to rocky bottoms with vegetation, sandy and muddy substrates, 

and seagrass meadows, such as B. podas, D. vulgaris, S. diaspros, P. forsskali, 

D. dentex, and S. rivulatus. According to Kalogirou et al. (2012b), P. oceanica 
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meadows may be more resistant to the spread of NIS, as their abundance is lower in 

seagrass habitats compared to sandy bottoms. 

Consistent with this observation, the Western group remained the only group 

dominated by native biomass throughout the study period.  However, this group 

exhibited the greatest increase in the proportion of NIS relative to the total recorded 

species, nearly doubling since the 1980s. This indicates a substantial shift in species 

composition. In line with this, SIMPER results showed that, among the species 

contributing to the dissimilarity between this group and others, NIS biomass 

increased significantly from the 1980s to the 2020s, ultimately becoming dominant 

in recent years. While native species, such as B. podas and D. dentex, contributed to 

this group's uniqueness in the 1980s, by 2022, NIS had become a key distinguishing 

feature. Interestingly, some NIS, such as Pteragogus trispilus, were found 

exclusively in this group. In contrast, others, such as P. forsskali, were far more 

abundant here than in any other part of the study area. In addition to seagrass 

meadows, one possible explanation for this trend is the implementation of a Fishery 

Restricted Area (FRA) in 1999, which banned all industrial-scale fishing (Gücü & 

Erkan, 2001). Although these zones are intended to function as protected areas (Gücü 

& Erkan, 2001), our results suggest that the dynamics of NIS spread are more 

complex. The absence of fishing pressure in protected areas may have inadvertently 

allowed NIS populations to thrive. Similarly, studies by DôAmen & Azzurro (2020) 

and Eĸkinat (2024) also highlight the vulnerability of Marine Protected Areas 

(MPAs) to NIS invasions in the Northeastern Mediterranean. In light of the growing 

risks associated with NIS in this region, it is essential to understand how species 

assemblages are shifting at the local scale, as various drivers interact across spatial 

gradients.  

Another notable feature of the study area is a distinct group in deeper waters, located 

in the circalittoral zone and extending widely from east to west, except in spring 

2022. This community remains relatively stable and characterized by high proportion 
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of native biomass, though the contribution of native biomass and the ratio of native 

species to the total number of species were considerably lower than in the 1980s. 

The species assemblage in this group includes commercially important native 

species, such as M. barbatus, M. merluccius, and P. erythrinus, alongside non-

commercial native species like C. linguatula and S. hepatus, as well as NIS 

C. nudivittis. Among these, M. barbatus emerged as a key component of this group, 

dominating nearly all sampling periods except for spring 2022, when P. stridens 

drastically altered the species composition. Notably, NIS biomass increased 

substantially in both spring 1984 and 2022. The minimum bottom depth occupied by 

this group varies across the study period and regions but consistently remains deeper 

than other groups. According to Gücü (2021), the timing and deepening of the 

thermocline layer during spring drive the movement of native fauna towards deeper 

waters in the Eastern Mediterranean. However, the lack of continuous year-round 

monitoring prevents confirmation of a direct relationship between thermocline 

dynamics and depth variations. In addition to interannual differences in the duration 

and deepening of the seasonal thermocline, the intrusion of colder and fresher 

modified Atlantic water into the study area is known to affect the spatial distribution 

of species, particularly the occurrence of M. merluccius (Gücü & Bingel, 2011). 

Beyond hydrographic complexity, shifts in community structure within the Deep-

water group have also been associated with inshore-offshore spawning migrations 

(Gücü & Bingel, 1994, 2022). Consistent with this pattern, our results showed a 

higher biomass of M. barbatus in autumn compared to spring. Notably, despite 

seasonal fluctuations in species composition, the total CPUA of this group has 

steadily decreased since autumn 1983. PERMANOVA, PERMDISP, and 

PERMUTEST analyses indicated that depth strata and sampling region significantly 

influence the structuring of teleost fish communities in trawling grounds, confirming 

clear distinctions between eastern and western regions as well as between shallow 

and deeper waters. Moreover, our findings suggest that the spread of NIS has 

extended into deeper and western waters compared to earlier periods. These species, 
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which have different habitat preferences, are establishing stable biomass levels and 

alternating the faunal composition of the Northeastern Mediterranean. For instance, 

while P. stridens proliferates in coastal waters, C. nudivittis occupies deeper groups, 

and P. forsskali predominantly settles near seagrass meadows.   

Early scientific understanding suggested that thermal barriers would limit the spread 

of NIS in the Mediterranean (Por, 1978).  However, subsequent studies revealed that 

some NIS possess a broader climatic niche than previously assumed (Arndt & 

Schembri, 2015).  A total of 15 NIS have already expanded beyond the Strait of 

Sicily, which is recognized as a biogeographic barrier (Azurro et al., 2022b). The 

ongoing influx through the Suez Canal, enhanced by its subsequent enlargements, is 

expected to continue driving the increase in NIS numbers in the Mediterranean 

(Galil, 2023). Considering the deepening and westward movement of non-

indigenous fish, along with the Mediterranean's vulnerability to climate change and 

projections of increasing marine heatwave events (Hamdeno & Alvera-Azcaráte, 

2023), demersal fish communities in the western Mediterranean could soon face 

challenges from NIS similar to those currently encountered by the Eastern 

Mediterranean. Given the limited success of traditional measures, such as Marine 

Protected Areas (MPAs), in managing diversity in areas under NIS pressure (Eĸkinat, 

2024), we emphasize the urgent need to develop new strategies to guide the direction 

of the change. 

2.5 Conclusion 

The impacts of NIS introductions are particularly pronounced in the Northeastern 

Mediterranean Sea, primarily due to Suez Canal acting as a major vector, facilitating 

the influx of these species into the basin. Climate change and other anthropogenic 

threats have further accelerated this transformation by creating favourable conditions 

for tropical biota and resulting in vacant ecological niches, which in turn have led to 

drastic changes in demersal fish composition. 
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The findings also demonstrate a profound bathymetric and longitudinal expansion. 

While initially restricted to shallow coastal zones, NIS are now progressively 

invading deeper and more western habitats. In some areas, their biomass surpasses 

90%, indicating a near-complete restructuring of local demersal communities 

By analyzing historical and recent data, this study comprehensively assesses changes 

in demersal fish assemblages over time. The results revealed significant spatial and 

depth-related patterns in community formation. Since the 1980s a remarkable 

increase in the contribution of NIS biomass has been observed. This increase has 

been accompanied by distinct shifts in species composition across the basin. Our 

findings identified three major assemblages: (1) Shallow, (2) Western, and (3) 

Deeper groups, each characterized by unique species compositions and varying 

degrees of NIS influence. The Shallow group was dominated by NIS biomass 

throughout the study period, with S. lessepsianus and E. klunzingeri as the primary 

contributors in earlier years. By the 2020s, P. stridens, introduced to the region in 

2009, proliferated, with its biomass reaching up to 91% of the total CPUA. The 

Western group, which includes P. oceanica meadows and a Marine Protected Area 

(MPA), remains dominated by native biomass but exhibited the highest rate of 

increase in NIS numbers. Among these, P. forsskali has become an indicator species 

for this assemblage. In the Deeper group, native species, particularly M. barbatus, 

continue to play a significant role; however, the number of NIS has risen, and their 

biomass showed notable growth during spring periods, reaching up to 57% in 2022. 

Additionally, NIS, such as C. nudivittis, have begun to emerge as distinguishing 

elements of this group. These findings confirm that NIS are no longer confined to 

shallow coastal waters but have progressively expanded into deeper waters and 

western regions. As the inflow of NIS remains inevitable, adaptive management 

strategies tailored to local ecological contexts are urgently required to mitigate their 

long-term impacts in the Mediterranean Sea. 
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Abstract  

The effects of large-scale climate indices on exploited fish populations remain 

relatively unexplored in the Northeastern Mediterranean. The red mullet (Mullus 

barbatus), a commercially valuable demersal species, has been harvested intensively 

in this region since the 1940s. Its biomass has shown notable variations that cannot 

be solely attributed to fisheries' impacts. In this study, we used a stochastic surplus 

production model (SPiCT) informed by scientific demersal trawl survey data as 

biomass indices (2007ï2023) to represent stock abundance and official landing 

statistics (1968ï2023) to account for removals due to fishing. We hypothesize that 

the variability unexplained by the fishery model reflects environmental influences. 

To investigate this, process residuals representing variations not attributable to 

fishing activities were extracted from the model. Wavelet coherence analysis was 

then conducted between these residuals and three large-scale climate indices, North 

Atlantic Oscillation (NAO), East Atlantic Teleconnection (EA), and East 

Atlantic/Western Russia Teleconnection (EA/WR) that are believed to influence 
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environmental conditions in the Northeastern Mediterranean. Our findings revealed 

significant coherence with all three indices, but this coherence varied across both 

time (different years) and frequency domains (distinct periodicities). Notably, the 

EA pattern index exhibited consistent coherence with M. barbatus biomass from 

1990s to 2015, while the NAO and EA/WR showed notable coherence during the 

early 1980s and early 1990s. These transient relationships throughout the study 

period highlight the complex interplay between environmental factors and the 

biomass of overexploited M. barbatus. Overall, our findings present a novel 

approach to elucidate the effects of environmental variability on exploited fish 

stocks. 

Key words: Teleconnection, NAO, EA/WR, EA, Red mullet 

3.1 Introduction  

Recurring fluctuations in marine fish populations have been frequently reported 

worldwide (Bakun, 2010; Lloret et al., 2001; Teixeira et al., 2016). Given the 

inherently intricate and dynamic nature of marine ecosystems, understanding the 

underlying drivers of these variations remains a significant challenge (Massutí et al., 

2008; Maynou, 2011; Teixeira et al., 2016). While fishing pressure has long been 

recognized as a key factor shaping fish stock dynamics, environmental variability 

also plays a crucial role in shaping temporal trends in fish populations (Ottersen et 

al., 2004). These environmental influences operate through various biological 

mechanisms, most notably by affecting reproductive and recruitment success, which 

are two fundamental determinants of fish stock biomass (Beaugrand et al., 2003; 

Hjort, 1914; Ottersen et al., 2004; Zimmermann et al., 2018). Favourable 

environmental conditions can enhance reproductive and recruitment success, thereby 

promoting population growth and stock productivity. In contrast, adverse conditions 

may constrain these processes, reducing biomass and weakening population 

resilience (Hjort, 1914; Ottersen et al., 2004; Zimmermann et al., 2018). Beyond 
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recruitment dynamics, environmental drivers also influence individual-level traits 

such as growth rate, metabolic activity, and natural mortality, as well as broader 

community-level properties, including species composition and trophic interactions 

(Beaugrand et al., 2003; Doney et al., 2012; Hastings et al., 2020; Rutterford et al., 

2023). The ecological significance of such variability becomes more crucial under 

fishing pressure, as exploitation can disrupt population structure due to size-selective 

harvesting (Anderson et al., 2008; Quetglas, 2013). The altered population 

demographics due to prolonged exploitation can increase dependence on recruitment 

strength, thus lowering the capacity to buffer environmental perturbations (Báez et 

al., 2021; Hidalgo et al., 2011; Hsieh et al., 2006; Maynou, 2011; Quetglas et al., 

2013).  

A comprehensive understanding of how exploited populations respond to 

environmental variability and how these responses can be distinguished from those 

driven by fishing-induced mortality is essential for improving the sustainable 

management of marine resources. However, this remains a challenging task, often 

constrained by the scarcity of long-term, high-quality time series datasets that 

provide consistent records of both fishery-dependent and fishery-independent 

(environmental) variables (Brander, 2005; Cushing, 1982; Massutí et al., 2008; 

Quetglas et al., 2013). The use of large-scale climatic indices to examine variability 

in marine resource populations has received considerable attention in recent decades 

(Alheit et al., 2014; Geraldi et al., 2019; Castro-Gutiérrez et al., 2022; Vollrath et al., 

2023). These indices numerically represent climatic oscillations that emerge from 

complex interactions among the atmosphere, ocean, and terrestrial systems (Criado-

Aldeanueva & Soto-Navarro, 2020). Such oscillations exert significant influence on 

regional and global climate systems by modulating a suite of meteorological and 

oceanographic variables across vast areas, including precipitation, wind patterns, 

vertical mixing, and sea surface temperature (SST) (Báez et al., 2022; Basterretxea 

et al., 2018; Criado-Aldeanueva & Soto-Navarro, 2020; Hurrell & Deser, 2010). 

Because they simultaneously influence a wide range of atmospheric and oceanic 
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processes, large-scale climatic oscillations are considered more effective than local 

environmental variables in explaining fluctuations in fishery resources (Báez et al., 

2021; Stenseth & Mysterud, 2005; Stenseth et al., 2003). By reducing the complexity 

inherent in temporal and spatial variability, the climatic indices provide long-term, 

statistically tractable datasets that facilitate the detection of environment-driven 

patterns in marine ecosystems (Massutí et al., 2008). Their ability to represent large-

scale environmental variability has enabled researchers to investigate ecological 

consequences across diverse marine regions and ecosystems (Castro-Gutiérrezet al., 

2022; Liu et al., 2025; Stige et al., 2006). Environmental changes induced by climate 

variability are suggested to influence fish stock biomass either directly by affecting 

biological processes or indirectly through ecological cascades that destabilize 

ecosystem functioning (Báez et al., 2014; Báez et al., 2021; Forchhammer et al., 

2004). Direct effects include changes in recruitment success resulting from altered 

mortality rates during early life stages (Massutí et al., 2008; Teixeira et al., 2016), as 

well as shifts in migration behaviour (Báez, 2016). Indirect effects may involve 

changes in natural mortality and individual fitness, ultimately affecting growth and 

spawning dynamics (Báez et al., 2019). 

The Mediterranean Sea is well known for its rich biodiversity and centuries-long 

history of human interaction. As a semi-enclosed basin, it has been subject to 

multiple overlapping human-induced pressures that have altered marine ecosystems 

over time (Barange et al., 2018). Among these, intense fishing pressure remains one 

of the most critical threats, having driven many fish populations to overexploitation 

(Colloca et al., 2017). Although large-scale climatic variability is increasingly 

recognized as an important driver of ecological change, studies examining its impact 

on fish stocks in the Mediterranean remain limited. This is especially evident when 

compared to the adjacent Atlantic Ocean. Moreover, most existing research has 

focused on the Western Basin (Báez et al., 2021, 2022; Hidalgo et al., 2011; 

Kerametsidis et al., 2024; Quetglas et al., 2013), leaving the Eastern Mediterranean 

comparatively understudied (Maynou, 2011; Tsikliras et al., 2019). The majority of 
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these studies also rely on fishery-dependent indicators such as landings or CPUE 

(Maynou, 2011; Hidalgo et al., 2011; Tsikliras et al., 2019), which limits the capacity 

to isolate the effects of fishing pressure from those of environmental variability . This 

combination of intense anthropogenic pressures and data limitations highlights the 

Eastern Mediterranean as a critical yet underexplored region for investigating how 

large-scale climate variability shapes fish population dynamics. 

In the northeastern corner of the Mediterranean Basin, trawl fisheries hold particular 

importance for the economies of coastal communities (Bingel et al., 1993). Demersal 

fish stocks in this region have been exploited since the 1940s, with signs of 

overfishing already evident in the 1950s. Fishing pressure intensified notably after 

the mid-1980s, leading to sharp declines in several target species (Aasen & Akyüz, 

1956; Gücü, 1995; Gücü & Bingel, 2011). Despite the introduction of management 

measures in recent decades, such as vessel buy-back programs (Göktay et al., 2018), 

demersal stocks continue to exhibit fluctuating trends (G¿c¿ & Bingel, 2011; Kēlē­ 

et al., 2023). Most research in the region has focused on the effects of overfishing 

and the spread of non-indigenous species (NIS) as primary drivers of changes in fish 

populations (Mutlu et al., 2023; Turan, 2022; Tüzün & Gücü, 2024). While local 

environmental influences on Northeastern Mediterranean demersal stocks have been 

explored (Gücü & Bingel, 2011; Mavruk et al., 2017; Mutlu et al., 2023; Ok, 2012), 

no studies have yet investigated the role of large-scale climate variability in biomass 

fluctuations, nor have they attempted to separate these effects from fishing pressure. 

This gap is particularly noteworthy given that the Northeastern Mediterranean is 

considered a hotspot for biological invasions and rapid climate warming (Azzurro et 

al., 2022; Calvin et al., 2023), both of which may be linked to broader-scale climatic 

variability (Raistos et al., 2010; Vicente-Serrano et al., 2011). 

In this context, we hypothesize that large-scale climatic oscillations drive the portion 

of demersal fish stock dynamics in the Northeastern Mediterranean Sea that remains 

unexplained by fisheries models. To determine the influence of environmental 

factors on biomass fluctuations, we focused on the red mullet (Mullus barbatus 

Linnaeus, 1758), a heavily exploited native demersal fish in the Northeastern 
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Mediterranean Sea.  We believe its dual role ñas a species shaped by both natural 

climatic variability and intense exploitationò makes it an ideal candidate for 

assessing the impact of large-scale climatic oscillations. To test this hypothesis, we 

combined official historical landing data with a scientific demersal trawl survey 

dataset and assessed the impact of fishing using a data-limited, stochastic surplus 

production model in continuous time (SPiCT) (Pedersen & Berg, 2017). Finally, 

assuming that the fluctuations in the process residuals of biomass from the stock 

assessment model reflect environmental influences, we examined the relationships 

between these residuals and the three prominent teleconnection patterns affecting the 

North Atlantic and Eurasian regions. 

3.2  Material and Methods 

3.2.1 Data Collection 

3.2.1.1 Fishery Data 

This study focuses on the fishery in the Northeastern Mediterranean. In this region, 

the continental shelf is generally narrow, with the exception of Mersin, Iskenderun 

and, to some extent, Antalya Bays. These bays, due to their broader continental 

shelves serve as the primary fishing grounds in the area. Among the demersal 

species, the M. barbatus holds significant commercial importance for bottom otter 

trawlers and it is one of the most frequently landed species (TURKSTAT, 2024). 

The species widely distributed on the continental shelf with biomass and abundance 

declining after 100 m (Ok, 2012). 

The M. barbatus stock is considered a single unit, with Ķskenderun and Mersin Bays 

being the primary contributors to the annual landings, together accounting for 

approximately 90% of the total catch. Although their contributions are generally 
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comparable, the share of Mersin Bay surpassed that of Ķskenderun Bay following the 

2023 earthquake in eastern Türkiye (Çelik Mavruk et al., 2021; TURKSTAT, 2024). 

Official fleet and landing statistics for this region have been systematically collected 

and reported annually by the Turkish Statistical Institute (TURKSTAT). In the 

framework of this study, the official annual commercial landing data for M. barbatus 

were obtained from TURKSTAT (2024) for the period 1968ï2023. The fishing fleet 

is segmented into distinct categories. Data on tonnage, horsepower, vessel length and 

landings has been reported since 1968, while vessel counts by type have been 

recorded since 1987.  The available datasets, do not provide sufficient information 

to calculate standardized CPUE (Catch Per Unit Effort). Given that bottom trawling 

is the primary fishing practice for M. barbatus, and that shrimp trawlers in the area 

primarily targeted penaeids but also had the capacity to catch fish (Gücü & Bingel, 

2011), we used the number of bottom trawl vessels longer than 10 meters as a proxy 

of fishing effort.  Nominal CPUE was then calculated by dividing the official 

landings by the number of trawlers for the period 1987ï2023. 

3.2.1.2 Climate Indices 

Several large-scale climate indices are known to impact the Mediterranean region to 

varying degrees. Among these, three indices were selected for this study based on 

two criteria: (i) their role as primary large-sca le drivers of Mediterranean circulation, 

heat, and freshwater budgets and (ii) their demonstrated impact on weather 

conditions in the study area (Baltacē et al., 2017). These indices are the North 

Atlantic Oscillation (NAO), the East Atlantic pattern (EA), and the East Atlanticï

Western Russia pattern (EA/WR). The North Atlantic Oscillation (NAO) (Hurrell, 

1995) is the most prominent source of variability in the North Atlantic region and 

characterized by the dipolar pattern of the sea level pressure (SLP) between the high-

pressure center near the Azores and the low-pressure center near the Icelandic low 

(Hurrell et al., 2003). Oscillations between the positive and negative phases of the 

NAO influence the strength of westerly winds, as well as precipitation and 



 

 

68 

temperature patterns across extensive regions, particularly during boreal winter or 

extended boreal winter periods (Hurrell & Deser, 2009). For this analysis, we used 

the NAO winter index (DJF), due to its advantages in representing the NAO 

variability. The PC-based NAO-DJF time series was obtained from the NSF National 

Center for Atmospheric Research (NCAR) Climate Data Guide 

(https://climatedataguide.ucar.edu/climate-data/hurrell-north-atlantic-oscillation-

nao-index-pc-based).  

The East Atlantic (EA) pattern (Barnston & Livezey, 1987), consists of a north-south 

dipole of atmospheric pressure anomalies extending across the North Atlantic from 

east to west. The positive phase of the EA pattern is characterized by below-average 

pressure in the northern part of the North Atlantic and above-average pressure in the 

southern part, which is associated with warmer-than-average surface temperatures 

over Europe. Monthly EA pattern data were obtained from the Climate Prediction 

Center, National Weather Service, NOAA (https://www.cpc.ncep.noaa.gov).  

The East Atlantic-Western Russia (EA/WR) pattern (Barnston & Livezey, 1987) is 

characterized by two main centers of sea level pressure (SLP) anomalies over the 

Caspian Sea and Western Europe during winter. In spring and fall, a three-celled 

pattern emerges. During its positive phase, the EA/WR pattern enhances northerly 

winds in the Eastern Mediterranean, primarily due to the high-pressure center located 

over Western Russia (Criado-Aldeanueva & Soto-Navarro, 2020; Lim, 2015). 

Monthly EA/WR pattern data were obtained from the Climate Prediction Center, 

National Weather Service, NOAA (https://www.cpc.ncep.noaa.gov ). 

To ensure the consistency with the NAO DJF index, the EA DJF and the EA/WR 

DJF indices were calculated following the methodology outlined by the Climatic 

Research Unit (CRU) 

https://crudata.uea.ac.uk/cru/data/nao/CRU_index_calculation.pdf. The resulting 

winter indices were shown in Figure 3-1. 
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Figure 3-1. Three large-scale climate indices used in this study: (a) East Atlantic 

winter index (EA DJF), (b) East AtlanticïWestern Russia winter index (EA/WR 

DJF), and (c) North Atlantic Oscillation winter index (NAO DJF). 

3.2.2 Survey Data 

Bottom trawl surveys were conducted using the research vessel RV/Lamas in the 

northeastern Mediterranean, off the Turkish coast, west of Mersin Bay (Figure 3-2). 

Considering the annual contribution of Mersin Bay to the catch and similarity in the 

community compositions in trawling grounds of between Ķskenderun and Mersin 

Bay (TURSTAT, 2024), the biomass estimates from these scientific surveys is 
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considered to provide reliable data about the relative biomass. To ensure 

comparability across all surveys, the sampling protocol adhered to the standardized 

methodology used by Gücü and Bingel (1994). Trawl hauls were carried out across 

four depth strata: 0-25, 26-50, 51-100, and 101-150 meters. Sampling was performed 

monthly within each depth stratum over the period 2007ï2023 as part of various 

research projects. 

 

Figure 3-2. Map of the Eastern Mediterranean (top left), and sampling stations in the 

Northeastern Mediterranean. Bright red circle indicates sampling area and dark red 

dots represent sampled trawl stations. 

The trawlable biomass of M. barbatus was estimated by calculating the catch per 

unit area (CPUA) following the methodology described by Sparre and Venema, 

(1998). CPUA was determined by dividing the catch by the swept area during each 

haul. The swept area for each haul was calculated using the following formula: 

A= DẗhrẗX2                                                                                                                             (1) 

Where ñDò is the distance covered during the trawl, ñhrò is the head rope length, and 

ñX2ò is a fraction of the head rope length. In this study, a fraction of head rope length 
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(X2) of 0.5 was applied, based on Pauly, 1980. The catchability coefficient of the 

trawl net was assumed to be q = 1. The head rope length of the trawl net used was 

23.7 meters. The distance covered during each haul was calculated using the 

ñdistanceò function using R (Core Team, 2024) within the RStudio environment 

(Posit Team, 2024) utilizing the ñargosfilterò package (version 0.7) (Freitas, 2022).  

3.2.3 Building Survey Index for Stock Assessment 

When some depth strata were unsampled but others were surveyed, a Generalized 

Additive Model (GAM) (Wood, 2006) was employed to estimate the missing values.  

Moreover, GAM is also used to estimate unsampled months for all depth strata to 

create a separate annual survey index to be used in exploratory SPiCT assessments. 

Prior to implementing the GAM, data exploration was conducted following the 

guidelines outlined by (Zuur et al., 2010). To address heterogeneity observed in the 

Cleveland dot plots, a forthroot transformation was applied to the CPUA data from 

each depth stratum. A Gaussian error distribution with an identity link function was 

used, and the model was fitted using the Restricted Maximum Likelihood (REML) 

method to reduce the risk of overfitting (Zuur et al., 2009). 

Initially, a simple model was constructed, incorporating year and day of the year as 

independent variables, while including depth strata to account for differences across 

strata. An interaction term between year and day of the year was subsequently added 

to the model. To refine the model, a range of basis functions was tested to explore 

possible improvements. Cubic regression splines were applied to the year variable, 

while cyclic splines were used for the day of the year to account for seasonal effects 

(Wood, 2006). The cyclic splines were constrained between 0.5 and 366.5 to ensure 

continuity between the first and last values during leap years.  

The best-performing model was selected based on the Akaike Information Criterion 

(AIC) (Akaike, 1974), the Bayesian information criterion (BIC) (Schwarz, 1978), 

and the Root Mean Square Error (RMSE) (Hyndman & Koehler, 2006), derived from 

10-fold cross-validation (Refaeilzadeh et al., 2009). AIC and BIC values were used 
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to assess the balance between the model fit and complexity, while RMSE assessed 

predictive accuracy. Details of the model selection process are presented in 

Appendix B Table B1. We validated the selected model by checking violations from 

the assumptions of homogeneity and distribution (Zuur et al., 2010) (see Figure B1). 

The general form of the selected model was as follows: 

forthroot(CPUA) =  s1(Year, cr, by=factor(Depth)) + s2(Day of the Year, cc, 

by=factor(Depth)) + ti(Year, Day of the Year, cr, cc, by= factor((Depth))+ 

factor(Depth)                                                                                                           (2)    

                                                                                      

In this model, ñsò indicates smooth functions, ñtiò represents tensor product 

interaction smooths, ñcrò denotes a cubic regression spline basis, and ñccò refers to 

a cyclic cubic regression spline basis. The number of basis functions was set to 12 

for smooth terms s1 , and s2  while the default was used for tensor product interactions 

(ti)  (Table B2). Missing data were estimated using model predictions. Once the 

dataset was completed, monthly CPUA values were calculated as weighted averages 

across the four depth strata. The weight assigned to each depth stratum was 

proportional to its corresponding volume area.  

Several survey indices were created as tuning data for exploratory SPiCT 

assessments. First, an annual survey biomass was generated by estimating data for 

unsampled months across all depth strata. It is important to note that the GAM 

approach smooths data, which is not ideal for use in a Surplus Production Model, as 

this model relies on variability for its estimates. Therefore, the annual survey 

biomass was created solely for exploratory analysis to assess the effect of the 

spawning season. Subsequently, monthly survey biomass values were calculated. 

For these indices, GAM was applied only in cases where a survey was conducted but 

data for a specific depth stratum in a given month was missing, ensuring that the 

variability in the dataset was preserved. Finally, using the monthly survey biomass 
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values, a quarterly survey biomass was calculated. The year was divided into four 

periods by averaging the biomass estimates within each period 

All analyses were conducted using R (R Core Team, 2024) within the RStudio 

environment (Posit Team, 2024) utilizing the ñmgcvò package (version 1.9.1) 

(Wood, 2017) for GAM modelling and the ñlubridateò package (version 1.9.3) 

(Garrett & Wickham, 2011) for handling date variables, ñggplot2ò package (version 

3.5.1) (Wickham, 2016) for plotting. 

3.2.4 Stock Assessment 

Given the availability of historical landings and survey data, to evaluate the impact 

of the fishery on the M. barbatus stock, we first employed the stochastic Surplus 

Production Model in Continuous Time (SPiCT) (Pedersen & Berg, 2017). SPiCT, a 

state-space model, incorporates fishery dynamics into the model, accounting for 

errors in the catch, fishing mortality, observation and process, and integrating 

uncertainty into the estimation of model parameters (Pedersen &Berg, 2017). It is 

capable of distinguishing random variability in stock dynamics from observation 

error in biomass and catch indices. This is achieved using the generalized surplus 

production model, also known as the Pella and Tomlinson (1969) model. SPiCT 

estimates the stock status relative to biological reference points (BMSY and FMSY) and 

relative stock status indicators (F/FMSY and B/BMSY) which are necessary to provide 

scientific advice. The FMSY represents fishing mortality (F) that provides maximum 

sustainable yield in the long term and the BMSY represents the biomass (B) level at 

which the fishery can achieve sustainable yield (MSY) (Tsikliras & Froese, 2019). 

Additionally, due to its continuous-time state-space model formulation, estimates of 

exploitable biomass and fishing mortality are provided at any point in time when the 

data is sampled at irregular intervals (Coelho et al., 2019). SPiCT model requires at 

least a time series of fishery removals and a relative measure of stock abundance 

(Pedersen & Berg, 2017). The key assumption is that the abundance index is 

proportional to the exploitable part of the population biomass and provides 
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information on the relative stock size over time rather than the absolute population 

levels (Kokkalis et al., 2024).  

Exploratory SPiCT assessments were initially fitted using a historical time series of 

landings and different tuning data, i) nominal CPUE, ii) annual survey biomass, as 

well as iii) quarterly survey biomass and iv) monthly survey biomass data. Various 

model configurations were tested using monthly survey biomass data, including its 

incorporation individually, in different combinations to account for seasonality, and 

collectively to assess its impact on model performance. Considering the fishing ban 

between mid-April and mid-September and the spawning season in May, and the 

results of exploratory assessments, the final biomass indices from the scientific trawl 

survey were selected as October and March to account for the beginning and end of 

the fishery season. In the October survey index, three data points from the fourth 

depth stratum (101-150m) were predicted using the GAM model whereas in the 

March survey index, all depths were complete. The final model was fitted using 

historical time series of landings (1968ï2023), and three biomass indices which are 

the survey index from October (2007ï2023), the survey index from March (2009ï

2023), and the nominal CPUE (1987ï2023) (Figure 3-3, Table B3) Although the use 

of nominal CPUE is not ideal for stock assessment due to its potential biases, it was 

included for two main reasons: (i) to extend the temporal coverage of relative 

biomass estimates before 2007, when survey data were absent, and (ii) to 

complement the survey data after 2007, as CPUE and biomass indices show 

comparable trends.  
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Figure 3-3. Temporal trends in the input time series. All data sets have been scaled 

for ease of comparison. The orange line represents the historical catch time series, 

the blue line denotes the March Survey Index the green line indicates the October 

Survey Index and the black line represents the nominal CPUE. 

Notably, the nominal CPUE (biomass proxy) showed a strong correlation with catch 

levels. However, since 2003, the proportion between catch and nominal CPUE has 

shifted. The March Survey Index had fewer missing years compared to the October 

Survey Index. Both indices exhibited similar temporal patterns to the nominal CPUE 

series, except for a peak in the October index in 2021 (Figure 3-3). Based on these, 

the following assumptions were made for the SPiCT analysis:  

i. The nominal CPUE accurately represents the historical relative biomass 

scale. 

ii.  Survey indices from the beginning (October) and end (March) of the fishery 

season can collectively explain the fraction of biomass removed by 

the fishery.  

iii.  The nominal CPUE and the biomass indices from scientific demersal trawl 

surveys together provide reliable information about relative biomass, 

considering that survey data is limited compared to the catch time series. 
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iv. The highest estimate in the October biomass index in recent years is 

inconsistent with the rest of the dataset, therefore, additional variability 

should be incorporated for this year.  

v. Considering the discard rates (Mavruk et al., 2021), landings are assumed to 

be equivalent to the catch.  

In SPiCT, the default time-stepping for the Euler scheme is set at 1/16  year, allowing 

the resolution of sub-annual data collected quarterly. For this analysis, the time 

increment was set to ¼ to enhance the computational efficiency. Life history traits 

required for the model were retrieved from FishBase (Froese &Pauly, 2024) using 

the ñFishLifeò package (version 3.1.0) (Thorson, 2023). The stockôs exploitation 

level at the start of the time series was set at 35%, based on expert knowledge. As 

recommended by (Pedersen & Berg, 2017), vaguely informative priors were applied. 

The prior for the intrinsic growth rate (r) was set at 0.5407 with a CV of 0.484 

(Froese & Pauly, 2024). The shape parameter was fixed to the Schaefer model (n = 

2). Therefore, noise ratios (logalpha and logbeta) were deactivated. Process error 

(pe) was set at 0.10 (CV = 0.3), and catch error (ce) at 0.05 (CV = 0.3). To account 

for a striking peak in the October 2021 biomass index, additional variability 

((stdevfacI = 5) was incorporated. Observation error (oe) was set at 0.3 (CV = 0.5) 

for all biomass indices. We followed the guidelines of Mildenberger et al. (2020) to 

determine the acceptability of the assessment. A checklist of guidelines and further 

details on the model configuration, the stock assessment, and diagnostics are 

provided in the Appendix B (Figure B2-B8,  Table B4-B5). The SPiCT model was 

fitted using ñspictò package (version 1.3.8.1) (Pedersen & Berg, 2017).  

After fitting the model, the process residuals of biomass were extracted to eliminate 

the fishery's impact based on the assumption that these residuals reflect 

environmental variability. 
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3.2.5 Time Series Processing Using Wavelet Methods 

To investigate the dominant frequencies of the time series of process residuals 

extracted from SPiCT as well as the three climate indices (NAO, EA, and EA/WR), 

we performed a wavelet analysis. Wavelet analysis is commonly used method to 

analyze non-stationary processes such as climatic oscillations as it allows for the 

decomposition of time series variance across both frequency and time domains using 

wavelet function (Menard et al., 2007; Torrence & Compo, 1998) This approach 

enables the detection of both short- and long-term patterns, with lower scales 

capturing higher-frequency (short-term) variability and higher scales representing 

longer-term fluctuations. By adjusting the wavelet scale and translating it along the 

time axis, a timeïfrequency representation can be constructed to illustrate how the 

magnitude of features varies over time and across scales (Torrence & Compo, 1998). 

In this study, the Morlet wavelet was used due to its widespread application and its 

balance between time and frequency localization (Grinsted et al., 2004). Bias-

corrected wavelet analysis was used as the traditional approach for computing the 

power spectrum results in an artificial and systematic reduction in power at lower 

periods (Liu et al., 2007).  The frequency resolution parameter was set to dj = 0.2 

based on (Torrence &Compo, 1998) and the time step was set to dt = 1 to reflect the 

annual resolution of the data.  Ecosystem responses to environmental pressures can 

be transitory due to the non-stationary relationship between teleconnections and 

regional hydrography (Hsieh et al., 2009). Therefore, to examine the co-movement, 

coherence magnitude, interdependence, and dominance across time and frequency 

between the process residuals of M. barbatus biomass and large-scale climate 

indices, a wavelet coherence analysis was employed (WTC) (Grinsted et al.2004; 

Torrence & Webster, 1999). Wavelet coherence measures the correlation between 

two time series in the time-frequency domain (Grinsted et al., 2004; Torrence & 

Compo, 1998). It can be considered a localized correlation coefficient that reflects 

how the two signals co-vary across both time and scale (Grinsted et al., 2004). 
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Wavelet coherence exhibits statistical significance when the shared power between 

two time series at specific periods exceeds the expected variability under a red-noise 

background model (Grinsted et al., 2004; Gouhier et al., 2024). Values close to 1 

indicate strong coherence and values close to zero indicate a low coherence. The 

arrows show the phase relationship between the series. 

The Morlet wavelet was again chosen as the basis for as the basis for coherence 

estimation due to its fine localization in both time and frequency domains (Grinsted 

et al., 2004). The frequency resolution parameter was set to dj = 0.2 based on 

Torrence and Compo (1998), and the time step was set to dt = 1 to reflect the 

resolution of the annual data. Significance testing was performed with 5000 Monte 

Carlo randomizations to ensure high sensitivity (Gouhier et al., 2024). All other 

parameters for the wavelet and wavelet coherence analyses were left at their default 

settings as implemented in the ñbiwaveletò package (version 0.20.22; Gouhier et al., 

2024). In this package, arrows pointing to the right indicate that the two time series 

are in phase, while arrows pointing to the left indicate an anti-phase relationship. 

Arrows pointing downward indicate that the second time series (y) leads the first one 

(x) by ˊ/2, whereas arrows pointing upward indicate that x leads y by ˊ/2.  

3.3 Results 

3.3.1 Fishery Dynamic and Stock Assessment 

 

The results of the SPiCT model fitted are summarized in Figure 3-4. The model fit 

passed the elements concerning the SPiCT guidelines (Mildenberger et al., 2020) 

(See Figure B1-B8, Table B4-B5) for full model results, diagnostics and checklist 

for acceptance). Fishing mortality (F) and exploitable biomass (B) estimates are 

shown relative to maximum sustainable yield (MSY).  

Based on the upper left panel in the Figure 3-4, M. barbatus fishery expanded after 

1970, with catches increasing from 149 tonnes in 1970 to over 1000 tonnes in 1983. 
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This was followed by a sharp drop in 1985, when biomass also markedly declined. 

Catches recovered immediately, reaching 2970 tonnes in 1993, while the estimated 

biomass peaked in 1992. The biomass ratio remained predominantly above the 

reference point until 1995, the year when biomass substantially declined below the 

reference level. The biomass decline continued, albeit with a slower rate and reached 

to its the lowest point in 2003. During this period, fishing mortality oscillated around 

the reference point, particularly between 1990 and 2000. Biomass showed punctual 

recovery, approaching the reference point in 2012 and 2018, but remained below the 

reference point until the recent year. Since 2005, fishing mortality has been 

consistently high, while biomass levels have remained lower than those observed 

between 1988 and 1993.  

The SPiCT estimates showed greater uncertainty around the first 20 years of the time 

series (Figure 3-4). Overall, the stock was overexploited (B/BMSY<1) and subject to 

overfishing (F/FMSY >1).  

According to Figure 3-5, the obtained process residuals of biomass exhibited 

fluctuations throughout the study period. In general, a 3-year running mean revealed 

a recurring pattern followed by 5-7 years of positive values. Negative residuals were 

observed between 1975 and 1986, from 1993 to 2002, and throughout the last decade 

of the time series except for 2022. The process residuals were generally lower in the 

latter part of the time series, particularly after 2003. 
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Figure 3-4. Assessment summary of fitted SPiCT model. The upper panel displays 

the estimated biomass, estimated fishing mortality, and the catch while the lower 

panel shows the relative biomass, relative fishing mortality and Kobe plot. Dashed 

blue lines indicate 95% confidence intervals (CIs) for absolute quantities, whereas 

shaded blue regions represent 95% CIs for relative biomass and fishing mortality. 

Black lines denote BMSY, FMSY and MSY. The Kobe plot illustrates the development 

of biomass and fishing mortality across the study period. The yellow diamond 

represents the mean biomass over the long term if the current fishing pressure (2023) 

persists. The grey-shaded, banana-shaped area indicates a 95% confidence region of 

the BMSY and FMSY. 
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Figure 3-5. Process residuals of biomass extracted from the SPiCT model. The 

dashed red line indicates a 3-year running means. 

3.3.2 Time Series Analysis 

The wavelet power spectra of large-scale climate indices and biomass process 

residuals derived from SPiCT model covering the period 1968-2023 is shown in   

Figure 3-6. Wavelet analysis revealed distinct significant periodicities across all       

time-series. In general, intermittent regions of relatively high-power with periods 

ranging from ~2 to 8 years were observed through the study period. However, 

statistically significant regions were limited in number and duration, typically 

appearing at shorter time scales. 

For the EA/WR Index, exhibited three distinct significant signals. A high-frequency, 

high-power signal was detected between 2017 and 2019, with a periodicity of 

approximately 2.5-3 years. Furthermore lower-power significant cycles were 

identified in the 2.8-4 year band during 1976-1978 and 5.6 year band from 1991 to 

1999 (Figure 3-6b) 

In the NAO Index the most persistent significant signal was found in the 8-11.3-year 

band between 1970 and 1990, although the earlier portion of this signal falls within 

the cone influence (COI). A second, significant signal with strong power in the 2.8- 

4-year band was detected between 2008 and 2013 (Figure 3-6c) The biomass process 

residuals revealed a single long-term significant cycle of approximately 16 years, 
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observed between 1974 and 2012. While this region lies largely within the COI, it 

may suggest the presence of long-term cyclic variability (Figure 3-6d).  

 

 

Figure 3-6. The wavelet power spectrums of large-scale indices (a, b, c) and process 

residuals of biomass (d). Power values range from red (high) to blue (low). The 

shaded cone-shaped region indicates the area affected by the edge effects (COI). 

Black contours indicate the regions where the signal is statistically significant based 

on Monte Carlo simulations. 
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Wavelet coherence results revealed a strong, significant relationship between all 

three climate indices and the biomass process residuals (Figure 3-7). Coherence 

between EA DJF Index and process residuals were observed at lower frequencies 

with periodicities longer than a decade (approximately 17ï28 years) after 1985. In 

contrast, coherence with EA/WR and NAO Indices appeared at higher frequencies 

for shorter duration before 2000s. The EA Index and process residuals exhibited 

significant anti-phase covariation within of 5.6 ï 8 year band between 1995 to 2023. 

However, the latter portion of this coherence (after 2014) falls within the cone of 

influence (COI). Additionally, a high wavelet coherence (exceeding 0.8) was 

detected around the 11.3 year band from 1984 to 2001, with EA Index leading 

process residuals (Figure 3-7a). 

In Figure 3-7b significant coherence between EA/WR Index and the process 

residuals is observed at ~2.5ï3-year periodicity during two distinct intervals: 1978 - 

1982 and 1987-1997. The first coherence event showed an anti-phase relationship, 

with process residuals slightly leading. On the contrary, the downward pointing 

arrows in the second coherence region, where coherence strength is higher, suggests 

a lagged relationship, with the process residuals leading the EA/WR Index.  

Similar to coherence observed with EA/WR index, a significant relationship between 

the NAO Index and process residuals was identified at ~2-3 year periodicity between 

early 1990s to 1997, with the process residuals leading the index. Moreover, a 

significant inverse relationship was detected within the 4 - 5.6 year band with NAO 

Index leading. within the 4 to 5.6 bands from 1968 to 1980. However, the portion of 

this coherence prior to 1976 lies within the cone of influence (COI), and should 

therefore be interpreted with caution (Figure 3-7c). 
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Figure 3-7. Wavelet coherence between large-scale indices and process residuals of 

biomass. (a) Wavelet coherence between the EA Index and process residuals of 

biomass; (b) coherence between the EA/WR Index and process residuals of biomass; 

and (c) coherence between the NAO Index and process residuals of biomass. Black 

arrows on the plots indicate the phase relationship between the two time series. The 

shaded cone-shaped region indicates the area influenced by the edge effects (COI). 

Black contours outline regions where the signal is statistically significant based on 

Monte Carlo simulations. 
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3.1 Discussion 

In this study, process residuals from a stock assessment model have been utilized to 

isolate the portion of biomass variability not explained by fishing. This unexplained 

variability was then explored in relation to large-scale climate patterns. This 

approach offers a novel perspective on climate-fish interactions that is applicable to 

other marine regions. Our results revealed that interannual fluctuations in the 

biomass of this overexploited demersal species are significantly co-varied with the 

key climate indices (NAO, EA, and EA/WR). All three climate indices demonstrated 

significant coherence with the biomass process residuals, indicating a potential 

influence of large-scale climatic variability on the M. barbatus dynamics. Among 

the indices tested, the EA index exhibited the most persistent and strongest 

coherence, with significant signals at both long-term (~11.3 years) and intermediate-

term (~5.6ï8 years) periodicities since the late 1980s. In contrast, the NAO and 

EA/WR indices showed more intermittent and short-term coherence, particularly at 

lower (~2.8ï5.6 years) periodicities during the earlier decades of the time series. 

Given that the residuals of the SPiCT model are interpreted as proxies for the 

ecological responses of M. barbatus population, these distinct coherence patterns 

suggest that different climate oscillations have influenced the M. barbatus 

population at different frequencies and during different years throughout the study 

period, demonstrating the complexity of climateïfish interactions in the 

Northeastern Mediterranean. 

Our results indicate that the earlier NAO and EA/WR -driven dynamics might reflect 

faster ecological changes such as variability in primary production and its effects on 

recruitment. In contrast, the more recent EA-driven variability appears to be 

associated with slower, decadal-scale processes, such as long-term increases in sea 

surface temperatures, which could influence M. barbatus populations through 

prolonged physiological or distributional responses. Such a temporal contrast is also 

reflected in stock biomass. While pronounced biomass fluctuations marked the 

earlier decades despite gradually increasing fishing pressure, in the post-2000 period, 
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less pronounced biomass patterns were observed under continued high fishing 

mortality. 

Of the indices examined, the NAO is the most extensively studied in relation to fish 

populations (see Báez et al., 2021, for a review). Although the mechanisms are not 

always fully understood, NAO-driven alterations in sea surface temperature (SST), 

wind patterns, advection, and food availability have been linked to changes in 

recruitment, fitness, and migration in both the North Atlantic and Mediterranean 

(Báez et al., 2019; Brander & Mohn, 2011; Ottersen et al., 2001). For relatively short-

lived species such as M. barbatus, these environmental fluctuations can rapidly 

affect the stock biomass (Báez et al., 2021, 2022).  In the Northeastern 

Mediterranean, the NAO primarily affects precipitation and streamflow rather than 

temperature (Kahya, 2011) and has been associated with drought and flood events in 

nearby rivers (Cullen et al., 2002; Kahya, 2011; ķarlak et al., 2009). This is 

particularly relevant for Ķskenderun and Mersin Bays, key regions for M. barbatus 

fisheries, where high nutrient loads from rivers and wastewater make coastal waters 

highly eutrophic (Tuĵrul et al., 2011). As a result, changes in streamflow patterns 

can alter primary and secondary production, potentially leading to rapid fluctuations 

in M. barbatus biomass. For the EA/WR pattern, there is a lack of published research 

directly examining its influence on fish populations. However, as a modulator of dry-

warm and cold-wet conditions (Lemus-Canovas, 2022) and its association with the 

extreme precipitation frequencies in the Eastern Mediterranean (Krichak et al. 

(2014), EA/WR may have affected the M. barbatus stock through changes in 

precipitation, freshwater input, and nutrient dynamics similar to the NAO. The EA 

pattern strongly influences dry-warm and wet-cold extremes (Lemus-Canovas, 

2019) and is associated with long-term surface water warming in the Mediterranean 

Sea (Skliris et al., 2012). Although the direct ecological effects of the EA pattern on 

fish populations have rarely been studied, some mechanisms have been reported, 

including changes in water column stratification, thermal conditions and altered 

productivity, which can subsequently lead to shifts in spawning timing and fish 
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habitat use (Castro-Gutierrez et al., 2022; Tanner et al., 2020; Valencia et al., 2009; 

Borja et al., 2008). Given the ongoing warming trend in the Mediterranean and the 

EA's documented association with warm and cold days in the study area (Baltacē et 

al., 2018), the observed long-term coherence between the EA index and M. barbatus 

biomass residuals may be attributable to SST-mediated ecological processes. This 

interpretation is supported by evidence of an environmental regime shift in the 

nearby Aegean Sea, characterized by increased temperature and salinity since the 

early 2000s (Damalas et al., 2021). Notably, this period coincides with the strong 

EAïbiomass residual coherence years observed in our results. Additionally, warmer 

conditions associated with the EA may favour the spread of non-indigenous species, 

which could potentially compete with native M. barbatus. The combined effect of 

these factors is likely reflected in the variability captured by the process residuals. 

Moreover, as exploited populations are more vulnerable to environmental variability 

(Báez et al., 2021; Hidalgo et al., 2011; Quetglas et al., 2013), consistently high 

fishing mortality (above the reference level) from the mid-point to the end of the 

time series may have increased the sensitivity of M. barbatus to environmental 

forcing and contributed to the persistent EAïbiomass residual coherence. Consistent 

with the non-stationary nature of large-scale climate indices (Quetglas et al., 2013), 

the observed relationships between temporal trends in fish biomass and climate were 

transitory. In the Northeastern Mediterranean, M. barbatus biomass exhibited 

pronounced fluctuations between the late 1980s and early 2000s, with periods of 

sharp increase followed by steep decline. A similar though slightly shifted pattern 

was observed in the landings of other key demersal species, such as European hake 

and non-indigenous lizardfish (Gücü & Bingel, 2011) in the same area. According 

to Gücü and Bingel (2011), these fluctuations in the landings could be influenced by 

variations in circulation, particularly the occasional incursion of Modified Atlantic 

Waters (MAW) into the Northeastern Mediterranean. This timeframe coincided with 

broader environmental and ecological changes across the Eastern Mediterranean. For 

example, in the Aegean Sea, the demersal community experienced a regime shift, 

reflecting a regional ecosystem reorganization (Damalas et al., 2021). Around the 
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same period, the Eastern Mediterranean Transient (EMT), a major oceanographic 

event, reshaped deep-water formation and circulation across the Mediterranean Sea 

(Roether et al., 2014). Simultaneously, other marine ecosystems, such as the 

Northern Pacific, Baltic, and North Sea, underwent regime shifts (Fortibuoni et al., 

2017; Möllmann & Diekmann, 2012). Several studies have linked these changes to 

NAO phase transitions to variations in the EA/WR pattern and EA-related 

climatological changes (Alheit & Bakun, 2010; Incarbona et al., 2016; Jacobeit & 

Dünkeloh, 2005; Josey, 2003). During the sustained period of the Eastern 

Mediterranean Transient (EMT) in the early 1990s, severe winter conditions 

triggered unusual deep convective mixing, elevating nutrient levels in the 

Northeastern Mediterranean (Yēlmaz & Tuĵrul, 1999). This likely enhanced primary 

production, supported higher recruitment, and contributed to the high M. barbatus 

biomass observed during this period. Considering the coherence observed during this 

period between biomass process residuals and climate indices, these findings further 

highlight the broader influence of climatic drivers on regional ecosystem dynamics. 

The effect of climate indices on the same species can vary across regions (Baez et 

al., 2021). For instance, DôOnghia et al. (2012) reported a weak or insignificant 

relationship between the NAO index and M. barbatus abundance in the Ionian Sea. 

While the influence of the NAO index is generally thought to diminish toward the 

Eastern Mediterranean (de Vries et al., 2013), we identified a significant effect of the 

NAO on M. barbatus in the Northeastern Mediterranean along with the influence 

from two less well-known teleconnection patterns. To our knowledge, this study is 

the first to demonstrate a link between EA and EA/WR indices and an over-exploited 

fish population.  

Although overall patterns were clear, some unexpected phase relationships between 

climate indices and process residuals emerged during the 1990s. Large-scale climatic 

oscillations reflect different manifestations of the same atmospheric system and can 

influence vast regions simultaneously (Báez et al., 2022). Each index captures 

distinct, sometimes overlapping, atmospheric patterns that may interact in complex 
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ways (Báez et al., 2022). For instance, the EA pattern can interfere with the NAO 

signal during certain phases, dampening or even reversing NAO-related precipitation 

patterns (Mellado-Cano et al., 2019). Unique atmospheric conditions during the 

Northern Hemisphere climate shift in the 1990s (Conversi et al., 2010) may have 

triggered mixed ecological responses, complicating the interpretation of phase 

relationships.  

Nevertheless, coherence results remain statistically robust. Rigorous significance 

testing with 5,000 randomizations confirmed that the observed coherence is unlikely 

to have occurred by chance. While large-scale climate indices showed strong 

coherence with process residuals during specific periods and periodicities, the 

remaining variability may reflect the influence of regional and local factors.  As 

climate change is expected to affect both the frequency and intensity of major climate 

indices such as the NAO (Hoerling et al., 2001; Vicente-Serrano et al., 2011), and 

the Eastern Mediterranean continues to warm at a rate above the global average 

(MedECC, 2020), future research must explore how large-scale climatic changes 

interact with regional processes and jointly shape fish population dynamics to ensure 

the sustainability of demersal fish stocks. 

3.1 Conclusion 

The M. barbatus stock in the Northeastern Mediterranean have exhibited notable 

fluctuations over decades. As these fluctuations could not be explained by a single 

driver, attention was directed toward the potential influence of fishing pressure and 

large-scale climate variability on this exploited species. By disentangling the 

environmental influences from fishing impacts through process residuals of the 

fishery model, significant coherence was identified between M. barbatus biomass 

variability and three major climate indices: NAO, EA, and EA/WR. The findings 

revealed temporally distinct influences of these indices. Coherence with the NAO 

and EA/WR was mostly observed during the earlier decades, while coherence with 

the EA index appeared more consistent in the 2000s, possibly reflecting changes in 
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hydrography and environmental variability. Importantly, all three indices were 

significantly coherent with M. barbatus biomass in the early 1990s, a period marked 

by a notable increase in biomass. This pattern suggests that, during this decade, these 

climate indices may have collectively influenced circulation patterns in the region, 

enhancing recruitment success through increased primary production. Beyond the 

1990s, the EA index appeared to exert a more sustained influence, potentially driving 

long-term environmental changes such as altered and rising sea surface temperatures. 

These transient relationships, coinciding with phase shifts of the indices, highlight 

the complex interplay between large-scale climatic oscillations and the biomass of 

overexploited species. This study is the first to link large-scale climatic oscillations 

to temporal trends in M. barbatus stock in this region. Moreover, the findings 

highlight the previously underexplored yet significant influence of EA and EA/WR, 

underlining their potential role in shaping regional fish populations and ecosystem 

dynamics. The results of this study provide a new perspective and baseline for future 

studies to integrate large-scale atmospheric influences and fishery into consideration 

to ensure the sustainability of exploited stocks. 
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Abstract 

This study investigated the seasonal and interannual variation of the depth of 

maximum Mullus barbatus biomass in the Northeastern Mediterranean Sea between 

2010 and 2023. We analyzed monthly trawl survey data using generalized additive 

models (GAMs) to estimate biomass changes throughout the water column. In 

parallel, a second GAM was fitted to high-resolution CTD temperature profiles 

collected from the region to model thermal structure. The fitted GAM of the biomass 

data explained 54.7% (R² = 0.45) of the deviance, while the temperature model 

explained 94.3% (R² = 0.94) of the deviance. Our results showed that the depth of 

maximum biomass followed a clear seasonal cycle in this region. In addition to its 

seasonal cycle, our analysis revealed a gradual long-term deepening trend in the 

depth of maximum M. barbatus biomass from approximately 48 meters to over 53 

meters during the study period. Concurrently, the regional water column displayed 

significant thermal changes. The temperature model indicated a non-linear warming 

trend, particularly after 2016. To explore the potential influence of thermal 

stratification, we used the 24°C isotherm as a proxy for thermocline depth. Our 

results showed that the thermocline (24°C isotherm) exhibited a gradual deepening 

and prolonged persistence between 2010 and 2023. Specifically, in September, the 

thermocline deepened from approximately 54 meters before 2016 to around 57 
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meters in recent years. While interannual variability was present, this deepening of 

the thermocline showed a temporal correspondence with the observed deepening of 

the maximum M. barbatus biomass depth. Our study highlights that the vertical 

distribution of demersal species is intricately linked to the overall structure and 

variability of thermal stratification.  

Key words: Bathymetric range, Climate Change, Demersal, Red mullet, Thermal 

stratification 

4.1 Introduction  

The Mediterranean Sea, home to over 17,000 recorded marine species, harbours 7% 

of the worldôs marine biodiversity (Coll et al., 2010). The regionôs fauna has been 

shaped by historical events, including the isolation from the Atlantic Ocean around 

six million years ago and the subsequent 'Messinian salinity crisis,' during which 

extensive desiccation occurred, evaporitic basins formed, and significant 

biodiversity loss took place (Hsü et al., 1973). Approximately five million years ago, 

the re-opening of the strait allowed recolonization of the Mediterranean by Atlantic 

species (Tortonese, 1964). However, strong east-west gradients in hydrology, 

bathymetry, climate, and primary productivity have limited the successful adaptation 

of many Atlantic-origin species in the eastern Mediterranean compared to the 

western basin (Ben-Tuvia, 1985). As a result, the eastern Mediterranean represents 

the trailing edge of the distribution range for numerous Mediterranean and Atlanto-

Mediterranean species (Rilov, 2016).  

On the other hand, the Eastern Mediterranean is experiencing accelerated warming 

due to climate change (MedECC, 2020; Ozer et al., 2017). Projected temperature 

increases (MedECC, 2020) raise critical concerns for native species already living at 

the warm edge of their thermal tolerance limits. One of the most prominent biological 

responses to climate change is the shifts in species distributions (Perry et al., 2005, 

Dulvy et al 2008), typically in the form of poleward migrations as organisms attempt 
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to escape rising temperatures (Parmesan et al., 1999). In the Mediterranean Sea, 

warming has already triggered such changes, with many species expanding 

northward in a process termed "tropicalization" (Bianchi & Morri, 2003) and 

ñmeridionalizationò (Azzurro, 2008; Bianchi et al., 2018). However, these 

distributional shifts are constrained by the Mediterranean's semi-enclosed 

geography. As species reach the northernmost parts of different sub-basins, further 

poleward migration becomes physically impossible. In the Northeastern 

Mediterranean, for instance, land barriers limit latitudinal movement, underlining a 

key geographical constraint. In such cases, when northward expansion is blocked, 

species may respond by shifting vertically migrating into deeper, cooler waters as an 

alternative (Poloczanska et al., 2016). Direct evidence linking climate-driven 

distribution shifts and declines in local population abundance has already been 

documented (Chaikin & Belmaker, 2023; Givan et al., 2018), emphasizing the 

urgency of understanding how species respond to the compounded effects of 

warming and spatial constraints. 

Native fish populations in the Northeastern Mediterranean are further strained by the 

influx of tropical non-indigenous species (NIS), which are suggested to have a 

greater capacity to adapt to rising temperatures (Chaikin & Belmaker, 2023; Galil, 

2023). In the Mediterranean Sea, the effects of temperature changes on the spatial 

distribution of both native and non-indigenous fauna have been extensively studied 

(Lasram et al., 2010; Bianchi, 2007; DôAmen et al., 2022). However, changes in 

depth distribution remain comparatively understudied (Chaikin et al., 2022; Chaikin 

& Belmaker, 2023). Although warming has clearly influenced species, the 

relationship between temperature rises and the dynamics of fish populations remains 

complex. For instance, Mavruk et al. (2017) found no significant correlation between 

annual maximum sea surface temperatures and the abundance of NIS fish 

assemblages. Instead, these assemblages were more strongly associated with 

increases in annual minimum and mean temperatures. This challenges the common 

emphasis on maximum temperatures, and suggests that broader, more persistent 



 

 

112 

changes in the water column may have a stronger effect on species dynamics. 

Supporting this view, Chaikin et al. (2022) suggest that the response of demersal fish 

fauna to SST change is variable, and emphasize that the idea of species simply 

tracking climate change by shifting to deeper waters may be too simplistic to fully 

explain observed patterns. Adding to this perspective, a study conducted in the 

Northeastern Mediterranean showed that the deepening of the thermocline layer in 

late May creates an ecological window between the warm surface and the 

thermocline, providing favorable conditions for tropical NIS (Ok, 2012). Notably, 

species such as Lagocephalus suezensis were abundant in this thermal window (Ok, 

2012), whereas native species tend to migrate to deeper waters during this period. 

However, the depth and duration of this thermal window vary between years and are 

not consistently linked to increases in annual average temperatures. Therefore, the 

effects of these dynamics on the bathymetric distribution of native fish cannot be 

fully understood by focusing on temperature values alone (Gücü, 2021).  

Among the Atlanto-Mediterranean species in the Mediterranean Sea, M. barbatus 

appears well-adapted to eastern conditions, particularly in the Northeastern 

Mediterranean shelf-waters, where it seemingly benefit from locally elevated 

organic loads, such as near urbanized coasts and river outflows, that enhance benthic 

prey (Tüzün and Gücü, 2024). Therefore, investigating how this species responds to 

ongoing ecological changes in a rapidly warming and structurally shifting area 

Northeastern Mediterranean, is of particular importance. Such responses may 

provide key insights into the future impacts of climate variability on native coastal 

communities. 

In the northeastern corner of the Mediterranean, M. barbatus occupies a broad depth 

range, down to 220 meters and exhibits pronounced seasonal vertical movements 

(Ok, 2012). Spawning typically occurs between April and early June, with a peak in 

May, at depths of 40ï60 meters (Bingel, 1981), while juveniles occupy shallower 

coastal zones in late summer, early autumn. As individuals grow, they gradually 
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migrate to deeper habitats, thereby recruiting to the adult stock. By late autumn, all 

cohorts return to shallower depths. During winter, all age groups become more 

evenly distributed across the water column (Ok, 2012). Recruitment typically occurs 

in late summer to early autumn. Consistent with these observations, several studies 

from elsewhere in the Mediterranean and the Black Sea (Onay et al., 2023; Tserpes 

et al., 2019) have documented pronounced similar seasonal shifts in the bathymetric 

distribution of red mullet, often interpreted as responses to temperature-driven 

changes in the water column (Maravelias et al, 2007). These findings, when 

considered alongside the speciesô biology and the hydrographic characteristics of the 

region, particularly the annual formation and erosion of the seasonal thermocline, 

point to thermocline depth as a potentially critical factor influencing habitat 

selection. In this study, we investigate long-term changes in the depth at which 

maximum biomass of M. barbatus occurs, and examined whether these changes can 

be explained by seasonal or interannual variation in hydrographic water column 

structure, with a particular focus on the dynamics of the seasonal thermocline, a 

hydrographic feature known to be highly sensitive to climate-driven warming. 

4.2 Material and Methods 

4.2.1 Trawl Surveys 

To assess changes in the bathymetric distribution of M. barbatus biomass, we 

analyzed trawl survey data collected monthly from May 2010 to October 2023. The 

data were part of research initiatives conducted by the Middle East Technical 

University Institute of Marine Sciences (METU-IMS). The study area is located in 

the northeastern Mediterranean, off the Turkish coast, west of Mersin Bay (see 

Figure 4-1). Bottom trawl surveys were performed using the RV/LAMAS-1 of the 

institute, following the standardized methodology outlined by Gücü and Bingel 

(1994). Sampling was conducted across five depth ranges: 0ï25, 25ï50, 50ï100, 

100ï150 and 150-230 meters. The trawlable biomass of M. barbatus was estimated 

using the catch per unit area (CPUA) method, the approach described by Sparre and 
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Venema (1998). For each haul, CPUA was calculated by dividing the catch weight 

by the swept area.  The swept area (A) was determined using the formula: 

A= DẗhrẗX2                                                                                                                                   (1) 

where "D" represents the distance covered during the trawl, "hr" is the head rope 

length, and "X2" is a fraction of the head rope length. In this study, a fraction value 

of 0.5 for X2 was applied, following Pauly (1980). The trawl net's catchability 

coefficient was assumed to be q=1, and the length of the head rope used was 23.7 

meters. The distance covered during each haul was computed using the ñdistanceò 

function from the ñargosfilterò package (version 0.7) (Freitas, 2022).in R (R Core 

Team, 2024), executed within the RStudio environment (Posit Team, 2024). This 

function computes the great-circle distance between two geographic points based on 

their latitude and longitude. In this study, these two points correspond to (1) the 

location where net deployment was completed, defined as the moment when the 

winch brakes were engaged after the trawl warps were fully paid out, and (2) the 

location where the haul ended, when towing stopped and the winch was engaged to 

retrieve the gear. 
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Figure 4-1. The map of sampling stations in the northeastern Mediterranean, off the 

Turkish coast, west of Mersin Bay. 

4.2.2 CTD Data 

CTD measurements were carried out in parallel with trawl surveys in Mersin Bay. 

However, due to technical (e.g., instrument malfunction) and operational (e.g., 

adverse weather, security concerns) limitations, CTD data could not be collected at 

every trawl station. In such cases, archived CTD profiles from METU-IMSôs 

oceanographic database were used as substitutes. These profiles were selected based 

on spatial proximity and depth similarity, and temporal relevance, specifically, only 

profiles collected within the same month as the corresponding trawl operation were 

considered. Priority was given to those closest in location and most consistent with 

planned sampling depth. The final data set included 5,544 casts and 367,790 data 

points.   
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4.2.3 Statistical Analysis 

To quantify the temporal and seasonal dynamics in the bathymetric distribution of 

M. barbatus biomass, we developed a Generalized Additive Model (GAM) 

framework (Wood, 2017). Specifically, the ñgam()ò function from the ñmgcvò  

package  (version 1.9.1) (Wood, 2017) was used to model how biomass varies as a 

function of time (year and day of year), depth, and their interactions, in order to 

detect long-term trends in the depth at which maximum biomass occurs. Prior to 

modeling, data exploration was conducted following the protocol outlined by Zuur 

et al. (2010). Due to the presence of both zeros and right-skewed continuous positive 

biomass values, we selected the Tweedie distribution with a log link function, as it 

is well suited for modeling continuous data with a discrete mass at zero (Wood, 

2017). To reduce the risk of overfitting, smoothing parameters were estimated using 

Restricted Maximum Likelihood (REML), which provides more stable and unbiased 

estimates compared to ordinary maximum likelihood (Wood, 2017; Zuur et al., 

2010). We applied forward model selection, beginning with a simple model 

including year, day of the year, and depth as covariates. Interaction terms were then 

sequentially added: first between year and day of the year, and subsequently between 

depth and both year and day of the year (see Appendix C, Tables C1-C2). To ensure 

continuity between the first and last values during the leap years, the cyclic splines 

were constrained between 0.5 and 366.5. Model selection was based on multiple 

criteria: adjusted R², deviance explained, REML score, Akaike Information Criterion 

(AIC; Akaike, 1974), and Root Mean Square Error (RMSE; Hyndman and Koehler, 

2006), the latter computed via 10-fold cross-validation (Refaeilzadeh et al., 2009). 

While AIC evaluated the trade-off between model fit and complexity (Myung, 2000), 

RMSE provided a measure of predictive performance (Hyndman and Koehler, 

2006). Residual diagnostics and model summary plots were also examined to assess 

model adequacy. Further details of the model selection process are provided in see 

Appendix C,  Table C1. The selected model was further validated by checking for 

potential violations of assumptions such as residual independence, distributional 

adequacy, and smoothness sufficiency, following the diagnostic procedures 
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recommended by Wood (2017) for generalized additive models (Figure C2). The 

general form of the final model was as follow: 

Biomass =  s1(Year) + s2(Day of the Year, cc) + s3(Depth, tp )+ ti1(Depth, Day of the 

Year, tp, cc) + ti2(Depth, Year, tp, cr)  + ti3(Year, Day of the Year, cr, cc)            (1) 

In this formulation, s() represents univariate smooth functions and ti() denotes tensor 

product smooth interactions (Wood, 2017).  

In the selected model: 

¶ s (Day of the Year, bs = "cc") modeled intra-annual (seasonal) variation with 

a cyclic cubic spline. 

¶ s (Depth, bs = "tp") represented vertical distribution patterns, using thin plate 

splines to model biomass across depth. 

¶ ti (Depth, Day of the Year, bs = c("tp", "cc")) captured seasonal variation in 

vertical biomass structure, modeling how depth preferences varied 

throughout the year. 

¶ ti (Depth, Year, bs = c("tp", "cr")) modeled changes in vertical biomass 

distribution over the long term. 

¶ ti (Year, Day of the Year, bs = c("cr", "cc")) represented how the seasonal 

cycle of biomass changed across the years.  

Following model fitting, M. barbatus biomass was predicted for each day and for 

every one-meter depth increment. Predictions were focused on the upper 150 meters 

of the water column, where biomass was consistently concentrated based on the 

observed data. Because the original sampling dates varied within each month, 

biomass was first predicted at daily resolution to account for within-month 

variability. For each day, the depth corresponding to the maximum biomass was 

extracted, producing a time series of daily biomass peak depths. Then, for each 

month, the day with the highest biomass was identified, and the corresponding peak 

depth was used to represent that month. This approach allowed us to characterize 
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seasonal shifts in the depth of maximum biomass, while accounting for variations in 

sampling dates across months. Moreover, given that the recruitment of M. barbatus 

takes place during the thermally stratified season (Bingel, 1981), we investigated 

whether timing of the thermocline onset is associated with the recruitment period of 

M. barbatus. To identify the timing and depth associated with M. barbatus 

recruitment, we determined the day on which biomass reached its annual maximum 

based on the modeled predictions. This recruitment metric, along with the monthly 

maximum depth estimates, was subsequently compared with thermocline dynamics 

to explore the potential influence of thermocline depth on the bathymetric 

distribution and recruitment timing of M. barbatus.  

To assess whether temporal changes in temperature structure could explain the 

observed biomass distribution patterns, we again employed a GAM. Before 

constructing the model, we investigated whether temperature differed at the same 

sampling depth across varying bottom depths. For that, the available data were 

grouped along two dimensions: (1) fixed sampling depth bins (25 bins at 10- meter 

intervals) and (2) bottom depth strata (0ï25 m, 25ï55 m, 55ï75 m, 75ï100 m, 100ï

150 m, 150ï200 m, and 200-250 m), defined to reflect the vertical thermal structure 

of the water column. To assess whether temperature differences across bottom depth 

categories within each sampling depth bin were significant, we applied the non-

parametric KruskalïWallis test (Kruskal & Wallis, 1952). The practical importance 

of these differences was evaluated by the effect size using epsilon squared (ŮĮ) 

(Kelley, 1935), which provides a robust interpretation in the context of large datasets 

where statistical significance may be inflated. In addition to the full dataset analysis, 

we repeated the procedure on a monthly basis to assess seasonal variability in the 

strength and significance of these temperature differences. As the monthly Kruskalï

Wallis tests yielded statistically significant results and relatively large epsilon 

squared (ŮĮ) values (summarized in Figure C1) bottom depth stratum was included 

as a factor of depth in the GAM formulation. 

We aimed to model temperature as a function of time (year and day of year), depth, 

and their interactions, in order to identify long-term trends in the vertical thermal 
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structure that may influence the depth at which maximum biomass occurs. In the 

context of GAM modeling, we initially constructed a basic model incorporating year, 

day of the year and exact sampling depths as smooth predictors. Given the large size 

of the temperature dataset, the ñbam()ò function from the the ñmgcvò package 

(version 1.9.1) (Wood, 2017), which is optimized for fitting GAMs to large datasets, 

was specifically employed for this model.  Bottom depth bins were included as a 

factor in the models to account for differences across depth strata. This classification 

allowed us to control for vertical position within the water column relative to the 

bottom and improve model consistency across heterogeneous sampling locations. 

Subsequently, interaction terms were added to capture dynamic nature of the water 

column. All available data from 1998 to 2023 (Table C3) was used for model fitting 

to improve model training and smoothing parameter estimation. However, 

predictions were limited to the years 2010ï2023 to match the temporal coverage of 

the biomass data. Model smoothness selection was performed using fast Restricted 

Maximum Likelihood (fREML) for computational efficiency and stable smoothing 

parameter estimation for large datasets (Wood 2011; Wood et al., 2015). To improve 

computational efficiency, the model was fitted using a discrete approximation to the 

smoothing basis that is suitable for large datasets (Wood et al., 2017). Model fitting 

was parallelized using four computational threads to reduce processing time (scale). 

The comparison of the top six models is presented in Table C4. Note that RMSE was 

not used for model selection in the second model due to the large dataset size and 

associated computational cost. The selected model (model_7) was further validated 

by checking for violations of model assumptions such as homogeneity and residual 

distribution, following the guidelines of Zuur et al. (2010) (Figure C3). The general 

form of the final model was as follow: 

Temperature = s1(Year, bs=cs) + s2(Day of the Year, cc, by = 

factor(BottomDepthStrata)) + s3(Depth, ts, by = factor(BottomDepthStrata) )+ 

ti1(Depth, Day of the Year, ts, cc) + ti2(Year, Day of the Year, cs, cc) +  

factor(BottomDepthStrata)                                                                                      (2)  
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The final model included both stratified and unstratified smooth terms to capture 

temporal, seasonal, and vertical variation in temperature across depth zones 

(Equation 2). Stratification by BottomDepthStrata enabled depth-specific smoothing 

where necessary, while other smooths were kept unstratified to avoid overfitting and 

excessive complexity. The model used the Gaussian family with an identity link, and 

basis dimensions were selected based on diagnostic plots and performance 

evaluation (Zuur et al., 2009; Wood, 2017). 

In the selected model: 

¶ s (Year, bs = "cs") was included to capture long-term temporal trends using 

cubic splines with shrinkage to avoid overfitting. 

¶ s (yday, bs = "cc", by = BottomDepthStrata) modeled intra-annual (seasonal) 

variability, with a cyclic cubic spline smoother applied separately for each 

bottom depth stratum to reflect differing seasonal dynamics by depth context. 

¶ s (Depth, bs = "ts", by = BottomDepthStrata) captured vertical thermal 

gradients, allowing for depth-specific smooths within each bottom depth 

category using penalized thin plate regression splines. 

¶ ti (Depth, yday, bs = c("ts", "cc")) represented the interaction between depth 

and day-of-year to characterize seasonally varying vertical temperature 

profiles. 

¶ ti (Year, yday, bs = c("cs", "cc")) modeled the interaction between long-term 

trends and seasonal patterns, capturing how the seasonal temperature cycle 

evolved over time. 

¶ BottomDepthStrata was included as a parametric factor to allow baseline 

temperature levels to vary across bottom depth categories 

To enable comparison with the depth distribution of M. barbatus, daily temperature 

profiles were predicted at 1-meter intervals throughout the water column, focusing 

specifically on stations within the BottomStrata3 category (bottom depth between 
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50ï75 m), as this depth range corresponded to the speciesô peak biomass distribution 

during the biomass sampling period. Because sampling within each month occurred 

on different days, temperature was predicted at daily resolution to match the 

temporal resolution of the biomass modeling. Following visual inspection of the 

temperature profiles, 24 ÁC was empirically selected as a proxy for the thermocline 

layer. For each day, the deepest depth at which 24 ÁC was observed was extracted, 

producing a time series of daily thermocline depths. This ensured temporal 

consistency and allowed for meaningful seasonal comparisons between thermocline 

dynamics and vertical biomass distribution. Based on these daily calculations, we 

generated a summary dataset that included: (i) the maximum thermocline depth 

observed each month, (i) the deepest thermocline depth observed per year, and (iii) 

the onset and end day-of-year of thermocline formation for each year, defined as the 

first and last dates on which a valid thermocline depth was detected. 

To assess the relationship between maximum biomass depth and thermocline depth, 

formal statistical testing was not feasible due to limited interannual variation and a 

high number of tied values in thermocline depth estimates. Therefore, we relied on 

visual comparisons to identify potential trends. To approximate the timing of 

recruitment, we used the day of year corresponding to the annual maximum in 

modeled biomass as a proxy. To evaluate whether thermocline persistence 

influenced the vertical distribution of M. barbatus, we calculated the average depth 

of maximum biomass for each year based on data from July to September. This 

period was selected due to following reasons. Although stratification typically 

extends into October, this month was excluded to avoid potential confounding effects 

from increased fishing activity following the seasonal closure. Furthermore, May 

and June were not included in this calculation due to the distinct vertical movements 

of smaller individuals and adult M. barbatus observed during these periods, which 

could confound the overall depth trend for the species. Thermocline duration was 

defined as the number of days between the onset and breakdown of the thermocline 

layer. We tested for a relationship between average depth of max- biomass and 

thermocline duration using Kendallôs tau rank correlation coefficient, which is 
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appropriate for small sample sizes and non-parametric data with tied ranks (Kendall, 

1938). 

Analyses involved the use of the ñstatsò package for linear modelling (R Core Team, 

2024), ñggplot2ò (v3.5.1) for data visualization (Wickham, 2016), and ñlubridateò 

(v1.9.3) for working with date-time data (Grolemund & Wickham, 2011). 

4.3 Results 

To investigate spatiotemporal patterns in M. barbatus biomass, we structured our 

analysis into three complementary components: (i) depth-related variation in 

biomass across years and months, (ii) vertical and seasonal dynamics of temperature 

in the water column, and (iii) the comparison of biomass distribution with thermal 

structure.  

4.3.1 Temporal and Depth-Related Variation in Biomass 

Concerning the first task, the best fitting GAM model for M. barbatus explained 

54.7% of the deviance with an adjusted R² of 0.45) (Table C2). The model revealed 

a non-linear interannual pattern in M. barbatus biomass with depth, year, and day-

of-year each exerting significant effects. Moreover, the significant interaction terms 

indicate that these effects are not independent but vary in combination, reflecting 

dynamic seasonal and vertical shifts over time.  

From 2010 to 2013, the effect gradually increased from negative to positive values, 

suggesting a steady rise in biomass relative to the overall mean (Figure 4-2). Between 

2013 and 2019, the effect initially declined, then increased to its peak around 2019. 

Following this peak, the effect declined again, indicating a recent decrease in 

modeled biomass levels. The smooth term for yday revealed a clear seasonal pattern 

in M. barbatus biomass, with a gradual increase from early spring to a peak around 

mid-summer, followed by a decline through autumn. Biomass levels remained 
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relatively stable during the winter period. The smooth term for depth indicated a 

rapid increase in the effect from the surface to approximately 50 meters, where it 

peaked. Beyond this depth, the effect steadily declined, reaching its lowest values 

around 150ï200 meters (Figure 4-2).  

 
Figure 4-2. The partial effects of each predictor and the estimated smooth terms 

from the selected biomass model of M. barbatus. 

The GAM analysis yielded a statistically significant interaction term, indicating that 

the effect of depth on red mullet distribution is not constant throughout the year, but 

rather changes seasonally in a non-linear fashion (Figure 4-3 and Table C2). This 

interaction reveals clear seasonal shifts in habitat use. Until approximately day 150 

(late May to early June), which coincides with the speciesô known spawning period, 

two distinct concentration zones are evident: one in shallow coastal waters (<50 m), 
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another in deeper offshore areas (>150 m) (Figure 4-3). Following this period, these 

two groups appear to merge, with individuals concentrating at mid-shelf depths (50ï

100 m). This depth range remains preferred throughout the post-spawning season, 

extending into the summer and autumn months.  

 

Figure 4-3. The partial effects and the estimated interaction terms from the selected 

biomass model of M. barbatus. Grey areas in the plot indicate regions where the 

model lacked sufficient data to generate reliable predictions. 

The Depth and Year interaction, which was also statistically significant, indicated 

that the vertical distribution of red mullet has changed over time. As the figure 

indicated (Figure 4-3). The model captured gradual and progressive deepening trend 

in habitat use over the study period. In the earlier years (2011ï2014), higher partial 

effects were concentrated in shallower waters (<50 m), while in later years 

(especially post-2018), positive effects are more pronounced at greater depths 

(typically beyond 100 m).  
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The interaction between year and day-of-year revealed a higher partial effect during 

the first 180 days of the year between 2010 and 2014, and a negative effect between 

days 180 and 300 (Figure 4-3). This pattern reversed between 2014 and 2018, when 

the negative effect shifted to approximately days 0ï180 (January to June) , while a 

strong positive effect emerged between days 200 and 300 (mid-June to September). 

After 2018, partial effects across the year were relatively weak. 

 

Figure 4-4. Seasonal changes in the bathymetric distributions of maximum biomass 

of M. barbatus across years. 

Model-derived estimates of the depth at which maximum M. barbatus biomass 

occurs are presented in Figure 4-4. According to the model outputs, this depth 

exhibited a clear seasonal pattern. Biomass was concentrated in shallower waters 

during February and March, followed by a deepening trend through May, reaching 

depths between 43 and 50 meters. In June, biomass shifted back to shallower waters, 

then deepened again from July onward. The deepest depths of maximum biomass 

were observed between September and November, after which the distribution 

gradually shifted toward shallower waters with the onset of winter. 
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Figure 4-5. Temporal changes in the bathymetric distribution of maximum 

M. barbatus biomass across months. 

In addition to the seasonal pattern, the depth of maximum biomass also exhibited a 

clear long-term deepening trend across years, increasing from approximately 48 

meters to over 53 meters (Figure 4-5). This deepening was not uniform across 

months and displayed temporal patterns. From July to December, the depth of 

maximum biomass deepened rapidly between 2013 and 2017, and remained 

relatively stable during the 2020s. In contrast, for the remaining months, a more 

gradual and consistent deepening trend was observed beginning in 2013ï2014 and 

continuing thereafter.  
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4.3.2 Temporal Variation in the Water Column Thermal Profile  

Among the models fitted to evaluate the potential connection between temporal 

variation in temperature and the observed biomass distribution patterns, the final 

GAM model (model_7) explained 94.3% of the deviance (adjusted R² = 0.94) in 

temperature (see Table C5). The smooth term for year exhibited a non-linear 

warming trend, characterized by a marked decline between 2000 and 2005, followed 

by a sharp increase from 2005 to 2010. This was followed by a relatively stable 

period between 2010 and 2015, with the partial effect increasing again after 2016. 

The effect remained consistently positive in the latter part of the time series, 

indicating persistent warming in recent years (Figure 4-6). The smooth term of year 

for bottom strata3 indicates a clear annual temperature cycle, with minimum partial 

effects during winter and early spring (yday ~0ï100), a rapid warming trend reaching 

a peak around yday 210ï220, followed by a gradual cooling phase (Figure 4-6). 

The smooth term for depth in the deepest stratum revealed a strong negative 

relationship, with temperature decreasing consistently with increasing depth (Figure 

4-6). This stratum was selected for visualization as it encompasses the full depth 

range of the water column, thereby providing a more representative depiction of the 

vertical temperature structure. The decline was the steepest within the upper 50 m of 

the water column, broadly resembling a typical vertical stratification pattern. 
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Figure 4-6. The partial effects of estimated smooth terms from the selected 

temperature model. 

The contour plot of the smooth interaction between year and day-of-year showed a 

clear seasonal pattern (left panel in Figure 4-7). A negative effect was consistently 

observed between days 1 (January) and 150ï170 (May to early June) and it was 

particularly pronounced in the earlier years of the time series. In contrast, a positive 

effect emerged between days 240 (mid-August) and 300 (early October) and 

gradually expanded over time. In recent years, this positive band extended from 

approximately day 220 (early August) to 325 (late October). 
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Figure 4-7. The partial effects of interaction terms of the selected temperature model. 

The color gradient from yellow (higher values) to red (lower values) represents the 

magnitude of the linear predictor. The blue contour lines indicate specific isolines of 

the predicted values, with their respective numeric labels. White areas in the plot 

indicate regions where the model lacked sufficient data to generate reliable 

predictions, based on the chosen threshold (0.05).  

In the right panel of  Figure 4-7, the interaction between depth and season illustrates 

the seasonal thermal structure of the water column. During the summer months 

(approximately day 150ï270), the upper layer of the water column exhibits 

pronounced warming, with temperatures exceeding 24 ÁC in the upper ~50 m, 

forming a distinct thermocline. In contrast, during winter, increased vertical mixing 

results in a more homogeneous temperature profile across depths, indicating the 

breakdown of stratification. This recurring upper-layer warming can be described as 

a transient thermal window, which emerges in summer, deepens into early autumn, 

and dissipates by winter. The 24 ÁC isotherm, clearly visible in this panel, serves as 

a practical proxy for the upper boundary of the stratified layer. When using the 24 ÁC 

isotherm as a proxy for the thermal window boundary, the left panel (ti(Year, Day of 

Year)) reveals how this feature has changed over the past two decades. After 

approximately 2010, the 24 ÁC contour becomes more widespread and persistent 

across the seasonal cycle, indicating that surface warming has both intensified and 

prolonged the duration of stratification (Figure 4-7). 
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4.3.3 Relationship Between Biomass Distribution and Thermocline Depth 

The obtained maximum thermocline depths and depths of maximum biomass are 

presented in Figure 4-8 and Table C6. Across years, the monthly maximum 

thermocline depth followed a generally consistent seasonal pattern. The thermocline 

began to form in June, deepened rapidly until July, and typically reached its greatest 

depth in August or September.  

Prior to 2017, the maximum depth was consistently observed in August; however, 

since 2017, it has occurred in both August and September. In addition to this seasonal 

pattern, the annual maximum thermocline depth exhibited a gradual deepening trend 

over the study period, increasing from approximately 54m in the early 2010s to 57 m 

in recent years (Figure 4-8). While thermocline depth increased sharply from June 

to July, the depth of maximum biomass also deepened, though at a more gradual rate 

(Figure 4-8). Between July and August, both variables continued to deepen, with 

biomass depth showing a steeper change than thermocline depth. 

After August, thermocline depth remained relatively stable, whereas biomass depth 

continued to increase slightly, reaching its deepest values between September and 

November. Similarly, thermocline depth also reached its deepest extent between 

August and September (Figure 4-8).  

 



 

 

131 

 

Figure 4-8. Annual comparison of the depth of maximum biomass of M. barbatus 

and thermocline depth across years. The blue line represents the thermocline depth, 

specifically defined by 24 ÁC isotherm and red line represents the depth of maximum 

biomass. 

September was selected as the reference month for comparison, as it showed the 

most pronounced deepening of the thermocline over the study period, making it 

suitable for evaluating concurrent trends in biomass distribution (Figure 4-9).  
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Figure 4-9. Interannual comparison of the depth of maximum M. barbatus biomass 

(red line) and thermocline depth (blue line) in September (2010ï2023). 

Although the annual variation in thermocline and biomass depths does not display a 

perfectly synchronous pattern, both variables exhibit a consistent long-term 

deepening trend in September. Thermocline depth remained relatively stable until 

2016, after which it deepened by ~2 m and stabilized, while biomass depth showed 

a more gradual decline over the same period (Figure 4-9). 

No significant relationship was found between the seasonal average maximum 

biomass depth (JulyïSeptember) and the duration of the thermocline period. 

Kendallôs tau correlation yielded a non-significant association (Ű = ï0.090, p = 

0.6845), suggesting that interannual variation in thermocline persistence does not 

explain changes in average depth of M. barbatus. Moreover, while thermocline onset 

remained consistent across years (ranging from day 152 to 156), the recruitment day 

ranged from 248 to 262, with noticeably higher values observed in more recent years 

(Figure 4-10 and Table 4-1). 
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Figure 4-10. Thermocline duration (horizontal bars) and recruitment timing (red dots) for 

each year. 

 

Table 4-1. Summary of recruitment timing (day of year and depth) and thermocline 

characteristics (onset, end, duration, and depth) for the years 2010ï2013. 

Year 
Recruitment 

Day 

Recruitment 

Depth 

Thermo_start 

yday 

Thermo_end 

yday 

Thermo 

duration 

Thermo 

depth 

2010 254 47 152 326 175 55 

2011 251 47 152 328 177 55 

2012 248 47 153 328 176 55 

2013 248 47 153 328 176 55 

2014 252 48 154 328 175 55 

2015 256 49 155 327 173 55 

2016 258 50 156 326 171 55 

2017 260 51 156 327 172 55 

2018 262 52 155 328 174 56 

2019 262 52 155 329 175 56 

2020 261 52 156 330 175 56 

2021 260 52 156 331 176 56 

2022 257 52 155 333 179 56 

2023 254 51 154 334 181 57 
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4.4 Discussion 

The seasonal vertical migration of M. barbatus is reported to follow a pattern: 

individuals typically inhabit shallower waters during winter and spring, gradually 

shifting to deeper habitats as summer and autumn progress (Machias & Labropoulou, 

2002; Onay et al., 2023; Tserpes et al., 2019; Vassilopoulou & Papaconstantinou, 

1991). This behavior has been linked to ontogenetic shifts, likely reflecting 

differences in habitat use between juveniles and adults, as well as seasonal thermal 

preferences and reproductive cycles. Our results closely reflected this well-

documented pattern. The modeled depth of maximum biomass was shallowest in late 

winter and early spring, deepened steadily through spring, and briefly returned to 

shallower waters in early summer (June). From July onward, biomass depth 

deepened again, reaching its maximum between September and November, before 

returning to shallower depths with the onset of winter mixing. These seasonal shifts 

also align with reported spawning peaks around May (Bingel, 1981; Gücü & Bingel, 

2022) and juvenile descent patterns observed through summer (Ok, 2012). In 

addition to this expected seasonal dynamic, our analysis revealed a gradual 

deepening in the depth at which maximum biomass occurred from 2010 to 2023. 

While this trend was not strictly monotonic, the overall increase suggests a 

bathymetric shift that may reflect broader environmental changes in the region. 

The Eastern Mediterranean is recognized as one of the most rapidly warming marine 

regions globally (Ozer et al., 2017; MedECC, 2020). Specifically, the Levantine 

Basin has shown an annual rise of approximately 0.12 ÁC in surface temperature 

(Ozer et al., 2017). Such sustained surface warming is generally expected to enhance 

vertical stratification in the water column (Capotondi et al., 2012). According to the 

prevailing scientific view, intensified stratification tends to result in a shoaling of the 

mixed layer depth (MLD) and a more pronounced thermocline. However, recent 

findings suggest region-specific responses; for instance, Sallée et al. (2021) 
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documented a deepening of the summer mixed layer in several regions, likely driven 

by wind stress and air-sea flux changes. In our study, we used the 24 ÁC isotherm as 

a proxy for the upper boundary of the thermocline layer. We observed a gradual 

deepening and prolonged persistence of this layer between 2010 and 2023. The 

deepening of the thermocline and its longer duration indicate a significant change in 

the vertical temperature profile of the region, despite yearly fluctuations. These 

results suggest that the water column in the study area has been undergoing notable 

changes, likely reflecting broader climatic trends. Interestingly, while the seasonal 

movement of M. barbatus into deeper waters during summer and early autumn aligns 

with the establishment and persistence of a strong thermocline, the gradual 

deepening in the depth of maximum biomass across years showed a temporal 

correspondence with the deepening of the thermocline layer. This alignment suggests 

that M. barbatus may respond to long-term changes in the vertical thermal structure 

of the water column associated with regional warming. 

Beyond its direct influence on the depth of maximum biomass of M. barbatus, the 

observed thermal stratification may also have broader ecological implications. One 

of the most relevant dynamics in this context is the ongoing influx of NIS into the 

Northeastern Mediterranean via the Suez Canal (Galil, 2023). The gradual deepening 

and prolonged persistence of the thermocline observed in our study suggest a 

widening of the seasonal thermal window. This alteration may create more favorable 

and stable thermal environments for warm-affiliated non-indigenous species (NIS), 

potentially enabling both vertical expansion and extended seasonal residency. Such 

conditions could enhance their competitive advantage over native species exerting 

additional ecological pressure on the vertical habitat range of M. barbatus. This 

interpretation aligns with historical and recent observations of NIS dynamics in the 

region. During the initial phase of their expansion, NIS distributions were largely 

limited to shallow coastal waters (Gücü and Bingel, 1994; Galil, 2023). Over time, 

however, many NIS have extended their range into deeper habitats (Gücü et al., 

2010; Kurt & Gücü, 2025). A recent comparison of fish communities between the 
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1980s and 2020s in our study area showed that NIS now comprise over 90% of total 

coastal fish biomass and have progressively expanded into deeper zones (Kurt & 

Gücü, 2025). Supporting this trend, Chaikin and Belmaker (2023) reported that 

nearly half of the NIS examined exhibited significant deepening in their depth 

distributions, often maintaining their shallow limits while expanding into deeper 

waters. 

Another factor that may influence depth-related distribution is fishing pressure 

(Audzijonyte & Pecl, 2018; Frank et al., 2018). Demersal fish stocks in the region 

have been exploited since the 1940s, with signs of overfishing noted as early as the 

1950s. Fishing activity intensified after the mid-1980s, leading to sharp declines in 

target species (Aasen & Akyüz, 1956; Gücü & Bingel, 2011; Bingel et al., 1993). 

Although seasonal fishing bans are implemented to protect spawning stocks, intense 

fishing resumes shortly after these bans end, often coinciding with post-recruitment 

periods. Our results showed declines in biomass following recruitment, consistent 

with fishing impacts. However, since the deepening of maximum biomass depth 

persisted even during closed seasons, fishing is unlikely to be the primary driver of 

the observed vertical shift. Rather, it may act as an additional pressure, particularly 

in the months following recruitment. 

Ecologically, deepening stratification may compress the vertical habitat available for 

M. barbatus. Although the species currently appears to cope with this pressure by 

deepening its maximum biomass depth, such bathymetric shifts may come with 

significant ecological costs. Deeper habitats can present additional challenges for 

persistence due to altered biotic and abiotic conditions (Deutsch et al., 2015; Jordà 

et al., 2020), and may not fully compensate for the loss of suitable habitat in 

shallower zones. Given the continuous rise in sea temperatures associated with 

climate change and the increasing influx of non-indigenous species (Azzurro et al., 

2022; Galil, 2023; Galil et al., 2019) in Northeastern Mediterranean, understanding 
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these depth range shifts of biomass of M. barbatus requires a broader ecological 

perspective.  

Bathymetric distribution shifts of demersal fish in the Eastern Mediterranean remain 

underexplored. Existing studies have primarily focused on the effect of surface or 

bottom temperature values (Chaikin et al., 2022; Chaikin & Belmaker, 2023) and 

indicate that the shallow depth limits in demersal fish are generally better explained 

by thermal preferences than deep depth limits, thus showing the complex nature of 

temperature effects across depth ranges. In this study we adopted a different 

perspective by linking the depth of maximum biomass to the structure and variability 

of thermal stratification. By doing so, we move beyond considering only surface or 

bottom conditions and offer a more integrative framework that may help explain 

vertical distributional changes. This approach provides a crucial large-scale 

perspective on how long-term climate forcing may shape habitat use patterns in 

demersal species across the vertical dimension. We acknowledge that in this study 

temperature data cover a broader spatial domain than the biomass dataset. Therefore, 

the broader spatial resolution of our temperature model may not capture small-scale 

thermocline variations that could be ecologically relevant for M. barbatus. 

Nevertheless, our framework provides compelling evidence that long-term changes 

in thermal stratification influence the vertical distribution of M. barbatus.  

4.5 Conclusion 

Results based on long-term trawl survey data revealed that revealed a clear long-

term deepening trend in its maximum biomass depth of M. barbatus extending 

beyond the species' reported seasonal distribution pattern. Simultaneously, our 

temperature models, informed by high-resolution CTD profiles, revealed significant 

alterations in the thermal structure of the water column. Specifically, our analysis of 

the thermocline, using a key isotherm as a proxy, showed both a deepening trend and 

prolonged seasonal persistence of this layer. Notably, the annual maximum 

thermocline depth, previously occurring consistently in August, extended into 
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September and occurred in deeper depths. While year-to-year variability was present, 

the overall patterns of the thermocline deepening and the redistribution of the depth 

of maximum biomass were broadly aligned. This suggests that M. barbatus is 

responding to climate-driven changes in water column stratification. Given the 

complex interactions between warming, stratification, and species distributions, we 

stress the need to incorporate the vertical dimension of habitat use, which has been 

comparatively less explored. Moving beyond approaches that primarily focus on 

surface or bottom temperatures, our framework, which combined biomass modeling 

with the comprehensive analysis of thermal stratification structure, provides a 

valuable tool for assessing climate-driven changes in demersal ecosystems within 

this critical climate change hotspot. 
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CHAPTER 5  

5 CONCLUSION 

This dissertation was conducted to address the transformations occurring in demersal 

fish assemblages in the Northeastern Mediterranean concerning fishery, non-

indigenous species (NIS), and climate change. Although numerous studies have 

investigated changes in fish assemblages in this region, they are often fragmented 

and short-term, making it difficult to evaluate long-term ecological shifts or identify 

consistent trends. To address this need and better account for the simultaneous 

operation of multiple ecological drivers, this thesis adopted a holistic framework to 

explore ecological changes in the Northeastern Mediterranean. 

Within this context, the second chapter aimed to address key questions related to 

compositional changes: (i) What are the demersal fish assemblages in the region, and 

(ii) how have they changed over time? By integrating historical and recent data, three 

distinct assemblages exhibiting varying degrees of non-indigenous species (NIS) 

influence were identified.  The findings highlighted the pronounced impact of NIS 

in the Northeastern Mediterranean Sea, primarily driven by the Suez Canal, which 

has enabled their entry into the basin. Climate change and other anthropogenic 

threats have further accelerated this transformation by creating favorable conditions 

for tropical biota and resulting in vacant ecological niches, which in turn have led to 

drastic changes in demersal fish composition. 

The results also reveal a marked shift in species assemblages, driven by the 

bathymetric and longitudinal expansion of NIS. While initially confined to shallow 

coastal zones, NIS are now progressively spreading to deeper and more western 

habitats.  Alongside this spatial expansion, NIS now make up more than 90% of the 

total demersal teleost biomass, indicating a near-complete restructuring of local 

demersal communities.  
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Although marine protected areas (MPAs) and Posidonia oceanica meadows are 

typically associated with mature ecosystems that enhance resistance to external 

pressures, the findings suggest that these systems are increasingly losing this 

capacity due to the establishment of NIS adapted to seagrass habitats, such as 

Parupeneus forsskali. As both newly introduced and long-established NIS contribute 

to the ongoing restructuring of the Northeastern Mediterranean ecosystem, some 

native commercial species such as red mullet (Mullus barbatus), still manage to 

persist despite intense fishing pressure. This coexistence presents a fragile yet 

enduring resistance within a rapidly transforming community. The findings indicate 

that the spread of NIS is not linear. Different species establish themselves in different 

regions depending on ecological preferences. Based on this, and contrary to earlier 

assumptions that NIS would not expand into the western Mediterranean, it is likely 

that this region will eventually face challenges similar to those already observed in 

the east.  

In addition to the influence of NIS, demersal fish populations in the Northeastern 

Mediterranean are also impacted by both climate variability and fishing pressure. 

However, in a region shaped by millennia of human activity and persistent 

anthropogenic stressors, disentangling the effects of climate change on marine 

ecosystems remains inherently challenging. The impact of climate variability is 

rarely linear or isolated; instead, it emerges through complex and interacting 

processes such as altered hydrography and changes in precipitation. 

Given the long-standing and intense fishing pressure in the area, isolating the 

environmental signal requires a clear distinction between the effects of fishing and 

climate. Within this context, the third chapter focuses on a key native demersal 

species (M. barbatus) identified in the second chapter. This species was used as a 

representative case to investigate the separate effects of environmental variability 

and fishing on stock dynamics. To this end, a stock assessment model was applied 

to quantify the impact of fishing mortality on biomass trends. The model revealed 
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notable biomass fluctuations and indicated that the stock has been overexploited and 

subjected to overfishing particularly after the mid-2000s.  The residuals of this 

model, representing variations not explained by fishing, were interpreted as proxies 

for environmental influences. 

In this context, large-scale climate indices (NAO, EA, and EA/WR) were used as 

integrative proxies to capture broad-scale climatic variability and its ecological 

consequences. These indices, whose impacts on the western Mediterranean have 

already been explored in various contexts, provided a means to evaluate climatic 

forcing on demersal stocks in the eastern basin, an area where such influences remain 

less clearly understood. Their use enabled a more comprehensive assessment of 

environmental drivers, accounting for interacting atmospheric patterns rather than 

relying on isolated local variables. The analysis demonstrated temporally limited but 

distinct significant coherence patterns between M. barbatus biomass and large-scale 

climate indices. Coherence with the NAO and EA/WR indices during the late 1970s 

and the early 1990s over short time intervals suggests more rapid changes. In 

contrast, the EA index exhibited more persistent coherence after the mid-1990s, 

suggesting a possible shift toward slower, decadal-scale environmental forcing. The 

results also showed that all three indices were significantly coherent with M. 

barbatus biomass residuals during a period coinciding with marked biomass changes 

in the early 1990s, suggesting their collective influence at that time. A notable pattern 

was the alignment of residual biomass fluctuations with the phase shifts of these 

indices, offering meaningful insights into the dynamic and transitional nature of 

atmospheric forcing on fish populations.  

In light of the pronounced warming trend in the Eastern Mediterranean, the final 

chapter revisited the M. barbatus, a key native species that was first identified in the 

second chapter and previously examined from the perspective of environmental and 

fishing pressures. In this fourth chapter, the species was approached from a 

mechanistic perspective, using its bathymetric biomass distribution as a proxy for 
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ecological response, and aiming to investigate long-term changes in the depth at 

which the maximum biomass of M. barbatus occurs in relation to climate change. 

Rather than relying solely on surface or bottom temperatures, the analysis focused 

on the hydrographic structure of the water column, particularly the seasonal 

thermocline. 

Results based on long-term trawl survey data and high-resolution CTD profiles 

revealed a consistent deepening in the depth of maximum biomass over the study 

period, extending beyond the speciesô regular seasonal shifts. This trend coincided 

with a gradual deepening and prolonged persistence of the seasonal thermocline. 

Notably, the annual peak of thermocline depth extended from August to September, 

indicating an expansion of warm layer both the vertically and temporally. The 

observed coupling between biomass redistribution and thermocline dynamics 

suggests that M. barbatus is responding to warming by shifting to deeper, cooler 

layers.  

However, this deepening of thermocline also results in the formation of a stable and 

extended warm surface layer during late summer. In a region increasingly exposed 

to NIS, many of which are thermophilic and of tropical origin, the persistence of this 

warm surface window presents a growing ecological concern. The creation of such 

a stable upper-layer habitat may facilitate the establishment and spread of NIS, 

further altering community composition and increasing pressure on native demersal 

species. 

Although relatively long-term historical datasets were used, it is worth noting that 

the study still faced limitations related to data availability, particularly the lack of 

continuous and uninterrupted scientific time series. For instance, in the third chapter, 

the absence of detailed fishery-dependent data, particularly the historical fishing 

effort data introduced some uncertainty in the earlier periods. In the final chapter, 

gaps in the CTD-derived environmental time series also posed challenges for 

interpreting depth shifts. Nevertheless, this study made use of the longest scientific 
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time series currently available for the region, and model outputs were examined in 

detail. In addition to methodological suitability, the analyses across chapters 

consistently reflected expected ecological patterns and yielded robust results. 

While there is extensive literature on the non-indigenous species spreading through 

the Suez Canal, most studies evaluate their spread within fixed depth ranges or focus 

on individual species. In contrast, this dissertation assesses community-level change 

across a broad depth gradient using historical and recent datasets nearly four decades 

apart. This long-term perspective provides a more comprehensive understanding of 

the spatial and temporal dynamics of NIS expansion. In particular, it highlights their 

non-linear yet persistent progression toward deeper and western habitats at 

assemblage level.  

As the Mediterranean Sea continues to transform rapidly under anthropogenic 

pressures, improving existing strategies to ensure the sustainability of marine 

resources has become increasingly important. In stock assessment science, the 

integration of environmental influences has gained substantial attention, yet these 

effects are often represented as static covariates. This dissertation provides a new 

perspective by disentangling the effects of large-scale climate variability from 

fishing pressure, allowing environmental drivers to be considered in their non 

stationary nature. By doing so, this approach enabled the detection of transitory 

climate-related signals in biomass fluctuations. Moreover, using large-scale climate 

indices as proxies for multiple environmental processes offered a broader 

understanding of atmospheric influences and allowed for comparisons across 

regions. For the first time, this study revealed a significant link between demersal 

fish dynamics and large-scale indices such as EA and EAWR in this part of the 

Mediterranean Sea.  

Finally, by integrating species-level responses with hydrographic structure, the 

framework presented here offers a valuable tool for assessing climate-driven changes 

in demersal ecosystems. In a region recognized as a climate change hotspot, such 
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depth-explicit analyses, together with thermal stratification, are essential for 

understanding how warming shapes species distributions. 

Based on the findings presented here, future efforts should prioritize localized 

ecological responses, as different NIS show distinct habitat preferences. Moreover, 

focusing on which NIS succeed in specific habitats or systems, and understanding 

the traits behind their success will be essential to mitigate the ecological 

consequences of continued NIS expansion.  

The detection of significant coherence between biomass fluctuations and major 

climate indices raises an important question about the underlying mechanisms. 

Exploring how large-scale climate indices influence demersal fish populations, for 

example through their effects on primary productivity, stratification, or other 

regional hydrographic processes remains a key research priority. At the same time, 

periods of biomass variability not explained by climate indices in this study point to 

the influence of additional environmental drivers operating at regional scale. To 

improve ecological understanding, it is crucial to consider a broader range of 

environmental variables, particularly at the regional level. It may be emphasized that 

clarifying these mechanisms could support the inclusion of environmental variability 

in future stock management decisions.  

Lastly, to gain a more complete picture of how climate change influences demersal 

communities, it is essential to investigate the vertical dimension of habitat use. While 

many studies rely on satellite-derived surface temperature data, this dissertation 

highlights the importance of collecting in situ water column data from the same areas 

and at the same time as scientific trawl surveys. Such localized data offer a more 

direct link between environmental structure and fish distribution. For this reason, 

future research should prioritize this type of data collection and extend depth-explicit 

analyses to multiple species. Combining environmental profiles with species specific 

depth use can help clarify how changing thermal conditions shape fish distributions 

throughout the water column. This approach may also offer insight into  
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how thermal structure plays a role in the depth-related spread of non-indigenous 

species. 
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APPENDICES 

A. APPENDICES FOR CHAPTER 2 

 
Figure A1. Two-dimensional NMDS biplots are displaying clusters identified. (A: 

Autumn 1983, B:  Spring 1984, C:  Autumn 1984, D:  Spring 2022, E: Autumn 2022) 

(S: Seyhan River, A: Akyayan Lake, Sh: Shallow, D: Deep, W: West of Mersin Bay, 

Ec: Eastern coast, Mc: Mersin coast, Cd: Coastal-Deep, Wc: Western coastal, L: 

Lamas, Ed: Deep in the east, and X: No common feature).   
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Figure A2. Total CPUA (kg/km²) of sampling periods per cluster, partitioned into 

native and non-indigenous species (NIS) based on their proportional contributions 

(%). Years are indicated above each panel; bar height represents total CPUA, and 

segments show the relative contributions of native and NIS species within each 

cluster. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

181 

 

 

 
Figure A3. Average dissimilarity values between groups, as assessed by SIMPER. 

Bars show the relative contributions of native species, NIS, and non-significant 

contributors (including both native and NIS species). 
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Figure A4. Log(x+1)-transformed average CPUA of NIS and native species that 

contributed significantly to dissimilarities between the main groups in the SIMPER 

analysis. Bars represent average CPUA within each group, aggregated by species 

origin (NIS vs native).  
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Table A1. Geographic coordinates, sampling dates, and times for each station. 

Date Latitude Longitude Time (start) Time (end) 

26-Sep-83 36.57333 N 34.295 E 11:48 12:08 

26-Sep-83 36.64167 N 34.39333 E 13:36 13:56 

26-Sep-83 36.62833 N 34.43667 E 14:34 15:04 

26-Sep-83 36.66667 N 34.59833 E 17:34 18:15 

26-Sep-83 36.71667 N 34.63667 E 18:57 19:27 

27-Sep-83 36.74 N 34.80333 E 13:16 13:46 

27-Sep-83 36.74667 N 34.84167 E 14:57 15:27 

27-Sep-83 36.70333 N 34.97167 E 8:43 9:13 

27-Sep-83 36.63 N 34.91833 E 9:50 10:20 

27-Sep-83 36.65666 N 34.73 E 11:35 12:05 

28-Sep-83 36.71667 N 34.705 E 8:17 8:47 

28-Sep-83 36.55 N 34.83333 E 10:57 11:27 

28-Sep-83 36.39167 N 35.195 E 15:30 16:00 

29-Sep-83 36.57167 N 35.48333 E 8:08 8:38 

29-Sep-83 36.53833 N 35.48 E 9:12 9:42 

29-Sep-83 36.51667 N 35.63833 E 14:23 14:57 

29-Sep-83 36.615 N 35.77 E 16:21 16:51 

29-Sep-83 36.66667 N 35.695 E 17:58 18:28 

30-Sep-83 36.83333 N 35.91 E 8:25 8:55 

30-Sep-83 36.80833 N 35.93333 E 9:50 10:20 

30-Sep-83 36.73167 N 36 E 12:01 12:31 

30-Sep-83 36.88333 N 36.085 E 14:21 14:51 

30-Sep-83 36.86833 N 36.08833 E 15:16 15:46 

30-Sep-83 36.80833 N 36.10833 E 16:37 16:47 

1-Oct-83 36.59667 N 36.055 E 9:26 10:06 

1-Oct-83 36.5 N 35.46333 E 14:11 14:41 

2-Oct-83 36.48333 N 35.25 E 9:08 9:38 

2-Oct-83 36.55667 N 35.08667 E 11:38 12:08 

2-Oct-83 36.66667 N 34.96833 E 13:14 13:44 

1-Nov-83 36.51333 N 34.22333 E 10:37 11:07 

1-Nov-83 36.51333 N 34.21167 E 11:40 12:10 

1-Nov-83 36.51833 N 34.25167 E 12:41 13:11 

1-Nov-83 36.52667 N 34.27333 E 14:15 15:00 

2-Nov-83 36.42 N 34.13333 E 8:40 9:10 

2-Nov-83 36.385 N 34.09333 E 9:37 10:07 

2-Nov-83 36.305 N 34.10333 E 11:02 11:32 
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Table A1. Continued. 

 
Date Latitude Longitude Time (start) Time (end) 

2-Nov-83 36.29 N 34.06333 E 12:02 12:36 

2-Nov-83 36.28667 N 34.03667 E 13:09 13:43 

2-Nov-83 36.23 N 34 E 14:34 15:04 

2-Nov-83 36.16667 N 33.9 E 15:55 16:26 

3-Nov-83 36.27667 N 33.89333 E 7:40 8:10 

3-Nov-83 36.23 N 33.91 E 8:40 9:12 

3-Nov-83 36.20333 N 33.84 E 9:47 10:20 

3-Nov-83 36.16667 N 33.73 E 11:36 12:06 

3-Nov-83 36.18333 N 33.64333 E 13:19 13:34 

3-Nov-83 36.14667 N 33.61667 E 14:00 14:15 

3-Nov-83 36.14 N 33.5 E 15:27 15:42 

3-Nov-83 36.15 N 33.46333 E 16:13 16:28 

4-Nov-83 36.11333 N 33.33333 E 7:23 7:38 

4-Nov-83 36.12167 N 33.16667 E 9:28 10:00 

15-May-84 36.59167 N 34.325 E 10:30 11:00 

15-May-84 36.615 N 34.34333 E 11:39 12:09 

15-May-84 36.68667 N 34.50833 E 13:36 14:08 

15-May-84 36.66667 N 34.59833 E 16:12 16:42 

16-May-84 36.74667 N 34.84167 E 7:45 8:15 

16-May-84 36.74 N 34.80333 E 8:52 9:26 

16-May-84 36.71667 N 34.72833 E 10:59 11:29 

16-May-84 36.61833 N 34.705 E 14:06 14:36 

16-May-84 36.71333 N 34.66 E 15:55 16:25 

19-May-84 36.69833 N 35 E 8:54 9:24 

19-May-84 36.66667 N 34.99333 E 9:45 10:15 

19-May-84 36.62333 N 34.93 E 11:19 11:49 

19-May-84 36.52333 N 34.83333 E 13:24 13:54 

19-May-84 36.535 N 35.10833 E 16:14 16:46 

19-May-84 36.48333 N 35.26833 E 18:00 18:30 

20-May-84 36.53667 N 35.455 E 7:31 8:01 

20-May-84 36.50667 N 35.46 E 8:29 8:59 

20-May-84 36.44333 N 35.48333 E 9:35 10:04 

21-May-84 36.46 N 35.63 E 14:34 15:09 

20-May-84 36.54833 N 35.71333 E 15:46 16:16 

20-May-84 36.725 N 35.80167 E 17:14 17:44 

21-May-84 36.82 N 35.88667 E 6:52 7:22 
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Table A1. Continued. 

 

Date Latitude Longitude Time (start) Time (end) 

21-May-84 36.81667 N 35.96667 E 8:07 8:37 

21-May-84 36.88333 N 36.085 E 10:10 10:40 

21-May-84 36.86833 N 36.08833 E 11:17 11:49 

21-May-84 36.73666 N 36.00666 E 14:48 15:18 

21-May-84 36.65666 N 35.96333 E 16:35 16:55 

22-May-84 36.67833 N 35.88333 E 7:25 7:34 

22-May-84 36.615 N 35.77 E 8:28 8:58 

22-May-84 36.64833 N 35.695 E 10:56 11:32 

22-May-84 36.66667 N 35.66667 E 12:13 12:43 

22-May-84 36.62 N 35.65333 E 13:16 13:46 

23-May-84 36.39333 N 35.15167 E 8:17 8:47 

25-May-84 36.52667 N 34.27333 E 10:39 11:32 

29-May-84 36.42 N 34.13333 E 11:56 12:11 

29-May-84 36.36667 N 34.09333 E 12:51 13:06 

29-May-84 36.28167 N 34.08333 E 13:20 13:35 

29-May-84 36.27833 N 34.05333 E 14:07 14:22 

29-May-84 36.28333 N 34.02833 E 14:57 15:15 

29-May-84 36.24167 N 34 E 15:58 16:15 

29-May-84 36.15333 N 33.86 E 17:26 17:41 

30-May-84 36.25667 N 33.91333 E 6:17 6:32 

30-May-84 36.24667 N 33.86667 E 7:08 7:23 

30-May-84 36.19667 N 33.81333 E 8:00 8:19 

30-May-84 36.15 N 33.76333 E 9:31 9:46 

30-May-84 36.18333 N 33.64333 E 11:10 11:25 

30-May-84 36.14667 N 33.61667 E 11:56 12:11 

30-May-84 36.118182 N 33.498795 E 13:36 13:51 

31-May-84 36.15 N 33.46333 E 6:58 7:13 

31-May-84 36.11333 N 33.43333 E 7:48 8:04 

31-May-84 36.11333 N 33.33333 E 9:32 9:47 

31-May-84 36.12167 N 33.16667 E 11:58 12:09 

31-May-84 36.05 N 33.03333 E 12:52 13:07 

31-May-84 36.05 N 32.95 E 14:15 14:30 

31-May-84 36.07167 N 32.98333 E 15:19 15:34 

2-Jun-84 36.51333 N 34.21167 E 11:00 11:28 

2-Jun-84 36.52333 N 34.23166 E 11:59 12:29 

2-Jun-84 36.52667 N 34.24833 E 12:57 13:27 
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Table A1. Continued. 

 
Date Latitude Longitude Time (start) Time (end) 

11-Oct-84 36.755 N 34.76667 E 7:25 7:55 

11-Oct-84 36.75833 N 34.83333 E 8:35 9:05 

11-Oct-84 36.68833 N 35.015 E 10:36 11:06 

11-Oct-84 36.68167 N 34.96167 E 11:40 12:10 

11-Oct-84 36.65167 N 34.86167 E 13:38 14:08 

11-Oct-84 36.60833 N 34.76667 E 15:07 15:37 

11-Oct-84 36.69167 N 34.77 E 16:28 16:58 

12-Oct-84 36.53333 N 34.88167 E 9:49 10:19 

12-Oct-84 36.49 N 35.02833 E 11:25 11:37 

12-Oct-84 36.40833 N 35.04 E 13:43 14:43 

12-Oct-84 36.37333 N 35.18333 E 15:15 15:45 

13-Oct-84 36.48 N 35.41167 E 7:19 7:49 

13-Oct-84 36.46333 N 35.51167 E 9:18 9:48 

13-Oct-84 36.46 N 35.63 E 10:58 11:28 

13-Oct-84 36.515 N 35.66667 E 12:30 13:00 

13-Oct-84 36.575 N 35.74167 E 14:16 14:46 

13-Oct-84 36.63833 N 35.785 E 15:30 16:00 

14-Oct-84 36.68833 N 35.89667 E 7:30 8:00 

14-Oct-84 36.745 N 36.045 E 9:25 9:55 

14-Oct-84 36.87667 N 36.07 E 11:20 11:50 

14-Oct-84 36.90167 N 36.06667 E 12:15 12:45 

14-Oct-84 36.83794 N 35.97348 E 14:08 14:38 

14-Oct-84 36.79 N 35.9 E 15:43 16:13 

14-Oct-84 36.8 N 35.86667 E 16:38 17:08 

15-Oct-84 36.735 N 35.83333 E 7:20 7:50 

15-Oct-84 36.66667 N 35.71833 E 9:57 10:27 

15-Oct-84 36.66667 N 35.66667 E 10:03 10:33 

15-Oct-84 36.63667 N 35.66667 E 10:49 11:19 

15-Oct-84 36.56167 N 35.62 E 12:21 12:51 

15-Oct-84 36.54833 N 35.47 E 13:37 14:07 

15-Oct-84 36.57 N 35.43833 E 14:30 14:45 

19-Oct-84 36.56667 N 35.04667 E 9:26 9:56 

19-Oct-84 36.56333 N 35.02667 E 10:20 10:58 

19-Oct-84 36.705 N 34.575 E 14:34 15:04 

19-Oct-84 36.64333 N 34.54 E 16:00 16:30 

24-Oct-84 36.40333 N 34.12167 E 11:34 11:54 

 

 



 

 

187 

Table A1. Continued. 

 
Date Latitude Longitude Time (start) Time (end) 

27-Oct-84 36.51333 N 34.26167 E 6:42 7:12 

27-Oct-84 36.51333 N 34.22333 E 8:32 9:02 

27-Oct-84 36.36333 N 34.09333 E 12:18 12:33 

27-Oct-84 36.29833 N 34.09 E 13:12 13:42 

27-Oct-84 36.27833 N 34.06 E 14:02 14:42 

27-Oct-84 36.29 N 34.05333 E 15:25 16:05 

27-Oct-84 36.22167 N 34 E 17:10 17:25 

28-Oct-84 36.27667 N 33.87333 E 7:25 7:50 

28-Oct-84 36.24333 N 33.91667 E 9:01 9:21 

28-Oct-84 36.15 N 33.83333 E 12:30 12:37 

28-Oct-84 36.16667 N 33.73 E 13:59 14:29 

28-Oct-84 36.22 N 33.83 E 15:48 16:18 

29-Oct-84 36.18333 N 33.64333 E 9:30 9:45 

29-Oct-84 36.14667 N 33.61667 E 10:10 10:25 

29-Oct-84 36.14 N 33.5 E 11:45 12:00 

29-Oct-84 36.15 N 33.46333 E 13:12 13:27 

29-Oct-84 36.11333 N 33.43333 E 14:01 14:31 

29-Oct-84 36.11333 N 33.33333 E 15:37 15:52 

29-Oct-84 36.12167 N 33.16667 E 9:21 9:36 

29-Oct-84 36.05833 N 33.05 E 10:49 11:04 

29-Oct-84 36.08333 N 33.01 E 12:34 12:41 

29-Oct-84 36.04909 N 32.97143 E 13:19 13:36 

31-Oct-84 36.05 N 32.95 E 14:26 14:41 

16-May-22 36.57086667 N 34.29185 E 9:23 9:53 

16-May-22 36.56138333 N 34.3025167 E 10:38 11:08 

17-May-22 36.57876667 N 34.2827667 E 9:16 9:46 

18-May-22 36.44878333 N 34.14485 E 10:08 10:38 

18-May-22 36.39795 N 34.1130667 E 12:11 12:41 

19-May-22 36.65748333 N 34.5920167 E 9:03 9:33 

19-May-22 36.63933333 N 34.4143667 E 14:03 14:33 

19-May-22 36.71686667 N 34.5248333 E 15:37 16:07 

20-May-22 36.7087 N 34.7650333 E 10:42 11:42 

20-May-22 36.7899 N 34.80915 E 12:08 12:38 

20-May-22 36.69311667 N 34.9591333 E 14:50 15:20 

21-May-22 36.54066667 N 34.9178333 E 10:23 10:53 

21-May-22 36.52811667 N 35.1162333 E 12:26 12:56 
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Table A1. Continued. 

 
Date Latitude Longitude Time (start) Time (end) 

21-May-22 36.58238333 N 35.2014167 E 13:55 14:10 

21-May-22 36.45088333 N 35.3920333 E 16:05 16:35 

21-May-22 36.48308333 N 35.42325 E 17:05 17:30 

22-May-22 36.55156667 N 35.5090333 E 6:25 6:40 

22-May-22 36.6402 N 35.6729167 E 8:11 8:26 

22-May-22 36.64383333 N 35.7177167 E 9:21 9:46 

22-May-22 36.67415 N 35.7121 E 10:21 10:51 

22-May-22 36.772 N 35.862 E 12:06 12:36 

23-May-22 36.80198333 N 36.05105 E 9:30 10:00 

23-May-22 36.85331667 N 36.08525 E 10:48 11:03 

23-May-22 36.87395 N 36.0830667 E 12:08 12:23 

24-May-22 36.84833333 N 35.9221333 E 6:21 6:36 

24-May-22 36.77635 N 35.9369667 E 7:38 8:08 

26-May-22 36.29735 N 34.0627667 E 12:36 12:51 

26-May-22 36.2718 N 33.9140333 E 14:54 15:09 

26-May-22 36.25233333 N 33.8529667 E 16:03 16:33 

27-May-22 36.15176667 N 33.64695 E 8:27 8:57 

27-May-22 36.182 N 33.6494333 E 10:07 10:22 

27-May-22 36.17908333 N 33.6102167 E 10:57 11:27 

27-May-22 36.14481667 N 33.3301333 E 13:47 14:02 

27-May-22 36.1399 N 33.3276 E 14:43 14:52 

28-May-22 36.09761667 N 33.1506667 E 8:35 9:05 

28-May-22 36.10998333 N 33.1365 E 10:32 10:48 

28-May-22 36.12388333 N 33.1489167 E 11:45 12:01 

28-May-22 36.08366667 N 33.0158333 E 13:24 13:54 

28-May-22 36.08906667 N 33.0371 E 14:43 14:58 

29-May-22 36.0708 N 33.0219167 E 7:39 8:09 

29-May-22 36.1254 N 33.3695833 E 10:50 11:20 

30-May-22 36.16478333 N 33.7865667 E 9:01 9:31 

26-Sep-22 36.558 N 34.29945 E 9:44 10:14 

26-Sep-22 36.5755 N 34.3004 E 11:33 12:03 

27-Sep-22 36.56933333 N 34.27135 E 9:31 9:46 

28-Sep-22 36.64128333 N 34.4185 E 10:30 11:00 

28-Sep-22 36.71418333 N 34.5206333 E 13:21 13:36 

28-Sep-22 36.65331667 N 34.55855 E 15:14 15:44 

29-Sep-22 36.68133333 N 34.80325 E 11:21 11:51 
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Table A1. Continued. 

 
Date Latitude Longitude Time (start) Time (end) 

29-Sep-22 36.71893333 N 34.8540667 E 12:32 12:47 

29-Sep-22 36.69046667 N 34.94855 E 14:22 14:37 

30-Sep-22 36.53086667 N 34.91985 E 10:21 10:51 

30-Sep-22 36.52381667 N 35.1211 E 12:25 12:55 

30-Sep-22 36.54435 N 35.2327333 E 14:05 14:20 

30-Sep-22 36.52166667 N 35.4159167 E 15:35 15:50 

1-Oct-22 36.49911667 N 35.4554333 E 8:06 8:36 

1-Oct-22 36.4792 N 35.5037667 E 9:19 9:49 

1-Oct-22 36.68778333 N 35.8419 E 12:34 12:56 

1-Oct-22 36.77941667 N 36.02835 E 14:42 15:05 

1-Oct-22 36.86641667 N 36.0852833 E 16:13 16:28 

2-Oct-22 36.83481667 N 36.0850833 E 7:29 7:59 

2-Oct-22 36.85085 N 35.9219167 E 9:09 9:24 

2-Oct-22 36.7868 N 35.8867333 E 10:07 10:37 

2-Oct-22 36.6818 N 35.7354667 E 12:03 12:33 

2-Oct-22 36.64358333 N 35.6839167 E 13:45 14:00 

2-Oct-22 36.59385 N 35.7076167 E 14:47 15:17 

5-Oct-22 36.44731667 N 34.1395333 E 10:49 11:19 

5-Oct-22 36.29591667 N 34.0641833 E 13:55 14:10 

5-Oct-22 36.25286667 N 33.8541667 E 16:20 16:35 

6-Oct-22 36.27035 N 33.9097833 E 7:41 7:56 

6-Oct-22 36.15351667 N 33.6421167 E 10:22 10:51 

6-Oct-22 36.18358333 N 33.6197167 E 12:30 12:45 

6-Oct-22 36.18091667 N 33.6119833 E 13:50 13:58 

7-Oct-22 36.14065 N 33.3280333 E 7:32 7:53 

7-Oct-22 36.14488333 N 33.3306167 E 8:47 9:02 

7-Oct-22 36.12221667 N 33.3615667 E 10:13 10:41 

7-Oct-22 36.10066667 N 33.1837 E 12:31 13:01 

7-Oct-22 36.08338333 N 33.04595 E 14:50 15:14 

8-Oct-22 36.08953333 N 33.0399667 E 7:48 8:03 

8-Oct-22 36.0679 N 33.02855 E 9:23 9:53 

8-Oct-22 36.1206 N 33.133 E 10:59 11:14 

8-Oct-22 36.10646667 N 33.1282 E 11:49 12:19 

9-Oct-22 36.16166667 N 33.7916 E 10:16 10:46 

9-Oct-22 36.38916667 N 34.1071 E 13:50 14:20 

21-May-22 36.52811667 N 35.1162333 E 12:26 12:56 
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Table A2. The number of species and NIS, recorded mean CPUA (kg/km²) per 

station, and the percentage of NIS in the total catch, recorded on the continental 

shelf of the Northeastern Mediterranean Sea. 

Period #Hauls   Teleost   NIS CPUA (kg/km2) % NIS 

Aut 1983 50 66 13 868.0652 36.6 

Spr 1984 58 70 13 753.212 24.9 

Aut 1984 57 73 13 971.7733 52.4 

Spr 2022 42 106 32 2928.43 92.3 

Aut 2022 42 106 34 2446.423 82.7 

 

Table A3. Identified groups, the number of IS and NIS, the percentage contribution 

of biomass of IS and NIS recorded in these groups, and total CPUA (= Catch per unit 

area in kg/km2). 

Period Groups # IS #NIS % IS % NIS CPUA (kg/km2) 

Aut 1983 Sh 39 13 37.7 62.3 686.6529 

Aut 1983 D 35 9 82.7 17.3 1182.6030 

Aut 1983 S 14 6 57.1 42.9 422.0155 

Aut 1983 A 8 4 38.0 62.0 322.8976 

Aut 1983 W 32 9 52.6 47.4 717.3148 

Spr 1984 CD 52 11 71.3 28.7 673.0883 

Spr 1984 Mc 11 0 100.0 0.0 770.0201 

Spr 1984 Ec 4 1 13.3 86.7 825.0153 

Spr 1984 A 11 7 82.3 17.7 133.3945 

Spr 1984 W 30 6 89.8 10.2 1907.5899 

Aut 1984 Sh 50 13 26.6 73.4 1138.7207 

Aut 1984 D 42 9 77.3 22.7 852.5079 

Aut 1984 I 13 5 20.8 79.2 334.8725 

Aut 1984 Wc 15 4 95.5 4.5 2956.1174 

Aut 1984 W 19 4 65.2 34.8 228.0587 

Spr 2022 D 34 22 43.1 56.9 639.0528 

Spr 2022 L 9 8 15.5 84.5 445.00116 

Spr 2022 Sh 44 26 3.5 96.5 5810.2186 

Spr 2022 Ec 7 4 26.9 73.1 134.4256 

Spr 2022 W 34 23 55.7 44.3 439.1080 

Aut 2022 D 50 23 73.3 26.7 888.4288 

Aut 2022 Sh 31 26 7.9 92.1 4129.3507 

Aut 2022 Ed 3 11 3.8 96.2 233.7087 

Aut 2022 W 27 23 63.7 36.3 549.2380 

Aut 2022 X 17 9 52.1 47.9 1293.8670 
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Table A4. The top 15 species of the highest biomass in autumn 1983 (CPUA = 

Catch per unit area in kg/km2, % = percentage biomass) 

Shallow Deep 

CPUA 

(kg/km2) % Species 

CPUA 

(kg/km2) % Species 

203.63 29.7 Equulites klunzingeri  232.18 19.6 Mullus barbatus  

177.39 25.8 Saurida lessepsianus 172.22 14.6 Boops boops  

114.12 16.6 Mullus barbatus  161.67 13.7 Saurida lessepsianus 

24.49 3.6 Stephanolepis diaspros  104.2 8.8 Citharus linguatula  

23.78 3.5 Chelidonichthys lucerna  95.62 8.1 Lepidotrigla cavillone  

20.49 3 Pagellus erythrinus  71.08 6 Pagellus erythrinus  

18.12 2.6 Argyrosomus regius  49.08 4.1 Pagellus acarne  

11.9 1.7 Diplodus annularis  45.77 3.9 

Chelidonichthys 

lucerna  

11.7 1.7 Pomadasys incisus  40.34 3.4 Arnoglossus laterna  

9.78 1.4 Arnoglossus laterna  32.98 2.8 Spicara maena  

9.26 1.3 Solea solea  32.12 2.7 Uranoscopus scaber  

7.23 1.1 Upeneus moluccensis  19.68 1.7 Equulites klunzingeri  

6.83 1 Gobius niger  16.91 1.4 Upeneus moluccensis  

5.94 0.9 Mullus surmuletus  16.13 1.4 Solea solea  

4.7 0.7 Sparus aurata  10.98 0.9 Serranus hepatus  

Akyayan Lake West of Mersin Bay  

CPUA 

(kg/km2) % Species 

CPUA 

(kg/km2) % Species 

141.91 43.9 Siganus rivulatus  239.94 33.4 Saurida lessepsianus 

56.76 17.6 Stephanolepis diaspros  86.62 12.1 

Stephanolepis 

diaspros  

48.03 14.9 Mullus barbatus  64.67 9 Mullus barbatus  

41.48 12.8 Pagellus erythrinus  44.2 6.2 Pagrus pagrus  

19.65 6.1 Diplodus annularis  43.91 6.1 Epinephelus aeneus 

7.86 2.4 Sparus aurata  40.97 5.7 Pagellus erythrinus  

2.40 0.7 Lithognathus mormyrus  37.11 5.2 Bothus podas  

1.75 0.5 Mullus surmuletus  35.01 4.9 Lepidotrigla cavillone  

0.87 0.3 Callionymus filamentosus  22.56 3.1 

Chelidonichthys 

lucerna  

0.87 0.3 Spicara maena  18.13 2.5 Dentex dentex  

0.65 0.2 Equulites klunzingeri  10.92 1.5 Arnoglossus laterna  

0.655 0.2 Bothus podas  9.78 1.4 Diplodus vulgaris  

   8.74 1.2 Mullus surmuletus  

   8.49 1.2 Scorpaena porcus  

   7.89 1.1 Equulites klunzingeri  
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Table A4. Continued. 

 

Seyhan     
CPUA 

(kg/km2) % Species    

110.6 26.2 Mullus barbatus     

97.33 23.1 Equulites klunzingeri     

57.5 13.6 Stephanolepis diaspros     

29.19 6.9 Chelidonichthys lucerna     

23.01 5.5 Oblada melanurus     

17.71 4.2 Sparus aurata     

16.11 3.8 Siganus rivulatus     

15.04 3.6 Lithognathus mormyrus     

13.27 3.1 Argyrosomus regius     

12.38 2.9 Diplodus vulgaris     

4.87 1.2 Siganus luridus     

4.43 1.1 Mullus surmuletus     

4.43 1.1 Solea solea     

3.97 0.9 Diplodus sargus     

3.53 0.8 Apogonichthyoides nigripinnis     
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Table A5. PERMUTEST results testing for differences in the dispersions of species 

composition in the clusters, regions, and depths (number of permutations: 999). 

Aut 1983             

  Df Sum Sq Mean Sq F N.Perm Pr(>F) 

Cluster 2 0.006817 0.0034084 1.6363 999 0.212 

Residuals 45 0.093731 0.0020829       

Region 2 0.013221 0.0066106 1.8169 999 0.176 

Residuals 47 0.0171003 0.003684       

Depth 2 0.021995 0.010998 3.7857 999 0.025* 

Residuals 47 0.136536 0.002905       

Spr 1984             

Cluster 1 0.004066 0.0040661 1.2309 999 0.278 

Residuals 53 0.175076 0.0033033       

Region 2 0.03947 0.019737 3.0652 999 0.049* 

Residuals 55 0.35415 0.0064391       

Depth 2 0.03481 0.0174026 2.4346 999 0.094 

Residuals 55 0.39314 0.0071481       

Aut 1984              

Cluster 3 0.01607 0.0053566 2.3596 999 0.08 

Residuals 52 0.11804 0.0022701       

Region 2 0.013016 0.0065078 1.2396 999 0.313 

Residuals 54 0.283493 0.0052499       

Depth 2 0.02012 0.0100603 1.5239 999 0.221 

Residuals 54 0.35648 0.0066015       

Spr 2022             

Cluster 2 0.00104 0.0005198 0.1213 999 0.896 

Residuals 37 0.15856 0.0042853       

Region 2 0.009673 0.0048365 0.8231 999 0.438 

Residuals 39 0.229167 0.0058761       

Depth 2 0.03648 0.0182401 2.3749 999 0.107 

Residuals 39 0.29954 0.0076804       

Aut 2022             

Cluster 2 0.011722 0.0058609 2.3292 999 0.123 

Residuals 37 0.093103 0.0025163       

Region 2 0.031426 0.015713 2.0569 999 0.152 

Residuals 39 0.297922 0.007639       

Depth 2 0.02028 0.0101376 1.1752 999 0.339 

Residuals 39 0.33643 0.008626       

Signif. 

codes 

0 

ô***ô 
0.001 ó**ô 0.01 ó*ô 0.05  ó.ô 0.1 ó ó 1 



 

 

194 

Table A6. PERMANOVA results testing for differences in species composition 

regarding to cluster, region, and depth. 

Aut 1983           

  Df SumOfSqs R2 F Pr(>F) 

Cluster 2 1.9059 0.32336 10.753 0.001*** 

Residuals 45 3.9882 0.67664     

Total 47 5.8941 1     

Region 2 0.8789 0.13522 4.7871 0.001*** 

Depth 2 1.49 0.22924 8.1157 0.001*** 

Residuals 45 4.131 0.63554     

Spr 1984           

Cluster 1 1.0054 0.15199 9.4991 0.001*** 

Residuals 53 5.6097 0.84801     

Total 54 6.6151 1     

Region 2 1.2871 0.16405 6.9927 0.001*** 

Depth 2 1.6809 0.21425 9.1323 0.001*** 

Residuals 53 4.8776 0.6217     

Aut 1984           

Cluster 3 4.0366 0.42037 12.571 0.001*** 

Residuals 53 5.5659 0.57963     

Total 55 9.6025 1     

Region 2 1.1394 0.11245 5.0415 0.001*** 

Depth 2 3.1171 0.30764 13.7928 0.001*** 

Residuals 52 5.8759 0.59991     

Spr 2022           

Cluster 2 3.5584 0.25154 6.2174 0.001*** 

Residuals 37 10.5882 0.74846     

Total 39 14.1466 1     

Region 2 2.1729 0.14456 3.7865 0.001*** 

Depth 2 2.2419 0.14915 3.9067 0.001*** 

Residuals 37 10.6163 0.70629     

Aut 2022           

Cluster 2 3.1755 0.30224 8.0133 0.001*** 

Residuals 37 7.3313 0.69776     

Total 39 10.5068 1     

Region 2 1.3058 0.1696 10.67 0.001*** 

Depth 2 1.6205 0.21049 13.242 0.001*** 

Residuals 37 4.77727 0.61991     
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Table A7. Similarity percentage analysis results show the significant average 

contribution of species to the average dissimilarity between observations from the 

two groups in autumn 1983. 

Species average sd ratio ava avb cumsum p stat 

Pomadasys stridens  0.038 0.018 2.154 1.272 5.917 0.053 0.001 D_Sh 

Sparus aurata  0.028 0.014 2.009 0.288 3.704 0.092 0.001 D_Sh 

Equulites klunzingeri  0.023 0.018 1.248 0.454 2.999 0.124 0.002 D_Sh 

Fistularia petimba  0.02 0.017 1.188 2.571 0.815 0.18 0.013 D_Sh 

Lepidotrigla cavillone  0.02 0.015 1.386 2.643 0.161 0.152 0.001 D_Sh 

Torquigener hypselogeneion  0.018 0.012 1.489 2.991 1.123 0.233 0.001 D_Sh 

Pagellus erythrinus  0.018 0.013 1.352 2.866 1.278 0.258 0.008 D_Sh 

Upeneus moluccensis  0.017 0.014 1.199 2.522 1.633 0.378 0.042 D_Sh 

Sphyraena chrysotaenia 0.017 0.017 0.954 0.258 2.189 0.401 0.007 D_Sh 

Chelidonichthys lastoviza  0.017 0.014 1.222 2.243 0 0.33 0.001 D_Sh 

Trachurus mediterraneus  0.017 0.014 1.213 0.48 2.369 0.282 0.002 D_Sh 

Caranx rhonchus  0.017 0.016 1.108 0 2.19 0.354 0.002 D_Sh 

Trichiurus lepturus  0.017 0.015 1.116 0 2.197 0.306 0.001 D_Sh 

Ostorhinchus fasciatus  0.016 0.013 1.255 2.745 1.511 0.424 0.025 D_Sh 

Citharus linguatula  0.016 0.015 1.051 1.975 0.613 0.49 0.005 D_Sh 

Zeus faber  0.016 0.013 1.213 2.062 0.118 0.468 0.001 D_Sh 

Argyrosomus regius  0.013 0.018 0.739 0 1.651 0.567 0.019 D_Sh 

Serranus hepatus  0.013 0.014 0.973 1.683 0.245 0.548 0.011 D_Sh 

Chelidonichthys lucerna  0.012 0.014 0.818 0.295 1.349 0.617 0.022 D_Sh 

Solea solea  0.012 0.015 0.824 0 1.602 0.584 0.015 D_Sh 

Spicara flexuosum  0.01 0.014 0.718 1.291 0 0.723 0.008 D_Sh 

Jaydia smithi  0.006 0.01 0.58 0 0.683 0.834 0.049 D_Sh 

Monochirus hispidus  0.004 0.007 0.5 0.477 0 0.91 0.029 D_Sh 

Blennius ocellaris  0.004 0.007 0.511 0.506 0 0.914 0.027 D_Sh 

Upeneus pori  0.028 0.014 1.966 0.265 3.801 0.039 0.001 D_W 

Parupeneus forsskali  0.027 0.013 2.098 0.213 3.718 0.076 0.001 D_W 

Bothus podas  0.025 0.014 1.714 0.577 3.451 0.11 0.001 D_W 

Siganus rivulatus  0.021 0.014 1.525 0 2.822 0.139 0.001 D_W 

Stephanolepis diaspros  0.02 0.014 1.447 0.439 2.895 0.167 0.001 D_W 

Ostorhinchus fasciatus  0.02 0.011 1.813 2.745 0.22 0.249 0.004 D_W 

Pteragogus trispilus 0.02 0.013 1.525 0.173 2.757 0.222 0.001 D_W 

Epinephelus aeneus 0.02 0.018 1.105 0.417 2.481 0.195 0.013 D_W 

Lepidotrigla cavillone  0.019 0.013 1.456 2.643 0 0.276 0.011 D_W 

Saurida lessepsianus 0.018 0.015 1.181 4.567 2.312 0.376 0.002 D_W 
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Table A. Continued. 

 

Species average sd ratio ava avb cumsum p stat 

Lagocephalus suezensis 0.018 0.016 1.106 0.826 2.332 0.425 0.013 D_W 

Upeneus moluccensis  0.018 0.013 1.426 2.522 0.606 0.351 0.046 D_W 

Serranus cabrilla  0.018 0.015 1.226 1.299 2.753 0.327 0.003 D_W 

Pterois miles 0.017 0.014 1.217 1.4 2.682 0.471 0.015 D_W 

Chelidonichthys lastoviza  0.015 0.012 1.221 2.243 0.875 0.536 0.047 D_W 

Zeus faber  0.015 0.012 1.246 2.062 0.319 0.576 0.033 D_W 

Coris julis  0.013 0.012 1.122 0 1.765 0.649 0.001 D_W 

Equulites popei 0.012 0.015 0.768 0.828 1.149 0.683 0.031 D_W 

Apogonichthyoides 

nigripinnis  
0.01 0.012 0.849 0 1.447 0.726 0.001 D_W 

Spicara smaris  0.009 0.012 0.781 0.678 0.966 0.739 0.032 D_W 

Serranus scriba  0.008 0.014 0.615 0 1.222 0.751 0.003 D_W 

Spondyliosoma cantharus 0.007 0.011 0.623 0 1.024 0.814 0.003 D_W 

Symphodus tinca  0.007 0.011 0.623 0 1.024 0.824 0.003 D_W 

Lagocephalus sceleratus  0.005 0.011 0.402 0 0.566 0.881 0.006 D_W 

Diplodus vulgaris  0.005 0.013 0.403 0 0.805 0.875 0.011 D_W 

Scorpaena porcus  0.004 0.011 0.403 0 0.665 0.887 0.011 D_W 

Symphodus mediterraneus 0.004 0.01 0.403 0 0.574 0.921 0.011 D_W 

Muraena helena  0.004 0.011 0.403 0 0.595 0.905 0.007 D_W 

Sparisoma cretense 0.004 0.011 0.403 0 0.665 0.893 0.011 D_W 

Symphodus roissali  0.004 0.01 0.403 0 0.576 0.916 0.011 D_W 

Xyrichtys novacula  0.004 0.01 0.403 0 0.534 0.911 0.005 D_W 

Callionymus maculatus  0.004 0.008 0.479 0.162 0.405 0.932 0.033 D_W 

Jaydia queketti  0.003 0.007 0.402 0 0.362 0.958 0.006 D_W 

Gobius niger  0.003 0.007 0.403 0 0.362 0.965 0.005 D_W 

Engraulis encrasicolus  0.002 0.005 0.403 0 0.263 0.984 0.005 D_W 

Pomadasys stridens  0.033 0.014 2.358 5.917 1.118 0.042 0.006 Sh_W 

Parupeneus forsskali  0.026 0.012 2.136 0.152 3.718 0.106 0.001 Sh_W 

Sparus aurata  0.026 0.01 2.547 3.704 0 0.074 0.002 Sh_W 

Bothus podas  0.023 0.012 1.973 0.302 3.451 0.135 0.001 Sh_W 

Upeneus pori  0.021 0.015 1.409 1.318 3.801 0.161 0.009 Sh_W 

Stephanolepis diaspros  0.02 0.013 1.523 0 2.895 0.186 0.001 Sh_W 

Serranus cabrilla  0.02 0.013 1.5 0 2.753 0.235 0.001 Sh_W 

Pteragogus trispilus 0.019 0.013 1.509 0 2.757 0.258 0.001 Sh_W 

Siganus rivulatus  0.019 0.013 1.441 0.383 2.822 0.281 0.003 Sh_W 

Saurida lessepsianus 0.018 0.014 1.251 4.592 2.312 0.327 0.003 Sh_W 

Pterois miles 0.018 0.013 1.401 0.214 2.682 0.304 0.004 Sh_W 
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Table A7. Continued. 

 

Species average sd ratio ava avb cumsum p stat 

Torquigener hypselogeneion  0.016 0.012 1.433 1.123 3.028 0.414 0.014 Sh_W 

Lagocephalus suezensis 0.016 0.015 1.092 0.721 2.332 0.434 0.045 Sh_W 

Coris julis  0.012 0.011 1.12 0 1.765 0.609 0.001 Sh_W 

Apogonichthyoides 

nigripinnis  
0.01 0.011 0.848 0 1.447 0.689 0.005 Sh_W 

Serranus scriba  0.008 0.013 0.614 0 1.222 0.785 0.029 Sh_W 

Spondyliosoma cantharus 0.007 0.011 0.623 0 1.024 0.82 0.029 Sh_W 

Symphodus tinca  0.007 0.011 0.623 0 1.024 0.828 0.029 Sh_W 

 

Table A8. The top 15 species of the highest biomass in spring 1984 (CPUA = Catch per unit area 

in kg/km2, % = percentage biomass). 

Coastal-Deep West of Seyhan River 

CPUA (kg/km2) % Species CPUA (kg/km2) % Species 

138.4 
20.

6 
Saurida lessepsianus 499.96 

64.

9 
Argyrosomus regius  

106.29 
15.

8 
Mullus barbatus  115.71 15 Spicara maena  

87.12 
12.

9 
Lepidotrigla cavillone  85.15 

11.

1 
Solea solea  

44.53 6.6 Pagellus erythrinus  13.1 2.6 Trichiurus lepturus  

30.69 4.6 Chelidonichthys lucerna  13.1 1.7 Lepidotrigla cavillone  

29.91 4.4 Arnoglossus laterna  12.66 1.6 Arnoglossus laterna  

29.42 4.4 Spicara maena  10.48 1.4 Umbrina cirrosa  

29.36 4.4 Citharus linguatula  7.86 1 Pomadasys incisus  

22.65 3.4 Equulites klunzingeri  4.15 0.5 Engraulis encrasicolus  

20.45 3 Bothus podas  1.09 0.1 Diplodus vulgaris  

19.84 2.9 Upeneus moluccensis  0.22 0 Gobius niger  

13.67 2 Merluccius merluccius        

12.86 1.9 Uranoscopus scaber        

12.21 1.8 Solea solea        

6.68 1 Serranus hepatus        
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Table 8. Continued. 

 

Eastern coast Akyayan 

CPUA 

(kg/km2) 
% Species 

CPUA 

(kg/km2) 
% Species 

380.84 
46.

2 
Sparus aurata  115.71 

86.

7 
Equulites klunzingeri  

89.62 
10.

9 
Diplodus annularis  10.92 8.2 Chelidonichthys lucerna  

76.17 9.2 Pelates quadrilineatus  3.06 2.3 Spicara maena  

67.68 8.2 Mugil cephalus  2.18 1.6 Trachurus trachurus  

49.3 6 Lithognathus mormyrus  1.53 1.1 Arnoglossus laterna  

31.37 3.8 Siganus rivulatus        

31.37 3.8 Trachurus trachurus        

24.65 3 Chelidonichthys lucerna        

17.92 2.2 Diplodus vulgaris        

15.68 1.9 Equulites klunzingeri        

11.2 1.4 Sillago suezensis        

8.95 1.1 Upeneus pori        

8.73 1.1 Solea solea        

4.48 0.5 Pagellus acarne        

2.25 0.3 Stephanolepis diaspros        

West of Mersin Bay        
CPUA 

(kg/km2) 
% Species       

502.44 
26.

3 
Mullus barbatus        

349.31 
18.

3 
Pagrus pagrus        

167.53 8.8 Stephanolepis diaspros        

122.06 6.4 Diplodus vulgaris        

117.89 6.2 Dentex dentex        

105.98 5.6 Pagellus erythrinus        

74.23 3.9 Serranus cabrilla        

68.27 3.6 Scorpaena notata        

65.3 3.4 Mullus surmuletus        

54.388 2.9 Diplodus annularis        

51.82 2.7 Chelidonichthys lastoviza        

33.84 1.8 Diplodus sargus        

3.17 1.6 Spicara maena        

22.09 1.2 Bothus podas        

16.37 0.9 Uranoscopus scaber        
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Table A9. Similarity percentage analysis results showing the significant average 

contribution of each species to the average dissimilarity between observations from 

the two groups in spring 1984. 

Species average sd ratio ava avb cumsum p stat 

Stephanolepis diaspros  0.023 0.012 1.872 1.222 4.779 0.253 0.002 Cd_W 

Saurida lessepsianus 0.018 0.014 1.251 4.891 2.204 0.46 0.004 Cd_W 

Siganus rivulatus  0.007 0.012 0.572 0 1.105 0.927 0.004 Cd_W 

Diplodus annularis  0.019 0.013 1.45 0.961 3.539 0.316 0.022 Cd_W 

Serranus cabrilla  0.019 0.013 1.416 1.17 3.626 0.375 0.014 Cd_W 

Diplodus vulgaris  0.03 0.008 3.896 0.292 5.004 0.096 0.001 Cd_W 

Chelidonichthys lastoviza  0.021 0.013 1.647 1.334 4.568 0.286 0.002 Cd_W 

Dentex dentex  0.017 0.017 0.984 0 2.627 0.567 0.002 Cd_W 

Dentex gibbosus  0.014 0.014 0.989 0.471 2.124 0.636 0.017 Cd_W 

Gobius niger  0.017 0.01 1.724 2.757 0 0.514 0.019 Cd_W 

Mullus surmuletus  0.029 0.008 3.831 0.095 4.598 0.14 0.001 Cd_W 

Bothus podas  0.024 0.01 2.307 0.822 4.321 0.218 0.002 Cd_W 

Pagrus pagrus  0.032 0.009 3.488 0.384 5.417 0.05 0.001 Cd_W 

Scorpaena notata  0.027 0.009 3.06 0.379 4.531 0.182 0.002 Cd_W 

Diplodus sargus  0.008 0.014 0.572 0 1.283 0.893 0.004 Cd_W 

 

Table A10. The top 15 species of the highest biomass in autumn 1984 (CPUA = 

Catch per unit area in kg/km2, % = percentage biomass). 

Shallow  Deep  

CPUA (kg/km2) % Species CPUA (kg/km2) % Species 

458.41 40.3 Equulites klunzingeri  182.67 21.4 Mullus barbatus  

236.89 20.8 Saurida lessepsianus 163.59 19.2 Saurida lessepsianus 

63.51 5.6 Mullus barbatus  99.38 11.7 Lepidotrigla cavillone  

48.63 4.3 Upeneus moluccensis  81.43 9.6 Citharus linguatula  

42.8 3.8 Pagellus erythrinus  67.78 8 Merluccius merluccius  

36.68 3.2 Stephanolepis diaspros  61.57 7.2 Pagellus erythrinus  

33.28 2.9 Argyrosomus regius  28.42 3.3 Uranoscopus scaber  

18.55 1.6 Epinephelus aeneus 27.82 3.3 Upeneus moluccensis  

18.31 1.6 Upeneus pori  27.32 3.2 Spicara maena  

18.02 1.6 Arnoglossus laterna  22.73 2.7 Arnoglossus laterna  

17.06 1.5 Pelates quadrilineatus  12.85 1.5 Chelidonichthys lastoviza  

14.76 1.3 Bothus podas  9.91 1.2 Chelidonichthys lucerna  

14.66 1.3 Diplodus annularis  7.83 0.9 Serranus hepatus  

10.83 1 Sparus aurata  6.82 0.8 Boops boops  

9.73 0.9 Gobius niger  5.72 0.7 Zeus faber  
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Table 10. Continued. 

 

 

Intermediate West coast 

CPUA (kg/km2) % Species CPUA (kg/km2) % Species 

216.68 64.7 Saurida lessepsianus 1250.98 42.3 Diplodus sargus  

38.77 11.6 Equulites klunzingeri  1231.33 41.7 Sparus aurata  

26.42 7.9 Citharus linguatula  127.72 4.3 Stephanolepis diaspros  

14.74 4.4 Uranoscopus scaber  85.15 2.9 Bothus podas  

10.64 3.2 Chelidonichthys lucerna  68.77 2.3 Pagrus pagrus  

6.33 1.9 Upeneus moluccensis  62.22 2.1 Dentex dentex  

4.58 1.4 Arnoglossus laterna  39.3 1.3 Xyrichtys novacula  

3.27 1 Sphyraena chrysotaenia 22.92 0.8 Synodus saurus  

3.27 1 Mullus barbatus  19.65 0.7 Mullus surmuletus  

2.95 0.9 Trachurus trachurus  13.1 0.4 Scorpaena scrofa  

2.73 0.8 Argyrosomus regius  9.82 0.3 Dentex gibbosus  

1.86 0.6 Boops boops  9.82 0.3 Balistes capriscus  

1.09 0.3 Epinephelus aeneus 6.55 0.2 Chelidonichthys lastoviza  

0.55 0.2 Sardinella aurita  2.62 0.1 Siganus rivulatus  

0.33 0.1 Gobius niger  2.29 0.1 Pagrus auriga  

West of Mersin Bay        

CPUA (kg/km2) % Species       

70.74 31 Dentex macrophthalmus        

60.69 26.6 Stephanolepis diaspros        

11.13 10.3 Trachinus draco        

8.73 4.9 Chelidonichthys lastoviza        

7.42 3.8 Saurida lessepsianus       

5.24 3.3 Chelidonichthys lucerna        

5.24 2.3 Upeneus pori        

5.24 2.3 Pagellus erythrinus        

5.24 2.3 Dentex dentex        

5.24 2.3 Zeus faber        

4.8 2.1 Siganus rivulatus        

3.93 1.7 Synodus saurus        

3.06 1.3 Serranus cabrilla        

3.06 1.3 Macroramphosus scolopax        

2.18 1 Bothus podas        
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Table A11. Similarity percentage analysis results showing the significant average 

contribution of each species to the average dissimilarity between observations from 

the two groups in autumn 1984. 

Species average sd ratio ava avb cumsum p stat 

Pagellus erythrinus  0.039 0.012 3.16 4.287 0 0.063 0.001 D_I 

Mullus barbatus  0.032 0.021 1.498 4.103 1.029 0.114 0.001 D_I 

Lepidotrigla cavillone  0.031 0.016 2.019 4.089 0.735 0.165 0.001 D_I 

Sphyraena chrysotaenia 0.03 0.009 3.192 0.142 3.277 0.261 0.001 D_I 

Serranus hepatus  0.03 0.015 2.003 3.203 0 0.213 0.001 D_I 

Spicara maena  0.027 0.018 1.456 3.03 0 0.305 0.001 D_I 

Merluccius merluccius  0.027 0.022 1.236 2.986 0 0.348 0.002 D_I 

Blennius ocellaris  0.022 0.014 1.555 2.502 0 0.419 0.001 D_I 

Uranoscopus scaber  0.022 0.019 1.167 2.537 1.193 0.384 0.013 D_I 

Chelidonichthys lastoviza  0.021 0.018 1.205 2.484 0 0.454 0.009 D_I 

Trachurus trachurus  0.02 0.017 1.228 1.25 2.66 0.487 0.005 D_I 

Zeus faber  0.019 0.017 1.128 2.18 0 0.518 0.014 D_I 

Boops boops  0.017 0.017 1.034 1.395 1.775 0.605 0.02 D_I 

Scorpaena porcus  0.016 0.015 1.075 1.943 0 0.687 0.03 D_I 

Sardinella aurita  0.008 0.014 0.596 0.147 0.835 0.865 0.027 D_I 

Citharus linguatula  0.037 0.01 3.748 4.647 0 0.058 0.001 D_W 

Dentex macrophthalmus  0.032 0.017 1.916 0.879 4.774 0.107 0.005 D_W 

Lepidotrigla cavillone  0.031 0.012 2.549 4.089 0 0.155 0.002 D_W 

Stephanolepis diaspros  0.028 0.016 1.785 1.247 4.662 0.199 0.002 D_W 

Upeneus pori  0.027 0.008 3.193 0.233 3.592 0.24 0.001 D_W 

Upeneus moluccensis  0.024 0.015 1.575 3.114 0 0.277 0.027 D_W 

Arnoglossus laterna  0.023 0.017 1.297 4.184 1.621 0.385 0.016 D_W 

Blennius ocellaris  0.019 0.013 1.502 2.502 0 0.414 0.042 D_W 

Gobius niger  0.018 0.013 1.442 2.346 0 0.443 0.047 D_W 

Macroramphosus scolopax  0.017 0.018 0.961 0.134 1.893 0.497 0.041 D_W 

Trachinus draco  0.016 0.016 0.991 0.366 2.337 0.628 0.02 D_W 

Synodus saurus  0.014 0.014 0.984 0.717 1.948 0.72 0.022 D_W 

Dentex dentex  0.013 0.014 0.97 0 2.01 0.762 0.018 D_W 

Microlipophrys dalmatinus 0.009 0.009 0.97 0 1.321 0.895 0.018 D_W 

Dentex macrophthalmus  0.054 0.016 3.381 0 4.774 0.062 0.001 I_W 

Stephanolepis diaspros  0.051 0.009 5.897 0 4.662 0.12 0.001 I_W 

Chelidonichthys lastoviza  0.044 0.016 2.748 0 3.821 0.221 0.001 I_W 

Citharus linguatula  0.044 0.016 2.83 3.936 0 0.171 0.002 I_W 

Pagellus erythrinus  0.041 0.014 2.974 0 3.592 0.267 0.004 I_W 
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Table A11. Continued 

 

Species average sd ratio ava avb cumsum p stat 

Saurida lessepsianus 0.039 0.033 1.176 5.199 2.121 0.312 0.003 I_W 

Serranus cabrilla  0.039 0.01 3.859 0 3.481 0.357 0.004 I_W 

Sphyraena chrysotaenia 0.036 0.01 3.633 3.277 0 0.398 0.001 I_W 

Spicara maena  0.035 0.01 3.458 0 3.092 0.438 0.005 I_W 

Upeneus moluccensis  0.033 0.022 1.457 2.886 0 0.476 0.01 I_W 

Upeneus pori  0.032 0.015 2.135 0.66 3.592 0.512 0.003 I_W 

Trachurus trachurus  0.029 0.019 1.486 2.66 0 0.578 0.001 I_W 

Mullus barbatus  0.029 0.012 2.358 1.029 3.132 0.545 0.037 I_W 

Macroramphosus scolopax  0.026 0.027 0.931 0 1.893 0.667 0.001 I_W 

Arnoglossus laterna  0.026 0.025 1.055 3.623 1.621 0.608 0.011 I_W 

Scorpaena scrofa  0.02 0.021 0.931 0 1.471 0.762 0.003 I_W 

Trachinus draco  0.02 0.022 0.934 0 2.337 0.739 0.006 I_W 

Dentex dentex  0.018 0.019 0.934 0 2.01 0.826 0.001 I_W 

Synodus saurus  0.017 0.018 0.934 0 1.948 0.886 0.018 I_W 

Microlipophrys dalmatinus 0.012 0.012 0.934 0 1.321 0.933 0.001 I_W 

Equulites klunzingeri  0.031 0.013 2.503 5.082 0.615 0.049 0.001 Sh_D 

Lepidotrigla cavillone  0.027 0.011 2.48 0.144 4.089 0.09 0.001 Sh_D 

Citharus linguatula  0.023 0.015 1.59 1.417 4.647 0.126 0.001 Sh_D 

Spicara maena  0.02 0.014 1.434 0.231 3.03 0.188 0.001 Sh_D 

Merluccius merluccius  0.02 0.016 1.244 0.249 2.986 0.157 0.001 Sh_D 

Epinephelus aeneus 0.019 0.015 1.254 2.722 0 0.216 0.001 Sh_D 

Upeneus pori  0.017 0.012 1.422 2.67 0.233 0.243 0.001 Sh_D 

Blennius ocellaris  0.017 0.011 1.557 0 2.502 0.295 0.001 Sh_D 

Solea solea  0.017 0.012 1.369 2.875 1.245 0.269 0.007 Sh_D 

Chelidonichthys lastoviza  0.016 0.013 1.21 0.114 2.484 0.346 0.001 Sh_D 

Uranoscopus scaber  0.016 0.014 1.188 0.569 2.537 0.32 0.005 Sh_D 

Argyrosomus regius  0.016 0.017 0.938 2.275 0 0.444 0.012 Sh_D 

Serranus hepatus  0.016 0.012 1.357 1.284 3.203 0.395 0.013 Sh_D 

Callionymus filamentosus  0.015 0.012 1.311 2.592 0.86 0.467 0.012 Sh_D 

Zeus faber  0.014 0.013 1.138 0.091 2.18 0.49 0.002 Sh_D 

Diplodus annularis  0.014 0.014 1.028 2.146 0 0.556 0.003 Sh_D 

Serranus cabrilla  0.014 0.014 1.04 0.62 2.086 0.534 0.037 Sh_D 

Scorpaena porcus  0.013 0.012 1.069 0.159 1.943 0.616 0.002 Sh_D 

Pomadasys incisus  0.012 0.014 0.875 1.818 0 0.654 0.008 Sh_D 
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Table A11. Continued. 

 

Species average sd ratio ava avb cumsum p stat 

Lagocephalus spadiceus  0.011 0.013 0.879 1.622 0 0.69 0.004 Sh_D 

Balistes capriscus  0.01 0.013 0.777 1.541 0 0.722 0.022 Sh_D 

Pagellus acarne  0.009 0.012 0.754 0.094 1.397 0.783 0.002 Sh_D 

Mullus surmuletus  0.008 0.012 0.626 0.137 1.064 0.833 0.008 Sh_D 

Microchirus ocellatus  0.006 0.009 0.604 0 0.952 0.902 0.001 Sh_D 

Equulites klunzingeri  0.033 0.019 1.716 5.082 1.784 0.051 0.001 Sh_I 

Mullus barbatus  0.03 0.019 1.538 3.973 1.029 0.098 0.004 Sh_I 

Sphyraena chrysotaenia 0.029 0.009 3.062 0.233 3.277 0.143 0.001 Sh_I 

Citharus linguatula  0.027 0.017 1.593 1.417 3.936 0.185 0.001 Sh_I 

Solea solea  0.026 0.015 1.758 2.875 0 0.226 0.001 Sh_I 

Pagellus erythrinus  0.024 0.019 1.273 2.758 0 0.264 0.02 Sh_I 

Callionymus filamentosus  0.023 0.015 1.514 2.592 0 0.299 0.001 Sh_I 

Epinephelus aeneus 0.022 0.019 1.198 2.722 0.91 0.334 0.009 Sh_I 

Chelidonichthys lucerna  0.021 0.017 1.246 1.599 2.923 0.368 0.002 Sh_I 

Upeneus pori  0.021 0.015 1.411 2.67 0.66 0.401 0.003 Sh_I 

Trachurus trachurus  0.021 0.016 1.338 0.817 2.66 0.434 0.003 Sh_I 

Argyrosomus regius  0.021 0.021 0.999 2.275 1.01 0.467 0.043 Sh_I 

Stephanolepis diaspros  0.019 0.017 1.135 2.273 0 0.497 0.022 Sh_I 

Diplodus annularis  0.018 0.018 1.036 2.146 0 0.526 0.034 Sh_I 

Boops boops  0.016 0.016 1.01 0.707 1.775 0.551 0.035 Sh_I 

Equulites klunzingeri  0.04 0.01 3.902 5.082 0 0.053 0.001 Sh_W 

Dentex macrophthalmus  0.038 0.01 3.825 0 4.774 0.104 0.002 Sh_W 

Upeneus moluccensis  0.033 0.012 2.647 4.105 0 0.148 0.006 Sh_W 

Chelidonichthys lastoviza  0.03 0.011 2.745 0.114 3.821 0.188 0.004 Sh_W 

Saurida lessepsianus 0.028 0.022 1.258 5.241 2.121 0.224 0.011 Sh_W 

Serranus cabrilla  0.025 0.009 2.652 0.62 3.481 0.257 0.021 Sh_W 

Spicara maena  0.024 0.008 2.778 0.231 3.092 0.288 0.03 Sh_W 

Solea solea  0.023 0.013 1.687 2.875 0 0.318 0.003 Sh_W 

Stephanolepis diaspros  0.021 0.017 1.27 2.273 4.662 0.346 0.039 Sh_W 

Callionymus filamentosus  0.02 0.013 1.46 2.592 0 0.426 0.02 Sh_W 

Macroramphosus scolopax  0.017 0.018 0.968 0.134 1.893 0.497 0.043 Sh_W 

Trachinus draco  0.016 0.016 0.993 0.109 2.337 0.582 0.036 Sh_W 

Dentex dentex  0.013 0.014 0.979 0 2.01 0.715 0.034 Sh_W 

Microlipophrys dalmatinus 0.009 0.009 0.979 0 1.321 0.873 0.034 Sh_W 
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Table A12. The top 15 species of the highest biomass in spring 2022 (CPUA = Catch 

per unit area in kg/km2, % = percentage biomass). 

Shallow Deep 

CPUA (kg/km2) % Species 
CPUA 

(kg/km2) 
% Species 

5274.77 90.8 Pomadasys stridens  249.49 39 Pomadasys stridens  

110.26 1.9 Saurida lessepsianus 166.87 26.1 Mullus barbatus  

85.64 1.5 Equulites klunzingeri  49.39 7.7 Epinephelus aeneus 

40.62 0.7 Sphyraena chrysotaenia 49 7.7 Saurida lessepsianus 

40.09 0.7 Argyrosomus regius  23.3.3 3.6 Fistularia petimba  

37.9 0.7 Pagellus acarne  14.32 2.2 Nemipterus randalli  

32.6 0.6 Nemipterus randalli  11.43 1.8 Lepidotrigla cavillone  

21.23 0.4 Mullus barbatus  8.72 1.4 Pagellus acarne  

17.83 0.3 Sillago suezensis  7.96 1.2 Pagellus erythrinus  

17.76 0.3 Sparus aurata  6.32 1 Citharus linguatula  

15.09 0.3 Pelates quadrilineatus  5.91 0.9 Fistularia commersonii  

14.92 0.3 Chelon auratus 5.02 0.8 Ostorhinchus fasciatus  

11.77 0.2 Trachurus mediterraneus  3.97 0.6 Chelidonichthys lastoviza  

8.54 0.1 Fistularia petimba  3.78 0.6 Serranus cabrilla  

8.53 0.1 Lithognathus mormyrus  3.11 0.5 Upeneus moluccensis  

Limonlu Eastern coast 

CPUA (kg/km2) % Species 
CPUA 

(kg/km2) 
% Species 

240.45 54 Saurida lessepsianus 74.68 55.6 Upeneus pori  

68.73 15.4 Pomadasys stridens  21.04 15.6 Nemipterus randalli  

40.62 9.1 Nemipterus randalli  14.02 10.4 Trachurus mediterraneus  

27.2 6.1 Epinephelus aeneus 11.21 8.3 Caranx rhonchus  

26.11 5.9 Diplodus sargus  3.51 2.6 Pagellus erythrinus  

15.78 3.5 Lagocephalus suezensis 3.51 2.6 Pagrus pagrus  

8.52 1.9 Arnoglossus laterna  2.1 1.6 Equulites klunzingeri  

6.17 1.4 Chelidonichthys lucerna  2.1 1.6 Callionymus maculatus  

4.9 1.1 
Callionymus 

filamentosus  
1.05 0.8 Arnoglossus laterna  

3.26 0.7 Pelates quadrilineatus  0.7 0.5 Chelidonichthys lucerna  

1.99 0.4 Fistularia petimba  0.49 0.4 Torquigener flavimaculosus  

0.54 0.1 Echelus myrus  NA NA NA 

0.36 0.1 Bothus podas  NA NA NA 

0.18 0 Ostorhinchus fasciatus  NA NA NA 

0.07 0 Phycis phycis  NA NA NA 
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Table 12. Continued. 

 

West of Mersin Bay       

CPUA (kg/km2) % Species       

61.51 14 Diplodus vulgaris        

41.04 9.3 Epinephelus aeneus       

37.63 8.6 Upeneus pori        

25.25 5.8 Pagellus acarne        

25.11 5.7 Lagocephalus suezensis       

23 5.2 Parupeneus forsskali        

20.61 4.7 Diplodus annularis        

18.42 4.2 Fistularia petimba        

15.97 3.6 Serranus scriba        

14.31 3.3 Equulites klunzingeri        

14.07 3.2 Saurida lessepsianus       

12.56 2.9 Pagellus erythrinus        

12.32 2.8 Siganus rivulatus        

11.56 2.6 Bothus podas        

10.85 2.5 Scorpaena scrofa        

 

Table A13. Similarity percentage analysis results showing the significant average 

contribution of each species to the average dissimilarity between observations from the two 

groups in spring 2022. 

Species average sd ratio ava avb cumsum p stat 

Pomadasys stridens  0.038 0.018 2.154 1.272 5.917 0.053 0.001 D_Sh 

Sparus aurata  0.028 0.014 2.009 0.288 3.704 0.092 0.001 D_Sh 

Equulites klunzingeri  0.023 0.018 1.248 0.454 2.999 0.124 0.002 D_Sh 

Fistularia petimba  0.02 0.017 1.188 2.571 0.815 0.18 0.013 D_Sh 

Lepidotrigla cavillone  0.02 0.015 1.386 2.643 0.161 0.152 0.001 D_Sh 

Torquigener hypselogeneion  0.018 0.012 1.489 2.991 1.123 0.233 0.001 D_Sh 

Pagellus erythrinus  0.018 0.013 1.352 2.866 1.278 0.258 0.008 D_Sh 

Upeneus moluccensis  0.017 0.014 1.199 2.522 1.633 0.378 0.042 D_Sh 

Sphyraena chrysotaenia 0.017 0.017 0.954 0.258 2.189 0.401 0.007 D_Sh 

Chelidonichthys lastoviza  0.017 0.014 1.222 2.243 0 0.33 0.001 D_Sh 

Trachurus mediterraneus  0.017 0.014 1.213 0.48 2.369 0.282 0.002 D_Sh 

Caranx rhonchus  0.017 0.016 1.108 0 2.19 0.354 0.002 D_Sh 

Trichiurus lepturus  0.017 0.015 1.116 0 2.197 0.306 0.001 D_Sh 

Ostorhinchus fasciatus  0.016 0.013 1.255 2.745 1.511 0.424 0.025 D_Sh 
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Table A13. Continued 

 

Species average sd ratio ava avb cumsum p stat 

Citharus linguatula  0.016 0.015 1.051 1.975 0.613 0.49 0.005 D_Sh 

Zeus faber  0.016 0.013 1.213 2.062 0.118 0.468 0.001 D_Sh 

Argyrosomus regius  0.013 0.018 0.739 0 1.651 0.567 0.019 D_Sh 

Serranus hepatus  0.013 0.014 0.973 1.683 0.245 0.548 0.011 D_Sh 

Chelidonichthys lucerna  0.012 0.014 0.818 0.295 1.349 0.617 0.022 D_Sh 

Solea solea  0.012 0.015 0.824 0 1.602 0.584 0.015 D_Sh 

Spicara flexuosum  0.01 0.014 0.718 1.291 0 0.723 0.008 D_Sh 

Jaydia smithi  0.006 0.01 0.58 0 0.683 0.834 0.049 D_Sh 

Monochirus hispidus  0.004 0.007 0.5 0.477 0 0.91 0.029 D_Sh 

Blennius ocellaris  0.004 0.007 0.511 0.506 0 0.914 0.027 D_Sh 

Upeneus pori  0.028 0.014 1.966 0.265 3.801 0.039 0.001 D_W 

Parupeneus forsskali  0.027 0.013 2.098 0.213 3.718 0.076 0.001 D_W 

Bothus podas  0.025 0.014 1.714 0.577 3.451 0.11 0.001 D_W 

Siganus rivulatus  0.021 0.014 1.525 0 2.822 0.139 0.001 D_W 

Stephanolepis diaspros  0.02 0.014 1.447 0.439 2.895 0.167 0.001 D_W 

Ostorhinchus fasciatus  0.02 0.011 1.813 2.745 0.22 0.249 0.004 D_W 

Pteragogus trispilus 0.02 0.013 1.525 0.173 2.757 0.222 0.001 D_W 

Epinephelus aeneus 0.02 0.018 1.105 0.417 2.481 0.195 0.013 D_W 

Lepidotrigla cavillone  0.019 0.013 1.456 2.643 0 0.276 0.011 D_W 

Saurida lessepsianus 0.018 0.015 1.181 4.567 2.312 0.376 0.002 D_W 

Lagocephalus suezensis 0.018 0.016 1.106 0.826 2.332 0.425 0.013 D_W 

Upeneus moluccensis  0.018 0.013 1.426 2.522 0.606 0.351 0.046 D_W 

Serranus cabrilla  0.018 0.015 1.226 1.299 2.753 0.327 0.003 D_W 

Pterois miles 0.017 0.014 1.217 1.4 2.682 0.471 0.015 D_W 

Chelidonichthys lastoviza  0.015 0.012 1.221 2.243 0.875 0.536 0.047 D_W 

Zeus faber  0.015 0.012 1.246 2.062 0.319 0.576 0.033 D_W 

Coris julis  0.013 0.012 1.122 0 1.765 0.649 0.001 D_W 

Equulites popei 0.012 0.015 0.768 0.828 1.149 0.683 0.031 D_W 

Apogonichthyoides 

nigripinnis  
0.01 0.012 0.849 0 1.447 0.726 0.001 D_W 

Spicara smaris  0.009 0.012 0.781 0.678 0.966 0.739 0.032 D_W 

Serranus scriba  0.008 0.014 0.615 0 1.222 0.751 0.003 D_W 

Spondyliosoma cantharus 0.007 0.011 0.623 0 1.024 0.814 0.003 D_W 

Symphodus tinca  0.007 0.011 0.623 0 1.024 0.824 0.003 D_W 

Lagocephalus sceleratus  0.005 0.011 0.402 0 0.566 0.881 0.006 D_W 
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Table A13. Continued. 

 

Species average sd ratio ava avb cumsum p stat 

Diplodus vulgaris  0.005 0.013 0.403 0 0.805 0.875 0.011 D_W 

Scorpaena porcus  0.004 0.011 0.403 0 0.665 0.887 0.011 D_W 

Symphodus mediterraneus 0.004 0.01 0.403 0 0.574 0.921 0.011 D_W 

Muraena helena  0.004 0.011 0.403 0 0.595 0.905 0.007 D_W 

Sparisoma cretense 0.004 0.011 0.403 0 0.665 0.893 0.011 D_W 

Symphodus roissali  0.004 0.01 0.403 0 0.576 0.916 0.011 D_W 

Xyrichtys novacula  0.004 0.01 0.403 0 0.534 0.911 0.005 D_W 

Callionymus maculatus  0.004 0.008 0.479 0.162 0.405 0.932 0.033 D_W 

Jaydia queketti  0.003 0.007 0.402 0 0.362 0.958 0.006 D_W 

Gobius niger  0.003 0.007 0.403 0 0.362 0.965 0.005 D_W 

Engraulis encrasicolus  0.002 0.005 0.403 0 0.263 0.984 0.005 D_W 

Pomadasys stridens  0.033 0.014 2.358 5.917 1.118 0.042 0.006 Sh_W 

Parupeneus forsskali  0.026 0.012 2.136 0.152 3.718 0.106 0.001 Sh_W 

Sparus aurata  0.026 0.01 2.547 3.704 0 0.074 0.002 Sh_W 

Bothus podas  0.023 0.012 1.973 0.302 3.451 0.135 0.001 Sh_W 

Upeneus pori  0.021 0.015 1.409 1.318 3.801 0.161 0.009 Sh_W 

Stephanolepis diaspros  0.02 0.013 1.523 0 2.895 0.186 0.001 Sh_W 

Serranus cabrilla  0.02 0.013 1.5 0 2.753 0.235 0.001 Sh_W 

Pteragogus trispilus 0.019 0.013 1.509 0 2.757 0.258 0.001 Sh_W 

Siganus rivulatus  0.019 0.013 1.441 0.383 2.822 0.281 0.003 Sh_W 

Saurida lessepsianus 0.018 0.014 1.251 4.592 2.312 0.327 0.003 Sh_W 

Pterois miles 0.018 0.013 1.401 0.214 2.682 0.304 0.004 Sh_W 

Torquigener hypselogeneion  0.016 0.012 1.433 1.123 3.028 0.414 0.014 Sh_W 

Lagocephalus suezensis 0.016 0.015 1.092 0.721 2.332 0.434 0.045 Sh_W 

Coris julis  0.012 0.011 1.12 0 1.765 0.609 0.001 Sh_W 

Apogonichthyoides nigripinnis  0.01 0.011 0.848 0 1.447 0.689 0.005 Sh_W 

Serranus scriba  0.008 0.013 0.614 0 1.222 0.785 0.029 Sh_W 

Spondyliosoma cantharus 0.007 0.011 0.623 0 1.024 0.82 0.029 Sh_W 

Symphodus tinca  0.007 0.011 0.623 0 1.024 0.828 0.029 Sh_W 
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Table A14. The top 15 species of the highest biomass in autumn 2022 (CPUA = Catch per unit area 

in g/km2, % = percentage biomass). 

Shallow Deep 

CPUA 

(kg/km2) 
% Species 

CPUA 

(kg/km2) 
% Species 

2899.69 70.2 Pomadasys stridens  4299474.736 40.3 Mullus barbatus  

526.86 12.8 Equulites klunzingeri  1446024.758 13.6 Pagellus acarne  

152.99 3.7 Saurida lessepsianus 799024.0446 7.5 Saurida lessepsianus 

152.56 3.7 Mullus barbatus  706632.819 6.6 Pagellus erythrinus  

67.03 1.6 Upeneus moluccensis  671641.0206 6.3 Upeneus moluccensis  

53.56 1.3 Argyrosomus regius  376546.1947 3.5 Nemipterus randalli  

38.91 0.9 Pagellus erythrinus  266472.3538 2.5 Champsodon nudivittis 

37.16 0.9 Nemipterus randalli  255841.1861 2.4 Etrumeus golanii 

36.45 0.9 Sillago suezensis  254217.2899 2.4 Boops boops  

18.87 0.5 Sparus aurata  222855.1515 2.1 Fistularia petimba  

15.97 0.4 Upeneus pori  165778.605 1.6 Citharus linguatula  

13.61 0.3 Lagocephalus suezensis 88196.2849 0.8 Chelidonichthys lastoviza  

13.07 0.3 Trichiurus lepturus  84184.098 0.8 Trachurus mediterraneus  

11.32 0.3 
Trachurus 

mediterraneus  
73497.4623 0.7 Serranus hepatus  

10.86 0.3 
Lagocephalus 

spadiceus  
71872.93705 0.7 Pomadasys stridens  

Deep in east West of Mersin Bay 

CPUA 

(kg/km2) 
% Species 

CPUA 

(kg/km2) 
% Species 

83316.08628 35.6 Nemipterus randalli  1439763.757 37.4 Mullus barbatus  

65429.01691 28 Saurida lessepsianus 433267.7039 11.3 Epinephelus aeneus 

42364.11167 18.1 Upeneus moluccensis  271127.177 7.1 Equulites kluzingeri 

15062.79526 6.4 Champsodon nudivittis 239586.5247 6.2 Fistularia petimba  

8472.822334 3.6 Fistularia petimba  173223.1653 4.5 Dentex gibbosus  

4471.767343 1.9 Diplodus annularis  149536.3591 3.9 Upeneus pori  

4001.054991 1.7 Jaydia smithi  141813.4264 3.7 Saurida lessepsianus 

3294.986463 1.4 Pagellus erythrinus  137514.6077 3.6 Parupeneus forsskali  

2824.274111 1.2 Equulites klunzingeri  123370.8049 3.2 Pagellus erythrinus  

1647.493232 0.7 Jaydia queketti  73831.76737 1.9 Upeneus moluccensis  

1176.78088 0.5 Citharus linguatula  70885.86523 1.8 Siganus rivulatus  

941.4247038 0.4 
Lagocephalus 

spadiceus  
68684.35502 1.8 Pagellus acarne  

470.7123519 0.2 Equulites popei 62323.1801 1.6 Lagocephalus suezensis 

235.3561759 0.1 Pomadasys stridens  56276.12087 1.5 Pomadasys stridens  

NA NA NA 53307.87702 1.4 Pteragogus trispilus 
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Table A14. Continued. 

 

X       
CPUA 

(kg/km2) 
% Species       

307538.116 23.8 Pomadasys stridens        

173702.084 13.4 Serranus scriba        

130276.563 10.1 Epinephelus aeneus       

125293.3065 9.7 Parupeneus forsskali        

110699.4839 8.6 Sparisoma cretense       

106784.068 8.3 Muraena helena        

83291.57307 6.4 Pterois miles        

55527.71538 4.3 Boops boops        

44849.30858 3.5 Siganus rivulatus        

27763.85769 2.1 Scorpaena notata        

26696.01701 2.1 Sargocentron rubrum        

22068.70739 1.7 Pteragogus trispilus        

18153.29157 1.4 Diplodus annularis        

17085.45089 1.3 Scorpaena scrofa        

13881.92884 1.1 Diplodus sargus        

 

Table A15. Similarity percentage analysis results showing the significant average 

contribution of each species to the average dissimilarity between observations from 

the two groups in autumn 2022. 

Species average sd ratio ava avb cumsum p stat 

Champsodon nudivittis 0.02 0.012 1.659 3.221 0 0.058 0.001 D_W 

Parupeneus forsskali  0.02 0.009 2.238 0 3.459 0.029 0.001 D_W 

Pagellus acarne  0.02 0.012 1.655 3.624 0.691 0.086 0.001 D_W 

Nemipterus randalli  0.018 0.011 1.621 3.774 1.093 0.166 0.001 D_W 

Upeneus pori  0.018 0.009 2.004 0.993 4.11 0.113 0.001 D_W 

Citharus linguatula  0.018 0.011 1.624 3.346 0.632 0.14 0.001 D_W 

Bothus podas  0.017 0.01 1.685 0.981 3.697 0.191 0.002 D_W 

Lagocephalus suezensis 0.016 0.01 1.551 1.265 3.762 0.288 0.006 D_W 

Upeneus moluccensis  0.016 0.012 1.327 4.117 1.785 0.265 0.004 D_W 

Epinephelus aeneus 0.015 0.011 1.399 0 2.608 0.311 0.001 D_W 

Trachurus mediterraneus  0.015 0.01 1.423 2.979 1.042 0.354 0.043 D_W 

Arnoglossus laterna  0.015 0.008 1.88 2.543 0 0.333 0.001 D_W 
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Table A15. Continued. 

 

Species average sd ratio ava avb cumsum p stat 

Boops boops  0.013 0.011 1.185 2.385 1.294 0.43 0.041 D_W 

Chelidonichthys lastoviza  0.013 0.012 1.126 2.328 0 0.393 0.002 D_W 

Zeus faber  0.013 0.012 1.112 2.224 0 0.373 0.002 D_W 

Pteragogus trispilus 0.012 0.011 1.108 0 2.102 0.467 0.002 D_W 

Pterois miles 0.012 0.011 1.087 0.943 2.089 0.501 0.005 D_W 

Serranus cabrilla  0.011 0.01 1.11 1.971 1.018 0.552 0.009 D_W 

Sardina pilchardus  0.011 0.009 1.278 1.97 0 0.535 0.003 D_W 

Synodus saurus  0.011 0.01 1.077 1.107 1.931 0.568 0.01 D_W 

Stephanolepis diaspros  0.01 0.01 0.975 0.79 1.648 0.644 0.009 D_W 

Dentex gibbosus  0.01 0.012 0.832 0 1.878 0.614 0.012 D_W 

Spicara flexuosum  0.01 0.01 0.983 1.748 0.409 0.659 0.011 D_W 

Lepidotrigla cavillone  0.01 0.011 0.913 1.754 0 0.687 0.009 D_W 

Mullus surmuletus  0.01 0.01 0.987 1.738 0.529 0.629 0.012 D_W 

Blennius ocellaris  0.01 0.009 1.13 1.831 0.402 0.599 0.012 D_W 

Etrumeus golanii 0.009 0.01 0.905 1.683 0 0.729 0.004 D_W 

Spicara smaris  0.008 0.009 0.869 1.248 0.338 0.789 0.026 D_W 

Uranoscopus scaber  0.008 0.01 0.765 1.188 0.477 0.778 0.038 D_W 

Chelidonichthys lucerna  0.006 0.009 0.685 1.06 0 0.809 0.028 D_W 

Cheilodipterus novemstriatus  0.004 0.006 0.62 0 0.694 0.902 0.027 D_W 

Pomadasys stridens  0.029 0.011 2.653 5.833 0.697 0.044 0.001 Sh_D 

Equulites klunzingeri  0.029 0.008 3.447 5.6 0.482 0.087 0.001 Sh_D 

Pagellus acarne  0.02 0.01 1.903 0 3.624 0.116 0.001 Sh_D 

Argyrosomus regius  0.019 0.012 1.549 3.463 0.29 0.144 0.001 Sh_D 

Champsodon nudivittis 0.018 0.011 1.699 0 3.221 0.172 0.001 Sh_D 

Citharus linguatula  0.018 0.009 1.921 0.141 3.346 0.199 0.001 Sh_D 

Serranus hepatus  0.016 0.009 1.862 0.115 2.999 0.223 0.001 Sh_D 

Lagocephalus spadiceus  0.015 0.009 1.637 3.087 0.552 0.246 0.002 Sh_D 

Upeneus pori  0.014 0.009 1.513 3.163 0.993 0.29 0.01 Sh_D 

Torquigener hypselogeneion  0.012 0.008 1.618 0.888 2.882 0.366 0.003 Sh_D 

Boops boops  0.012 0.011 1.154 0.893 2.385 0.421 0.022 Sh_D 

Chelidonichthys lastoviza  0.012 0.011 1.138 0 2.328 0.384 0.001 Sh_D 

Zeus faber  0.012 0.011 1.127 0 2.224 0.347 0.002 Sh_D 

Arnoglossus laterna  0.012 0.008 1.621 0.483 2.543 0.402 0.001 Sh_D 

Serranus cabrilla  0.011 0.009 1.136 0 1.971 0.506 0.001 Sh_D 

Sardina pilchardus  0.011 0.008 1.295 0 1.97 0.522 0.001 Sh_D 

Mullus surmuletus  0.01 0.01 0.982 0.179 1.738 0.629 0.007 Sh_D 



 

 

211 

Table A15. Continued. 

 

Species average sd ratio ava avb cumsum p stat 

Blennius ocellaris  0.01 0.009 1.135 0 1.831 0.6 0.002 Sh_D 

Etrumeus golanii 0.009 0.01 0.912 0 1.683 0.683 0.001 Sh_D 

Spicara flexuosum  0.009 0.01 0.937 0 1.748 0.657 0.003 Sh_D 

Lepidotrigla cavillone  0.009 0.01 0.921 0 1.754 0.67 0.003 Sh_D 

Spicara smaris  0.007 0.009 0.814 0 1.248 0.729 0.007 Sh_D 

Engraulis encrasicolus  0.006 0.008 0.722 0.121 0.998 0.839 0.008 Sh_D 

Chelidonichthys lucerna  0.006 0.008 0.69 0 1.06 0.814 0.004 Sh_D 

Dentex macrophthalmus  0.004 0.006 0.572 0 0.726 0.915 0.014 Sh_D 

Microchirus ocellatus  0.004 0.007 0.572 0 0.765 0.909 0.012 Sh_D 

Arnoglossus thori  0.004 0.008 0.572 0 0.85 0.891 0.016 Sh_D 

Hippocampus hippocampus  0.002 0.005 0.431 0 0.342 0.968 0.041 Sh_D 

Argyrosomus regius  0.023 0.014 1.613 3.463 0 0.035 0.001 Sh_W 

Parupeneus forsskali  0.021 0.01 2.193 0.112 3.459 0.068 0.001 Sh_W 

Lagocephalus spadiceus  0.02 0.011 1.878 3.087 0 0.099 0.001 Sh_W 

Nemipterus randalli  0.02 0.012 1.666 3.914 1.093 0.16 0.001 Sh_W 

Sparus aurata  0.02 0.012 1.702 3.169 0 0.129 0.001 Sh_W 

Upeneus moluccensis  0.019 0.013 1.406 4.659 1.785 0.189 0.001 Sh_W 

Bothus podas  0.018 0.011 1.714 1.022 3.697 0.217 0.002 Sh_W 

Epinephelus aeneus 0.016 0.012 1.347 0.441 2.608 0.295 0.001 Sh_W 

Saurida lessepsianus 0.015 0.01 1.408 4.433 2.661 0.388 0.007 Sh_W 

Dussumieria elopsoides  0.015 0.011 1.336 2.392 0 0.319 0.002 Sh_W 

Trachurus mediterraneus  0.015 0.012 1.204 2.643 1.042 0.365 0.018 Sh_W 

Ostorhinchus fasciatus  0.014 0.011 1.187 2.168 0.495 0.474 0.022 Sh_W 

Torquigener hypselogeneion  0.014 0.009 1.541 0.888 2.762 0.453 0.002 Sh_W 

Pteragogus trispilus 0.013 0.012 1.118 0 2.102 0.494 0.001 Sh_W 

Pterois miles 0.013 0.012 1.094 0 2.089 0.534 0.009 Sh_W 

Serranus hepatus  0.013 0.01 1.329 0.115 2.017 0.514 0.04 Sh_W 

Synodus saurus  0.012 0.011 1.085 0 1.931 0.553 0.002 Sh_W 

Siganus rivulatus  0.011 0.012 0.945 0.641 1.76 0.644 0.012 Sh_W 

Dentex gibbosus  0.011 0.013 0.886 0.299 1.878 0.626 0.002 Sh_W 

Stephanolepis diaspros  0.01 0.011 0.852 0 1.648 0.691 0.013 Sh_W 

Lagocephalus sceleratus  0.009 0.009 0.937 0.604 1.136 0.762 0.015 Sh_W 

Apogonichthyoides nigripinnis  0.005 0.007 0.689 0.243 0.702 0.868 0.036 Sh_W 

Fistularia commersonii  0.004 0.009 0.457 0.133 0.552 0.901 0.039 Sh_W 

Cheilodipterus novemstriatus  0.004 0.006 0.623 0 0.694 0.895 0.012 Sh_W 
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Table A16. Results of the indicator species analysis for autumn 1983. 

A Sh D S W index stat p.value Species 

0 1 1 0 0 10 0.226455 1 Atherinomorus lacunosus  

0 0 0 1 0 4 0.942901 0.07 Siganus luridus  

0 1 1 0 0 10 0.27735 0.84 Sillago suezensis  

1 1 1 1 1 31 0.848528 NA Stephanolepis diaspros  

0 0 0 0 1 5 0.534572 0.332 Lagocephalus spadiceus  

0 1 1 0 1 23 0.978945 0.004 Saurida lessepsianus 

1 1 0 1 1 28 0.919774 0.026 Equulites klunzingeri  

0 0 0 1 0 4 0.873871 0.072 Pelates quadrilineatus  

0 0 0 1 0 4 0.863139 0.174 Apogonichthyoides nigripinnis  

1 0 0 1 0 8 0.921408 0.004 Siganus rivulatus  

0 1 1 0 0 10 0.806417 0.06 Upeneus moluccensis  

1 1 0 0 1 18 0.742418 0.153 Callionymus filamentosus  

0 1 1 0 0 10 0.423659 0.605 Sphyraena chrysotaenia 

0 1 0 0 0 2 0.387298 0.285 Scyris alexandrina 

0 1 0 0 0 2 0.223607 1 Seriola dumerili  

0 1 1 0 0 10 0.392232 0.61 Engraulis encrasicolus  

1 1 0 0 0 6 0.736416 0.157 Diplodus annularis  

0 0 1 0 0 3 0.345714 0.487 Echelus myrus  

0 0 1 0 1 14 0.654654 0.429 Scorpaena porcus  

0 1 0 0 0 2 0.774597 0.206 Pomadasys incisus  

0 1 0 0 0 2 0.387298 0.31 Pomatomus saltatrix  

0 1 1 0 1 23 0.5 1 Boops boops  

1 0 1 1 0 19 0.815805 0.028 Spicara maena  

0 0 1 0 0 3 0.512989 0.206 Cepola macrophthalma  

0 1 0 0 0 2 0.223607 1 Serranus cabrilla  

0 0 1 0 1 14 0.89176 0.001 Citharus linguatula  

0 0 0 1 0 4 0.891405 0.12 Diplodus vulgaris  

0 0 1 0 0 3 0.282245 0.537 Chelidonichthys lastoviza  

0 0 0 0 1 5 0.666667 0.143 Dentex dentex  

0 1 0 0 0 2 0.387298 0.294 Dentex gibbosus  

0 0 0 0 1 5 0.333333 0.231 Dactylopterus volitans  

0 1 1 0 1 23 0.889757 0.061 Gobius niger  

0 1 0 0 1 12 0.491304 0.298 Epinephelus aeneus 

0 1 1 1 1 30 0.92582 0.29 Chelidonichthys lucerna  

0 0 1 0 0 3 0.688247 0.347 Merluccius merluccius  

0 1 0 0 0 2 0.447214 0.208 Caranx rhonchus  
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Table A16. Continued. 

 

A Sh D S W index stat p.value Species 

0 1 1 1 0 22 0.718163 0.303 Trachurus trachurus  

0 0 1 0 1 14 0.731925 0.303 Zeus faber  

0 0 1 0 1 14 0.954662 0.001 Lepidotrigla cavillone  

0 1 1 0 0 10 0.392232 0.576 Trichiurus lepturus  

0 0 0 1 0 4 0.789921 0.12 Argyrosomus regius  

0 0 1 0 0 3 0.324443 0.253 Microchirus ocellatus  

0 1 1 1 1 30 0.979379 0.121 Arnoglossus laterna  

1 0 0 1 0 8 0.826949 0.052 Mullus surmuletus  

1 1 1 1 1 31 0.969536 NA Mullus barbatus  

0 0 1 0 0 3 0.700129 0.442 Blennius ocellaris  

1 0 0 0 1 9 0.789129 0.096 Bothus podas  

1 1 1 0 1 27 0.936777 0.26 Pagellus erythrinus  

0 1 0 0 0 2 0.223607 1 Remora remora  

0 0 0 0 1 5 0.809529 0.064 Pagrus pagrus  

0 0 1 0 0 3 0.229416 0.587 Scorpaena scrofa  

0 0 0 1 0 4 0.896388 0.091 Sardinella aurita  

0 0 1 0 0 3 0.399774 0.412 Pagellus acarne  

1 0 0 1 0 8 0.803756 0.073 Sparus aurata  

0 0 0 1 0 4 1 0.051 Oblada melanurus  

0 0 0 0 1 5 0.471405 0.104 Diplodus cervinus  

0 0 1 0 1 14 0.5 0.3 Synodus saurus  

0 1 1 1 0 22 0.791453 0.031 Solea solea  

0 1 1 0 1 23 0.866025 0.081 Serranus hepatus  

1 0 0 1 0 8 0.946951 0.006 Lithognathus mormyrus  

0 0 0 1 0 4 0.909522 0.042 Diplodus sargus  

0 1 0 0 1 12 0.557086 0.346 Balistes capriscus  

0 0 1 0 1 14 0.81105 0.05 Uranoscopus scaber  

0 0 1 0 1 14 0.327327 0.389 Scomber colias  

0 0 1 0 1 14 0.498932 0.514 Trachinus draco  

0 1 0 0 0 2 0.223607 1 Xyrichtys novacula  
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Table A17. Results of the indicator species analysis for spring 1984. 

A Cd Ec Mc W index stat p.value Species 

0 0 1 0 0 3 1 0.061 Sillago suezensis  

0 0 1 0 1 14 0.932404 0.011 Stephanolepis diaspros  

0 0 0 0 1 5 0.448043 0.348 Lagocephalus spadiceus  

0 1 0 0 1 12 0.98165 0.002 Saurida lessepsianus 

0 1 0 0 0 2 0.140028 1 Alepes djedaba 

1 0 1 0 0 7 0.877848 0.121 Equulites klunzingeri  

0 0 1 0 0 3 0.98483 0.055 Pelates quadrilineatus  

0 0 1 0 0 3 0.808091 0.315 Apogonichthyoides nigripinnis  

0 0 1 0 0 3 0.895988 0.103 Siganus rivulatus  

0 0 1 0 0 3 0.769653 0.511 Upeneus pori  

0 1 0 0 0 2 0.863191 0.204 Upeneus moluccensis  

0 1 0 0 0 2 0.542326 0.813 Callionymus filamentosus  

0 1 0 0 0 2 0.342997 1 Sphyraena chrysotaenia 

0 0 0 1 0 4 0.994512 0.049 Engraulis encrasicolus  

0 0 1 0 1 14 0.84774 0.292 Diplodus annularis  

0 1 0 0 0 2 0.370479 1 Echelus myrus  

0 0 0 0 1 5 0.414137 0.768 Scorpaena porcus  

0 0 0 1 0 4 0.993138 0.049 Pomadasys incisus  

0 1 0 0 0 2 0.140028 1 Pomatomus saltatrix  

0 1 0 0 1 12 0.603023 1 Boops boops  

1 1 0 1 1 28 0.917663 0.484 Spicara maena  

0 1 0 0 0 2 0.140028 1 Spondyliosoma cantharus 

0 1 0 0 0 2 0.313112 1 Cepola macrophthalma  

0 0 0 0 1 5 0.752994 0.606 Serranus cabrilla  

0 1 0 0 1 12 0.873863 0.242 Citharus linguatula  

0 0 0 1 0 4 1 0.054 Umbrina cirrosa  

0 1 0 0 0 2 0.140028 1 Conger conger  

0 0 1 1 1 25 0.988352 0.001 Diplodus vulgaris  

0 0 0 0 1 5 0.879745 0.133 Chelidonichthys lastoviza  

0 0 0 0 1 5 0.707107 0.106 Dentex dentex  

0 1 0 0 0 2 0.140028 1 Dentex macrophthalmus  

0 0 0 0 1 5 0.639768 0.366 Dentex gibbosus  

0 1 1 1 0 22 0.890198 0.195 Gobius niger  

0 1 0 0 0 2 0.140028 1 Epinephelus marginatus  

0 1 0 0 0 2 0.242536 1 Epinephelus aeneus 

1 1 1 0 1 27 0.878595 0.7 Chelidonichthys lucerna  
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Table A17. Continued. 

 

A Sh D S W index stat p.value Species 

0 1 0 0 0 2 0.685994 0.853 Merluccius merluccius  

1 0 1 0 0 7 0.90824 0.038 Trachurus trachurus  

0 1 0 0 0 2 0.19803 1 Hippocampus hippocampus  

0 1 0 0 1 12 0.750757 0.816 Zeus faber  

0 1 0 1 1 24 0.834523 0.64 Lepidotrigla cavillone  

0 0 0 1 0 4 0.98405 0.05 Trichiurus lepturus  

0 0 0 1 0 4 0.993697 0.049 Argyrosomus regius  

0 1 0 0 0 2 0.140028 1 Monochirus hispidus  

0 1 0 0 0 2 0.242536 1 Microchirus ocellatus  

1 1 0 1 1 28 0.991189 0.114 Arnoglossus laterna  

0 0 1 0 0 3 1 0.061 Mugil cephalus  

0 0 0 0 1 5 0.989856 0.002 Mullus surmuletus  

0 1 0 0 1 12 0.873863 0.229 Mullus barbatus  

0 1 0 0 0 2 0.542326 0.796 Blennius ocellaris  

0 0 0 0 1 5 0.916636 0.068 Bothus podas  

0 1 0 0 1 12 0.904534 0.159 Pagellus erythrinus  

0 0 0 0 1 5 0.966303 0.021 Pagrus pagrus  

0 0 0 0 1 5 0.634347 0.39 Scorpaena scrofa  

0 1 0 0 0 2 0.19803 1 Sardinella aurita  

0 0 1 0 0 3 0.81667 0.394 Pagellus acarne  

0 0 1 0 0 3 0.876213 0.282 Sparus aurata  

0 0 1 0 0 3 1 0.061 Diplodus cervinus  

0 1 0 0 0 2 0.342997 1 Synodus saurus  

0 1 0 0 0 2 0.140028 1 Syngnathus acus  

0 0 0 0 1 5 0.960598 0.036 Scorpaena notata  

0 1 0 0 0 2 0.280056 1 Macroramphosus scolopax  

0 1 1 1 1 30 0.878595 0.696 Solea solea  

0 1 0 0 1 12 0.76277 0.819 Serranus hepatus  

0 0 1 0 0 3 0.876471 0.235 Lithognathus mormyrus  

0 0 0 0 1 5 0.5 0.117 Diplodus sargus  

0 1 0 0 0 2 0.140028 1 Balistes capriscus  

0 1 0 0 1 12 0.738549 0.833 Uranoscopus scaber  

0 1 0 0 1 12 0.486172 1 Trachinus draco  

0 0 0 0 1 5 0.482825 0.182 Xyrichtys novacula  
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Table A18. Results of the indicator species analysis for autumn 1984. 

Sh D I W Wc index stat p.value Species 

0 0 0 0 1 5 0.954215 0.023 Siganus luridus  

1 0 0 0 0 1 0.534522 0.36 Sillago suezensis  

0 0 0 1 1 15 0.857374 0.005 Stephanolepis diaspros  

1 0 0 0 0 1 0.681385 0.297 Lagocephalus spadiceus  

1 1 1 1 0 26 0.972846 0.064 Saurida lessepsianus 

1 0 1 0 1 20 0.94089 0.001 Equulites klunzingeri  

1 0 0 0 0 1 0.46291 0.352 Pelates quadrilineatus  

1 0 0 0 0 1 0.46291 0.338 Apogonichthyoides nigripinnis  

0 0 0 1 1 15 0.7129 0.204 Siganus rivulatus  

1 0 1 1 0 19 0.808964 0.047 Upeneus pori  

1 1 1 0 0 16 0.922958 0.003 Upeneus moluccensis  

1 0 0 0 0 1 0.732351 0.173 Callionymus filamentosus  

0 0 1 0 0 3 0.947308 0.001 Sphyraena chrysotaenia 

1 0 0 0 0 1 0.46291 0.333 Scyris alexandrina 

1 0 0 0 0 1 0.286558 0.64 Engraulis encrasicolus  

1 0 0 0 0 1 0.731925 0.172 Diplodus annularis  

1 1 0 0 0 6 0.2 1 Echelus myrus  

0 1 0 1 0 11 0.718697 0.213 Scorpaena porcus  

1 0 0 0 0 1 0.681385 0.272 Pomadasys incisus  

1 0 0 0 0 1 0.188982 1 Pomatomus saltatrix  

0 1 1 0 0 10 0.560753 0.586 Boops boops  

0 1 0 1 0 11 0.850162 0.016 Spicara maena  

0 1 0 0 0 2 0.369274 0.386 Cepola macrophthalma  

0 0 0 1 0 4 0.750064 0.12 Serranus cabrilla  

0 1 1 0 0 10 0.926445 0.001 Citharus linguatula  

1 0 0 0 0 1 0.46291 0.332 Umbrina cirrosa  

0 1 0 0 0 2 0.257053 0.645 Conger conger  

1 1 0 0 0 6 0.374166 0.88 Diplodus vulgaris  

0 0 0 1 1 15 0.863812 0.011 Chelidonichthys lastoviza  

0 0 0 1 0 4 0.707107 0.049 Microlipophrys dalmatinus 

0 0 0 0 1 5 0.839383 0.031 Dentex dentex  

0 0 0 1 1 15 0.947809 0.003 Dentex macrophthalmus  

0 0 0 0 1 5 0.897072 0.021 Dentex gibbosus  

1 1 0 0 0 6 0.2 1 Dactylopterus volitans  

1 1 1 0 0 16 0.827759 0.114 Gobius niger  

1 0 1 0 0 7 0.770552 0.085 Epinephelus aeneus 
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Table A18. Continued. 

 

A Sh D S W index stat p.value Species 

0 1 1 1 0 22 0.749955 0.231 Chelidonichthys lucerna  

0 1 0 0 0 2 0.766413 0.103 Merluccius merluccius  

1 0 0 0 0 1 0.188982 1 Caranx rhonchus  

0 0 1 0 0 3 0.649684 0.39 Trachurus trachurus  

0 1 0 0 0 2 0.255476 0.739 Hippocampus hippocampus  

0 1 0 1 0 11 0.755614 0.148 Zeus faber  

0 1 1 0 0 10 0.885636 0.002 Lepidotrigla cavillone  

1 1 1 0 0 16 0.471405 0.963 Trichiurus lepturus  

1 0 1 0 0 7 0.684653 0.287 Argyrosomus regius  

1 1 0 0 0 6 0.447214 0.818 Monochirus hispidus  

0 1 0 0 0 2 0.522233 0.294 Microchirus ocellatus  

1 1 1 1 0 26 0.935414 0.166 Arnoglossus laterna  

0 0 0 0 1 5 0.883958 0.043 Mullus surmuletus  

1 1 1 1 0 26 0.896421 0.259 Mullus barbatus  

0 1 0 0 0 2 0.852803 0.019 Blennius ocellaris  

0 0 0 0 1 5 0.766393 0.131 Bothus podas  

1 1 0 1 1 28 0.890198 0.009 Pagellus erythrinus  

0 0 0 0 1 5 0.930121 0.05 Pagrus auriga  

1 0 0 0 0 1 0.188982 1 Remora remora  

0 0 0 0 1 5 1 0.016 Pagrus pagrus  

0 0 0 0 1 5 0.837847 0.06 Scorpaena scrofa  

0 0 1 0 0 3 0.434266 0.242 Sardinella aurita  

0 1 0 0 0 2 0.583644 0.206 Pagellus acarne  

0 0 0 0 1 5 0.862687 0.015 Sparus aurata  

0 0 0 0 1 5 0.787832 0.09 Synodus saurus  

0 1 0 0 0 2 0.213201 0.499 Syngnathus acus  

1 0 0 0 0 1 0.188982 1 Diplodus puntazzo  

0 1 0 0 0 2 0.213201 0.505 Scorpaena notata  

0 0 0 1 0 4 0.661873 0.096 Macroramphosus scolopax  

1 1 0 0 0 6 0.761577 0.142 Solea solea  

0 1 0 1 0 11 0.811253 0.022 Serranus hepatus  

1 0 0 0 0 1 0.534522 0.364 Lithognathus mormyrus  

0 0 0 0 1 5 0.974592 0.003 Diplodus sargus  
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Table A18. Continued. 

 

A Sh D S W index stat p.value Species 

0 0 0 0 1 5 0.849389 0.018 Balistes capriscus  

0 1 1 1 0 22 0.71992 0.19 Uranoscopus scaber  

0 0 0 1 0 4 0.644641 0.115 Trachinus draco  

0 0 0 0 1 5 0.987268 0.008 Xyrichtys novacula  

 

 

Table A 19. Results of the indicator species analysis for spring 2022. 

Sh D Ec L W index stat p.value Species 

1 1 0 0 0 6 0.522233 0.529 Champsodon nudivittis 

0 1 0 0 1 12 0.285557 0.927 Fistularia commersonii  

0 1 0 1 1 24 0.790418 0.079 Fistularia petimba  

1 0 0 0 0 1 0.229416 1 Cheilodipterus novemstriatus  

1 0 0 0 0 1 0.561951 0.291 Sillago suezensis  

0 0 0 0 1 5 0.787551 0.292 Stephanolepis diaspros  

0 1 0 0 1 12 0.48795 0.274 Equulites popeis  

1 1 0 0 0 6 0.301511 0.825 Lagocephalus spadiceus  

0 0 0 0 1 5 0.377964 0.21 Lagocephalus sceleratus  

1 1 0 1 1 28 0.949968 0.214 Saurida lessepsianus 

1 1 1 1 1 31 0.872872 NA Nemipterus randalli  

1 1 0 0 1 18 0.5 1 Oxyurichthys papuensis  

1 1 0 1 0 17 0.772957 0.139 Ostorhinchus fasciatus  

0 0 0 0 1 5 0.819763 0.23 Pteragogus pelycus  

1 0 0 1 0 8 0.904517 0.001 Pomadasys stridens  

1 0 1 0 1 20 0.771439 0.132 Equulites klunzingeri  

0 0 0 1 0 4 0.886552 0.047 Pelates quadrilineatus  

0 1 0 0 1 12 0.705478 0.414 Pterois miles  

0 0 0 0 1 5 0.654654 0.142 Apogonichthyoides nigripinnis  

0 0 0 0 1 5 0.377964 0.21 Jaydia queketti  

0 1 1 0 1 23 0.897352 0.002 Torquigener hypselogeneion  

1 0 0 0 0 1 0.229416 1 Planiliza carinata  

1 0 0 0 0 1 0.512989 0.295 Jaydia smithi  

1 1 0 0 0 6 0.301511 0.832 Dussumieria elopsoides  

0 0 0 0 1 5 0.883516 0.02 Parupeneus forsskali  

0 0 0 0 1 5 0.793102 0.264 Siganus rivulatus  

0 0 0 1 0 4 0.720934 0.366 Lagocephalus suezensis 

0 0 1 0 1 14 0.860199 0.004 Upeneus pori  
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Table A19. Continued. 

 

A Sh D S W index stat p.value Species 

1 1 0 0 0 6 0.689922 0.463 Upeneus moluccensis  

0 0 0 1 0 4 0.783492 0.268 Callionymus filamentosus  

1 1 0 0 1 18 0.547723 1 Cynoglossus sinusarabici  

1 0 0 0 0 1 0.650948 0.458 Sphyraena chrysotaenia 

1 0 0 0 0 1 0.229416 1 Scyris alexandrina 

0 0 0 0 1 5 0.377964 0.218 Engraulis encrasicolus  

1 0 0 0 1 9 0.532491 0.645 Diplodus annularis  

0 0 0 1 0 4 1 0.057 Echelus myrus  

1 0 0 0 0 1 0.324443 0.48 Engraulis maeoticus  

0 0 0 0 1 5 0.377964 0.207 Scorpaena porcus  

1 0 0 0 0 1 0.324443 0.475 Pomadasys incisus  

1 1 0 0 1 18 0.5 1 Boops boops  

0 1 0 0 1 12 0.377964 0.388 Spicara maena  

0 0 0 0 1 5 0.534522 0.106 Spondyliosoma cantharus 

0 0 0 0 1 5 0.696597 0.411 Serranus cabrilla  

1 0 0 0 0 1 0.458831 0.25 Chelon auratus 

0 1 0 0 0 2 0.617653 0.475 Citharus linguatula  

1 0 0 0 0 1 0.229416 1 Umbrina cirrosa  

1 0 0 0 0 1 0.229416 1 Conger conger  

0 0 0 0 1 5 0.755929 0.173 Coris julis  

0 0 0 0 1 5 0.377964 0.207 Diplodus vulgaris  

0 1 0 0 1 12 0.723747 0.372 Chelidonichthys lastoviza  

0 0 0 0 1 5 0.330328 0.316 Dentex gibbosus  

1 1 0 0 0 6 0.348155 0.762 Deltentosteus quadrimaculatus  

0 1 0 0 1 12 0.534522 0.331 Spicara flexuosum  

0 0 0 1 0 4 0.954413 0.077 Phycis phycis  

0 0 0 0 1 5 0.377964 0.218 Gobius niger  

0 0 0 1 0 4 1 0.057 Phycis blennoides  

1 0 0 0 0 1 0.229416 1 Epinephelus marginatus  

0 0 0 1 0 4 0.73568 0.365 Epinephelus aeneus 

0 0 1 1 0 13 0.895226 0.005 Chelidonichthys lucerna  

1 1 0 0 0 6 0.246183 1 Merluccius merluccius  

1 0 1 0 0 7 0.778064 0.118 Trachurus mediterraneus  

0 0 1 0 0 3 0.805613 0.073 Caranx rhonchus  
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Table A19. Continued. 

 

A Sh D S W index stat p.value Species 

0 1 0 0 0 2 0.267261 0.555 Trachurus trachurus  

1 1 0 0 0 6 0.246183 1 Hippocampus hippocampus  

0 1 0 0 0 2 0.728329 0.317 Zeus faber  

0 1 0 0 0 2 0.820509 0.08 Lepidotrigla cavillone  

1 0 0 0 0 1 0.760886 0.242 Trichiurus lepturus  

1 0 0 0 0 1 0.229416 1 Chelon saliens  

0 0 0 0 1 5 0.377964 0.207 Symphodus mediterraneus 

1 0 0 0 0 1 0.606977 0.316 Argyrosomus regius  

0 1 0 0 0 2 0.46291 0.23 Monochirus hispidus  

0 0 0 0 1 5 0.377964 0.195 Muraena helena  

0 1 0 0 0 2 0.267261 0.561 Microchirus ocellatus  

0 0 1 1 0 13 0.868922 0.005 Arnoglossus laterna  

1 0 0 0 0 1 0.229416 1 Mullus surmuletus  

1 1 0 0 1 18 0.758288 0.476 Mullus barbatus  

0 1 0 0 0 2 0.46291 0.221 Blennius ocellaris  

0 0 0 1 1 15 0.8737 0.025 Bothus podas  

0 1 1 0 1 23 0.767382 0.187 Pagellus erythrinus  

1 0 0 0 0 1 0.229416 1 Sardina pilchardus  

0 0 0 0 1 5 0.377964 0.207 Sparisoma cretense 

1 0 0 0 0 1 0.229416 1 Pagrus auriga  

0 1 0 0 0 2 0.267261 0.561 Arnoglossus thori  

0 0 0 0 1 5 0.377964 0.207 Symphodus roissali  

0 0 1 1 0 13 0.958188 0.004 Pagrus pagrus  

0 0 0 0 1 5 0.49741 0.155 Scorpaena scrofa  

1 0 0 0 0 1 0.229416 1 Caranx crysos  

1 0 0 0 0 1 0.324443 0.389 Sardinella aurita  

1 1 0 0 1 18 0.689202 0.735 Pagellus acarne  

1 0 0 0 0 1 0.911152 0.001 Sparus aurata  

1 1 0 0 1 18 0.524404 1 Synodus saurus  

0 1 0 0 0 2 0.267261 0.538 Scorpaena notata  

0 1 0 0 0 2 0.377964 0.228 Macroramphosus scolopax  

1 0 0 0 1 9 0.588348 0.427 Solea solea  

0 1 0 0 1 12 0.48795 0.298 Spicara smaris  

0 1 0 0 1 12 0.626356 0.466 Serranus hepatus  
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Table A19. Continued. 

 

A Sh D S W index stat p.value Species 

0 0 0 0 1 5 0.534522 0.106 Serranus scriba  

1 0 0 0 0 1 0.324443 0.484 Lithognathus mormyrus  

0 0 0 1 0 4 0.886382 0.09 Diplodus sargus  

0 0 0 0 1 5 0.534522 0.106 Symphodus tinca  

1 0 0 0 0 1 0.229416 1 Alosa fallax 

0 1 0 0 0 2 0.377964 0.221 Uranoscopus scaber  

1 0 0 0 0 1 0.324443 0.499 Scomber colias  

0 0 0 0 1 5 0.377964 0.218 Xyrichtys novacula  

0 0 1 0 0 3 0.924256 0.099 Callionymus maculatus  

1 0 0 0 0 1 0.39736 0.301 Sphyraena sphyraena  

 

 

Table A20. Results of the indicator species analysis for autumn 2022. 

D Ed Sh W X index stat p.value Species 

1 1 0 0 0 6 0.919866211 0.001 Champsodon nudivittis 

0 0 0 1 0 4 0.339323342 0.261 Fistularia commersonii  

1 1 1 1 0 26 0.811502671 0.697 Fistularia petimba  

0 0 0 0 1 5 1 0.046 Sargocentron rubrum  

0 0 0 1 0 4 0.534522484 0.128 Cheilodipterus novemstriatus  

0 0 0 0 1 5 0.934160034 0.083 Siganus luridus  

0 0 1 0 0 3 0.487950036 0.31 Sillago suezensis  

1 0 0 1 0 8 0.561951487 0.279 Stephanolepis diaspros  

0 1 0 0 0 2 0.800023055 0.126 Equulites popei  

0 1 1 0 0 10 0.865934083 0.003 Lagocephalus spadiceus  

0 0 0 1 0 4 0.528992409 0.359 Lagocephalus sceleratus  

1 1 1 1 0 26 0.937042571 0.275 Saurida lessepsianus 

1 1 1 0 0 16 0.915994435 0.003 Nemipterus randalli  

1 0 1 0 0 7 0.426401433 0.643 Oxyurichthys papuensis  

1 0 1 0 0 7 0.693164237 0.464 Ostorhinchus fasciatus  

0 0 0 0 1 5 0.820893943 0.187 Pteragogus trispilus  

0 1 1 1 1 30 0.9635234 0.001 Pomadasys stridens  

0 1 1 1 0 22 0.946167341 0.001 Equulites klunzingeri  

0 0 1 0 0 3 0.654653671 0.402 Pelates quadrilineatus  

0 0 0 0 1 5 0.786590793 0.258 Pterois miles  

0 0 0 0 1 5 0.888769867 0.076 Apogonichthyoides nigripinnis  
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Table A20. Continued. 

 

A Sh D S W index stat p.value Species 

0 1 0 0 0 2 0.952732064 0.039 Jaydia queketti  

1 0 0 1 0 8 0.87923037 0.005 Torquigener flavimaculosus  

1 1 1 0 0 16 0.727606875 0.244 Jaydia smithi  

1 0 1 0 0 7 0.717740563 0.278 Dussumieria elopsoides  

0 0 0 1 1 15 0.929369072 0.008 Parupeneus forsskali  

1 0 0 0 0 1 0.707106781 0.269 Etrumeus golanii 

0 0 0 0 1 5 0.812128097 0.183 Siganus rivulatus  

1 0 1 1 0 19 0.836660027 0.175 Lagocephalus suezensis 

0 0 1 1 1 25 0.888447453 0.007 Upeneus pori  

1 1 1 1 0 26 0.937042571 0.253 Upeneus moluccensis  

0 0 1 1 0 13 0.630940051 0.621 Callionymus filamentosus  

1 0 1 1 0 19 0.447213595 1 Cynoglossus sinusarabici  

0 0 1 1 0 13 0.500474679 0.63 Sphyraena chrysotaenia 

1 0 0 0 0 1 0.545164556 0.243 Engraulis encrasicolus  

0 1 0 0 1 12 0.848471439 0.003 Diplodus annularis  

1 0 0 0 0 1 0.288675135 0.511 Echelus myrus  

1 0 1 0 0 7 0.246182982 1 Engraulis maeoticus 

1 0 0 0 0 1 0.288675135 0.511 Scorpaena porcus  

0 0 1 0 0 3 0.47833811 0.436 Pomadasys incisus  

0 0 0 0 1 5 0.713651993 0.309 Boops boops  

1 0 0 0 0 1 0.288675135 0.495 Cepola macrophthalma  

1 0 0 1 0 8 0.688247202 0.373 Serranus cabrilla  

0 0 1 0 0 3 0.3086067 0.696 Chelon auratus 

1 1 0 0 0 6 0.868993964 0.011 Citharus linguatula  

1 0 0 0 0 1 0.288675135 0.483 Conger conger  

0 0 0 0 1 5 0.928037893 0.083 Coris julis  

1 0 1 0 0 7 0.301511345 0.836 Diplodus vulgaris  

1 0 0 0 0 1 0.763762616 0.304 Chelidonichthys lastoviza  

0 0 0 0 1 5 0.976771061 0.05 Dentex dentex  

1 0 0 0 0 1 0.5 0.166 Dentex macrophthalmus  

0 0 0 1 0 4 0.608100984 0.215 Dentex gibbosus  

1 0 0 0 0 1 0.288675135 0.502 Deltentosteus quadrimaculatus  

1 0 0 1 0 8 0.324442842 0.366 Dactylopterus volitans  

1 0 0 0 0 1 0.636609673 0.307 Spicara flexuosum  

1 0 0 0 0 1 0.288675135 0.511 Gobius niger  

0 0 0 1 1 15 0.842309154 0.096 Epinephelus aeneus 
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1 0 0 0 0 1 0.577350269 0.193 Chelidonichthys lucerna  

1 0 0 0 0 1 0.40824829 0.194 Merluccius merluccius  

1 0 1 1 1 29 0.811502671 0.665 Trachurus mediterraneus  

0 0 1 1 0 13 0.534522484 0.393 Caranx rhonchus  

1 0 0 0 0 1 0.40824829 0.177 Hippocampus hippocampus  

1 0 0 0 0 1 0.288675135 0.503 Hippocampus guttulatus  

1 0 0 0 0 1 0.763762616 0.305 Zeus faber  

1 0 0 0 0 1 0.707106781 0.265 Lepidotrigla cavillone  

1 0 1 0 0 7 0.603022689 0.549 Trichiurus lepturus  

0 0 1 0 0 3 0.838493795 0.01 Argyrosomus regius  

1 0 0 0 0 1 0.288675135 0.497 Monochirus hispidus  

0 0 0 0 1 5 1 0.046 Muraena helena  

1 0 0 0 0 1 0.5 0.166 Microchirus ocellatus  

1 0 0 0 0 1 0.836912047 0.038 Arnoglossus laterna  

1 0 0 0 0 1 0.596149417 0.362 Mullus surmuletus  

1 0 1 1 0 19 0.935414347 0.033 Mullus barbatus  

1 0 0 0 0 1 0.6915862 0.341 Blennius ocellaris  

0 0 0 1 0 4 0.805394073 0.073 Bothus podas  

1 1 0 1 0 17 0.863201286 0.022 Pagellus erythrinus  

1 0 0 0 0 1 0.816496581 0.184 Sardina pilchardus  

0 0 0 0 1 5 1 0.046 Sparisoma cretense 

0 0 0 1 0 4 0.377964473 0.208 Pagrus auriga  

1 0 0 0 0 1 0.5 0.154 Arnoglossus thori  

0 0 0 1 0 4 0.377964473 0.226 Symphodus roissali  

0 0 0 0 1 5 1 0.046 Symphodus rostratus  

1 0 0 0 0 1 0.288675135 0.497 Pagrus pagrus  

0 0 0 0 1 5 1 0.046 Scorpaena scrofa  

0 0 1 0 0 3 0.487950036 0.297 Caranx crysos  

0 0 0 0 1 5 0.852743606 0.151 Sardinella aurita  

0 0 1 0 0 3 0.377964473 0.385 Sardinella maderensis  

1 0 0 0 0 1 0.83658391 0.052 Pagellus acarne  

1 0 1 0 0 7 0.797724035 0.025 Sparus aurata  

1 0 0 0 0 1 0.288675135 0.502 Pagellus bogaraveo 

1 0 0 1 0 8 0.648885685 0.337 Synodus saurus  

0 0 0 0 1 5 1 0.046 Syngnathus acus  

0 0 0 0 1 5 0.899033744 0.094 Scorpaena notata  

1 0 1 1 0 19 0.418330013 1 Solea solea  

0 0 0 0 1 5 0.825674469 0.168 Spicara smaris  

1 0 0 1 0 8 0.878486533 0.001 Serranus hepatus  
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Table A20. Continued. 

 

A Sh D S W index stat p.value Species 

0 0 0 0 1 5 0.94209882 0.08 Serranus scriba  

0 0 1 0 0 3 0.577350269 0.343 Lithognathus mormyrus  

0 0 0 0 1 5 0.951864034 0.046 Diplodus sargus  

0 0 0 0 1 5 1 0.046 Symphodus tinca  

0 0 1 0 0 3 0.377964473 0.392 Balistes capriscus  

1 0 0 0 0 1 0.288675135 0.495 Alosa fallax 

1 0 0 1 0 8 0.512989176 0.264 Uranoscopus scaber  

1 0 0 0 0 1 0.355680531 0.478 Scomber colias  

0 0 0 1 0 4 0.377964473 0.199 Xyrichtys novacula  

0 0 1 0 0 3 0.534522484 0.326 Sphyraena sphyraena  
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B. APPENDICES FOR CHAPTER 3 

Table B1. Tested GAMs for modelling the CPUA of M. barbatus. In the models, ñsò 

denotes smooth functions, ñtiò represents tensor product interaction smooths, ñkò 

specifies the number of basis functions, ñcrò indicates a cubic regression spline basis, 

and ñccò denotes a cyclic cubic regression spline basis. Unless explicitly stated in 

the model descriptions below, the number of basis functions was set to the default 

values provided by the "mgcv" package (version 1.9.1) (Wood, 2017) in R (Core 

Team, 2024). 

Model Model variables R² 
Deviance  

AIC BIC RMSE 
Explained 

m1 

forthroot(CPUA) = s(Year, cr, 

by=factor(Depth)) + s(Day of the Year, cc, 

by=factor(Depth)) + factor(Depth) 

0.45 47.8 3307.1 3459.9 5.98 

m2 

forthroot(CPUA) = s(Year, cr, 

by=factor(Depth="1")) + s(Year, cr, 

by=factor(Depth="2")) + s(Year, cr, 

by=factor(Depth="3")) + s(Year, cr, 

by=factor(Depth="4")) + s(Day of the Year, 

cc, by=factor(Depth="1")) + s(Day of the 

Year, cc, by=factor(Depth="2")) + s(Day of 

the Year, cc, by=factor(Depth="3")) + s(Year, 

cc, by=factor(Depth="4")) + factor(Depth) 

0.45 47.6 3299.7 3434.2 5.991 

m3 

forthroot(CPUA) = s(Year, cr, 

by=factor(Depth)) + s(Day of the Year, cc, 

by=factor(Depth)) + ti(Year, Year of the Day, 

cr, cc, by=factor(Depth)) + factor(Depth) 

0.47 51.1 3300.8 3509.8 5.79 

m3.1 

forthroot(CPUA) = s(Year, cr, 

by=factor(Depth), k=12) + s(Day of the Year, 

cc, by=factor(Depth)) + ti(Year, Year of the 

Day, cr, cc, by=factor(Depth)) + factor(Depth) 

0.47 51 3303 3515.1 5.79 

m3.2 

forthroot(CPUA) = s(Year, cr, 

by=factor(Depth), k=12) + s(Day of the Year, 

cc, by=factor(Depth, k=12)) + ti(Year, Year of 

the Day, cr, cc, by=factor(Depth)) + 

factor(Depth) 

0.49 53.1 3293.3 3530.6 5.79 

m3.3 

forthroot(CPUA) = s1(Year, cr, 

by=factor(Depth), k=12) + s(Day of the Year, 

cc, by=factor(Depth, k=12)) + ti(Year, Year of 

the Day, cr, cc, by=factor(Depth), k=8) + 

factor(Depth) 

0.51 55.6 3292.4 3586.6 6.64 

m3.4 

forthroot(CPUA) = s(Year, cr, 

by=factor(Depth), k=30) + s(Day of the Year, 

cc, by=factor(Depth, k=12)) + ti(Year, Year of 

the Day, cr, cc, by=factor(Depth)) + 

factor(Depth) 

0.49 53.4 3294.3 3541.1 6.66 
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The best model, "m3.2," was selected based on the Akaike Information Criterion 

(AIC) (Akaike, 1974), the Bayesian information criterion (BIC) (Schwarz, 1978), 

and Root Mean Square Error (RMSE) (Hyndman and Koehler, 2006) values derived 

from 10-fold cross-validation (Refaeilzadeh and Liu, 2009). This model provided the 

optimal balance between fit and predictive accuracy. The final model accounted for 

53.1% of the variance in biomass, with an adjusted R² of 0.48 (Table B2). 

Table B2. Summary of the selected GAM model of M. barbatus biomass. 

Formula: 

forth ~ s(ydy, bs = "cc", by = dpt, k = 12) + s(cyr, bs = "cr", by = dpt, k = 12) +  

ti(ydy, cyr, bs = c("cc", "cr"), by = dpt) +  dpt 

Parametric coefficients: 

                   Estimate Std. Error   t value      Pr(>|t|)     

(Intercept)  15.5245     0.5350     29.015    < 2e-16 ***  

dpt2             6.3316      0.7533     8.405     5.40e-16 ***  

dpt3             4.5311      0.7336     6.177     1.44e-09 ***  

dpt4            -3.4571      0.8250   -4.190     3.34e-05 ***  

Signif. codes:  0 ó***ô 0.001 ó**ô 0.01 ó*ô 0.05 ó.ô 0.1 ó ô 1 

Approximate significance of smooth terms: 

                                    edf     Ref.df      F      p-value     

s(ydy):dpt1          6.9297437 10.000  5.611  < 2e-16 ***  

s(ydy):dpt2          4.4903681 10.000  6.475  < 2e-16 ***  

s(ydy):dpt3          5.2049136 10.000  5.703  < 2e-16 ***  

s(ydy):dpt4          0.0009514 10.000  0.000  0.85726     

s(cyr):dpt1           7.1826053  8.503  5.273   1.43e-06 ***  

s(cyr):dpt2           3.9322319  4.852  4.536   0.00062 *** 

s(cyr):dpt3           1.2324245  1.424 18.522  8.00e-06 ***  

s(cyr):dpt4          2.5060402  3.088  4.298    0.00493 **  

ti(ydy,cyr):dpt1    5.8092772 12.000  1.315  0.00418 **  

ti(ydy,cyr):dpt2    0.0004171 12.000  0.000  0.44349     

ti(ydy,cyr):dpt3    3.1644582 12.000  0.449  0.09225 .   

ti(ydy,cyr):dpt4    0.0006590 12.000  0.000  0.96611     

--- 

Signif. codes:  0 ó***ô 0.001 ó**ô 0.01 ó*ô 0.05 ó.ô 0.1 ó ô 1 

R-sq.(adj) =  0.486   Deviance explained = 53.1% 

-REML = 1648.1  Scale est. = 35.368    n = 504 
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Figure B1. This figure presents diagnostic plots used to validate the "m3.2" model. 

While there is room for further refinement, the model meets the necessary diagnostic 

criteria and appears robust for the analysis.  
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Figure B2. Results of the selected model ñm3.2ò are presented. The solid lines 

represent the fitted curves, and the shaded areas indicate the 95% confidence 

intervals. The upper row illustrates the influence of the day of the year on CPUA 

across each depth stratum: "dpt 1" corresponds to stratum 1 (0ï25 m), "dpt 2" to 

stratum 2 (25ï50 m), "dpt 3" to stratum 3 (50ï100 m), and "dpt 4" to stratum 4 (100ï

150 m). The middle row shows the effect of the year on CPUA within each depth 

stratum, while the lower row displays the tensor product interaction between the day 

of the year and year on CPUA across all strata, illustrating how seasonal patterns 

vary over time. The colour scale represents the strength of the partial effect, with red 

indicating higher values and blue indicating lower values. 

Table B3. Input data used to inform the SPiCT model. Index 1 corresponds to 

biomass indices from March, Index 2 represents biomass indices from October, and 

Index 3 reflects the nominal CPUE. 

Year Catch Index 1 Index 2 Index 3 

1968 130 NA NA NA 

1969 155 NA NA NA 

1970 149 NA NA NA 

1971 67 NA NA NA 

1972 79 NA NA NA 

1973 256 NA NA NA 

1974 661 NA NA NA 

1975 409 NA NA NA 
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Table B3. Continued. 

 

Year Catch Index 1 Index 2 Index 3 

1976 528 NA NA NA 

1977 537 NA NA NA 

1978 886 NA NA NA 

1979 673 NA NA NA 

1980 614 NA NA NA 

1981 724 NA NA NA 

1982 862 NA NA NA 

1983 1010 NA NA NA 

1984 719 NA NA NA 

1985 81 NA NA NA 

1986 606 NA NA NA 

1987 583 NA NA 6.2 

1988 1200 NA NA 13.95 

1989 2114 NA NA 13.13 

1990 1363 NA NA 13.11 

1991 1256 NA NA 6.47 

1992 2092 NA NA 20.31 

1993 2970 NA NA 30 

1994 1237 NA NA 9.23 

1995 1482 NA NA 12.05 

1996 792 NA NA 6.14 

1997 639 NA NA 5.03 

1998 608 NA NA 4.44 

1999 765 NA NA 4.72 

2000 508 NA NA 3.16 

2001 424 NA NA 3.72 

2002 456 NA NA 3.93 

2003 267 NA NA 1.83 

2004 352 NA NA 2.03 

2005 863 NA NA 4.27 

2006 809 NA NA 3.4 

2007 734 NA 0.22151 3.48 

2008 695 NA NA 3.34 

2009 910 0.14128 0.44535 4.44 

2010 1166 0.1568 NA 5.35 

2011 1030.9 0.9582 0.28674 4.77 

2012 1614.4 0.3199 0.4324 7.88 

2013 1252.7 0.22914 0.43841 6.2 

2014 643.1 0.1715 NA 4.32 
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Table B3. Continued.  

 

Year Catch Index 1 Index 2 Index 3 

2015 506 0.08305 NA 3.72 

2016 692.9 0.08583 NA 4.44 

2017 632.4 0.07494 0.48395 3.86 

2018 627 0.20493 0.53282 3.65 

2019 875.1 0.24751 NA 4.94 

2020 767.6 NA NA 4.44 

2021 491.5 NA 1.55223 2.79 

2022 374 0.08772 0.1932 2.19 

2023 501.7 0.01256 0.30455 2.9 

 

Table B4. Parameter settings of the fitted SPiCT model for M. barbatus. 

Parameters Settings 

Catches  1968-2023  

Biomass indices Index1: Survey Index March (2009-2019 and 2021-2023) 

Index2: Survey IndexOctober (2007,2009, 2011-2013, 2017-

2018, 2021-2023)  

Index3: Nominal CPUE (Catch/Number of OTB) (1987-

2023) 

r prior  r = 0.5407, CV = 0.484 (retrieved from FishBase)* 

Shape prior Fixed to Schaefer model (n = 2)  

Process error pe = 0.10, CV = 0.3 

Catch error ce = 0.05, CV = 0.3  

Depletion at the 

beginning  

bkfrac = 0.65 CV = 0.5 

Noise ratios logalpha = off, logbeta = off  

Euler time step dteuler = 1/4 

Additional 

interannual 

variability 

 

For the October index in 2021 stdevfacI = 5 

Observation error oe= 0.3, CV= 0.5 for all biomass indices 
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Figure B3.  Diagnostics of one-step-ahead residuals for the SPiCT assessment of 

M. barbatus are shown. The left column represents statistics for the catch, while the 

middle and right columns pertain to Index1 (scientific survey) and Index2 (Nominal 

CPUE). The Ljung-Box test yielded values greater than 0.05, indicating that the data 

values are independent; however, significant autocorrelation at lag (1) was observed 

for residuals of catch. This could be attributed to the non-random nature of fishery 

processes. The Shapiro-Wilk test for residual normality of catch returned values 

below 0.05, highlighted in red. Despite this, the catch violation does not invalidate 

the overall diagnostics. The Shapiro-Wilk test for residual normality of nominal 

CPUE returned values below 0.05 but is close to the limit and can be accepted in 

SPiCT modelling.   
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Figure B4. Diagnostics of process error deviations for the SPiCT assessment of 

M. barbatus are presented. The left column displays biomass-related statistics, while 

the right column pertains to fishing mortality. Model checks revealed violations in 

the independence and normality of residuals for fishing mortality, likely due to the 

non-random nature of fishery dynamics. Despite these violations, the model remains 

informative for the assessment. 
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Figure B5. Estimated priors and posteriors of SPiCT model. 
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Figure B6. Retrospective analysis of the SPiCT assessment for M. barbatus is shown. 

The coloured lines closely follow the trend of the original model, represented by the 

black line. Mohn's Rho values ranged between -0.25 and 0.25, indicating that the 

assessment successfully passed the retrospective analysis. 
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Figure B7. Results of the SPiCT assessment for M. barbatus. Solid blue lines 

represent model estimates, while dashed blue lines indicate 95% confidence intervals 

(CIs) for absolute quantities. Shaded blue regions show 95% CIs for relative biomass 

and fishing mortality. Solid black lines denote reference points (BMSY, FMSY, MSY), 

with shaded grey areas showing their 95% CIs. Vertical grey lines mark the end of 

the data range, and dotted lines beyond these indicate predictions. Squares represent 

the CPUE (Nominal) index, and circles represent the survey index, with point colours 

reflecting the season. The production curve's shape fell within an acceptable range. 

 

 

 

 

 

 

 

 

 

 

 


