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ABSTRACT

VARIATIONS IN THE DEMERSAL FISHES OF THE NORTHEASTERN
MEDITERRANEAN OVER THE LAST 40 YEARS IN RELATION TO
ENVIRONMENTAL FACTORS

KURT, Merve
Doctor of PhilosophyMarine Biology and Fisheries
Supervisor : Prof. DiAli Cemal Guctu

July 2025 254

Abstract in English

The Mediterranean Sea has undergone substantial ecological transformations driven
by climate change, overfishing, and the continuous introduction efnaligenous
species (NIS) through the Suez Canal. These stressors often intesatttng in
complex ecological responses. The Northeastern Mediterranean, is among the
regions most heavily impacted by these factors, suffers from a scarcity eatlomg
datasets, making it challenging to interpret the trajectory of these changes. Howeve
the scarcity of longerm 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)
wereintegrated with newly collected data to investigate faunal changes in one of the
fastestwarming and most NKinpacted region of the Mediterranean. Rather than
attributing these changes to a single factor, the aim of this study was to address them
from mutkiple 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 separateecological signals from the confounding effects of {terg fishing



pressure, and (iii) elucidate the response of the bathymetric distribution of a native
fish species to environmental changes, given their expected sensitivity to ¢limate
driven variabiity. To address the latter two objectives, the red mulaall(s
barbatug 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 bagimetric distribution changes.

Non-metric multidimensional scaling (NMDS) and cluster analysis constructed
using the trawl data collected during the spring and autumn seasons betwéen 1983
1984 and 2022 {00 m depths) revealed three major zones in themedhe
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, wWhebarbatus
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 Posidmia oceanicaneadows, 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
asParupeneus faskali 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 compaosition.

To explore fluctuations iM. barbatusbiomass over the years, official landing
statistics since 1968 and trawl survey data collected since 20030(@n depths)

were incorporated into the stochastic surplus production model in continuous time
(SPICT). The model was used primarilyderive residuals, which served as inputs

for the main analyses conducted in this study. To assess environmental influences,
three largescale climate indices were considered: (i)North Atlantic Oscillation
(NAO), (ii) East Atlantic Pattern (EA), and (ilfast 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 climadiees 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. barbatusbiomass from 2000 to 2015, vidathe

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 iM. barbatusbiomass. This period also overlapped with major
ecdogical 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 significafink 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 @&ndersal fish.

Climateinduced 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 shiftschaxed

in the Northeastern Mediterranean, the bathymetric distribution of the maximum

biomass oM. barbatuswas examined for the period 2010 to 2023.

The results revealed that the depth of maxinMmbarbatusbiomass followed a

clear seasonal cycle indlstudy area, being shallowest in late winter/early spring
and deepest in autumn. Beyond this seasonal cycle, adangleepening trend was
observed, with the maximum biomass depth during the study period. Concurrently,
the water column displayed sigmidint thermal changes. The temperature model
indicated a nottinear warming trend, particularly after 2016. The results showed
that the thermocline exhibited a gradual deepening and prolonged persistence

between 2010 and 2023. This deepening, specificaBeptember, showed a strong
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temporal correspondence with the observed-teng deepening of the maximum

M. barbatusbiomass depth.

The Northeastern Mediterranean plays a crucial role in anticipating the future state
of the Mediterranean Basin, particljaas 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 approachegreglict and mitigate future

ecological transformations in this rapidly changing ecosystem.

Keywords: Northeastern Mediterranean, Nowigenous Species, Largxrale

Climate Indices, Demersal Trawl, Climate Change
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KUZEYDOJU AKDENKZ' DEKK DEMERSAL BALI KL A
YI LDAKK DEJKKKMLERK VE BU DEJKkKMLERKN
FAKTY¥RLERLE KLKKkKKSK

Kurt, Merve
DoktoraDeni z Biyol ojisi ve Bal ek-2¢él
Tez Yoneticisi: Prof. DrAli Cemal Glcl

Temmuz 2025254

Tez Ozeti

Akdeni z, ikl im dejikiklifji, akéere avceéeleé
te¢erl erin ( NI'S) d¢zenl i ol ar ak artecxe n
ge-irmi ktir. Bu stres faktorl eri sékl ék
ekolojk tepkil ere sebep ol maktadeéer. Kuzeydo]
etkilenen b°l geler arasénda yer al maktad
dejikimlerin y°n¢gn¢g ve nedenl erini yorur

setlerininigkei bl duk-aedent DenizBilBnleri- al &€ kK m.
Enstitusi (METUI MS) t araf éndan 1980' 1l erden itibe
CTD °1 -¢mloeri hem de baleék-éel ék veriler:i
Akdeni zdi n en hyaha&nés étham eaetek ieni ne@ kmar u z
biri olan Kuzeydoju Akdeni zdbédeki faunal
deji kimlerin tek bir fakt°rle a-éekl anmas:¢

bakek a-éeseyl a el e &djmakl| thuede f4 &InéH md n &

Kunl ardér : , (i) bal ek toplulukl aréné ve
belirl emek, (1 1) uzun d°neml. bal ék-¢el e
yakl akéml a, s°m¢er ¢l en bir desreseletkenldrle t ¢ r de

il i kkisini (oritiayai kkiooyymakkaynakl| & deji ki me



°ng°r ¢l en yer |l i bir bal ék t ¢r é¢neén bati met
tepkisini dejerl endir mek. Son i kde ama- doj
yojun ol arak avlanan, y éMullug barbatu¥izering r ol an be
odakl anél mék ve bu t¢grhem biyoke¢gtle dal gal ar

dajelem dejikimlerinin dejerlendiril mesinde

19831984 il e &r0&Lényded |lialrkebahar vigoOOsmonbahar s
derinliklerde toplanan trol verileri, metrik olmayan ¢ok boyutlu dlcekleme (NMDS)

ve k¢gmel eme analizl eri b°l gede ¢ - ana zonur
"Lessepsian Provi ncegdér aod az arkd aa,d | -aanldeéw da | & 0 i
biyok¢tl esi s¢rekl i yé¢ksek ol duju bir alan
toplam biyokg¢gtl eye kat kese %9 7" ye ul akmeéek
ALessepsiyen B°l gesi 0 ol araBuadaldandgabaajce a
te¢erlerin biyokegtl edeki payé her zaman yg¢kse
-ékmekteéer. Buna karkel ek, sirkalittoral bol
istikrarl é& bir topluluk yapésé axkgn |l emi kti

ol mu kM. barbatusy €1 | ar boyunca biyok¢gtl eye ©°nemli
Ancak, yabancé tg¢r biyoke¢tl esi °czell ikl e i
gestermi ktir. Baté zonu ise késmen bir den

- ay e Pdsidonia ocganicpile karakterize edilen bir bolgedir. Burada da yerli
terl oer biyok¢tl ede baskén ol muktur fakat t
sayéséndaki en y¢ksek ®Erekki lblue,zo-nallaé kknaay deal

di jer keseéeml ar é Raupenauafdrsskaginbir agabamaaé t ¢srl er

zonunda g°sterge t¢r olarak °ne -ékméxkter.
hem de konumu, topluluk kommoEkRtsyonlaréneé a
M. barbatusbi yok¢tl esi ndeki yéll ar I -indeki dal
1968"' den itibaren r esmi av istatistikleri v
verileri (G 150 m derinliklerdeSirekli ZamandakiStokastik Ar t Wrétim Modeli

(SH CT) il e analiz edil miktir. Model , esas
kull anél méex vV e bu artéekl ar -al ékmadaki



dejerlendirilmicktir. tevresel et kil eri d

cevresel parametreyietkie y ebi | en i - adet b¢gyeéek °I1 -ekl] |
(i )Kuzey Atlanti k Salénémé (NAO), (i i) C
Atl anti k/ Baté Rusya Paterni ( EA/ WR) . Bal
biyok¢tle dejidemérelrer i modled iakltiek i ndeks
uyum anal i zi kull anél arak incelenmik ve
araseéendaki ortak dejikim araktérél mekteéer
Sonu-1ar, mo d el artek dejerl eri il e ik
uyumod uj unu g°stermi kKtir. ¥270ell 5 i Kké lel, arE€A airr
barbunya baléjé biyok¢tl esi czerinde sg¢r
et kil eri il se 1980'l erde ve 1990'I|l arén be
1990"' | artéegam biakeenkdsal eri n ayné anda et kil
barbunya baléejé biyok¢tlesi ndeki bir art

Akdeni z'"de g°zlemlenen b¢yé¢k ekol oji k de

ikl i msel dej i k kejnil kwikk liilkel eerki o sai rsatseém dda K i (
geni kK bir bakék a-€&€sé sunmuktur. NAO et k
azal dejée bilinse de, bu -aléeékmada 1990 I ¢
bal ek biyok¢tlesiylakt ad@am. bAye&acéa,vuEAuU
indekslerinin demersal bal éklarén biyokgt
yeterince incelenmemikken, bu -al ékma bu
K¢resel ésénmaneén deni zelaleaknd sairsétneeml deer]jdi ek
terl eri su kolonunda daha derinlere y©°n
-al exmada, beyl e bir dej i Ki min Kuzey
ger-ekl ekmedijini dej ez 2h diyrerhd laM. &a maa &ays
barbatusun maksimumb i yok ¢t |l esi nin bulunduju deri
Sonu-1| ar, - aM.ébarbatua o n btmbhgsdeum biyoke¢etl e
belirgin bir mevsi msel do°ng¢ 1 zlediJini |

il kbaharda en s éjin sewyedadr.aBh emevsimasel dosg@inie n  d e

°t esinde, -al ékma s¢resince uzun vadel. I
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d°nemde su kolonunda da °nemli termal deji Ki

°czell i kle 2016 sonr aoslémadyaa nb ebliirr geisnelnemkae re jd djil
koymuxktur . Baud pyul pel | 20l 0ar asénda ter mokl i
derinlexktijini ve mevsi msel ol arak daha wuzu
eyl ¢l ayénda g°r Ml banbatu® u n d ee k lEybkétke me ,
derinlijinde g°zlemlenen wuzun vadel: derin
sergilemiktir.

Kuzeydoju Akdeni z, ikl im dejiki kIl i7]i ve NI S
bir hezla devam etti]i génegmegzde,nut ¢ém Akden

°ng°rme a-éséndan kriBukabakt éomaoyhbamahkemd

faunal di nami kl ere dair dejerl:i bilgiler su
gel ecekt eki ekol oj ik don¢gkemleri °ng°rebi
azaltabilmek icindéi e n | i izl emenin yanénda bg¢tegncel ya

koymaktadeér .

Anahtar Kelimeler:

Kuzey Doju Akdeni 2% -YeakbanckKe Iti gm ,KnBl¢eyk¢ski , Den
Biyok¢tl e, KklIim DejickikIlifJi
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CHAPTER 1

INTRODUCTION

The Mediterranean Sea has been a focal point of humanstiwe 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 gkoiraé m
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 ofindigenous,
overfishing, ad climateinduced change®arange et al., 2018Jhese impacts are
especially pronounced in the Northeastern Mediterranean, where the ecosystem has

undergone major shifts within a short timeframe.

The semienclosed Mediterranean Sea spans 2.5 million(kmédo-Aldeanueva &
SotaNavarro, 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 thegough th
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 subbasins: the lonian, Adriatic, Aegean, and Levantine, and is characterized
by a complex oceanographic system with notable interannual variability (Ozsoy et
al., 1991, 1993).

The Mediterranean Sea serves as a natural laboratory for processes typicadlof glob

ocean circulation, such as deespter formation and thermohaline circulation



(CriadoAldeanueva & SotéNavarro, 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 de 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 (Ozsoy et al., 1981),

where it contributest®@tmp or al variations in the regionods

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 northaanother branch to the south.
Occasionally, a northern extension of this jet directs Atlantic water into the
Northeastern Mediterraneafigure 1-1). In the Northeastern Mediterranean, the
water column is structured into four distinct water masses observable in vertical
profiles: Levantine Surface Water (LSW, 3838.4 psu, 1625°C), Atlantic Water

(AW, 38.7138.86 psu, ~17°C), Levantine Intermediateatéf (LIW, ~39.1 psu,
~15.5°C), and Levantine Deep Water (LDW, ~ 38.7, ~psu, 13.6°C) (Ozsoy 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 ingreas
nutrient limitations (Krom et al., 2004; Pitta et al., 2005).
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AIS = Atlantic-lonian Stream IA = lonian Anticyclones PA = Pelops Anticyclone
MIJ = Mid lonian Jet MMJ = Mid-Mediterranean Jet CC = Cretan Cyclone
MAW = Modified Atlantic Water ASW = Adriatic Surface Water AMC = Asia Minor Current
ISW = lonian Surface Water LSW = Levantine Surface Water

Figure 1-1. Subbasin scale and mesoscale circulation features in the eastern
Mediterranean (The figure was retrieved on November 2024, from
https://www.oc.nps.edu/~paduan/OC433ajpum/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,-gesastrial, and smakcale
fisheries, producing approximately 1.2 million tonnes annually (Food and
Agriculture Organization of the United NatiorZ)16. This sustains employment

for a significantnumber 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 average fishing pressure since 2012, the majority of
commercially important fish stocks in the basin remain outside biologically
sustainable limits (GFCM, 2023).



The demersal stocks along the Northeastern coast of the Mediterranean have been

exploited snce the 1940sA@sen & Akylz, 1956Glclu & Bingel, 2011; Gicu et al.,

2010) . G¢ce¢g and Bingel (1994) identified Ks
bays as the most productive fishing grounds, with trawling being the most effective

fishing method du¢o the wider continental shelf in these areas compared to other

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

coast al surface waters of the Northeastern
and Mersin bays, are ity eutrophic due to river inputs and the discharge of
partially treated domestic and industrial w
the region's production is low compared to Turkiye's total fishery production, the

catch includes highalue specigscontributing significantly to the local economy.

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

region (Aasen & Akyilz, 199. By the 1950s, this number had increased to 14,

accompanied by a noticeable decline in cateh ymit effort (CPUE) (Aasen &

Akyuz, 19%). The fishing fleet continued to grow, particularly after the11®&0s,

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

dramatic declines in target species stocks (Bingel et93;1Glcu, 1995). Despite

management measures introduced in recent decades (Goktay et al., 2018), demersal
catch |l evels continue to exhibit fluctuatin
2023).

In addition to overfishing, the Mediterranean Basis haen recognized as one of

the regions most vulnerable to climate changgar€iaRuiz et al., 2011,
Intergovernmental Panel on Climate Change [IPCC], RO&&rming, which has
intensified in recent decades, has converted the Mediterranean Sea intota clima
change hotspot. This semnclosed 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



is uneven across the basin, with the Eastern Mediterranean, particularly its
Northeastern end, egpencing the highest rates of increase, at approximately 1.2°C
per decade (Ozer et al., 2017; Schroeder et al., 2017). Future projections predict a
2.2°C rise in temperatune the Mediterranegnwith the Eastern Mediterranean

expected to exhibit the higbkt 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 maasaity in benthic
communities (Garrabou et al., 2009), seagrass bed losses (Marba & Duarte, 2010),
and shifts in marine species distributions (Boudouresque et al., 2024). As with
warming, the effects of marine heatwaves (MHWSs) are also uneven, wiits ene

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 baseeiropiological
requirements, with processes such as growth, metabolism, reproduction, and
community structure closely linked to climate variabiliBeaugrand et al., 2003;
Doney et al., 2012; Hastings et al., 2020; Rutterford et al.,)2@% of the rast
apparent biological responses to climate change is the shift in species distributions
(Perry et al., 2005)n general, species are expected to move poleward as they adapt
to warming conditions (Parmesan et al., 1999). However, the responses ofialdivid
species are often heterogeneous, resulting in shifts occurring at varying rates and in
different directiongMackenzie et al., 2007; Perry et al., 2005; Pinsky et a20)20
Beyond poleward shifts, populations may migrate to deeper, cooler waters,
paticularly 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



(Perry etal., 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 marineaba (Coll et al., 2010; Givan et al., 2018). For
instance, species likdalistes capriscusand Sparisoma cretensepreviously
confined to warmer southern regions, are expanding into northern sectors in a
process known as Amer i diBiancha ktiak,a2018)o n 0
Understanding the direction and rate of these shifts and their relationship with

climate change remains a primary research priority.

In addition to climatedriven changes, the Eastern Mediterranean ecosystem has been
significantly mpacted by noindigenous species (NIS). The primary vector for NIS
introduction is the Suez Canal, which was constructed in 1869 to shorten commercial
shipping routes (GaliR023. The canal eliminated the geographic barrier between
the Red Sea and thedditerranean and facilitated the entry of tropical Red Sea and
Indo-Pacific species into the Mediterranean (Bervia, 1966, 1973; Galil, 2000).
Besides the Suez Canal, human activities such as shipping and the aquarium trade
have caused other NIS introdions (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., 202P22h. These NIS

have significantly altered the Mediterranesnosystem, 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 ecosysteThe 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 adotg to widely accepted

definitions (e.g., Carlton, 1996; Olenin et al., 2010), species that enter through this

(Azzu



route naturally, without human intervention (Essl et al., 2019; Evans et al., 2020) are

not classified as true alien or normdigenous species.

A significant number of tropical neimdigenous species (NIS) have penetrated the
Mediterranean, with some establishing wide and stable populations (Azzurro et al.,
2022; Galil, 2023. As a result, the faunal composition of the Mediterranean Sea
has undegone substantial changes following the establishment of these species
(Arndt et al., 20186olani, 2010; Gucu & Bingel, 1994; Gicu et al., 2010; Mavruk

& Avsar, 2008; Streftaris & Zenetos, 2006lhe immigration of NIS into the
Mediterranean becanevident 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 increademore 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 Baslediterranean, which is
recognized as the most invaded marine area globally, where NIS have become a
major component of the ecosystem (Galil, 20B3; | e ¢ e201®;] Mawuk &

Avsar, 2008). Historically, NIS entering via the Suez Canal was thought @rmrem
confined to the Southeastern Mediterranean (Galil et al., 2018). Avsar (1999) noted
the influence of the Nileds pl ume, whi cl
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 chatic niches than previously assumed (Arndt & Schembri,
2015), with 15 species already expanding beyond the Strait of Sicily (Azzurro et al.,
2022).



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

Tarkiye, with the lghest numbers observed in the Northeastern Mediterranean
(Bilecenojl u, 2024) . Il n this r egldiayn, NI'S ha
& Mater, 1968; Kosswig, 1956ith their numbers increasing over time (Guci &

Bingel, 1994; Glcu et al., 2010). 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 2030% of the total catch in the Northeastern Mediterranean (Guicu et

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

the Northeastern Mediterranean (Gucu & Bingel, 1994; Gicu et al., 2010; Gokce et

al ., 2016; Yemikken et al ., 2014).

Although some NIS may have positive impacts on ecosystems (Goodenough, 2010;
Katsanevakis et al., 2014hedy 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 (Vila et al.,
2011). For example, the intense gragactivity of herbivorous NIS has been shown

to disrupt macrophyte growth, resulting in barren areas and altering benthic
communities in Turkiye and Greece (Azzurro et al., 2007; Katsanevakis et al., 2020;
Sala et al., 2011).

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

constantly changing (Belmaker et al., 2009; Edelist et al.3;2B0cu et al., 2010).

However, determining the mechanisms underlying the success of NIS is a
complicated task (Kalogirou et al., 2012; Belraglet al., 2013). The extent of the

introduction, establishment and dispersal has been discussed by a number of
researchers (Azurro et al., 2018022a; Belmaker et al., 2019; Galil, 2023

Similarities between biecological and hydrographic conditionstWween the Red

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

the migration and adapt a-dluvia@973 btatesitheci es ( Av
main reasons for the direction of this migration towards the Mediterr&8esaas:



1 The number of species are higher in the Red Sea

1 Species originating from the IndRacific are more adaptable to

different ecological niches than the native Mediterranean fauna

1 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 KB&8&ni, 1993Givan et al.,

2017). For example, the scarcity of native herbivores in the Eastern Mediterranean
may have allowed herbivorous NIS, suchSaganus luridusto establish themselves
(Bariche et al., 200450lani, 1996).

Recent studies emphasize the importance of trophic flexibility and compatibility

with pre-existing traits in the establishment success oNI S ( Ek ki nat et
Tlzun & Gicu, 2024). For instance, Tuzin and Guci (2024) analyzed the trophic
dynamics of the native specibtillus barbatusand four NISPomadasys stridens

Upeneus moluccensidpeneus poriandParupeneus forsskalin the Northeastern
Mediterranean. Their study revealed tRatstridensoccupies a lower trophic level

than the nativéM. barbatusdue to its omnivorous diet, which may have contributed

to its increased biomass.

1.2 Problem to be Solved

Marine ecosystems ameherently complex and multidimensional, often influenced

by multiple stressors acting simultaneously. These stressors can amplify or mitigate
each otherdés effects, making it challeng
For example, numerous sties 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 (Bewia, 1966; BerYami



& Glaser, 1974; Lasram et al., 2010; Pd@02; Mavruk et al., 2017). Warming has
accelerated the intrusion and establishment of waater biota, a phenomenon
often referred to as the "tropicalization" of the Mediterranean, which has gained
significant attention in recent years (BianéliMorri, 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 meali 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 otaldglS (Golani,

2010), several studies have highlighted the adverse effects on native fish stocks
(Galil & Zenetos, 2002; Goren & Galil, 2005). For instance, Oren (1957) reported
that the sudden proliferation &. lessepsianu®rced hake to inhabit deepand

cooler waters. This finding was supported by B&mi and Glaser (1974), who
attributed the decline in hake catches to competition Sitlessepsianwss well as

the combined effects of fisheries pressure, climate change, and rising water
temperatees. The authors emphasized that these stressors have created vacant

niches, allowing NIS to thrive.

Nevertheless, Gucu 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 revaled that NIS are more successful in the shallow infralittoral zone
(down to 30 meters), with their abundance declining significantly in the circalittoral
zone (3050 meters) (Guclu & Bingel, 1994; Gucu et al., 2010). However, a
comparison of data from tHE980s and 2000s showed that the depth range of NIS

10



has expanded, with notable density gradients near the lower edge of the mixed layer
depth (Gucu et al., 2010). Depth distribution patterns can also be sppeafic.

Ozyurt et al. (2018) observed higheatch per unit area (CPUA) d&quulites
klunzingeriat deeper stations, wherddgeneus porexhibited greater abundance in
shallower waters. These distributional shifts may alter interspecies interactions by

changing the degree of spatial overlap (EdwadRichardson, 2004).

In the Mediterranean Sea, changes in the spatial distribution of both native and non
indigenous fauna in response to temperature have beedaceinented (Bianchi,
2007; Azzurro, 2008; Lasram et al., 2008; Hiddink et al., 2012)re®iseshifts in

depth distribution remainnderstudied (Chaikin & Belmaker, 20238Yhile rising
temperatures have influenced species distributions, the relationship between
increased temperatures and the distribution of NIS does not appear to be linear
(Chakin & Belmaker, 2023; Mavruk et al., 2010k, 2012). For instance, Mavruk

et al. (2017) found no correlation between the annual maximum sea surface
temperatures and naondigenous fish assemblages. Instead, these assemblages were
more closely associatedvith 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 spdoienigrate 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 dsagocephalus suezensiave been observed tspond positively to
warming temperatures within this layer (Gucu et al., 2010). Interestingly, the
duration and depth of this layer exhibit insrnual variability, which can occur
without significant increases in annual average temperatures. As sueffettg of

these changes on the bathymetric distribution of NIS cannot be fully understood by
focusing solely on average or maximum temperature values (Gucl, 2021). Beyond
regional climate drivers, larggcale climate indices and teleconnections, sutheas
North Atlantic Oscillation (NAO) and the East Atlanii¢estern Russia (EAVR)
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pattern, significantly influence hydrography in the Mediterranean Sea (Josey et al.,
2011; Feliks et al., 2010; Lépeadoreno 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
shortterm changes idistribution 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 Overexploitation has severe consequences, particularly for species
with slower life histories that cannot compensate for rising temperatures through
demographic responses (Reynolds et al., 2001). -Beéected life history strategy,
which involves traitsuch as rapid reproduction agiwth, is often associated with

a higher likelihood of invasion success (Ruesink, 2088hough NISarriving via

the Suez Canalo not predominantly exhibitselected traits (Arndt & Schemobiri,
2015), Ok (2012) noted th#te growth rates of some NIS were exceptionally high
during critical periods. Similarly, EKki na-
pressure in the Fishery Restricted Area in the region favoured opportunistic NIS with
tropical traits over native specidaurthermore, 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. &amample, Glcl (2012) reported thaiglia

lucerng once a dominant species, was unable to compete with other species under
intense fishing pressure and has almost disappeared from the region. In déntrast,
barbatus benefited from seasonal fishery closs, allowing it to maintain its
population (Gucu et al.,, 2010). It is welstablished that fishing pressure
significantly impacts fish population dynamics. Sgadective fishing, for instance,

can alter demographic structures, thereby increasing reliamc recruitment
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(Maynou, 2011; Quetglas et al., 2013; Baez 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 asugah&boratory for
studying the impacts of multiple stressors acting in different directions. However,
the lack of longterm datasets limits detailed investigations. Changes in demersal
fish stocks are often attributed separately to climate, fisheridsh@mindigenous
species (NIS), but critical knowledge gaps remain. Within this context, the main
objective of thisdissertationis 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 andridionalizationprocesses
shaping the Med#rranean 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 compositioffering 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 onM. 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 clarer 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 emges 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 nimaligenous spaes (NIS) while displacing native
species to deeper waters. Therefore, to better capture the effects of-diivaie
changes on species distributions, this chapter focuses on variations in the thermocline
layer as a key environmental driver rather thatying solely on sea surface
temperature (SST). By analyzing temporal trends in bathymetric distributions
concerning climatelriven changes, this chapter seeks to uncover the mechanisms

underlying depttrelated shifts in nativ®l. barbatus
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CHAPTER 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., & Gucl, A. C. (2025). Fish assemblages in the trawling grounds of
Northeastern Mediterranean: Comparison between the 1980s and 2020s.
Mediterranean Marine Scienchkttps://doi.org/10.12681/mms.886

Merve Kurt, Ali Cemal Gucti

1. Middle East Technical University, Institute of Marine Sciences, P.O. Box
28,33731, ErdemiMersin, Turkiye

Abstract

Since the opening of the Suez Canal, the Eastern Mediterranean has been
continuously affected by the influx of nandigenous species (NIS), leading to
significant changes in species composition. In this study, we focus on the temporal
changes in marine leost 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 Mediterraneawast at depths ofi@5 m, 2550 m, and 50100 m.

As aresult, we identified 130 fish species, consisting of 37 NIS and 93 native species.
Cluster analysis and Nemetric Multidimensional Scaling (NMDS) results revealed
three main groups: a shallow wateogp, a deeper water group, and a western group,
along with additional groups exhibiting sporadic occurrences. The western group,
influenced by the presence Bbsidonia oceanicaneadows, has consistently been

dominated by native biomass. However, theorati 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 graup, 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 proportioNk 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 assemblagesontimental shelf

of the Northeastern Mediterranean and emphasizes the need for continuous
monitoring to understand the ongoing transformations in these heavily impacted

regions.

Key words: Norindigenous 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, alseéquently
impact human health and the economy (Golani, 2010; Vila 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 (Azurro et al., 2022&2022). The opening of the canal led to the migration

of tropical species (Por, 1978) into the Mediterranean {Bena, 1964; Galil,
2023). Today, the canal remains an essential pathway for the migration of NIS (Galil,
2023). As a radt of this continuous influx, the number of NIS in the Mediterranean
has progressively increas@irndt et al., 2018; Azzurro et al., 202 Belmaker et

al., 2009; Galil, 2023; Gucu et al., 201This spread is particularly pronounced in
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the Eastern Metkrranean, where unsaturated ecological niches (Galil, 2023;

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

habitat degradati on, and climate change,

influx of NIS (Barangeetal2018; Bil ecenojlu, 2010; Col
2010; Katsanevakis et al., 2014; Lejeusne et al., 2@sequently, significant
transformations in marine biota have been documented, with many NIS becoming
major components of the ecosystéBile cenoj | u, 2010; G¢gce et
& Avkar, 2008; Ok, 2012; ¥ndek.QO&ce,| nal ,
established, the impacts of NIS are challenging or impossible to reverse (Galil,
2023). Therefore, understanding the mechanisms that dnee $pread 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 fistfSarpa salpain Lebanese waters has been attributed to
competition from the NIS herbivorS8iganus rivulatus(Bariche et al., 2004).
Similarly, studies conduetl in Turkiye and Greece have documented how intensive
grazing by nofindigenous siganids disrupts macrophyte development, resulting in
barren areas (Azzurro et al., 2007; Katsanevakis et al., 2020). This grazing effect
cascades through ecosystems, algebenthic 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) foumgbositive relationship between the
abundance ofSiganus luridusand native thermophilicSparisoma cretense
indicating the potential for facilitative interactions. In certain cases, declines in
native species attributed to NIS may instead be linkedhier dactors. For instance,
while competitive exclusion has been suggested between native
Merlucciusmerlucciusand NIS Saurida lessepsianu®ren, 1957; BetYami &

Glaser, 1974), Gucu & Bingel (2011) argued that hydrographic conditions in the
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Southern Turkiye could better explain fluctuationsMn merlucciuspopulations.

Other studies highlight the significance of trophic flexibility and patibility of

preexi sting traits in facilitating NIS estab
Gucd, 2023, 2024). Beyond their ecological impacts, NIS exert multifaceted socio

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

as S. lessepsianushrimps and prawns, such Benaeus japonicuand Penaeus

semisulcatushave become commercially valuable and are now actively targeted by

fishers (Duruer et al., 2008; Galanidi et al., 2018). OthersHdkeulites klunzingeri

and Pomadasys stridensave reached high biomass levels, likely displacing native

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

Meanwhile, species such dsagocephalus sceleratus, Plotosus lineatasnd

Rhopilema nonmdicamay 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.20223; Golani, 202) and expanding into deeper waters (Edelist et

al., 2013 Gucu et al.,, 2000 Faunal analyses by depth zones reveal that NIS

generally dominate at shallower depths, although spepiesific variations exist

(Giicu et al., 2010; Ozyurtt @l., 2018). While a substantial body of literature

addresses neimdigenous fish in the Eastern Mediterranean Sez\rro et al.,

2022 Gol ani et al . ) reaivélyIew studiesdaectly examine!l . , 2021
their ecological impacts (Kalogivcet al., 2012a; Katsanevakis et al., 2014; Solanou

et al., 2023). Furthermore, much of the discussion has centered on specific NIS
speciesEk ki nat et al ., 2023; Gi akoumi , 2014; K
Guci, 2023 with less focus on broadertgans 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 compositio
dynamics Arndt et al., 2018; de Meo et al., 2018; Edelist et al., 2013; Gicu &

Bingel, 1994; Mavruk et al., 20)7Existing research often provides fragmented
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insights, highlighting the importance of utilizing historical datanglt et al., 2018;
Edelid et al., 2013; Gicu et al., 20100 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 ish assemblages along the continental shelf of the Turkish coast in the
Northeastern Mediterranean, (ii) test whether-mahgenous fish assemblages have
expanded into deeper strata and westward regions, and (iii) identify the species
driving compositionkdifferences.

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 werdnducted in autumn 1983, spring 1984, autumn
1984, spring 2022, and autumn 2022. Details of the sampling procedure, including
coordinates, dates, and times, are providedppendk A, Table Al. Data were
collected by RV/Lamas of METUMS, using the same trawl net design in all
surveys and applying the same sampling protocol (applied by Gicu & Bingel, 1994)
throughout the study. Theovered coastline was divided into three subregions to
evaluate the westward spread of swdigenous fish. These subregions were

| skenderun Bay, Mersin Bay, and the coast
River) and Cape Anamur. To represent ddfarfaunal characteristics of the basin,
three hauls from fixed depth stratad® m, 2550 m, 56100m) were sampled in

each subregion. Since the commercial fishing fleet did not operate in depth strata
deeper than 100 meters in the 1980s, the deepestsamaled 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 dumatias 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 catchglsliémming 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 comhinatio

rarity and high individual weight exerted a disproportionate influence on the
biomassbased analysis by introducing noise into the clustering results. In particular,
their inclusion led to the formation of additional, analytically unstable clustats th
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 captte 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 ; (1)

060D6 is the distance covwaerdebdd,X Oah rférsa ctthieo nh eoafd
head rope | ength. Drawing on Pauly (1980),
was used in this study. The catchability coefficient of the trawl net is assumed as (g

= 1). The length of the head rope of the trawl net used28.7. 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 valuese logt r ansf or med (1| og
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 constructionay-Burtis
dissimilarities were calculated based on thetlagsformed 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 speciesmétao
multidimensional scaling (NMDS) was also applied to provide an alternative
perspective and facilitate interpretation of the results in conjunction with hierarchical
cluster analysis (bhg & 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, 200%. 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,
Pemutational 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 heterogneity in dispersion among the groups. Therefore, the PERMDISP (a

mul tivariate extension of Levenebs test)
sampling unit to the centroid for its grouping factor level (Andesesoal., 200%.

Bias adjustment waset 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 treistical 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 identify the species that contributed most to the
average BrayCurtis dissimilarity between clusters. Additionally, Indicator Species
Analysis (ISA) was also performed to determine which species are associated with

or indicative of particular assemblagésifréne & 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 O6vegnha,0RB®ksameln packagceres®i ndi cspec
Legendre, 2009). Graphs were produced wusing

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 theddstémn
Mediterranean Sea (s€able2-1). This dataset included 81 species from 44 families
recorded in the 1980s and 118 species frorfaBilies 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 2020sThe highest number of NIS was recorded in autumn 2022
(Figure A2, see AppendiA for detailsTable Al-A20). Over the study period, total
CPUA exhibited a markkincrease, particularly in recent years. In the early 1980s,
total CPUA ranged from 753 to 972 kg/km?, while by 2022, it had risen to 2,928
kg/km? in the spring and 2,446 kg/km? in the auturRigyre 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 higer than that documented in spring 198ij(re2-1).

Table2-1. The list of teleost species recordédng the continental shelf area of the

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

fi No

ANI SO repirediegésomsenspecies, ando
Valid name Family Valid name Family
Alosafallax (N) Alosidae Muraena helengN) Muraenidae
Sardina pilchardugN) Nemipterus randall{NIS) Nemipteridae
Apogonichthyoides nigripinnidNIS) Echelus myrugN) Ophichthidae
Cheilodipterus novemstriatyblIS) Apogonidae Phycis blennoideéN) Phycidae
Jaydia queketfNIS) Phycis phycigN)

Jaydia smithi{NIS) Pomatomus saltatrigN) Pomatomidae

Ostorhinchus fasciatudNIS) Sparisoma cretengd@) Scaridae

Atherinomorus lacunosy#lIS) Atherinidae Argyrosomus regiuéN) Sciaenidae

Balistes capriscuéN) Balistidae Umbrina cirrosa(N)

Blennius ocellarigN) Blenniidae Scomber coliagN) Scombridae

Microlipophrys dalmatinugN) Pterois milegNIS)

Arnoglossus laterné\) Scorpaena notatéN) Scorpaenidae
Bothidae

Arnoglossus thorfN)

Bothus podagN)

Scorpaena porcu@N)

Scorpaena scrofélN)

Callionymus filamentosudIS)

Callionymidae

Serranus cabrillgN)

Callionymus maculatug\) Serranus hepatud\) Serranidae
Alepes djedab@\IS) Serranus scrib@N)

Caranx crysogN) _ Siganus luridugNIS) Siganidae
Caranx rhonchugN) Carangidae Siganus rivulatugNIS)

Scyris alexandringN) Sillago suezensidNIS) Sillaginidae
Seriola dumerili(N) Microchirus ocellatugN)

Trachurus mediterraneu$N) Monochirus hispidugN) Soleidae
Trachurus trachurugN) Solea solegN)

Macroramphosus scolopdi) Centriscidae Boops boopdN) Sparidae

Cepola macrophthalméN) Cepolidae Dentex dentefN)
Champsodon nudivitti§\1S) Champsodontidae| Dentex gibbosuéN)
Citharus linguatula(N) Citharidae Dentex macrophthalmuy#)
Conger conge(N) Congridae Diplodus annularigN)

Cynoglossus sinusarabiiNIS)

Cynoglossidae

Diplodus cervinugN)

Dactylopterus volitangN)

Dactylopteridae

Diplodus puntazz@N)

Sardinella aurita(N)

Dorosomatidae
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Table 2 1. Continued

Valid name Family Valid name Family
Sardinella maderensidN) Dorosomatidae | Diplodus vulgarigN)
Dussumieria elopsoidgdlIS) Dussumieriidae Lithognathus mormyru@N)
Etrumeus golani{NIS) Oblada melanurugN)
Remora remorgN) Echeneidae Pagellus acarngN)
Engraulis albidugN) Engraulidae Pagellus bogarave@N)
Engraulis encrasicoluéN) Pagellus erythrinugN) Sparidae
Epinephelus aeneybl) Epinephelidae Pagrus auriga(N)
Epinephelus marginatu$) Pagrus pagrugN)
Fistularia commersoni{NIS) Fistulariidae Sparus auratdN)
Fistularia petimba(NIS) Spicara flexuosurtN)
Deltentosteus quadrimaculat() Spicara maen#N)
- . Gobiidae . .

Gobius niger(N) Spicara smarigN)
Oxyurichthys papuens{dlIS) Spondyliosoma cantharhsl)
Pomadasys incisgdl) Haemulidae Sphyraena chrysotaen{®l|S) Sphyraenidae
Pomadasys strider(§l1S) Sphyraena sphyraer(@l)
Sargocentron rubruniNIS) Holocentridae | Hippocampus guttulatudN) )
Coris julis(N) Hippocampus hippocampyi) Syngnathidae
Pteragogus trispilugNIS) Syngnathus acu$\)

i Labridae i i
Symphodus mediterrane(is) Saurida lessepsianysl|S) Synodontidae
Symphodus roissalN) Synodus saurudN)
Symphodus rostraty®l) Pelates quadrilineatuNIS) Terapontidae
Symphodus tincéN) Lagocephalus sceleratyhllS)
Xyrichtys novaculgN) Lagocephalus sue;enﬂsﬂS) Tetraodontidae
Equulites klunzingeriNIS) LagocephaluspadiceugNIS)
Equulites popefNIS) Leiognathidae ;Fl\tlnlrg)wgener hypselogeneion
Merluccius merlucciugN) Merlucciidae Trachinus dracqN) Trachinidae
Stephanolepis diasprdbllS) Monacanthidae | Trichiurus lepturugN) Trichiuridae
Chelon auratugN) Chelidonichthys lastovizéN) o
Chelon saliengN) Mugilidae Chelidonichthys lucernéN) Triglidae
Mugil cephalugN) Lepidotrigla cavillong(N)
Planiliza carinata(NIS) Uranoscopus scabgN) Uranoscopidae
Mullus barbatugN) Zeus fabe(N) Zeidae
Mullus surmuletugN) Mullidae

Parupeneus forsskalNIS)

Upeneus moluccendlIS)

Upeneus por(NIS)
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Native vs NIS Contribution to Teleost CPUA

- .
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Figure2-1. Total CPUA (kg/km2) of teleost fishes per samplpeyiod, partitioned
into native species and NIS based on their proportional contributions (%). Bar height
represents the total CPUA, and bar segments display-gpmgific shares.

Average linkage clustering of the samples revealed the occurrence ofrthiree
discernible assemblages: a shallow water group, a deeper water group and a western
group, with additional groups exhibiting sporadic occurren@@gure 2-2).
Generally, NMDS ordinations effectively reflected the dendrogram's grouping,
providing a reliable representation with moderate stress levagure Al).
Temporal changes in the main groups are visuaiizddgure2-4. A summary of

the overall patterns is provided in Appexdi. in Figure Al, whereasTable A3
presents detailed grotgpecific values across sampling periods. These details are

further elaborated for each sampling period in the follovgmgsections.
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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 =Gbestp|

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 20ZBgyure 2-4). In the western
group, btal 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 wategroup, 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 theentroids 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 composgiamong three depth strata
(Table A5 andTable 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)dble A6 andTable 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 diskinty
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 198366 teleost fish species were documented, with 53 native species
contributing 63.4% of the total CPUAiQure2-1, Table A2). Table A presents the

top fifteen species representing the highest percentages of total biomass in each
subregion. In this period, the eoftf dissimilarity level for five clusters was 50%
(seeFigure2-2). 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 grolgiselled Sh (Shallow), D (Deep) and W (West

of Mersin Bay) Figure2-2). The group code of each station is depicted on a map
(Figure2-3).
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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 (858.5m)

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

m isobaths, extending from the easternmost part of Iskenderun Bay to near the Goksu
River mouth. A total of 52 teleost fish species were identified. This group was
characterized by a particularly high biomass 8 Nexceeding that of other groups
sampled in the same perid&igure 2-4, Table A3). The NIS E. klunzinger,
S.lessepsianusgnd nativeMullus barbatusaccounted for 72% of the total CPUA,
making them the dominant species in the trawl catfhaisle A4) According to the

ISA, species identified in autumn 1983 had a widespread distribution among the
observed groups. For instan&, lessepsianusas an indicator of Deep, Shallow

and Western grougstat = 0.978945, P = 0.00d)able AL6).
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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 ptiopal 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 withirgeagh and
period.
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2.3.1.2 Deep (2575m)

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, weildentified. The most notable feature of this
assemblage was the strong dominance of native species, forming 83% of the total
CPUA (Table A3). The top hree species with the highest biomass were
schoolforming benthopelagicnative teleost Boopsboops M. barbatus,and the

NIS S.lessepsianuéTable Ad). Additionally, the CPUA oM. barbatussurpassed

any other group during this sampling period. Native speCidsarus linguatula
(stat=0.95, P=0.001), arcepidotrigla cavillone(stat = 0.89P = 0.001)served as
strong indicators of the combination of Deep and West of Mersin Bay assemblages
(Table AL6). Based on the SIMPER results, the average dissimilarity between the
Deep and Shallow pair was 54%, wit@. linguatula, L. cavillong and
Uranoscopuscaberbeing the main contributors to this dissimilarifgble 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 (13.536m)

This group is located in the western part of Mersin Bay, stretching from Limonlu
towards the narrow continental shelf found westhef Goksu River. A total of 41
teleost fish species were identified in this group, 32 of which were native. The most
common species was th8S S. lessepsianysaccounting for 33% of the total
biomass Table Ad). NativePagrus  pagrugstat=0.81, P=0.005),
andB. podas(stat=0.71, P=0.005) were relatively strong indicators of this group.
The average dissimilarity was 55% between the Shallow and We&trsin 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, respectiniglyé Ad). According
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to the SIMPER resultsP. pagrushad the highest contribution to the average
dissimilarity between this group and the othEable 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% tdtdidiomass
(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 spaand A (Akyayan Lake)rgure2-2). The
remaining branch was formed by two clusters: W (West of Mersin Bay) and Cd
(Coastal to Deep). The most king change is the mixing of shallow and deegter
groups, resulting in a more uniform view compared to the preceding pErgpad

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).

Thisgroup covered a large area, including stations from deep to shallow waters from
Iskenderun Bay to Cape AnamuFigure 2-5). Among 63 teleost fish spes
recorded, 53 native species formed 71% of the total catch. In the C&litsSpecies

list, S. lessepsianwendM. barbatuswvere the most common speciéalfle A8).
According to SIMPER analysis, the average between group dissimilarity between
CoastalDeep and West of Mersin Bay pair was 65%, With pagrus,
Diplodusvulgaris,andMullus surmuletubeing the main constituents of this
dissimilarity (Table A9). Table ALO

2.3.2.1 West of Mersin Bay (13.556m)

The coverage of this group decreased in spring 1984 main constituent in the
former periodS. lessepsianudjsappeared from the top 15 species of thedsgh
biomass. The contribution of native biomass remarkably increased to 909%/.with
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barbatusandP. pagrusbeing the most common specidalle A8). Regarding the
ISA results M. surmuletugstat = 0.99, P = 0.002p. pagrug(stat = 0.96, P = 0.02)
and Scorpaena notata (stat = 0.96, P = 0.0@re strong indicators of this
assemblagérable AL7).

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 Figure2-1, Table A2). During this period, theut-off level for five clusters
indicated a higher differentiation than in previous peridéigure 2-2). In the
dendrogram, two main branches can bsesved: 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 | (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%ip(re A3).

2.3.3.1 Shallow (7-46m)

This group extends from Iskenderun Bay to the area west of the Goksu River,
reaching as far as Cape Anamur. In Iskend®ay, 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 biomas$igure2-4,Table A3). The top three species by biomass
wereexactly the same as in autumn 198alfle AL0). However, the proportion of

E. klunzingeriincreasedwhile that of M. barbatusdeclined. This shift nably
impacted the dissimilarity between the groups. Indicator species analysis showed
thatE. klunzingeri(stat = 0.94, P = 0.001yas widespread across all coastal groups
up to the the mouth of Goksu River (Sh, I, Wdalfle AL8). 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. Notdhlyklunzingeri
became the nia 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 wasL. cavillone maintaining the same average contribution as in
autumn 1983Table AlLl).

2.3.3.2 Intermediate (38-44m)

The subregion (l) 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
Yumurtal ek Lagoon and the small bay west of
in spiing 1984(Figure2-6). The NISS. lessepsianus the primary constituent of

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

between the Intermediate and Shallow groups is 63%, Witklunzingeri,

M. barbatus and Sphyraena chrysotaeneeing the top three contributor§able

A11l). Based on the ISA. chrysotaeniss also a strong indicator of this group (stat=

0.94, P=0.001jTable AL8).

2.3.3.3 Deep (55m82m)

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 tahe spring 1983Higure 2-6). The proportion of native biomass has
dropped to 77%. As in the autumn of 1988, barbatusremains the most trawled

fish, but the rest of the CPUA ranked species list was notably chéhagleleé ALO).

The average dissimilarity between Deep and West of Mersin Bay is 65%, with
C. linguatulaandDentex macrophthalmugeing the most important contributors to
this dissimilarity Table ALl).
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2.3.3.4 West of Mersin Bay (3366m)

In contrast to earlier periods, this group was confined to the western end of the study
area and covered deeper waters. @Garad to spring 1984, the contribution of NIS
biomass increased to 35%aple A3). Formerly a common specidgl. barbatus
disappeared from the CPWianked species listlable ALO). D. macropthalmusvas

not only the most common species in terms of biomass but also a strong indicator of
westerngroups(stat = 0.94, P = 0.003] &ble AL8). Based on the SIMPER results,

E. klunzingeriandD. macrophtalmusvere the top two species contributingtibe
differentiation between this group and the Shallow grdigble ALl).

32.500 33.500 34.500 35.000 35.500 36.000
— — —

Figure 2-6. Spatial distributionof the species assemblages in the autumn 01984.
Abbreviations: Sh = Shallow, W = West of Mersin Bay, Wc = West coast, | =
Intermediate, and D = Deep.
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2.3.4 Spring 2022

In spring 2022, 106 teleost fish speci@scluding 32 NIS, were caught. The
contribution of NIS was the highest among all sampling periods, comprising 92% of
the total biomassHgure 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 warserved and coded as Ec (Eastern

coast), L (Limonlu) Figure2-7).

2.3.4.1 Shallow (6:38m)

In spring 2022, this group extended from Iskenderun Bay to #s¢ @f the Goksu
River. Its western and eastern extent was shorter compared to the autumn 1984
(Figure2-7). Across all sampling periods, the highlegtmass of NIS was recorded

in this group, with native fish accounting for only 3% of the total CPBlyUre

2-4). The penetration of new NIS dramatically altered the species composition. The
contributions ofS. lessepsianuendE. klunzingeriwerereduced to very low levels,
whilst the striped piggyP. stridens,accounted for 91% of the total catchable

A12). Based on ISASparus auratgstat = 0.91, P = 0.001) was a strong indicator
of this group, whereaB. stridens(stat = 0.90, P = 0.001) was an indicabbtthis

group and the other coastal group off the coast of Limdrdblé A19). According

to the SIMPER resultsp. stridensalso had the highest carbution to average
dissimilarity between Shallow, Deep and West of Mersin Bay grolgisié Al2).

2.3.4.2 Deep (3474m)

During this season, this grouwas 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 nemative fish speies, 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 tautumn 1984,P. stridensconstituted the
majority of the biomass in this groupgble Al3). According to the SIMPER results,

the average dissimilarity between the Deep group and the West of Mersin Bay group
was 75% with Upeneus poriand Parupeneus forsskalicontributing most
significantly to thedissimilarity between thenTéble AL3).

32.500 33.500 34.000 35.000 35.500 36.000
— — —

Figure 2-7. Spatial distributionof 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 (10.539.2m)

The stations labelled under this group were confinentall bays along the western
part of the Goksu RiveF{gure2-7). Although it was the only subregion with native
fish dominance in spring 2022, therdribution of NIS remained higher than in the

preceding periods. The formerly comm®tephanolepsis diaspregs no longer
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among the top 15 species with the highest biomass,
andDiplodusvulgarisandEpinephelus aenelmecame the top two important
speciesn biomass Table A3). FurthermoreP. forsskali(stat = 0.88, P = 0.002) was

a strong indicator of this groupTdble A 19). Based on SIMPER results,
P.stridens P. forsskaljandS. auratacontributed the most to the differences
between West of Mersin Bay and Shallow groupab{e AL3).

2.3.5 Autumn 2022

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

accounted for 83% of the total biomabgyUre2-1,Table A2). The cutoff level for

five clusters wa$7%. A completely isolated group with no common feature with

the others was coded as fAXo. The remaining
branches one consisting solely of the Deep (D) group, and the other comprising the

West of Mersin Bay (W), CoastahtermediatéShallow (CtSh), and Deep in the

East (Ed) cluster@~igure2-2 andFigure2-8).

2.3.5.1 Shallow (11.541.5m)

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 Goksu River mouthyith an additional patch of this group present at the
western end of the study ardéadgure2-8). The proportion of NIS biomass slightly
decreased conaped to the spring 2022 but remained notably higher than in the 1980s
(Figure 2-4). As in the former periodP. stridensdominated the biomass,
contributing 70% of the total catch, followed I klunzingeri(Table Al4).
Argyrosomus regiustat = 0.83, P = 0.009)as astrong indicator of this assemblage
(Table A20Table A20). The average dissimilarity between the Shallow and West of
Mersin Bay groups decreased to 65%, vtiregiusandP. forsskalibeing the top

two contributors.The average dissimilarity between the Shallow and Deep groups
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also decreased to 67%itlv P. stridens and E. klunzingeri being the top two
contributors to this dissimilarityl@ble AL5).

2.3.5.2 Deep (59.570.5m)

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 contributiofrigure 2-4). The CPUA ofP. stridens
decreased remarkablyhereasM. barbatusincreased Table AL5). In addition,
Champsodon nudivittisand Pagellus acarnesignificantly contributed to the

intergroup dissimilarity between the Deeper group and Shallow groapte(AL6).

32.500 33.000 33.500 34.000 34.500 35.000 35.500 36.000
— — ——

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).

39



2.3.5.3 West of Mersin Bay (1547.5m)

The western extent of this group was replaced by the Shallow group compared
spring 2022 igure2-8). The proportion of NIS decreased to 3&BigUre2-4, Table

A3). D. vulgaris the most common species in spring 2022, disappeared from the top
15 species by biomasBEdble Al4). ConverselyM. barbatuswhich had disappeared
after spring 1984, became very abundant in this season. ThHe. fd&skali(stat =

0.92, P = 0.008)nd nativeB. podagstat =0.80, P = 0.07)vere strong indicators

of this group(Table A20). However,B. podasandP. forsskaliranked low on the
CPUA list. The average dissimilarity between Deep and West of Mersin Bay groups
was 67% withC. nudivittisandP. forsskalimaking the highest contribution§able

A15). Interestingly P. forsskalioccured exclusively in Western group, wher€as
nudivittis (ava=0, avb=3.45%ccurred exclusively in the Deep gro(gva =3.221,
avb=0). Among the species contributing significantly to disimilarity, native

species were dominant in the Deep grdeigyre A4).

2.4 Discussion

Globally, the introduction of NIS is recognized as onehef primary drivers of
biodiversity change (Galil, 2023). A walbocumented 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 inttmouand 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 naielgted

data from 2022 to examine and characterize changes in the composition of demersal
fish assemblages over time. Despite substantial sfgatiporal variability in species
composition, one of the key findings of this study is the identificationreétmajor
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 bioveass

the course of the study period. Total CPUA increased significantly, rising from
approximately 750970 kg/km2 in the 1980s to over 2,400 kg/km2 by 2022s Th
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
growp 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. Conseqgently, 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/kmz in the early 1980s, followed by a sharp decline and partial recovery
by 2022 (549.2 kg/km? 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 moeatral 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 avhether stations from the Goksu
region were included in the Western group, based on clustering results. Their
contribution was lower when the group extended to the Goksu region, probably due
to freshwater input from the river. These spatial shifts likéflyenced 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 fromi 38% in 1984 to 3644% in 222,
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
(Gucu & Bingel, 1994; Mavrukt al.,2017), onfirming the unprecedented pace of
NIS spread in the region. This pattern reflects the growing dominance of NIS in
shallow and deepvater habitats as well as a westward extension of their distribution
within the Northeastern Mediterranean region. Thisiomg 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 ottikedo

‘Lessepsian Province' along the Northeastern Mediterranean coalstl@2&).

The Shallow group consists of waters primarily within the infralittoral zone,
extending from Kskenderun Bay to the wvicin
additional patch near the western boundary of the study area. This zone has been the

most impacted byhe spread of NIS and was already dominated by NIS biomass in

the 1980s, with contributions ranging from 62% to 73%. According to Gicl &

Bingel (1994) , this area corresponds to Po
characterized by shallow depths and4ott t t om habi tats (Avkar, 19¢
One possible explanation for the success of NIS in this zone is the -linasith

dynamic (Pianka, 1970). A typical exampleEisklunzingerj which exhibits a high

reproduction rate {selected; Pianka, 1970), arsddharacterized by phases of rapid

population growth followed by sharp declines (Glcu & Bingel, 1994). During the

1980s, NIS biomass in the Shallavater group was primarily composed of
S.lessepsianusand E. klunzingeri which alternated in dominance. & their

introduction to the Eastern Mediterranean in the 1950s, both species have established

viable populationsBenYami & Glaser, 1974Erazi, 1943; Gucu & Bingel, 1994;

Ozyurt et al., 2018 According to Giicii and Bingel (1994), this dominance

fluctuation was linked t&. klunzinged s hi gh vul nerabil ity to tr:
its girth factor, its susceptibility to predation by demersal piscivores, and its rapid

postspawning biomass recovery characteristic of-aalected life history strategy.

By 2022, NIS biomass in this group reached up to 97%, Ruitstridensemerging
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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 fothis species in the study area was reported in 2009 in Iskenderun
Bay ( Bi letaalc,2000) Ifs population rapidly increased and spread westward
along the coastal habitats, becoming one of the most dominant species after 2013
(Ergudenet al., 2010 E k k ieha.t2023; Mavruk et al., 2017). Our findings
indicated that the biomass Bf stridenshas continued to increase significantly,
suggesting that its rapid expansion in coastal habitats is still ongoing. Matvauk
(2017) linked the success Bf stridensto rising annual minimum temperature in
Kskenderun Bay. H o w e vaanot,fullyaexpkain thegihvasiomf act or
process (Belmakeat al.,2013). Recent studies have explored various aspects of the
impacts and successPfstridengE k k ietralg2023;0zbek, 20177 liziin & Giici,

2023, 2024 Uyan et al.,2018;), suggesting the f@mtial longterm 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. Althoughthe Shallow group occasionally extends into the western
region, the area near the Goksu River mouth and east of the Cape Anamur
consistently remains within this group. This region exhibits diverse bottom
structures, including sandy substrates, rocky foionat andPosidonia oceanica
meadows E k k i n a t Mutlu,22015}4 Notably, the range d@. oceanicais
confined to this area and does not exten
& Guicl, 2002).P. oceanicais endemic to the Mediterranean Sea and ides/
critical habitat for settlement, nurseries, shelter, and food for various marine species
(de Meoet al.,2018 Kalogirouet al.,2012b). Typical species in the Western group
include those adapted to rocky bottoms with vegetation, sandy and muddgtegbst

and seagrass meadows, suchBagodas D. vulgaris S. diasprosP. forsskalj

D. dentex and S. rivulatus According to Kalogirouet al. (2012b), P. oceanica
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meadows may be moresistanto 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
exhbited 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
contibuting 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, sucB.godasandD. dentexcontributed to

this group's umueness in the 1980s, by 2022, NIS had become a key distinguishing
feature. Interestingly, some NIS, such BR$eragogus trispilus were found
exclusively in this group. In contrast, others, suchiPa$orsskalj were far more
abundant here than in any othegart 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 indussaalle fishing (Guclu &

Erkan, 2001). Although these zones atended to function as protected areas (Gucu

& 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, stusie by D06 Amen & Azzurr o (
and Exkkinat (2024) al so highlight t he wvuln
(MPAS) to NIS invasions in the Northeastern Mediterranean. In light of the growing
risks associated with NIS in this region, it is essential to staied 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 widelyrfreeast 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 consigei@ier than in the 1980s.

The species assemblage in this group includes commercially important native
species, such all. barbatus M. merluccius andP. erythrinus alongside non
commercial native species lik€. linguatula and S. hepatus as well as N

C. nudivittis Among theseM. barbatusemerged as a key component of this group,
dominating nearly all sampling periods except for spring 2022, Wwhestridens
drastically altered the species composition. Notably, NIS biomass increased
substantially irboth 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 Glcu (2021), the timing and deepening of the
thermocline layer during sioig drive the movement of native fauna towards deeper
waters in the Eastern Mediterranean. However, the lack of continuousoyear
monitoring prevents confirmation of a direct relationship between thermocline
dynamics and depth variations. In additionriterannual 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 occurrenceMbfmerluccius(Gucu & Bingel, 2011).

Beyond hydrographic complexity, shifts in community structure within the Deep
water group have also been associated with instifsbore spawning migrations
(Gucu & Bingel, 1994, 2022). Consistent with this pattern, osulte showed a
higher biomass oM. barbatusin 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 imchted 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. Moreovayr 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 bketNortheastern Mediterranean. For instance,
while P. stridengroliferates in coastal watelS, nudivittisoccupies deeper groups,
andP. forsskalipredominantly settles near seagrass meadows.

Early scientific understanding suggested that thermaldsamould limit the spread

of NIS in the Mediterranean (Por, 1978). However, subsequent studies revealed that
some NIS possess a broader climatic niche than previously assémetl &
Schembri, 2016 A total of 15 NIS have already expanded beyond the Strait of
Sicily, which is recognized as a biogeographic barrier (Azetral.,2022b). The
ongoing influx through the Suez Canal, enhanced by its subsequent enlargements, is
expected to continue ding 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 evéH@amdeno & AlveraAzcarate,

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, suchring Ma
Protected Areas (MPAs), in managing diversit
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 prammed 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 egéatiourableconditions

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 neazomplete restructuring of local demersal communities

By analyzinghistorical and recemtata, this study comprehensively assesses changes
in demersal fish assemblages over tifitee results revealed significant spatial and
depthrelated patterns in community formatio8ince the 1980« remarkable
increase in the contribution of NIS biomdsss been observed. This increase has
beenaccompanied 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 caomsnd varying
degrees of NIS influence. The Shallow group was dominated by NIS biomass
throughout the study period, with lessepsianuendE. klunzingerias the primary
contributors in earlier years. By the 202Bs,stridens introduced to the regioim

2009, proliferated, with its biomass reaching up to 91% of the total CPUA. The
Western group, which includés oceanicaneadows and a Marine Protected Area
(MPA), remains dominated by native biomass but exhibited the highest rate of
increase in NIS rabers. Among thes®. forsskalihas become an indicator species
for this assemblage. In the Deeper group, native species, partiddlabigrbatus
continue to play a significant role; however, the number of NIS has risen, and their
biomass showed notabigowth during spring periods, reaching up to 57% in 2022.
Additionally, NIS, such a£. 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 haveogressively expanded into deeper waters and
western regions. As the inflow of NIS remains inevitalaléaptive 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 largscale climate indices on exploited fish populations remain
relatively unexpbred in the Northeastern Mediterranean. The red muMedlgs
barbatug, 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 téisheries' impacts. In this studye used a stochastic surplus
production model (SPICT) informed by scientific demersal trawl survey data as
biomass indices (2002023) to represent stock abundance and official landing
statistics (19682023) to account foremovals 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 theodel. Wavelet coherence analysis was
then conducted between these residuals and threedeatgeclimate indice$yorth
Atlantic Oscillation (NAO), East Atlantic Teleconnection (EA), and East
Atlantic/Western Russia Teleconnection (EA/WR) that are betigto influence
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environmental conditions in the Northeastern Mediterran@anfindings revealed
significant coherence with all three indices, but this coherence varied across both
time (different years) and frequency domains (distinct periodicitiesaliig the

EA pattern index exhibited consistent coherence Wthbarbatusbiomass 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 highight the complex interplay between environmental factors and the
biomass of overexploited. barbatus Overall, our findings present a novel
approach to elucidate the effects of environmental variability on exploited fish

stocks.

Key words: TeleconnectioNAO, 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 drives of these variations remains a significant challenge (Massuti 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 cruciabte 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 determinardtfish 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 productivitycontrast, 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 individwal traits

such as growth rate, metabolic activity, and natural mortality, as well as broader
communitylevel properties, including species composition and trophic interactions
(Beaugrand et al., 2003; Doney et al., 2012; Hastings et al., 2020; Ruattetrfalr,
2023). The ecological significance of such variability becomes more crucial under
fishing pressure, as exploitation can disrupt population structure due-sekzéve
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 (Baez 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 fishinginduced mortality is essential for improving the sustainable
management of marineseurcesHowever, this remains a challenging task, often
constrained by the scarcity of lotgrm, highquality time series datasets that
provide consistent records of both fishelgpendent and fisheipdependent
(environmental) variables (Brander, 2005ushing, 1982; Massuti et al., 2008;
Quetglas et al., 2013). The use of lasgale climatic indices to examine variability

in marine resource populations has received considerable attention in recent decades
(Alheit et al., 2014; Geraldi et al., 20XQastro-Gutiérrezet al., 202; Vollrath et al.,

2023). These indices numerically represent climatic oscillations that emerge from
complex interactions among the atmosphere, ocean, and terrestrial systems (Criado
Aldeanueva & SotdNavarro, 2020). Sucbscillations 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 ([B&ez et al., 2022; Basterretxea

et al., 2018; Criad@ldeanueva & SotdNavarro, 2020; Hurrell & Deser, 2010).

Because they simultaneously influence a wide range of atmospheric and oceanic
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processes, larggcale climatic oscillations are considered meffective than local
environmental variables in explaining fluctuations in fishery resources (Baez et al.,
2021; Stenseth & Mysterud, 2005; Stenseth et al., 2003). By reducing the complexity
inherent in temporal and spatial variability, the climatic inslipeovide longterm,
statistically tractable datasets that facilitate the detection of envirordrieah
patterns in marine ecosystems (Massuti et al., 2008). Their ability to represent large
scale environmental variability has enabled researchers tstigate ecological
consequences across diverse marine regions and ecosyStstieGutiérrezt al.,

2022; Liu et al., 2025; Stige et al., 2006). Environmental changes induced by climate
variability are suggested to influence fish stock biomass eithextlirby affecting
biological processes or indirectly through ecological cascades that destabilize
ecosystem functioning (Baez et al., 2014; Béez et al., 2021; Forchhammer et al.,
2004). Direct effects include changes in recruitment sugessdting fromaltered
mortality rates during early life stages (Massuti et al., 2008; Teixeira et al., 2016), as
well as shifts in migration behaviour (B4&€016). Indirect effects may involve
changes in natural mortality and individual fitness, ultimately affectiog/r and

spawning dynamics (Baez et al., 2019).

The Mediterranean Sea is well known for its rich biodiversity and cerdongs
history of human interactiorAs a semienclosed basin, it has been subject to
multiple overlapping humamduced pressures thiaave 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 largescale climaticvariability 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 Ocedforeover, most asting research has
focused on the Western Basin (Baez 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., 201 .magrity of
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these studies also rely on fishetgpendent 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 \ifyiabhnis
combination of intense anthropogenic pressures and data limitations highlights the
Eastern Mediterranean as a critical yet underexplored region for investigating how

largescale climate variability shapes fish population dynamics.

In the northestern 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
overfishingalready &ident in the 195QsFishing pressure intensified notably after

the mid1980s, leading to sharp declines in several target species (Aasen & Akytz,
1956; Gucul, 1995; Glclu & Bingel, 2011). Despite the introduction of management
measures in recent decadeslsas vessel bulgack programs (Goktay et al., 2018),
demer s al stocks continue to exhibit fluc
et al., 2023). Most research in the region has focused on the effects of overfishing
and the spread of nendigenous pecies (NIS) as primary drivers of changes in fish
populations (Mutlu et al., 2023; Turan, 2022; Tuzin & Gucu, 2024ile local
environmental influences on Northeastern Mediterranean demersal stocks have been
explored (Gicu & Bingel, 2011; Mavruk et &017; Mutlu et al., 2023; Ok, 2012),

no studies have yet investigated the role of kmcpde climate variability in biomass
fluctuations, nor have they attempted to separate these effects from fishing pressure
This gap is particularly noteworthy givehat 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 breschde climatic
variability (Raistos et al., 2010; Vicer8erano et al., 2011).

In this context, we hypothesize that |lasgmale 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 wafoamental
factors on biomass fluctuations, we focused on the red milelius barbatus
Linnaeus, 1758), a heavily exploited native demersal fish in the Northeastern
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Medi terranean Sea. We believe its dual r ol
cima i ¢ variability and intense exploitation
assessing the impact of largeale climatic oscillations. To test this hypothesis, we

combined official historical landing data widtscientific demersal trawl survey

dataset andsasessed the impact of fishing using a diamgted, stochastic surplus

production model in continuous time (SPiC(Pedersen & Berg, 2017Finally,

assuming that the fluctuations in the process residuals of biomass from the stock

assessment model refteenvironmental 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

3.21 Data Collection

3.2.1.1 Fishery Data

This study focuses ondHfishery in the Northeastern Mediterrandarthis region,
thecontinental shelf is generally narrow, with the exceptioNMefsin, Iskenderun

and, to some extent, Antalya Bays. These bays, due to their broader continental
shelves serve as the primargHhing grounds in the area. Among the demersal
species, thél. barbatusholds 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 contineslalf with biomass and abundance
declining after 100 m (Ok, 2012).

TheM. barbatusst ock i s considered a single unit, wi

being the primary contributors to the annual landings, together accounting for
approximately 90% of theotal catch. Although their contributions are generally
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comparabl e, the share of Mersin Bay sur pé
2023 earthquake in eastern Turkiye (Celik Mavruk et al., 2021; TURKSTAT, 2024).

Official fleet and landing statistidsr this region have been systematically collected
and reported annually by tAeirkish Statistical Institute (TURKSTAT). In the
framework of this study, the official annual commercial landing datisl fdvarbatus

were obtained from TURKSTAT (2024) for the period 108&3. 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 sine 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 fod. barbatus and that shrimp trawlers in the area
primarily targeéd penaeids but also had the capacity to catch fish (Glicu & Bingel,
2011), we used theumber 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 afatwlers for the period 1982023.

3.2.1.2 Climate Indices

Several largescale climate indices are known to impact the Mediterranean region to
varying degreesAmong these, three indices were selected for this study based on
two criteria: (i) their role as primaigrgesca le drivers of Mediterranean circulation,
heat, and freshwater budgets and (ii) their demonstrated impact on weather
conditions in the study area (Baltace e
Atlantic Oscillation (NAO), the East Atlantic gatn (EA), and the East Atlantic
Western Russia pattern (EA/WRJhe 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 peeéSLP) between the high
pressure center near the Azores and thepdmgsure 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 pitatipn and
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temperature patterns across extensive regions, particularly during boreal winter or
extended boreal winter periods (Hurrell & Deser, 2009). For this analysis, we used
theNAO winter index (DJF), due to its advantages in representing the NAO
variability. The PCbased NAGDJF time series was obtained from the NSF National
Center for Atmospheric Research (NCAR) Climate Data Guide
(https://climatedataguide.ucar.edu/clima&ta/hurreHnorth-atlanticoscillation

nacindexpc-baseq.

The East Atlantic (EA) pattern (Barnston & Livezey, 1987), consistsiofti-south
dipole of atmospheric pressure anomalies extending acrobkttie Atlantic from

east to west. The positive phase of the EA pattern is characterized bydwelage
pressure in the northern part of the North Atlantic and alaweeage pressure in the
southern part, which is associated with warth@naverage surfae temperatures
over Europe. Monthly EA pattern data were obtained from the Climate Prediction

Center, National Weather Service, NOA®tps://www.cpc.ncep.noaa.gov

The East AtlantidVestern Russia (EA/WR) pattern (Barnston & Livezey, 1987) is
charactered by two main centers of sea level pressure (SLP) anomalies over the
Caspian Sea and Western Europe during winter. In spring and fall, ecéiest
pattern emerges. During its positive phase, the EA/WR pattern enhances northerly
winds in the Eastern dtliterranean, primarily due to the highessure center located

over Western RussigCriadoAldeanueva & SotdNavarro, 2020; Lim, 2015)
Monthly EA/WR pattern data were obtained from the Climate Prediction Center,

National Weather Service, NOA@ttps://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.pdé resulting

winter indices were shown Figure3-1.
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Figure3-1. Three largescale climate indices used in this study: (a) East Atlantic
winter index (EA DJF), (b) East AtlantigVestern Russia winter index (EA/WR
DJF), and (c) North Atlantic Oscillation winterdex (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 MersinFgayré3-2).

Considering the annual contribution of Mersin Bay to the catch and similarity in the
community compositions in trawling groun
Bay (TURSTAT, 2024), the biomass estimates from trasentific surveys is
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considered to provide reliable data about the relative biomass. To ensure
comparability across all surveytbe sampling protocol adhered to the standardized
methodology used by Guicu and Bingel (1994awl! hauls were carried out asis

four depth strata:-25, 2650, 5:100, and 10450 meters. Sampling was performed
monthly within each depth stratum over the period 2@D23 as part of various

research projects.

Figure3-2. Map ofthe 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 d&fl. barbatuswas estimated by calculatinget 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= DthrtX» (1)
WherDé fis the distance hbover etiedhendgrbbe t e

X0 i s a fracti oth IntHis study,a fratteraof head copedendthe n g
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(X2) of 0.5 was applied, based on Pauly, 1980. The catchability coefficient of the

trawl net was assumed to fe= 1. The head rope length of the trawl net used was

23.7 meters. The distance covered duresgh haul was calculated using the

Adi stanceodo function wusing R (Core Team,
(Posit Team, 2024) wutilizing the fAargosf |

3.2.3 Building Survey Index for Stock Assessment

Whensome det strata were unsampled but others were suryey€eneralized
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 surirelex to be used iaxploratory SPICT assessments
Prior to implementing the GAM, data exploration was conducted following the
guidelines outlined byZuur et al., 2010)To address heterogeneity observed in the
Cleveland dot plots, a forthroot transfation 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 2009).

Initially, a simple model was constructed, incorporating year and day of the year as
independent variableghile including depth strata to account for differences across
strata An interaction term between year and day of the year was subsequently added
to the modelTo refine the model, a range of basis functions was tested to explore
possible improvement€ubic regression splinegere 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 besfperforming model was sstted based on thkaike Information Criterion
(AIC) (Akaike, 1974), théBayesian information criterion (BIC) (Schwarz, 1978),
andthe Root Mean Square Error (RMSE) (Hyndman & Koehler, 2006), derived from

10-fold crossvalidation (Refaeilzadeh et al., Z80 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
Appendk B Table BL. We validated the selected model by checking violations from
the assumptions of homogeneity and distributiéuuf et al., 201)(seeFigure BL).

The general form of the selected model was as follows:

forthroot(CPUA)= si(Year, cr, by=factor(Depth)) + fDay of the Year, cc,
by=factor(Depth)) + ti(Year, Day of the Year, cr, cc, byactor((Depth))+
factor(Depth) (2)

I n thissomodedi,camioot h tdumepiresent i tensor
interaction smooths, fAcro denotes a cubic r
acyclic cubic regression spline basis. The number of basis functions was set to 12

for smooth termsz, and s while the default was used for tensor product interactions

(ti) (Table B2). Missing data were estimated using model predicti@rce the

dataset was copheted, 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 dataexptoratory 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 Productieh &od

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 thesendices, 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 quarterisurvey 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, kag® @etsjon Stl) | i zi n
( Wood, 2017) for GAM modelling and the
(Garrett & Wickham, 2011) for handling d:
3.5.1) (Wickham, 2016) for plotting.

3.24 Stock Assessment

Given the availability bhistorical landings and survey data, to evaluate the impact
of thefishery on theM. barbatusstock, we first employed the stochastic Surplus
Production Model in Continuous Time (SPIiCT) (Pedersen & Berg, 2017). SPICT, a
statespace model, incorporatestiery dynamics into the modelccounting for

errors in the catch, fishing mortality, observation and process, and integrating
uncertainty into the estimation of model parame(Pexdlersen &Berg, 2017). It is
capable of distinguishing random variability $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 referencésg@wsy and Fusy) and
relative stock status indicators (dy and B/Busy) which are necessary to provide
scientific advice. The sy represents fishing mortality (F) that provides maximum
sustainable yield in the long term and thesBrepresents the hisass (B) level at
which the fishery can achieve sustainable yield (MSY) (Tsikliras & Froese, 2019).
Additionally, due to its continuottsme statespace model formulation, estimates of
exploitable biomass and fishing mortality are provided at any poimhéwhen 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

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 usitgstorical 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 \dat@mus

model configurations were tested using monthly survey bioass including its
incorporation individually, in different combinations to account for seasonality, and
collectively to assess its impact on model performa@oasidering théishing ban
between midApril and midSeptember and the spawning season ily,Mad the
results of exploratory assessmettig, final biomass indices from the scientific trawl
survey were selected as October and March to account for the beginning and end of
the fishery seasornn the October survey index, three data points fromfaleth

depth stratum (18150m) were predicted using the GAM model whereas in the
March survey index, all depths were compléthe final model was fitted using
historicaltime series of landingd 968 2023), and three biomass indices which are
the surveyindex from October (200 2023), the survey index from March (2009
2023), and the nominal CPUE (19&D23) fFigure3-3, Table B3) Although the use

of nominal CPUE is not ideal for stock assessment diie pmtential biases, it was
included for twomain reasons: (i) to extend the temporal coverage of relative
biomass estimates before 2007, when survey data were absent, and (i) to
complement the survey data after 2007, as CPUE and biomass indices show

conparable trends.
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Figure3-3. 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 denet 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 betwesoh 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 ZBRjure3-3). 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 beginniri@ctober) and end (March) of the fishery
season can collectively explain the fraction of biomass removed by

thefishery.

iii.  The nominal CPUE and the biomass indices from scientific demersal trawl
surveys together provide reliable information about relativ@mass,

considering that survey data is limited compared to the catch time series.
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iv.  The highest estimate in tl@ctober biomass index in recent years is
inconsistent with the rest of the dataset, therefore, additional variability

should be incorporated fainis year.

v. Considering theliscard rate§Mavruk et al., 2021 )landings are assumed to

be equivalent to the catch.

In SPICT, the default timstepping for the Euler scheme is set/atyear, allowing

the resolution of sulannual data collected querly. For this analysis, the time
increment was set to ¥ to enhance the computational efficiency. Life history traits
required for the model were retrieved from FishBase (Froese &Pauly, 2024) using
the AFishLifed package (Werstook®s leldpl ¢qiTtha
level at the start of the time series was set at 35%, based on expert knowledge. As
recommended by (PederserB&rg, 2017), vaguely informative priors were applied.

The prior for the intrinsic growth rate)(was set at 0.5407 with CV of 0.484
(Froese & Pauly, 2024). The shape parameter was fixed to the Schaefermywodel (

2). Therefore, noise ratiofofjalphaandlogbetg were deactivated. Process error

(pe) was set at 0.10 (CV = 0.3), and catch ercey &t 0.05 (CV = 0.3). Toaount

for a striking peak in the October 2021 biomass index, additional variability
((stdevfacl= 5) was incorporated. Observation errog) (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 Appens B (Figure B2-B8, Table B4-B5). The SPICT model was

fitted using fispicto package (version 1.3.8

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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3.25 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 avavelet analysisWavelet analysis is commonly used method to
analyze nosstationary processes such as climatic oscillations akoivs for the
decomposition of time series variance across both frequency and time domains using
wavelet function(Menard etal., 2007; Torrence & Compo, 1998his approach
enables the detection of both shoshd longterm patterns, with lower scales
capturing highefrequency (shorterm) variability and higher scales representing
longerterm fluctuationsBy adjusting the \avelet scale and translating it along the
time axis, a timefrequency representation can be constructed to illustrate how the
magnitude of features varies over time and across scales (To&&m@apo, 1998).

In this study, the Morlet wavelet was used tlués widespread application and its
balance between time and frequency localizatiGninsted et al., 2004 Bias
corrected wavelet analysis was used as the traditional approach for computing the
power spectrum results in an artificial and systematiaatoh in power at lower
periods(Liu et al., 2007). The frequency resolution parameter was set to dj = 0.2
based on (Torrenc&Compo, 1998) and the time step was set to dt = 1 to reflect the
annual resolution of the dat&cosystem responses to envir@ntal pressures can

be transitory due to theonstationary relationship between teleconnections and
regional hydrograph{Hsieh et al., 2009). Therefore, to examine thenmwvement,
coherence magnitude, interdependence, and dominance across time amacfrequ
between the process residuals Mf barbatusbiomass and largecale climate
indices, a wavelet coherence analysis was employed (WG )sted et al.2004;
Torrence & Webster, 1999). Wavelet coherence measures the correlation between
two time seriesn the timefrequency domain (Grinsted et al., 2004; Torrence &
Compo, 1998). It can be considered a localized correlation coefficient that reflects
how the two signals ewvary across both time and scale (Grinsted et al., 2004).
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Wavelet coherence exhibittasistical significance when the shared power between
two time series at specific periods exceeds the expected variability underased
background model (Grinsted et al., 2004; Gouhier et al., 2024). Values close to 1
indicate strong coherence andued close to zero indicate a low coherence. The

arrows show the phase relationship between the series.

The Morlet wavelet was again chosen as the Hasias the basis for coherence
estimation due to its fine localization in both time and frequency denf@nnsted

et al.,, 2004). The frequency resolution parameter was seéf ¥00.2 based on
Torrence and Compo (1998), and the time step was g#tt 0l to reflect the
resolution of the annual data. Significance testing was performed with 5000 Monte
Carlo randomizations to ensure high sensitivity (Gouhier et al.,)2@®4other
parameters for the wavelet and wavelet coherence analyses werehleit detault
settings as i mplemented in the Abiwaveleto
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 anpdraserelationship.
Arrows pointing downward indicate that the second time seyjdsgds the first one

X by "/ 2, whereas arrowlsadylbhy ntizag upward i

3.3 Results

3.3.1 Fishery Dynamic and Stock Assessment

The results of the SPICT modeltétl are summarized iigure 3-4. The model fit
passed the elements concerning the SPICT guidelines (Mildenberger et al., 2020)
(SeeFigure BL-B8, Table B4-B5) for full model results, diagnostie@nd 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 fhigure3-4, M. barbatusfishery 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, whistimated
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 pointin 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 yéar okt
serieg(Figure3-4). Overall, the stock was overexploited (B4&<1) and subject to

overfishing (F/lmsy >1).

According to Figure 3-5, the obtained process residuals of biomass exhibited
fluctuations throughout the study period. In generatya&@ running mean revealed

a recurring patterroflowed by 57 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 timeseries, particularly after 2003.
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Figure3-4. Assessment summary of fitted SPiICT model. The upper panel displays
the estimated biomass, estimated fishing mortality, and the catch while the lower
panel show the relative biomass, relative fishing mortasitydKobe plot. Dashed

blue lines indicate 95% confidence intervals (Cls) for absolute quantities, whereas
shaded blue regions represent 95% Cls for relative biomass and fishing mortality.
Black lines dena Busy, Fusy 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 greghaded, haanashaped area indicates a 95% confidence region of
the Busy and Fusy.
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Figure3-5. Process residuals of biomass extracted from the SPiCT model. The
dashed red line indicates g®8ar running means.

3.3.2 Time Series Analysis

The wavelet power spectra of largeale climate indices and biomass process
residuals derived from SPICT model covering the period I8 is shown in
Figure 3-6. Wavelet analysis revealed distinct significant periodicities across all
time-series.In general, intermittent regions of relatively higbwerwith periods
ranging from ~2 to 8 yearwere observed through the study peribthwever,
statistically significant regions were limited in number and duration, typically
appearing at shorter time scales

For the EA/WR Index, exhibited three distinct significant signalsigh-frequency
high-power signal was detected between 2017 and 2018, aviperiodicity of
approximately 2.5-3 years. Furthermordower-power significant cycles were
identified in the 2.8} year band during 1978978 and 5.6 year band from 1991 to
1999 Figure3-6b)

In the NAO Indexthe most persistent significant signal was found ir8thé.3-year
bandbetween 1970 and 1990, although the earlier portion of this signal falls within
the cone influence (COI). A secorgignificant signal with strong power in the 2.8
4-year band was detected between 2008 and @idare 3-6¢) The biomass process

residualsrevealed a single loragrm significant cycle of approximately 16 years,
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observed between 1974 and 20While this region lies largely within the CQOt,
may suggest the presence of lgegn cyclic variability Figure3-6d).

a Wavelet Power Spectra of EA DJF Index b wavelet Power Spectra of EA/WR DJF Index
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Figure3-6. The wavelet power spectrums of laigmale indices (a, b, ¢) and process
residuals of biomass (d). Power values range from red (high) to blue (low). The
shaded conshaped region indicates the area affected by the edgesefteOl).

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 procesgluals(Figure 3-7). Coherence
between EA DJF Index and process residuals were observed at lower frequencies
with periodicities longer than a deca@@proximately 1728 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 antiphase covariation within of 5i68 year band between 1995 to 2023.
However, the latter portion of this coherence (after 2014) falls within the cone of
influence (COIl). Additionally, a high wavelet coherence (exceeding 0.8) was
detected around the 11.3 year band from 1984 to 2001, with E&X lledding
process residualgigure3-7a).

In Figure 3-7b significant coherence between EA/WR Index and the process
residuals is observed at ~P3Byear periodicity during two distinct intervals: 1978

1982 and 1981997. The first coherence event showed anmse relationship,

with process reduals 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 observedEA/WR index, a significant relationship between

the NAO Index and process residuals was identified @& y&ar periodicity between
early 1990s to 1997, with the process residuals leading the index. Moreover, a
significant inverse relationship was deeztwithin thed - 5.6 year banavith NAO

Index leading. within thd to 5.6 bands from 1968 to 1980. However, the portion of
this coherence prior to 1976 lies within the cone of influence (COIl), and should

therefore be interpreted with cautifffigure3-7c).
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Figure3-7. Wavelet coherence between laggale indices and process residuals of
biomass. (a) Wavelet coherence between the EA Indexparubss 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 twsetii®e The
shaded conshaped 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 residualsrfr@ 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 largeale climate patternslhis
approach offers a novel perspective amatefish interactionghat is applicable to
other marine regions. Our results revealed that interannual fluctuations in the
biomass of this overexploited demersal species are significantigraad with the

key climate indices (NAO, EA, and EA/WRAII three climate indices demonstrated
significant coherence with the biomass process residuals, indicating a potential
influence of largescale climatic variability on th#&1. barbatusdynamics. Among

the indices tested, the EA index exhibited the most pensisind strongest
coherence, with significant signals at both ldagn (~11.3 years) and intermediate
term (~5.68 years) periodicities since the late 1980s. In contrast, the NAO and
EA/WR indices showed more intermittent and sttertn coherence, partitauly at

lower (~2.85.6 years) periodicities during the earlier decades of the time series.
Given that the residuals of the SPICT modet interpreted as proxies fire
ecological responses ®. barbatuspopulation, these distinct coherence patterns
suggest that different climate oscillations have influenced Nhe barbatus
population at different frequencies and during different years throughout the study
period, demonstrating thecomplexity of climatéfish interactions in the

Northeastern Mediterranean

Our results indicate that the earlier NAO and EA/MdRven dynamics might reflect
faster ecological changssch as variability in primary production and its effects on
recruitment. In contrastthe morerecent EAdriven variability appears to be
associated with slower, decadalale processes, such as kbegn increases in sea
surface temperaturesyhich could influenceM. barbatus populations through
prolonged physiological or distributional respon&asch a temporal contrast is also
reflected in stock biomass. While pronounced biomass fluctuations marked the

earlier decades despite gradually increasing fishing pressure, in tf#0p0gteriod,
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less pronounced biomass patterns were observed undeénuashthigh fishing

mortality.

Of the indices examined, the NAO is the most extensively studied in relation to fish
populationgsee Baez et al., 2021, for a reviedlthough the mechanisms are not

always fully understood, NA@riven alterations isea suiace temperatureéSST),

wind patterns, advection, and food availability have been linked to changes in
recruitment, fitness, and migration in both the North Atlantic and Mediterranean

(Béez et al., 2019; Brander & Mohn, 2011, Ottersen et al., 2B6d jdatively short

lived species such ad. barbatus these environmental fluctuations can rapidly

affect the stock biomass (Baez et al., 2021, 2022)n the Northeastern

Mediterranean, the NAO primarily affects precipitation and streamflow rather than

tempeature (Kahya, 2011) and has been associated with drought and flood events in
nearby rivers (Cullen et al ., 2002; Kahya,
particularly relevant for Kskwiahausun and Me
fisheries, whereigh nutrient loads from rivers and wastewater make coastal waters
highly eutrophic (Tujrul et al ., 2011) . As
can alter primary and secondary production, potentially leading to rapid fluctuations

in M. barbatusbiomeass.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 coldvet conditions (Lemu€anovas, 2022) and its association with the

extreme precipitation fregencies in the Eastern Mediterranedrichak et al.

(2014), EA/WR may have affected th#. barbatusstock through leanges in

precipitation, freshwater input, and nutrient dynansiosilar to the NAO. The EA

pattern strongly influences dmwyarm and wetold extremes (Lemu€anovas,

2019) and is associated with leteymsurface water warming in the Mediterranean

Sea(Skiliris et al., 2012)Although the direct ecological effects of the EA pattern on

fish populations have rarely been studied, some mechaiawes 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 (CastrGutierrez et al., 2022; Tanner et al., 2020; Valental.e2009;

Borja et al., 2008)Given the ongoing warming trend in the Mediterranean and the
EA'"s documented association with warm an
al., 2018), the observed lotgrm coherence between the EA index Bhdbarbaus
biomass residuals may be attributable to $&Hdiated ecological processasis
interpretation is supported by evidence of an environmental regime shift in the
nearby Aegean Sea, characterized by increased temperature and salinity since the
early 2000gDamalas et al., 2021Notably, this period coincides with the strong

EAI biomass residual coherence years observed in our résddiisionally, warmer
conditions associated with the EA may favour the spread eintigenous species,

which could potenélly compete with nativé. 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
(Béez et al., 2021; Hidalgo et al., 2011; Quetglas et al., 2013), consistently high
fishing mortality (above the reference level) from the 4maaht to the end of the

time series may have increased the sensitivityMobarbatusto environmental
forcing and contributed to the persistentilbfomass residual coheren€@nnsistent

with the nonstationary nature of larggcale climate indiceuetglas et al., 20).3

the obseved relationships between temporal trends in fish biomass and climate were
transitory. In the Northeastern MediterraneaNl. barbatus biomass exhibited
pronounced fluctuations between the late 1980s and early 2000s, with periods of
sharp increase followely steep decline. A similar though slightly shifted pattern
was observed in the landings of other key demersal species, such as European hake
and norindigenous lizardfish (Gucu & Bingel, 2011) in the same ahkeaording

to Gucl and Bingel (2011), theffectuations in the landings could be influenced by
variations in circulation, particularly the occasional incursion of Modified Atlantic
Waters (MAW) into the Northeastern MediterranéBms timeframe coincided with
broader environmental and ecologidahnges 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 TransiEM{T], a major oceanographic
event, reshaped deeater 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 shiftsiljEoni et al.,

2017; Mollmann & Diekmann, 2012). Several studies have linked these changes to
NAO phase transitions to variations in the EA/WR pattern andreiated
climatological changes (Alheit & Bakun, 2010; Incarbona et al., 2016; Jacobeit &
Dunkeloh 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 Medi t al,l999).mhe dkely epharecédmpramnary & Tuj r
production, supported higher recruitment, and contributed to theMidgarbatus
biomass observed during this peri@bnsidering the coherence observed during this
period between biomass process residuals andtelimdices, 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 instanc& 6 On g hi a ereprtad a wedk Drirtsignjficant
relationship between the NAO index a¥id barbatusabundance in the lonian Sea.
While the influence of the NAO index is generally thought to diminish toward the
Eastern Mediterranean (de Vries et al., 2013), we identifiggh#fisant effect of the

NAO on M. barbatusin the Northeastern Mediterranean along with the influence
from two less wetknown teleconnection patterns. To our knowledge, this study is
the first to demonstrate a link between EA and EA/WR indices and arerplaited

fish population.

Although overall patterns were clear, some unexpected phase relationships between
climate indices and process residuals emerged during the 1990sstalgelimatic
oscillations reflect different manifestations of the sam@oapheric system and can
influence vast regions simultaneously (Baez et al., 2022). Each index captures

distinct, sometimes overlapping, atmospheric patterns that may interact in complex
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ways (Baez et al., 2022). For instance, the EA pattern can intaritbréhe NAO
signal during certain phases, dampening or even reversingrmsia@d precipitation
patterns (Mellade&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 obserekdrence is unlikely

to have occurred by chance. While laggale climate indices showed strong
coherence with process residuals during specific periods and periodicities, the
remaining variability may reflect the influence of regional and local factés.
climate change is expected to affect both the frequency and intensity of major climate
indices such as the NAO (Hoerling et al., 2001; Vicesgerano et al., 2011), and

the Eastern Mediterranean continues to warm at a rate above the global average
(MedECC, 2020), future research must explore how dacgée 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. barbatusstock 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
largescale climate wdability on this exploited species. By disentangling the
environmental influences from fishing impacts through process residuals of the
fishery model, significant coherence was identified betwdetarbatusbiomass
variability and three major climate im@s: 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 #eelierdecades, while coherence with

the EA index appeared more consistent in the 2000s,ghpssilecting changes in
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hydrography and environmental variabilitymportantly, all three indices were
significantly coherent witiM. barbatusbiomass in the early 1990s, a period marked

by a notable increase in biomass. This pattern suggests that} thisidecade, 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 influenceighigtdriving
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 largeale climatic oscillations anddtbiomass of
overexploited species. This study is the first to link lesgale climatic oscillations

to temporal trends iMM. barbatusstock in this region. Moreover, the findings
highlight the previously underexplored yet significant influence of EAEBRIVR,
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 largecale atmospheric influences and fishery into caraitbn

to ensure the sustainability of exploited stocks.
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CHAPTER 4

DEPTH RANGE SHIFTS OF MULLUS BARBATUSIN RESPONSE TO
TEMPERATURE VARIATIONS IN THE NORTHEASTERN MEDITERRANEAN

Merve Kurt, Ali Cemal Gucti

1. Middle East TechnicaUniversity, Institute of Marine Sciences, P.O. Box
28,33731, ErdemiMersin, Turkiye

Abstract

This study investigated the seasonal and interannual variation of the depth of
maximumMullus barbatusiomass in the Northeastern Mediterranean Sea between
2010and 2023. We analyzed monthly trawl survey data using generalized additive
models (GAMSs) to estimate biomass changes throughout the water column. In
parallel, a second GAM was fitted to higesolution CTD temperature profiles
collected from the region tmodel thermal structure. The fitted GAM of the biomass
data explained 54.7% (R? = 0.45) of the deviance, while the temperature model
explained 94.3% (R? = 0.94) of the deviance. Our results showed that the depth of
maximum biomass followed a clear seasamyale in this region. In addition to its
seasonal cycle, our analysis revealed a graduatltknng deepening trend in the
depth of maximunM. barbatusbiomass from approximately 48 meters to over 53
meters during the study period. Concurrently, the regisvater column displayed
significant thermal changes. The temperature model indicated-linean warming

trend, particularly after 2016. To explore the potential influence of thermal
stratification, we used the 24°C isotherm as a proxy for thermodipeh. 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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metersin recent years. While interannual variability was present, this deepening of
the thermocline showed a temporal correspondence with the observed deepening of
the maximumM. barbatusbiomass depth. Our study highlights that the vertical
distribution of demesal 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 decbmarine species, harbours 7%
of the worlddés marine biodiversity (Coll et
shaped by historical events, including the isolation from the Atlantic Ocean around
six million years ago and the subsequent 'Messinianitsatirisis,’ during which
extensive desiccation occurred, evaporitic basins formed, and significant
biodiversity loss took place (Hsu et al., 1973). Approximately five million years ago,
the reopening of the strait allowed recolonization of the Meditezean by Atlantic
species (Tortonese, 1964). Howevsettong eastvest gradients in hydrology,
bathymetry, climate, and primary productivity have limited the successful adaptation
of many Atlanticorigin species in the eastern Mediterranean compared to the
western basinBenTuvia, 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 Mediterraneanpsereencing accelerated warming

due to climate change (MedECC, 2020; Ozer et al., 2017). Rrdjichperature
increass (MedECC, 2020) raise critical concerns for native species already living at
the warm edge of their thermal tolerance limits. One ofrtbst 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., 1998)e IMediterranean Sea,
warming has already triggered such changes, with many species expanding
northward in a process termed "tropicalization" (Bianchi & Morri, 2086)
Ameridionalizationo ( Az z ur. rHowever2 Mess ; Bi a
distributional shifts are constrained by the Mediterranean's -eapiosed
geography. As species reach the northernmost parts of differebasins, further
poleward migration becomes physically impossible. In the Northeastern
Mediterranean, for instance, land ars 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)irddt evidence linking climatdriven
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 compowfigets of

warming and spatial constraints.

Native fish populations in the Northeastern Mediterranean are further strained by the
influx of tropical nonindigenous species (NIS), which are suggested to have a
greater capacity to adapt to rising temperayfehaikin & Belmaker, 2023; Galil,

2023). In the Mediterranean Sea, the effects of temperature changes on the spatial
distribution of both native and nendigenous fauna have been extensively studied
(Lasram et al ., 2010; B2RP)aHowevdr, charyés 0n7 ; D6 A
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 populatiaiss
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 an@l minimum and mean temperaturéhis challenges the common

emphasis on maximum temperatures, and suggests that broader, more persistent
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changes in the water column may have a stronger effect on species dynamics.
Supporting this view, Chaikin et al. (2022uggest 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 perspe, a study conducted in the
Northeastern Mediterranean showed that the deepening of the thermocline layer in
late May creates an ecologicalindow between the warm surface and the
thermocline, providing favorable conditions for tropical NIS (Ok, 20Natably,
species such dsagocephalus suezensigre 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 (Gicu, 2021).

Among theAtlanto-Mediterranearspecies in the Mediterranean Skh, barbatus
appears welhdapted to eastern conditions, particularly in the Northeastern
Mediterranean shellvaters, where it seemingly benefit from locally elevated
organic loads, such as near urbanizedtsoand river outflows, that enhance benthic
prey(Tuzun and Gucu, 2024) herefore, investigatingow this species responds to
ongoing ecological changes in a rapidly warming and structurally shifting area
Northeastern Mediterranean, is of particular im@oce Such responses may
provide key insights into the future impacts of climate variability on native coastal

communities.

In the northeastern corner of the Mediterran&arharbatusoccupies a broad depth
range, down to 220 meters and exhibits progednseasonal vertical movements
(Ok, 2012).Spawning typically occurs between April and early June, with a peak in
May, at depths of 460 meters (Bingel, 1981), while juveniles occupy shallower
coastal zones in late summer, early autumn. As individuals,ghey gradually
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migrate to deeper habitats, thereby recruiting to the adult dydiate autumn, all
cohorts return to shallower deptH3uring winter, all age groups become more
evenly distributed across the water column (Ok, 2(R&gruitment typically occurs

in late summer to early autum@onsistent 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 seasoftalishihe bathymetric
distribution of red mullet, often interpreted as responses to tempedaivea
changes in the water column (Maravelias et al, 2007). These findings, when
considered alongside the speci esobthebi ol o0g)
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 losigrm changes in the depth at which
maxmum biomass oM. barbatusoccurs, and examined whether these changes can
be explained by seasonal or interannual variation in hydrographic water column
structure, with a particular focus on the dynanotghe seasonal thermocline,
hydrographic featurknown to be highly sensitive to climadgiven warming.

4.2 Material and Methods

4.2.1 Trawl Surveys

To assess changes in the bathymetric distributioMobarbatus biomasswe
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 (METIMS). The study area is locatéad

the northeaern Mediterranean, off the Turkish cqastest of Mersin Bay (see
Figure4-1). Bottom trawl surveys were performed using the RV/LAMASf the
institute, following tke standardized methodology outlined by Gicl and Bingel
(1994). Sampling was conducted across five depth rang@s, @5 50, 50 100,

1001 150 and 1530 meters. The trawlable biomasdwbfbarbatuswas estimated
using the catch per unit area (CPUA) methbd,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 al®awas determined using the formula:

A= DthriXz (1)

where D" represents the distance covered during the trdwl, s the head rope

length, and X>" is a fraction of the hed rope length. In this study, a fraction value

of 0.5 for Xo was applied, following Pauly (1980). The trawl net's catchability

coefficient was assumed to bel, and the length of the head rope used was 23.7

meters. The distance covered during each hausw comput ed wusing the 0
function from the fAargosfiltero package (ve
Team, 2024), executed within the RStudio environment (Posit Team, 2024). This

function computes the greaircle distance between two geogin& 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, ptite(2

location where the haul ended, when towing stopped and the winch was engaged to

retrieve the gear.
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Figure4-1. The map of sampling stations in the northeastern Mediterranean, off the
Turkish coastyest 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 couloermillected at

every trawl station. In such cases, archived CTD profiles from METMS 6 s
oceanographic database were used as substitutes. These profiles were selected based
on spatial proximity and depth similarity, and temporal relevance, specifioaliy,

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)
framewor k (Wood, 2017) . Specifically,
package (version 1.9.1) (Wood, 2017) was used to model how biomass varies as a
function of time (year and day of yearepth, and their interactions, in order to
detect longterm 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 zerosightiskewed 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 paransetvere 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 Appé&hdiables C1C2). To ensure
continuty 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-1@ld crossvalidation (Refaeilzadeh et al., 2009).
While AIC evaluated the traeaff between model fit and complexity (Myung, 2000),
RMSE provided a measure gfedictive performance (Hyndman and Koehler,
2006). Residual diagnostics and model summary plots were also examined to assess
model adequacyFurther details of the model selection process are provided in see
AppendixC, Table A. The selected model was further validated by checking for
potential violations of assumptions such as residual independence, distributional

adequacy, and smoothness sufficiency, following thagnostic procedures
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recommended by Wood (2017) for generalized additive mdé&aisire ). The

general form of the final model was as follow:

Biomass si(Year)+ sy(Day of the Year, cc) +sfDepth, tp )+ ti(Depth, Day of the
Year, tp, cc) + ti(Depth, Year, tp, cr) +i(Year, Day of the Year, cr, cc) (1)

In this formulations() represents univariate smooth functions &f)alenotes tensor

productsmooth interactions (Wood, 2017).
In the selected model:

T s (Day of t he Year-annualgseasondl)waridtion witho d e | e

a cyclic cubic spline.

T s (Depth, bs = "tp") represented vert:.

splines tanodel biomass across depth.

T ti (Dept h, Day of the Year, bs = c¢c("t
vertical biomass structure, modeling how depth preferences varied

throughout the year.

T ti (Dept h, Year , bs = ¢ (" tapblomass' cr " ) )

distribution over the long term.

T ti (Year, Day of the Year, bs = c¢c("cr

cycle of biomass changed across the years.

Following model fitting,M. barbatusbiomass was predicted for each day and for
every onemeter 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 alaily resolution to account for withimonth
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 idedtifsad 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 treentiofM. 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 barbatus
recruitmentwe 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 inflmee of thermocline depth on the bathymetric

distribution and recruitment timing ®. barbatus

To assess whether temporal changes in temperature structure could explain the
observed biomass distribution patterns, we again employed a GAM. Before
construding 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 atetér
intervals) and (2) badim depth strata (5 m, 2555 m, 5575 m, 75100 m, 100

150 m, 150200 m, and 20@50 m), defined to reflect the vertical thermal structure

of the water column. To assess whether temperature differences across bottom depth
categories within each samplimgpth bin were significant, we applied the non
parametric KruskalWallis test (Kruskal & Wallis, 1952). The practical importance

of these differences was evaluated by
(Kelley, 1935), which provides a robust intesfation 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 tenap@re differences. As the monthly Kruskal

Wallis tests yielded statistically significant results and relatively large epsilon
squared (U]) v aFigureq) bditerudepthastratum 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 letegm 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 pred&iees.the large size
ofthetenper at ure dataset, the Abam()o funct
(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 taccounfor 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 tes were added to capture dynamic nature of the water
column. All available data from 1998 to 2023ble ) was used for model fitting

to improve model training andn®othing parameter estimatiorHowever,
predictions were limited to the years 202023 to match the temporal coverage of

the biomass data. Model smoothness selection was performed using fast Restricted
Maximum Likelihood (fREML) for computational efficiey 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 20alr). Model fitting

was parallelized using four computational threads to reduce processing time (scale).
The comparison of the top six models is presentd@@bte Gl. 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 homogemeityesidual
distribution, following the guidelines of Zuur et al. (20{B)gure G3). The general

form of the final model was as follow:

Temperature = si(Year, bs=cs) + g(Day of the Year, cc, by =
factor(BottomDepthStrata)) +3fepth, ts, by = factor(BottomDepthStrata) )+
tiy(Depth, Day of the Year, ts, cc) +o(¥ear, 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 BottomDepth&tx enabled deptspecific 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 diagnpiits and performance
evaluation (Zuur et al., 2009; Wood, 2017).

In the selected model:

T s (Year, bs = "cs" ) -tevratemporal trdndsdistng t o

cubic splines with shrinkage to avoid overfitting.

capt

T s (yday, bs = " c atdmodelgdintranBual{stasomdDde pt h St r

variability, with a cyclic cubic spline smoother applied separately for each

bottom depth stratum to reflect differing seasonal dynamics by depth context.

T s (Depth, bs = "ts", by = bBema omDept hSt

gradients, allowing for deptbpecific smooths within each bottom depth

category using penalized thin plate regression splines.

T ti (Depth, yday, bs = c¢c("ts", "cc"))

and dayof-year to characterize seasonallgrying vertical temperature

profiles.

T ti (Year, yday, bs = c¢c("cs", -termc" ) )
trends and seasonal patterns, capturing how the seasonal temperature cycle

evolved over time.

1 BottomDepthStrata was included as a paraméaictor to allow baseline

temperature levels to vary across bottom depth categories

To enable comparison with the depth distributioMobarbatus daily temperature
profiles were predicted atrheter intervals throughout the water column, focusing

spedfically on stations within the BottomStrata3 category (bottom depth between
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50075 m), as this depth range corresponded

during the biomass sampling period. Because sampling within each month occurred
on different @ys, temperature was predicted at daily resolution to match the
temporal resolution of the biomass modeling. Following visual inspection of the

temperature profiles, 24 AC was empirica

layer. For each day, thegee st depth at which 24 AC was

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. &h®n 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 d&y-year of thermocline formation foaeh 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 varetid@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 biomss as a proxy. To evaluate whether thermocline persistence
influenced the vertical distribution ®. 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 followingasons. 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 calculatioe to the distinct vertical movements

of smaller individuals and aduM. barbatusobserved during these periods, which
could confound the overall depth trend for the spediesrmocline duration was
defined as the number of days between the onsetraaidown of the thermocline
layer. We tested for a relationship between average depth of biarass and

thermocline duration using Kendall 6s
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appropriate for small sample sizes and-parametric data with tiednks (Kendall,
1938).

Analyses involved the use of the fistatso pa:«
2024) , nggplot20 (v3.5.1) for data visualiz
(v1.9.3) for working with datéime data (Grolemund & Wickham, 2011)

4.3 Results

To investigate spatiotemporal patternsMn barbatusbiomass, we structured our
analysis into three complementary components: (i) degéted variation in
biomass across years and months, (ii) vertical and seasonal dynamics of temperature
in the water column, and (iii) the comparison of biomass distabutiith thermal

structure.

4.3.1 Temporal and Depth-Related Variation in Biomass

Concerning the first task, the best fitting GAM model kbr barbatusexplained
54.7% of the deviance with an adjusted R2? of 0.4ap(e 2). The model revealed

a nonlinear interannual pattern . barbatusbiomass with depth, year, and day
of-year each exerting significant effects. Moreover, the significant interaction terms
indicate thathese 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 tetvnear(Figure4-2). 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 biomadevels. The smooth term for yday revealed a clear seasonal pattern
in M. barbatusbiomass, 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 wier 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 150200 metergFigure4-2).

Smooth: s(yr)
1.0

Partial effect
o
o

2012 2016 2020

Smooth: s(yday)

0.5

0.0

Partial effect

-0.5

0 100 200 300

Smooth: s(Depth)

Partial effect

0 50 100 150 200
X

Figure4-2. The partial effects of each predictor and the estimated smooth terms
from the selected biomass modeMifbarbatus

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 +tioear fashion(Figure4-3 and Table ). This

interaction reveals clear seasonal shifts in habitat use. Until approximately day 150

(Il ate May to early June), which coincide:

two distinct cmcentration zones are evident: one in shallow coastal waters (<50 m),
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another in deeper offshore areas (>15{figure4-3). Following this period, these
two groups ppear to merge, with individuals concentrating at-sfiélf depths (50
100 m). This depth range remains preferred throughout thespagining season,

extending into the summer and autumn months.

ti(Depth, yday) ti(Depth, yr)
%

Partial 4
effect 2020 =,
- .

05 o

>2016

0.0

-0.5
- 2012

0 50 100 150 200
Depth
Basis: Tensor product int.

Partial
effect
| |

0.2

0.0

0.2
|

Basis: Tensor product int.

Figure4-3. The partial effects and the estimated interaction terms from the selected
biomass model oM. barbatus Grey areas in the plot indicate regions where the
model lacked sufficient data to generate reliable predictions.

The Depth and Year interaction, whigvas also statistically significant, indicated
that the vertical distribution of red mullet has changed over time. As the figure
indicated(Figure4-3). The model cajured gradual and progressive deepening trend
in habitat use over the study period. In the earlier years (2014%), higher partial
effects were concentrated in shallower waters (<50 m), while in later years
(especially posR018), positive effects are me pronounced at greater depths
(typically beyond 100 m).
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The interaction between year and ddyyear 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 30(@Figure4-3). This pattern reversed between 2014 and 2018, when
the negative effect shifted to approximately day$8D (January to June)while a

strong positive effict emerged between days 200 and (#dd-June to September)

After 2018, partial effects across the year were relatively weak.

Year
- 2010
2011
- 2012
- 2013
- 2014
- 2015
2016
- 2017
2018
- 2019
- 2020
2021
2022
- 2023

Mean Max Depth (m)

50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure4-4. Seasonal changes in the bathymaedrstributions of maximum bionss
of M. barbatusacross years.

Modelderived estimates of the depth at which maximMmbarbatusbiomass

occurs are presented 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 throuyh Maching

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

gradualy shifted toward shallower waters with the onset of winter.
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Monthly Max Biomass Depth (Peak Biomass Day)
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Figure 4-5. Temporal changes in the bathymetric distribution of maximum
M. barbatusbiomass across months.

In addition to the seasonpattern, the depth of maximum biomass also exhibited a
clear longterm deepening trend across years, increasing from approximately 48
meters to over 53 metef§igure 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 remaimaogths, a more
gradual and consistent deepening trend was observed beginning ir2@0d43&nd

continuing thereafter

126



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 deviat@djusted R? = 0.94in
temperature (sedable ). The smooth term for year exhibited a Horear
warming trend, characterized by a marked decline between 2000 and 2005, followed
by a sharp increase from 2005 to 2010. This was followed Islatively 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 ye@figure 4-6). The smooth term of year

for bottom strata®dicates a clear annual temperature cycle, with minimum partial
effects during winter and early spring (yday 200), a rapid warmingénd reaching

a peak around yday 211220, followed by a gradual cooling phd&égure4-6).

The smooth term for depth in the deepest stratum revealed a strong negative
relationship, with temperature decreasing consistently with increasing(&egpihe

4-6). This stratum was selected for visualization as it encompasses the filil dept
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 andfdggar showed a
clear seasonal pattern (left ghin Figure4-7). A negative effect was consistently
observed between days 1 (January) and 150 (May to early June) and it was
particularly pronounced in the eiar years of the time series. In contrast, a positive
effect emerged between days 240 @Aishust) and 300 (early October) and
gradually expanded over time. In recent years, this positive band extended from

approximately day 220 (early August) to 325 (l@ietober).

128



linear predictor linear predictor

yday
yday

50 100 150 200 250 300 350
50 100 150 200 250 300 350

0
0

i
2000 2005 2010 2015 2020 0 50 100 150 200 250

Year Depth

Figure4-7. 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 linegoredictor. The blue contour lines indicate specific isolines of
the predicted values, with their respective numeric lab¥lste areas in the plot
indicate regions where the model lacked sufficient data to generate reliable
predictions, based on the clkoshreshold (0.05).

In the right panel ofFigure4-7, the interaction between depth and season illustrates

the seasonal thermal structure of the watumn. During the summer months
(approximately day 15@70), the upper layer of the water column exhibits
pronounced war ming, with temperatures e
forming a distinct thermocline. In contrast, during winter, increaseccaertiixing

results in a more homogeneous temperature profile across depths, indicating the
breakdown of stratification. This recurring upyf@yer warming can be described as

a transient thermal window, which emerges in summer, deepens into early autumn,

and di ssipates by winter. The 24 AC isoth
a practical proxy for the upper boundary
isotherm as a proxy for the thermal window boundary, the left paf)édr, Day &

Year) reveals how this feature has changed over the past two decades. After
approximately 2010, the 24 AC contour be
across the seasonal cycle, indicating that surface warming has both intensified and

prolonged the dation of stratificatior(Figure4-7).
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4.3.3 Relationship Between Biomass Distribution and Thermocline Depth

The obtained maximum thermocline depths and depths of maxinmmass are
presented inFigure 4-8 and Table (. Across years, the monthly mienum
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 consisyeollserved 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, mnicrr etahsei nega rflryo n2 OalpOpsr c
in recent yeargFigure4-8). While thermocline depth increased sharply from June

to July, the depth of maximum biomass also deepenedgkhat a more gradual rate

(Figure 4-8). Between July and August, both variables continued to deepen, with

biomass depth showing a steeper changettiemmocline 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 extamehe

August and SeptembéFfigure4-8).
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Monthly Maximum Depths: Biomass vs Thermocline
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Figure4-8. Annual comparison of the depth of maximum biomass of M. lasba
and thermocline depth across years. The blue line represents the thermocline depth,
specifically defined by 24 AC isotherm ar

biomass.

September was selected as the reference month for comparisoshawed the
most pronounced deepening of the thermocline over the study period, making it

suitable for evaluating concurrent trends in biomass distrib(figure4-9).
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Figure4-9. Interannual comparison of the depth of maximMimbarbatusbiomass
(red line) and thermocline deptblue line) in September (2012023).

Although the annual variation in thermocline andnbass depths does not display a

perfectly synchronous pattern, both variables exhibit a consistenttdang

deepening trend in Septemb&hermocline depth remained relatively stable until

2016, after which it deepeneadeptbshowe m and s
a more gradual decline over the same pefffogure4-9).

No significant relationship was found between the seasonal average maximum

biomass depth (JyilSeptember) and the duration of the thermocline period.

Kendall s tau corsrieglnaitfiiocnanyti efl@8equc=i atnom ( U
0.6845), suggesting that interannual variation in thermocline persistence does not

explain changes in average deptiViobarbatus 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
(Figure4-10andTable4-1).
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Thermocline Period and Recruitment Timing
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Figure4-10. Thermocline duration (horizontal &rand recruitment timing (red dots) for
each year.

Table 4-1. Summaryof recruitment timing (day of year and depth) and thermocline
characteristics (onset, end, duration, and depth) for the years22011)

Recruitment Recruitment Thermo_start Thermo_end  Thermo Thermo

year Day Depth yday yday duration depth
2010 254 47 152 326 175 55
2011 251 47 152 328 177 55
2012 248 a7 153 328 176 55
2013 248 a7 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 df. barbatusis reported to follow a pattern:
individuals typically inhabit shallower waters during winter and spring, gradually
shifting to deeper habitats as summer and autumn prqitaskias & Labropoulou,

2002 Onay et al., 2023; Tserpes et al., 2019; Vassilmpo& 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 cyclé3ur results closely reflected ish 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 aga 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; Glcl & Bingel,
2022) and juvenile descematterns observed through summer (Ok, 2012).
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 strictlynonotonic, theoverall 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). Specificttiy, Levantine

Basin has shown an annual ri se of approxim
(Ozer et al., 2017). Such sustained surface warming is generally expected to enhance

vertical stratification in the water column (Capotondi et al., 2012). Acogtdithe

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 regiespecific responses; for instance, Sallée et al. (2021)
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documented a deepening of the summer mixed layer in several regions, likely driven
bywindstressandagsea f |l ux changes. Il n our study,
a proxy for the upper boundary of the thermocline layer. We observed a gradual
deepeningand 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 th#te water column in the study area has been undergoing notable
changes, likely reflecting broader climatic trends. Interestingly, while the seasonal
movement oM. barbatudnto deeper waters during summer and early autumn aligns
with the establishment dnpersistence 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
thatM. barbatusmay respond to lonterm changgin the vertical thermal structure

of the water column associated with regional warming.

Beyond its direct influence on the depth of maximum biomad4. dfarbatus 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 theseasonal thermal window. This alteration may create more favorable
and stable thermal environments for waaffiliated nonrindigenous species (NIS),
potentially enabling both vertical expansion and extended seasonal residency. Such
conditions could enhaectheir competitive advantage over native species exerting
additional ecological pressure on the vertical habitat rangd. dfarbatus This
interpretation aligns with historical and recent observations of NIS dynamics in the
region. During the initial ptse of their expansion, NIS distributions were largely
limited to shallow coastal waters (Guicli and Bingel, 1994; Galil, 2023). Over time,
however, many NIS have extended their range into deeper habitats (Gicu et al.,

2010; Kurt & Gucl, 2025). A recent comisn 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 &
Guci, 2025). Supporting this trend, Chaikin and Belmakéf3) 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 deptiated distribution is flsing 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 riifI80s, leading to shargeclines in

target species (Aasen & Akyliz, 1956; Giclu & 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 witlguoattrent
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 obseved 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 appearsope 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 (Deutsadh 2015; Jorda

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 seeigenous species (Azzurro at,

2022; Galil, 2023; Galil et al., 2019) in Northeastern Mediterranean, understanding
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these depth range shifts of biomasdvbfbarbatusrequires a broader ecological

perspective.

Bathymetric distribution shifts of demersal fish in the Eastern Meditean 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 bettamexp

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 -$aaje
perspective on howohgterm 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 resolutiofh our temperature model may not capture sisedile
thermocline variations that could be ecologically relevant Kbr barbatus
Nevertheless, our framework provides compelling evidence thattésrmgchanges

in thermal stratification influence the verldistribution ofM. barbatus.

45 Conclusion

Results based on loftgrm trawl survey data revealed that revealed a clear long
term deepening trend in its maximum biomass deptMobarbatusextending
beyond the species' reported seasonal distributionrpat&multaneously, our
temperature models, informed by higésolution 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, showedaldbpening 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 andccurredn deeper depths. While yeto-year variability was presg,

the overall patterns of the thermocline deepening and the redistribution of the depth
of maximum biomass were broadly aligned. This suggestsMhdtarbatusis
responding to climatdriven changes in water column stratification. Given the
complex inteactions 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 teperatures, our framework, which combined biomass modeling
with the comprehensive analysis of thermal stratification structure, provides a
valuable tool for assessing climatgven changes in demersal ecosystems within

this critical climate change hotspot.
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CHAPTER 5

CONCLUSION

This dissertation was condudte 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 inrdg®n, they are often fragmented

and shorterm, making it difficult to evaluate loAgrm ecological shifts or identify
consistent trendsTo address this need and better account for the simultaneous
operation of multiple ecological drivers, this thest®pted 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
(i) how have they changed over time? By integrating historical and recent data, three
distinct assemblages exhibiting varying degrees ofindigenous 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 threentry 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 idemersal 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 aadvesiern
habitats. Alongside this spatial expansion, NIS now make up more than 90% of the
total demersal teleost biomass, indicating a 4ceamplete restructuring of local

demersal communities.
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Although marine protected areas (MPAs) dPasidonia oceamia 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 forsskalAs both newly introduced and lovggtablished NIS contribute

to the ongoing restructuring of the Northeastern Mediterranean ecosystem, some
native commercial species such as red muNatllus barbatug, still manage to
persist despitentense 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 dependingn 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 stressorsiséntangling 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 aadgds in precipitation.

Given the longstanding 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 kéyendemersal
species M. barbatug 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 mod@plied a

to quantify the impact of fishing mortality on biomass trefidee model revdad
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notable biomass fluctuations and indicated that the stock has been overexploited and
subjected to overfishing particularly after the A@00s. The residuals of this
model, representing variations not explained by fishing, were interpreted as proxies

for environmental influences.

In this context, largecale climate indices (NAO, EA, and EA/WR) were used as
integrative proxies to capture breadale climatic variabilit 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 isfreemia

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 betwikearbatusbiomass and largscale

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, theEA index exhibited more persistent coherence after thel9@ds,
suggesting a possible shift toward slower, decadale environmental forcing. The
results also showed that all three indices were significantly coherentMvith
barbatusbiomass residuatiuring 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 meaningfuhsights 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 thil. barbatus a key native species that was first idendfie 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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ecologcal response, and aiming to investigate kbexgn changes in the depth at
which the maximum biomass ™. barbatusoccurs in relation to climate change.
Rather than relying solely on surface or bottom temperatures, the analysis focused
on the hydrographicstructure of the water column, particularly the seasonal

thermocline.

Results based on lorigrm trawl survey data and higbsolution CTD profiles
revealed a consistent deepening in the depth of maximum biomass over the study
period, extending beyondtsepeci es 6 regul ar seasonal
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 layeoth the vertically and temporally. The
observed coupling between biomass redistribution and thermocline dynamics
suggests thatl. barbatusis responding to warming by shifting to deeper, cooler

layers.

However, this deepening of thermocline algsults 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 ecolalgitoncern. The creation of such

a stable uppelayer habitat may facilitate the establishment and spread of NIS,
further altering community composition and increasing pressure on native demersal

species.

Although relatively longierm historical datasetsene 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 fishedgpendent da, particularly the historical fishing
effort data introduced some uncertainty in the earlier periods. In the final chapter,
gaps in the CTRlerived environmental time series also posed challenges for

interpreting depth shifts. Nevertheless, this studgenase 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 andeglebbust results.

While there is extensive literature on the Aandigenous species spreading through

the Suez Canal, most studies evaluate their spread within fixed depth ranges or focus
on individual species. In contrast, this dissertation assess@swotylevel change

across a broad depth gradient using historical and recent datasets nearly four decades
apart. This longerm perspective provides a more comprehensive understanding of
the spatial and temporal dynamics of NIS expansion. In particukaghlights their
nontlinear 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 sustiynalbilmarine
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 proneles a
perspective by disentangling the effects of lasgale 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
climaterelated signals in biomass fluctuations. Moreover, using{scgk 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, ihstudy revealed a significant link between demersal
fish dynamics and larggcale indices such as EA and EAWR in this part of the

Mediterranean Sea.

Finally, by integrating specidsvel responses with hydrographic structure, the
framework presented hepffers a valuable tool for assessing clirgtigen changes

in demersal ecosystems. In a region recognized as a climate change hotspot, such
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depthexplicit analyses, together with thermal stratification, are essential for

understanding how warming shagecies 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 systemgjradetstanding

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 questaiout the underlying mechanisms.
Exploring how largescale climate indices influence demersal fish populations, for
example through their effects on primary productivity, stratification, or other
regional hydrographic processes remains a key researclhyprdrthe 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 aader 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 compéepicture of how climate change influences demersal
communities, it is essential to investigate the vertical dimension of habitat use. While
many studies rely on satellitierived surface temperature data, this dissertation
highlights the importance of detting 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 prioritizais type of data collection and extend degxiplicit
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. Trapproach may also offer insight into
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how thermal structure plays a role in the demated spread of neindigenous
species.
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Figure AL. Two-dimensional NMDS biplots are displayimtusters 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: Cod3&dp, Wc: Western coiad, L:
Lamas, Ed: Deep in the east, and X: No common feature).
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native and nofindigenous species (NIS) based on their proportional contritsitio

(%). 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.
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analysis. Bars represent average CPUA within each group, aggregated by species
origin (NIS vs native).

182



Table AL. Geographic coordinates, sampling dates, and times for each .station

Date Latitude Longitude Time (start) Time (end)
26-Sep83 36.57333 N 34.295 E 11:48 12:08
26-Sep83 36.64167 N 34.39333 E 13:36 13:56
26-Sep83 36.62833 N 34.43667 E 14:34 15:04
26-Sep83 36.66667 N 34.59833 E 17:34 18:15
26-Sep83 36.71667 N 34.63667 E 18:57 19:27
27-Sep83 36.74 N 34.80333 E 13:16 13:46
27-Sep83 36.74667 N 34.84167 E 14:57 15:27
27-Sep83 36.70333 N 34.97167 E 8:43 9:13
27-Sep83 36.63 N 34.91833 E 9:50 10:20
27-Sep83 36.65666 N 34.73 E 11:35 12:05
28-Sep83 36.71667 N 34.705 E 8:17 8:47
28-Sep83 36.55N 34.83333 E 10:57 11:27
28-Sep83 36.39167 N 35.195 E 15:30 16:00
29-Sep83 36.57167 N 35.48333 E 8:08 8:38
29-Sep83 36.53833 N 35.48E 9:12 9:42
29-Sep83 36.51667 N 35.63833 E 14:23 14:57
29-Sep83 36.615 N 35.77E 16:21 16:51
29-Sep83 36.66667 N 35.695 E 17:58 18:28
30-Sep83 36.83333 N 3591 E 8:25 8:55
30-Sep83 36.80833 N 35.93333 E 9:50 10:20
30-Sep83 36.73167 N 36 E 12:01 12:31
30-Sep83 36.88333 N 36.085 E 14:21 14:51
30-Sep83 36.86833 N 36.08833 E 15:16 15:46
30-Sep83 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 36.5N 35.46333 E 14:11 14:41
2-Oct-83 36.48333 N 35.25E 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 Al. 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 339E 15:55 16:26
3-Nov-83 36.27667 N 33.89333 E 7:40 8:10
3-Nov-83 36.23 N 3391 E 8:40 9:12
3-Nov-83 36.20333 N 33.84E 9:47 10:20
3-Nov-83 36.16667 N 33.73E 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 335E 15:27 15:42
3-Nov-83 36.15N 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
15May-84 36.59167 N 34.325 E 10:30 11:00
15May-84 36.615 N 34.34333 E 11:39 12:09
15-May-84 36.68667 N 34.50833 E 13:36 14:08
15May-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 35E 8:54 9:24
19-May-84 36.66667 N 34.99333 E 9:45 10:15
19-May-84 36.62333 N 3493 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 Al. 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 | 36.085E 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 | 35.88333E | 7:25 7:34
22-May-84 | 36.615 N 35.77 E 8:28 8:58
22-May-84 | 36.64833 N | 35.695E 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 | 33.91333E | 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 | 36.15N 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 | 36.15N 33.46333 E | 6:58 7:13
31-May-84 | 36.11333 N | 33.43333E | 7:48 8:04
31-May-84 | 36.11333 N | 33.33333E | 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 | 36.05N 3295 E 14:15 14:30
31-May-84 | 36.07167 N | 32.98333 E | 15:19 15:34
2-Jun84 36.51333 N |34.21167 E | 11:00 11:28
2-Jun84 36.52333 N | 34.23166 E | 11:59 12:29
2-Jun84 36.52667 N | 34.24833 E | 12:57 13:27
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Table Al. Continued.

Date Latitude Longitude Time (start) | Time (end)
11-Oct84 | 36.755 N 34.76667 E | 7:25 7:55
11-Oct84 | 36.75833 N | 34.83333 E | 8:35 9:05
11-Oct84 | 36.68833 N | 35.015 E 10:36 11:06
11-Oct84 | 36.68167 N | 34.96167 E | 11:40 12:10
11-Oct84 | 36.65167 N | 34.86167 E | 13:38 14:08
11-Oct84 | 36.60833 N | 34.76667 E | 15:07 15:37
11-Oct84 | 36.69167 N | 34.77 E 16:28 16:58
12-Oct84 | 36.53333 N | 34.88167 E | 9:49 10:19
12-Oct84 | 36.49 N 35.02833 E | 11:25 11:37
12-Oct-84 | 36.40833 N | 35.04 E 13:43 14:43
12-Oct84 | 36.37333 N | 35.18333 E | 15:15 15:45
13-Oct84 | 36.48 N 35.41167 E | 7:19 7:49
13-Oct84 | 36.46333 N | 35.51167 E | 9:18 9:48
13-Oct84 | 36.46 N 35.63 E 10:58 11:28
13Oct84 | 36.515 N 35.66667 E | 12:30 13:00
13Oct84 | 36.575 N 35.74167 E | 14:16 14:46
13-Oct84 | 36.63833 N | 35.785 E 15:30 16:00
14-Oct84 | 36.68833 N | 35.89667 E | 7:30 8:00
14-Oct84 | 36.745 N 36.045 E 9:25 9:55
14-Oct84 | 36.87667 N | 36.07 E 11:20 11:50
14-Oct84 | 36.90167 N | 36.06667 E | 12:15 12:45
14-Oct84 | 36.83794 N | 35.97348 E | 14:08 14:38
14-Oct84 | 36.79 N 359E 15:43 16:13
14-Oct84 | 36.8 N 35.86667 E | 16:38 17:08
150Oct84 | 36.735 N 35.83333 E | 7:20 7:50
150Oct84 | 36.66667 N | 35.71833 E | 9:57 10:27
150Oct84 | 36.66667 N | 35.66667 E | 10:03 10:33
150Oct84 | 36.63667 N | 35.66667 E | 10:49 11:19
150Oct84 | 36.56167 N | 35.62 E 12:21 12:51
150Oct84 | 36.54833 N | 35.47 E 13:37 14:07
150Oct84 | 36.57 N 35.43833 E | 14:30 14:45
19-Oct84 | 36.56667 N | 35.04667 E | 9:26 9:56
19-Oct84 | 36.56333 N | 35.02667 E | 10:20 10:58
19-Oct84 | 36.705 N 34575 E 14:34 15:04
19-Oct84 | 36.64333 N | 34.54 E 16:00 16:30
24-Oct84 | 36.40333 N | 34.12167 E | 11:34 11:54
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Table Al. 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
28-0Oct-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 36.15N 33.83333 E 12:30 12:37
28-0Oct-84 36.16667 N 33.73E 13:59 14:29
28-Oct-84 36.22 N 33.83E 15:48 16:18
29-0ct-84 36.18333 N 33.64333 E 9:30 9:45
29-0Oct-84 36.14667 N 33.61667 E 10:10 10:25
29-0ct-84 36.14 N 335E 11:45 12:00
29-0ct-84 36.15N 33.46333 E 13:12 13:27
29-0Oct-84 36.11333 N 33.43333 E 14:01 14:31
29-0ct-84 36.11333 N 33.33333 E 15:37 15:52
29-0ct-84 36.12167 N 33.16667 E 9:21 9:36
29-0ct-84 36.05833 N 33.05E 10:49 11:04
29-0Oct-84 36.08333 N 33.01E 12:34 12:41
29-0ct-84 36.04909 N 32.97143 E 13:19 13:36
31-Oct-84 36.05N 32.95E 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
18May-22 | 36.44878333 N | 34.14485 E 10:08 10:38
18May-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 Al. 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-Sep22 | 36.558 N 34.29945 E 9:44 10:14
26-Sep22 | 36.5755 N 34.3004 E 11:33 12:03
27-Sep22 | 36.56933333 N | 34.27135 E 9:31 9:46
28-Sep22 | 36.64128333 N | 344185 E 10:30 11:00
28-Sep22 | 36.71418333 N | 34.5206333 E | 13:21 13:36
28-Sep22 | 36.65331667 N | 34.55855 E 15:14 15:44
29-Sep22 | 36.68133333 N | 34.80325 E 11:21 11:51
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Table Al. Continued.

Date Latitude Longitude Time (start) | Time (end)
29-Sep22 | 36.71893333 N | 34.8540667 E | 12:32 12:47
29-Sep22 | 36.69046667 N | 34.94855 E 14:22 14:37
30-Sep22 | 36.53086667 N | 34.91985 E 10:21 10:51
30-Sep22 | 36.52381667 N | 35.1211 E 12:25 12:55
30-Sep22 | 36.54435 N 35.2327333 E | 14:05 14:20
30-Sep22 | 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-Oct22 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-Oct22 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 thgsaups, and total CPUA (= Catch per unit
area in kg/kr).

Period Groups #1S  #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 Ad. The top 15 species of the highest biomass in autumn 1983 (CPUA =
Catch per unit area in kg/km2, % = percentage biomass)

Shallow Deep
CPUA CPUA
(kg/lkm2) % Species (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 lessepsianusg
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
Chelidonichthys
11.9 1.7 Diplodus annularis 45.77 3.9 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 moluccensig
5.94 0.9 Mullus surmuletus 16.13 14 Solea solea
4.7 0.7 Sparus aurata 10.98 0.9 Serranus hepatus
Akyayan Lake West of Mersin Bay
CPUA CPUA
(kg/lkm2) % Species (kg/km2) % Species
141.91 43.9 Siganus rivulatus 239.94 334 Saurida lessepsianus
Stephanolepis
56.76 17.6 Stephanolepis diaspros 86.62 12.1 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 24 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
Chelidonichthys
0.87 0.3 Callionymus filamentosus 22.56 3.1 lucerna
0.87 0.3 Spicara maena 18.13 2.5 Dentex dentex
0.65 0.2 Equulites klunzingeri 10.92 15 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
St 1 9 ,]0. 001 0.01[0.05 0.1 1
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Table A6. PERMANOVA results testing for differences in species composition
regarding to cluster, region, and depth.

Aut 1983

Df SumOfSgs 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 477727 | 0.61991
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Table A7. Similarity percentage analysis results show the significant average
contribution of species to the average dissimilarity betwsdeservations 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 hypselogeneiqf 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 2197 ( 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_sSh
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| DW

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 | DW
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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 001 | 0.012| 0.849| o | 1.447| 0726 | 0.001| D W
nigripinnis
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 1222 | 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 mediterraneugy 0.004 0.01 | 0.403 0 0.574| 0921 | 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 | 0.4083 0 0.665 0.893 | 0.011| D_W
Symphodus roissali 0.004 0.01 | 0.403 0 0.576 0916 | 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| bW
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_Ww
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| 15 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_Ww
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| 4592 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

196




Table A7. Continued.

Species average| sd ratio ava avb | cumsum p stat
Torquigener hypselogeneio] 0.016 | 0.012 | 1.433 | 1.123 | 3.028 0.414 | 0.014 | Sh_wW
Lagocephalus suezensis| 0.016 | 0.015] 1.092 | 0.721 | 2.332 0.434 | 0.045| Sh_Ww

Coris julis 0012 | 0.011| 112 | o | 1765] 0.609 | 0.001| sh_w
Apogonichthyoides 001 | 0011|0848 o | 1.447| 0689 | 0.005| sh.w
nigripinnis
Serranus scriba 0008 | 0.013] 0.614| 0 | 1222] 0785 | 0.029| sh_w
Spondyliosoma cantharus| 0.007 | 0.011 | 0.623 0 1.024 0.82 0.029 | Ssh_w
Symphodus tinca 0007 | 0.011] 0.623| 0 | 1.024| 0828 | 0.029[ sh_w

Table A8. The top 15 species of the highest biomass in spring 1984 (CPUA = Catch per unit area
in kg/km?, % = percentage biomass).

CoastalDeep West of Seyhan River
CPUA (kg/km2)| % Species CPUA (kg/km2) | % Species
138.4 26?' Saurida lessepsianus 499.96 6;" Argyrosomus regius
106.29 15' Mullus barbatus 115.71 15 Spicara maena
87.12 192' Lepidotrigla cavillone 85.15 111' 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 29 Upeneus moluccensis 0.22 0 Gobius niger
13.67 2 Merluccius merluccius
12.86 19 Uranoscopus scaber
12.21 1.8 Solea solea
6.68 1 Serranus hepatus
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Table 8. Continued.

Easterrcoast Akyayan
(kc; TktriwAZ) % Species (k% TKLsnAZ) % Species
380.84 426' Sparus aurata 115.71 876' Equulites klunzingeri
89.62 15' Diplodus annularis 10.92 8.2 | Chelidonichthys lucerng
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 11 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 11 Upeneus pori
8.73 11 Solea solea
4.48 0.5 Pagellus acarne
2.25 0.3 Stephanolepis diaspros
West of Mersin Bay
(k(g:g l/Dkl;f‘z) % Species
502.44 23?' Mullus barbatus
349.31 13?' 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 29 Diplodus annularis
51.82 2.7 | Chelidonichthys lastovizg
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 resufisowing 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 lastovizg 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 | 0471 | 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 ALO. The top 15 species of timghest biomass in autumn 1984 (CPUA =
Catch per unit area in kg/Kir6 = 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 Sauridalessepsianus 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 15 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/lkm2)| % 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 29 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 14 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 23 Upeneus pori

5.24 2.3 Pagellus erythrinus

5.24 2.3 Dentex dentex

5.24 23 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 ALL 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]1 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]1 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( b_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 04774 0.062| 0.001( I_W
Stephanolepis diaspros 0.051( 0.009| 5.897 0] 4.662 0.12| 0.001| LW
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 A11l. 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]|1_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 scolopa] 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| 1471 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] 201 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 0.4441 0.012| sSh_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 A1l. 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_lI
Mullus barbatus 0.03| 0.019( 1.538] 3.973| 1.029 0.098( 0.004( Sh_lI
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_lI
Solea solea 0.026| 0.015| 1.758| 2.875 0 0.226| 0.001| Sh_|
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_l
Epinephelus aeneus 0.022( 0.019( 1.198( 2.722| 0.91 0.334] 0.009| sSh_|I
Chelidonichthys lucerna 0.021| 0.017| 1.246| 1.599( 2.923 0.368( 0.002( Sh_lI
Upeneus pori 0.021| 0.015| 1.411| 2.67| 0.66 0.401( 0.003( Sh_lI
Trachurus trachurus 0.021]| 0.016| 1.338| 0.817( 2.66 0.4341 0.003| sh_|
Argyrosomus regius 0.021] 0.021| 0.999| 2.275| 1.01 0.467| 0.043( Sh_l
Stephanolepis diaspros 0.019| 0.017] 1.135{ 2.273 0 0.497| 0.022( Sh_l

Diplodus annularis 0.018( 0.018( 1.036| 2.146 0 0.526] 0.034| Sh_|

Boops boops 0.016| 0.016| 1.01| 0.707| 1.775 0.551( 0.035( Sh_lI

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| 4774 0.104| 0.002| Sh_w
Upeneus moluccensis 0.033| 0.012] 2.647| 4.105 0 0.148] 0.006| Sh_wW
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_WwW
Callionymus filamentosus 0.02| 0.013| 1.46| 2.592 0 0.426| 0.02| Sh_wW
Macroramphosus scolopal 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 0 201 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 AL2. The top 15 species of the highest biomass in spring 2022 (CPUA = Catch
per unit area in kg/lkm2, % = percentage biomass).

Shallow Deep
CPUA (kg/kn?) | % Species (kc(; 7kL;'nA2) % 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 15 Equulites klunzingeri 49.39 7.7 Epinephelus aeneus
40.62 0.7 | Sphyraena chrysotaenie 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 14 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 mediterraneu 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 (I(C;] I/DkLrJnAZ) % Species

240.45 54 Saurida lessepsianus 74.68 55.6 Upeneus pori
68.73 154 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 suezensi 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 ;;Jlglrlri]%?{?slfjss 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 suezens

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 25 Scorpaena scrofa

Table AL3. 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 hypselogeneiq 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| b_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| b_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| b_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| b_W
Pterois miles 0.017| 0.014| 1.2127 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
ﬁi‘;?i%?r:‘riﬂcshthy(’ides 0.01| 0.012| 0.849 o| 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| b_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| 0574 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| 0534 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_Ww
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 15 0| 2.753 0.235] 0.001| sSh_Ww
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| sSh_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_Ww
Symphodus tinca 0.007| 0.011] 0.623 0| 1.024 0.828( 0.029| Sh_W
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Table Al4. The top 15 species of the highest biomass in autumn 2022 (CPUA = Catch per unit area

in g/kn¥, % = percentage biomass).

Shallow Deep
(ki; I/Dkt:nAz) % Species (k(g:; S)kgnAZ) % 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 Sauridalessepsianus
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 25 Champsodon nudivittis
37.16 0.9 Nemipterus randalli 255841.1861 24 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 suezens| 88196.2849 0.8 Chelidonichthys lastovizg
13.07 0.3 Trichiurus lepturus 84184.098 0.8 Trachurus mediterraneud
11.32 0.3 ml—gi%??e[z:us 73497.4623 0.7 Serranus hepatus
10.86 0.3 LZ%Z%?EQS'S“S 71872.93705 | 0.7 Pomadasys stridens
Deep in east West of Mersin Bay
(k% 7;::‘2) % Species (k% I;)kLrJnAZ) % 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 nudivittisy 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 L""S%(;%?EQS'S“S 68684.35502 | 1.8 Pagellus acarme
470.7123519| 0.2 Equulites popei 62323.1801 1.6 Lagocephalus suezensig
235.3561759| 0.1 Pomadasys stridens | 56276.12087 15 Pomadasys stridens
NA NA NA 53307.87702 1.4 Pteragogus trispilus
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Table A14. Continued.

X

(k% TkL;wAZ) % 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 35 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 13 Scorpaena scrofa
13881.92884 1.1 Diplodus sargus

Table AL5. Similarity percentage analysis results showing the significant average
contribution of each species to the average dissimilarity between observations from
the two groups imutumn 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| bW
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 0.431 0.041) D_W
Chelidonichthys lastoviza 0.013] 0.012] 1.126| 2.328 0 0.393| 0.002| b_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| b_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| sSh_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| sSh_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] 1971 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
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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| sSh_D
Spicara smatris 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_WwW
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_WwW
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_wW
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 0.4741 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 AL6. Results of the indicator species analysis for autumn 1983.

[92]
=y

index | stat p.value| Species

10 | 0.226455 1 | Atherinomorus lacunosus
4 | 0.942901 0.07 | Siganus luridus
10| 0.27735 0.84 | Sillago suezensis
31| 0.848528| NA Stephanolepis diaspros
5 0.534572| 0.332| Lagocephalus spadiceus
23| 0.978945| 0.004| Saurida lessepsianus
28 | 0.919774| 0.026| Equulites klunzingeri
0.873871| 0.072| Pelates quadrilineatus
0.863139| 0.174| Apogonichthyoides nigripinnis
0.921408| 0.004| Siganus rivulatus
10| 0.806417 0.06 | Upeneus moluccensis
18| 0.742418| 0.153| Callionymus filamentosus
10 | 0.423659| 0.605| Sphyraena chrysotaenia
21 0.387298| 0.285]| Scyris alexandrina
2] 0.223607 1 | Seriola dumerili
10 | 0.392232 0.61 | Engraulis encrasicolus
0.736416| 0.157 | Diplodus annularis
0.345714| 0.487 | Echelus myrus
14 | 0.654654| 0.429| Scorpaena porcus
21 0.774597| 0.206 | Pomadasys incisus
21 0.387298 0.31 | Pomatomus saltatrix
23 0.5 1 | Boops boops
19 | 0.815805| 0.028]| Spicara maena
3| 0.512989| 0.206| Cepola macrophthalma
0.223607 1 | Serranus cabrilla
14| 0.89176| 0.001| Citharus linguatula
0.891405 0.12 | Diplodus vulgaris
0.282245| 0.537| Chelidonichthys lastoviza
0.666667| 0.143| Dentex dentex
0.387298| 0.294| Dentex gibbosus
0.333333| 0.231| Dactylopterus volitans
23| 0.889757| 0.061| Gobius niger
12 | 0.491304| 0.298]| Epinephelus aeneus
30| 0.92582 0.29 | Chelidonichthys lucerna
0.688247| 0.347| Merluccius merluccius
0.447214| 0.208| Caranx rhonchus

N

a|InvN]Oalw]| >
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o|lr|r|o|lr|o|lo|lo|r|o|lr|lo]|r]|r]|r|]olo|r]|r]|o|lr|o|lo|r|o|lr|lo|lo|lo|lo]|r|o]|r]|r]|o]|+r]|O

(=l Noll i N Noll Noll ol Foil Noil Noll Bl Noll Noil Noii § _l Noi ol Noll Noll Nolil Noil Noll Noll Noll Noll Noll Noll B 3 N BN Bl Nl Nl il Nell Bl Nel N0

OOD—‘HHI—‘OHOOHOOOI—‘OOI—‘OOOOOOHOOOOI—‘I—‘I—‘I—‘OOOE

rlo|lr|r|r|lolr|lolo|lo|lo|r|o|lo|r|r|r|lo|lo|r]|r]r]r]r]lr]lr|lolo|lo|r|r|olr|r|o|r

212



Table A16. Continued.

(2]
>

index | stat p.value| Species

221 0.718163| 0.303]| Trachurus trachurus

141 0.731925| 0.303| Zeus faber

14 | 0.954662| 0.001| Lepidotrigla cavillone

10| 0.392232| 0.576| Trichiurus lepturus

4| 0.789921 0.12 | Argyrosomus regius

3] 0.324443| 0.253| Microchirus ocellatus

30 | 0.979379| 0.121| Arnoglossus laterna

81 0.826949| 0.052| Mullus surmuletus

31| 0.969536] NA Mullus barbatus

0.700129( 0.442| Blennius ocellaris

9 | 0.789129| 0.096| Bothus podas
27 | 0.936777 0.26 | Pagellus erythrinus
2] 0.223607 1 | Remora remora
5] 0.809529| 0.064| Pagrus pagrus
3| 0.229416| 0.587| Scorpaena scrofa
41 0.896388| 0.091( Sardinella aurita
31 0.399774| 0.412]| Pagellus acarne
8| 0.803756| 0.073]| Sparus aurata
4 1| 0.051| Oblada melanurus
51 0.471405| 0.104]| Diplodus cervinus
14 0.5 0.3 | Synodus saurus
22| 0.791453| 0.031| Solea solea
23| 0.866025| 0.081| Serranus hepatus

0.946951| 0.006 | Lithognathus mormyrus

0.909522| 0.042 | Diplodus sargus

12 | 0.557086| 0.346| Balistes capriscus

14| 0.81105 0.05 | Uranoscopus scaber

141 0.327327| 0.389| Scomber colias

14 ] 0.498932| 0.514| Trachinus draco

o|lo|lo|lo|o|lo|r|o|lo|lo|lo|lo|r|o|lo|lo|lo|lo|r|r|o|lr|r|lo|lo|lo|lo|o|lo|o]|>
rlo|lo|lo|lr|o|lo|lr|r|lo|lo|lo|lo|lo|lo|lo|lo|r|r|o|lo|lr|o|lr|o|lo|r|lo|lo]|r

o|lr|r|r|o|lo|lo|lr]|r|r|lo|lo|lo|r|o|lr|lo|lo|r|lo|lr|r|lo|lr]|r]|lo|lr]|r]|rR|~]O
o|lo|lo|lo|lo|r]|r|o|lr|o|lo|lr]|r|lo|lr|lo|lo|lo|lo|lo|lo|r]|r|r|lo|lr|lo|lolo|r]|®w
o|lr|r|r|r|lololr|olr|r|lolo|lo|lolo|lr|olr|r|lolr|lolr|olololr|r]|ol=

2 | 0.223607 1 | Xyrichtys novacula
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Table AL7. Results of the indicator species analysis for spring 1984.

o]
o
m
o
<
)

index | stat p.value| Species

3 1 0.061| Sillago suezensis
141 0.932404| 0.011]| Stephanolepis diaspros
51 0.448043| 0.348]| Lagocephalus spadiceus

12 | 0.98165| 0.002]| Saurida lessepsianus
2| 0.140028 1 | Alepes djedaba
7 | 0.877848| 0.121| Equulites klunzingeri
3| 0.98483| 0.055| Pelates quadrilineatus
3| 0.808091| 0.315| Apogonichthyoides nigripinnis
31 0.895988| 0.103] Siganus rivulatus
31 0.769653( 0.511| Upeneus pori
21 0.863191| 0.204| Upeneus moluccensis
21 0.542326( 0.813] Callionymus filamentosus
2 | 0.342997 1 | Sphyraena chrysotaenia
41 0.994512| 0.049| Engraulis encrasicolus
14| 0.84774| 0.292| Diplodus annularis
2| 0.370479 1 | Echelus myrus

0.414137| 0.768| Scorpaena porcus
0.993138| 0.049| Pomadasys incisus

0.140028 1 [ Pomatomus saltatrix
12 | 0.603023 1 | Boops boops
28 | 0.917663| 0.484| Spicara maena
21 0.140028 1 | Spondyliosoma cantharus
21 0.313112 1 | Cepola macrophthalma

51 0.752994( 0.606| Serranus cabrilla
12| 0.873863| 0.242] Citharus linguatula
4 1 0.054 | Umbrina cirrosa
0.140028 1 | Conger conger
251 0.988352( 0.001| Diplodus vulgaris
51 0.879745| 0.133| Chelidonichthys lastoviza
51 0.707107| 0.106 | Dentex dentex
0.140028 1 | Dentex macrophthalmus
51 0.639768| 0.366| Dentex gibbosus
22| 0.890198| 0.195| Gobius niger
2 | 0.140028 1 | Epinephelus marginatus
2| 0.242536 1 | Epinephelus aeneus
27| 0.878595 0.7 | Chelidonichthys lucerna

mrlo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|o|lo|lo|lr|o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|r|o|lo|lo|lo|o]|>
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Table A17. Continued.

A|Sh|D]|S|W]|index| stat p.value| Species

0| 1{o|jof o 2] 0.685994| 0.853| Merluccius merluccius
1] 0] 10| O 7| 0.90824( 0.038]| Trachurus trachurus

0O 110|10] O 2| 0.19803 1 | Hippocampus hippocampus
0] 1({o0|of 1 12 | 0.750757| 0.816| Zeus faber

O 11011 1 24 | 0.834523 0.64 | Lepidotrigla cavillone
0| 0j0|1] O 0.98405 0.05 | Trichiurus lepturus

ol ojof1f o 0.993697| 0.049| Argyrosomus regius

0O 110|10] O 0.140028 1 | Monochirus hispidus
0] 1{o0|jof O 2] 0.242536 1 | Microchirus ocellatus
1] 1]0f1] 1 281 0.991189( 0.114| Arnoglossus laterna

ol of1j0]|] O 3 1| 0.061| Mugil cephalus

0] ofofjof 1 51 0.989856| 0.002 | Mullus surmuletus

o 1|]0f0] 1 121 0.873863| 0.229| Mullus barbatus

of 1]0f0] O 2| 0.542326 0.796| Blennius ocellaris

of ojofo] 1 5[ 0.916636| 0.068| Bothus podas

0Ol 1{0]0]| 1 12 | 0.904534| 0.159( Pagellus erythrinus

0 00|01 51 0.966303| 0.021| Pagrus pagrus

ol ojo0fo0f 1 5 0.634347 0.39 | Scorpaena scrofa

0| 1{o|jof o 2| 0.19803 1 | Sardinella aurita

0O oj1|10] O 3| 0.81667| 0.394| Pagellus acarne

ol oj1fo0f O 3| 0.876213| 0.282]| Sparus aurata

0| 0j1|10] O 3 1 0.061 | Diplodus cervinus

ol 1100 O 2 | 0.342997 1 | Synodus saurus

ol 1100 O 2 | 0.140028 1 | Syngnathus acus

0Ol 0ojo0fo0Of 1 5| 0.960598| 0.036| Scorpaena notata

0O 110]0] O 2 | 0.280056 1 | Macroramphosus scolopax
ol 11 1]1| 1 30| 0.878595| 0.696( Solea solea

Ol 1j0f0]f 1 12| 0.76277| 0.819] Serranus hepatus

ol of1j0] O 31 0.876471 0.235]| Lithognathus mormyrus
0O 00|01 5 0.5| 0.117| Diplodus sargus

0| 110|10] O 2| 0.140028 1 | Balistes capriscus

ol 110f0]f 1 12| 0.738549| 0.833]| Uranoscopus scaber
0Ol 110]0]| 1 12 | 0.486172 1 | Trachinus draco

0| 00|01 51 0.482825| 0.182]| Xyrichtys novacula
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Table AL8. Results of the indicator species analysis for autumn 1984.

2
s
S

index | stat p.value| Species
51 0.954215| 0.023| Siganus luridus
1| 0.534522 0.36 | Sillago suezensis
15| 0.857374| 0.005| Stephanolepis diaspros
1] 0.681385| 0.297| Lagocephalus spadiceus
26 | 0.972846| 0.064 | Saurida lessepsianus
20| 0.94089| 0.001| Equulites klunzingeri
1| 0.46291] 0.352] Pelates quadrilineatus
1| 0.46291] 0.338]| Apogonichthyoides nigripinnis
15 0.7129| 0.204| Siganus rivulatus
19| 0.808964| 0.047| Upeneus pori
16 | 0.922958( 0.003| Upeneus moluccensis
0.732351| 0.173| Callionymus filamentosus
0.947308| 0.001| Sphyraena chrysotaenia
0.46291| 0.333| Scyris alexandrina
0.286558 0.64 | Engraulis encrasicolus
0.731925| 0.172| Diplodus annularis
0.2 1 | Echelus myrus
11| 0.718697| 0.213| Scorpaena porcus
0.681385| 0.272| Pomadasys incisus
1 [ 0.188982 1 [ Pomatomus saltatrix
10 | 0.560753| 0.586| Boops boops
11| 0.850162| 0.016| Spicara maena
0.369274| 0.386 | Cepola macrophthalma
4 | 0.750064 0.12 | Serranus cabirilla
10 | 0.926445| 0.001| Citharus linguatula
1] 0.46291| 0.332| Umbrina cirrosa
2 | 0.257053| 0.645| Conger conger
6 | 0.374166 0.88 | Diplodus vulgaris
15| 0.863812| 0.011| Chelidonichthys lastoviza
4 | 0.707107| 0.049( Microlipophrys dalmatinus
0.839383| 0.031 | Dentex dentex
15| 0.947809| 0.003| Dentex macrophthalmus
51 0.897072| 0.021| Dentex gibbosus
6 0.2 1 | Dactylopterus volitans
16 | 0.827759| 0.114| Gobius niger
7 | 0.770552| 0.085| Epinephelus aeneus
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Table A18. Continued

A[Sh|D| S| W | index| stat p.value| Species

o 1111120 22| 0.749955| 0.231| Chelidonichthys lucerna
0l 1{0]0] O 21 0.766413( 0.103| Merluccius merluccius
1] 0J0Of0Of O 0.188982 1 | Caranx rhonchus

0] of1|0| O 3| 0.649684 0.39 | Trachurus trachurus

0| 110|]0f O 2| 0.255476] 0.739| Hippocampus hippocampus
0 11011 0 11| 0.755614| 0.148] Zeus faber

O 111|]0f O 10 | 0.885636| 0.002| Lepidotrigla cavillone

11 1]11]0]| O 16 | 0.471405| 0.963] Trichiurus lepturus

11 0j1|10]| O 7 | 0.684653| 0.287| Argyrosomus regius

1] 1]0f0f O 6 | 0.447214( 0.818| Monochirus hispidus

0l 1{0]0] O 2] 0.522233( 0.294 Microchirus ocellatus

11 1)11]1| 0 26 | 0.935414| 0.166| Arnoglossus laterna

0] ofofo] 1 51 0.883958( 0.043| Mullus surmuletus

1] 1] 11| O 26 | 0.896421| 0.259| Mullus barbatus

0] 1{0|joOo| O 0.852803| 0.019|( Blennius ocellaris

0l 0J0O0]J0O] 1 51 0.766393| 0.131]| Bothus podas

11 1101 1 28 | 0.890198| 0.009| Pagellus erythrinus

o 000} 1 51 0.930121 0.05 | Pagrus auriga

1] 0J0f0Of O 1( 0.188982 1 | Remora remora

o 000} 1 5 1 0.016 | Pagrus pagrus

O 0j0O0fO0]| 1 5] 0.837847 0.06 | Scorpaena scrofa

0l of1]0] O 3| 0.434266| 0.242| Sardinella aurita

0O 110|]0f O 21 0.583644| 0.206| Pagellus acarne

O 0JjO0fO0]| 1 51 0.862687| 0.015]| Sparus aurata

O 0j0O0f0O]| 1 5] 0.787832 0.09 | Synodus saurus

ol 1100 O 21 0.213201] 0.499| Syngnathus acus

11 0J0jJ0]| O 1] 0.188982 1 | Diplodus puntazzo

Ol 1j0f0f| O 2| 0.213201| 0.505| Scorpaena notata

ol ofoj1] 0 41 0.661873| 0.096| Macroramphosus scolopax
1] 1] 0f0f O 6 | 0.761577| 0.142| Solea solea

Ol 1j0f1| O 11| 0.811253] 0.022]| Serranus hepatus

1] 0J0f0Of O 1| 0.534522| 0.364| Lithognathus mormyrus
0| 0jo0J0f 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

0O 0jo0J0f 1 51 0.849389| 0.018| Balistes capriscus

ol 1111 O 221 0.71992 0.19 | Uranoscopus scaber
ol ofoj1] 0 0.644641| 0.115| Trachinus draco

0O 0jo0|0f 1 0.987268| 0.008| Xyrichtys novacula

Table A19. Results of the indicator species analysis for spring 2022.

Sh|D|Ec|L|W]|index]| stat p.value| Species
111 ofo] O 6 | 0.522233| 0.529| Champsodon nudivittis
o1 0]1]0] 1 12| 0.285557| 0.927| Fistularia commersonii
o1 0]1] 1 24| 0.790418| 0.079| Fistularia petimba
110 OofO0] O 1( 0.229416 1 | Cheilodipterus novemstriatus
110l 0j]0O] O 1] 0.561951] 0.291] Sillago suezensis
0l0] OJOf 1 51 0.787551| 0.292( Stephanolepis diaspros
0l 1] ojof 1 12| 0.48795( 0.274| Equulites popeis
1111 0j0] O 6 | 0.301511| 0.825]| Lagocephalus spadiceus
oo 0]J]0] 1 51 0.377964 0.21| Lagocephalus sceleratus
111 0of1] 1 281 0.949968| 0.214| Saurida lessepsianus
111 11 1 31| 0.872872| NA Nemipterus randalli
1111 0j]0O}] 1 18 0.5 1 | Oxyurichthys papuensis
111 of1] O 17| 0.772957( 0.139| Ostorhinchus fasciatus
0|j]O0|l OfO0] 1 51 0.819763 0.23 | Pteragogus pelycus
1101 O0jJ]1] O 8 | 0.904517| 0.001| Pomadasys stridens
110 1|0 1 20 | 0.771439| 0.132| Equulites klunzingeri
ool oj1] 0 4| 0.886552| 0.047| Pelates quadrilineatus
ol 1 0(0] 1 12| 0.705478| 0.414| Pterois miles
oo 0|j]0] 1 51 0.654654| 0.142| Apogonichthyoides nigripinnis
0l0] OJOf 1 51 0.377964 0.21 | Jaydia queketti
o1 1]10] 1 23| 0.897352| 0.002| Torquigener hypselogeneion
110 O0ofO0] O 1 0.229416 1 | Planiliza carinata
110 oJOf O 1] 0.512989| 0.295( Jaydia smithi
1111 0j]0O] O 6 | 0.301511| 0.832| Dussumieria elopsoides
oo 0|j]0] 1 51 0.883516 0.02 | Parupeneus forsskali
oo 0]0] 1 51 0.793102| 0.264]| Siganus rivulatus
ool oj1] 0 4| 0.720934| 0.366| Lagocephalus suezensis
0|jO| 1(0] 1 14 | 0.860199| 0.004| Upeneus pori

218



Table A19. Continued.

A[Sh|D| S| W | index| stat p.value| Species

11 1]0]0]| O 6 | 0.689922| 0.463| Upeneus moluccensis

0O o012 O 4 | 0.783492| 0.268| Callionymus filamentosus
11 1100 1 18| 0.547723 1 | Cynoglossus sinusarabici
11 0]J0jJ0O]| O 1] 0.650948| 0.458| Sphyraena chrysotaenia
11 0J0]0]| O 1] 0.229416 1 | Scyris alexandrina

0| 0jo0J0f 1 51 0.377964| 0.218]| Engraulis encrasicolus

11 0jJ0]0| 1 9 | 0.532491| 0.645| Diplodus annularis

0O o012 O 4 1 0.057 | Echelus myrus

11 0J0jJ0]| O 1] 0.324443 0.48 | Engraulis maeoticus

0| 0j0|0f 1 5 0.377964| 0.207| Scorpaena porcus

11 0J0jJ0]| O 1] 0.324443| 0.475| Pomadasys incisus

11 1100 1 18 0.5 1 | Boops boops

0l 110]0] 1 12| 0.377964| 0.388| Spicara maena

0O 0jo0|0f 1 5| 0.534522| 0.106| Spondyliosoma cantharus
of ojfofof 1 5| 0.696597| 0.411( Serranus cabrilla

1{ olO|0] O 1| 0.458831 0.25| Chelon auratus

0l 1{0]0] O 21 0.617653( 0.475| Citharus linguatula

11 0J0]0]| O 1] 0.229416 1 | Umbrina cirrosa

11 0J0J0]| O 1] 0.229416 1 | Conger conger

of ojfofof 1 51 0.755929| 0.173| Coris julis

0O 0Jj0|0f 1 51 0.377964| 0.207 | Diplodus vulgaris

0O 1J]0|0f 1 12| 0.723747| 0.372]| Chelidonichthys lastoviza
0O 0jo0J0f 1 5 0.330328| 0.316| Dentex gibbosus

11 1]10]0]| O 6 | 0.348155| 0.762| Deltentosteus quadrimaculatug
0O 1J]0|0f 1 12 | 0.534522| 0.331| Spicara flexuosum

ol ojof1f| O 4 | 0.954413| 0.077| Phycis phycis

of ojfofof 1 5| 0.377964| 0.218| Gobius niger

0| 00|12 O 4 1 0.057 | Phycis blennoides

11 0jO0|0O]| O 11 0.229416 1 | Epinephelus marginatus
0O o012 O 4 | 0.73568| 0.365| Epinephelus aeneus

0O 01112 O 13| 0.895226] 0.005| Chelidonichthys lucerna
1] 1] 0f0f O 6 | 0.246183 1 | Merluccius merluccius

1] 0] 1f{0f O 0.778064| 0.118| Trachurus mediterraneus
0l 0j1]0] O 31 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{o0|o0o| O 21 0.267261| 0.555( Trachurus trachurus
11 110]0]| O 6 | 0.246183 1 | Hippocampus hippocampus
0 110]0] O 2| 0.728329| 0.317| Zeus faber

0O 11]0|]0f O 2 | 0.820509 0.08 | Lepidotrigla cavillone
11 0J0jJ0]| O 1] 0.760886| 0.242] Trichiurus lepturus

1] 0JO0f0Of O 1] 0.229416 1 | Chelon saliens

0O 0jo0|0f 1 5 0.377964| 0.207| Symphodus mediterraneus
11 0]J0jJ0O]| O 1] 0.606977] 0.316| Argyrosomus regius
0O 110|]0f O 2| 0.46291 0.23 | Monochirus hispidus
0] ofofo] 1 51 0.377964| 0.195| Muraena helena

0l 1{0]0] O 21 0.267261| 0.561( Microchirus ocellatus
O oj1112f O 13| 0.868922| 0.005]| Arnoglossus laterna
1{ olO|0] O 1( 0.229416 1 | Mullus surmuletus

1] 1]0f0f 1 18 | 0.758288| 0.476| Mullus barbatus

0O 11010 O 2| 0.46291| 0.221] Blennius ocellaris

0l ojO]1] 1 15 0.8737| 0.025]| Bothus podas

0 111)]0] 1 23 | 0.767382| 0.187| Pagellus erythrinus

11 0J0J0]| O 11 0.229416 1 | Sardina pilchardus

0|l 0J0]0O] 1 51 0.377964| 0.207| Sparisoma cretense
11 0j0O0|0O0]| O 1| 0.229416 1 | Pagrus auriga

0l 110]0] O 21 0.267261| 0.561| Arnoglossus thori

0O 0jo0|0f 1 5 0.377964| 0.207 | Symphodus roissali
ol oj1f(1| O 13| 0.958188 0.004| Pagrus pagrus

0O 0Jj0|0f 1 51 0.49741] 0.155]| Scorpaena scrofa

11 0J0O0|O0]| O 0.229416 1 | Caranx crysos

1{ olO0|0] O 1| 0.324443| 0.389| Sardinella aurita

11 1100 1 18 | 0.689202| 0.735]| Pagellus acarne

11 0J0O0|O0]| O 1| 0.911152( 0.001| Sparus aurata

11 1100 1 18 | 0.524404 1 | Synodus saurus

ol 1100 O 0.267261| 0.538( Scorpaena notata

0O 11010 O 0.377964| 0.228 | Macroramphosus scolopax
1{ olo|o0] 1 0.588348| 0.427| Solea solea

0l 110]0] 1 12| 0.48795| 0.298| Spicara smaris

O 1100} 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] ofofo] 1 51 0.534522| 0.106| Serranus scriba

11 0J0jJ0]| O 1] 0.324443| 0.484| Lithognathus mormyrus
0O o012 O 4 | 0.886382 0.09 | Diplodus sargus

0O 0jo0|0f 1 5 0.534522| 0.106| Symphodus tinca

1] 0J0Of0Of O 1| 0.229416 1 | Alosa fallax

Ol 1100 O 21 0.377964| 0.221] Uranoscopus scaber

1{ olO|0] O 1| 0.324443| 0.499| Scomber colias

0| 0jo0J0f 1 51 0.377964| 0.218]| Xyrichtys novacula

0O oj1|j0f O 3| 0.924256| 0.099| Callionymus maculatus
1] 0o)Jofof O 1| 0.39736| 0.301| Sphyraena sphyraena

Table A20. Results of the indicator species analysis for autumn 2022.

m
o
(2}
>

index stat p.value| Species

6 0.919866211f 0.001 | Champsodon nudivittis
4 0.339323342( 0.261 | Fistularia commersonii
26 | 0.811502671 0.697 | Fistularia petimba

5 1 0.046 | Sargocentron rubrum

4 0.534522484] 0.128 | Cheilodipterus novemstriatus
5 0.934160034] 0.083 | Siganus luridus
3

8

2

0.487950036] 0.31 | Sillago suezensis
0.561951487] 0.279 | Stephanolepis diaspros
0.800023055( 0.126 | Equulites popei
0.865934083 0.003 | Lagocephalus spadiceus
4 0.528992409 0.359 | Lagocephalus sceleratus
26 | 0.937042571 0.275 | Saurida lessepsianus

16 | 0.915994435 0.003 | Nemipterus randalli

7 0.426401433 0.643 | Oxyurichthys papuensis
0.693164237 0.464 | Ostorhinchus fasciatus

5 0.820893943 0.187 | Pteragogus trispilus

30 0.9635234 | 0.001 | Pomadasys stridens

22 | 0.946167341 0.001 | Equulites klunzingeri
0.654653671 0.402 | Pelates quadrilineatus
0.786590793 0.258 | Pterois miles

5 0.888769867| 0.076 | Apogonichthyoides nigripinnis

o|lo|lo|lo|o|lo|r|r]|Fr|rRr|]O|O]lO|rRr|O|O|lO|O |, |O|]|0O

OOO!—‘I—‘OOOOI—‘I—‘OOI—‘OOI—‘OI—‘I—‘OE

rlr|lo|lo|r|r|o|lo|lo|lo|o|o|o|o|lo|r|o|lr|o|lo|o|X
=
o

O|lCo|O |k |F|OC|OC|O|F|IFRP|O|IRFR|IPRP|O|OC|OC|OC|O|F|O|R
o|lo|r|FRP|IFR|O|FR|FRP|IFRP|IFP|O|FRP|OCO|O|R]|O|JO|O|FRL]|O|O
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Table A20. Continued.

A|Sh|D ]| S| W | index| stat p.value| Species
of1]0fo0]oO 2 0.952732064] 0.039 | Jaydia queketti
110]0]1|O0 8 0.87923037| 0.005 | Torquigener flavimaculosus
1({1]1(0|O 16 0.727606875 0.244 | Jaydia smithi
110]1]0|O0 7 0.717740563 0.278 | Dussumieria elopsoides
ofoJof1]1 15 | 0.929369072 0.008 | Parupeneus forsskali
110]0]0}|O 1 0.707106781] 0.269 | Etrumeus golanii
ofoJofo]1 5 0.812128097] 0.183 | Siganus rivulatus
110]1]1|0 19 | 0.836660027] 0.175 | Lagocephalus suezensis
ofol11]1 25 | 0.888447453 0.007 | Upeneus pori
1]1]111)1]0 26 | 0.937042571 0.253 | Upeneus moluccensis
ofo|11]0 13 | 0.630940051] 0.621 | Callionymus filamentosus
110]1]1|0 19 | 0.447213595 1 Cynoglossus sinusarabici
olof1]1]0 13 | 0.500474679 0.63 | Sphyraena chrysotaenia
110]0]0|O 1 0.545164556 0.243 | Engraulis encrasicolus
ol1|0]0]1 12 | 0.848471439 0.003 | Diplodus annularis
1]1]0]0]0]O 1 0.288675135 0.511 | Echelus myrus
110]1]0|O0 7 0.246182982 1 Engraulis maeoticus
1{0]0|0}|O 1 0.288675135 0.511 | Scorpaena porcus
olO0|1]0]0 3 0.47833811| 0.436 | Pomadasys incisus
ofo|ofo0o|1 5 0.713651993 0.309 | Boops boops
110]0]0|O 1 0.288675135 0.495 | Cepola macrophthalma
1]1]0]0|1]O0 8 0.688247202] 0.373 | Serranus cabrilla
0ojof1]j0|0O0 3 0.3086067 | 0.696 | Chelon auratus
111]0]0|O0 6 0.868993964 0.011 | Citharus linguatula
1{0]0|0}| O 1 0.288675135 0.483 | Conger conger
ofojofof1 5 0.928037893 0.083 | Coris julis
110]1]0|O0 7 0.301511345 0.836 | Diplodus vulgaris
110]0]0}| O 1 0.763762616 0.304 | Chelidonichthys lastoviza
0l0|0]0]1 5 0.976771061 0.05 | Dentex dentex
110]0]0|O 1 0.5 0.166 | Dentex macrophthalmus
ofoJof|1]0 4 0.608100984] 0.215 | Dentex gibbosus
110]0]0|O 1 0.288675135 0.502 | Deltentosteus quadrimaculatug
110]0]1|O0 8 0.324442842] 0.366 | Dactylopterus volitans
110]0]0}| O 1 0.636609673 0.307 | Spicara flexuosum
1]1]0]0]0]O 1 0.288675135 0.511 | Gobius niger
ofoJof1]1 15 | 0.842309154 0.096 | Epinephelus aeneus
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0.577350269

0.193

Chelidonichthys lucerna

0.40824829

0.194

Merluccius merluccius

0.811502671

0.665

Trachurus mediterraneus

0.534522484

0.393

Caranx rhonchus

0.40824829

0.177

Hippocampus hippocampus

0.288675135

0.503

Hippocampus guttulatus

0.763762616

0.305

Zeus faber

0.707106781

0.265

Lepidotrigla cavillone

0.603022689

0.549

Trichiurus lepturus

0.838493795

0.01

Argyrosomus regius

0.288675135

0.497

Monochirus hispidus

1

0.046

Muraena helena

0.5

0.166

Microchirus ocellatus

0.836912047

0.038

Arnoglossus laterna

Rlrlrlolr|lw|vN|lr]lr]|Rr ]~

0.596149417

0.362

Mullus surmuletus

[EnY
©

0.935414347

0.033

Mullus barbatus

[EnY

0.6915862

0.341

Blennius ocellaris

N

0.805394073

0.073

Bothus podas

[EnY
~

0.863201284

0.022

Pagellus erythrinus

0.816496581

0.184

Sardina pilchardus

1

0.046

Sparisoma cretense

0.377964473

0.208

Pagrus auriga

0.5

0.154

Arnoglossus thori

0.377964473

0.226

Symphodus roissali

1

0.046

Symphodus rostratus

0.288675139

0.497

Pagrus pagrus

1

0.046

Scorpaena scrofa

0.487950036

0.297

Caranx crysos

0.852743606

0.151

Sardinella aurita

0.377964473

0.385

Sardinella maderensis

0.83658391

0.052

Pagellus acarne

0.797724039

0.025

Sparus aurata

0.288675135

0.502

Pagellus bogaraveo

0.648885689

0.337

Synodus saurus

1

0.046

Syngnathus acus

gajla|lo|kRr|IN|lRrPlWlOlwWwlO RO lO|PFR

0.899033744

0.094

Scorpaena notata

[EnY
©

0.418330013

Solea solea

a1

0.825674469

0.168

Spicara smaris
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0.878486533

0.001

Serranus hepatus
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Table A20. Continued.

(2]
>

index

stat

p.value

Species

6]

0.94209882

0.08

Serranus scriba

0.577350269

0.343

Lithognathus mormyrus

0.951864034

0.046

Diplodus sargus

1

0.046

Symphodus tinca

0.377964473

0.392

Balistes capriscus

0.288675135

0.495

Alosafallax

0.51298917§

0.264

Uranoscopus scaber

0.355680531

0.478

Scomber colias

0.377964473

0.199

Xyrichtys novacula

o|lo|r|r|r|lolo|lo|lo|lo|>

ol ol ol Hoil Noll Noii ol ol No i No)

rlOo|l]Oo|lo|Oo|rRr|O|O|FL,|O|0O
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o|lo|o|lo|lo|o|r]|r|lolr]|=

wl|lhdh|lP|O|IP|W|lOW]|OW]|W

0.534522484

0.326

Sphyraena sphyraena
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B. APPENDICES FOR CHAPTER 3

Table BL. Tested GAMs for modelling the CPUAME. barbatus | n t he model ¢

denotes smooth functions, Ati o represent
specifies the numberi mdi batses d uawhi @ nrseg
and Acco denotes a cyclic cubic regressi

the model descriptions below, the number of basis functions was set to the default
values provided by the "mgcv" package 6ren 1.9.1) (Wood, 2017) in R (Core
Team, 2024).

] Deviance
Model | Model variables R2 ] AlC BIC RMSE
Explained

forthroot(CPUA) = s(Year, cr,
m1l by=factor(Depth)) + s(Day of the Year, cc, | 0.45 47.8 | 3307.1| 3459.9 5.98
by=factor(Depth)) + factor(Depth)

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,
m2 by=factor(Depth="4")) + s(Day of the Year, | 0.45 47.6 3299.7| 3434.2| 5.991
cc, by=factor(Depth="1")) + s(Day of the
Year, cc, by=factor(Deptii2")) + s(Day of
the Year, cc, by=factor(Depth="3")) + s(Yea
cc, by=factor(Depth="4")) + factor(Depth)

forthroot(CPUA) = s(Year, cr,
by=factor(Depth)) + s(Day of the Year, cc,
by=factor(Depth)) + ti(Year, Year of thay,
cr, cc, by=factor(Depth)) + factor(Depth)

m3 0.47 51.1| 3300.8| 3509.8 5.79

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)

m3.1 0.47 51 3303 | 3515.1 5.79

forthroot(CPUA) = s(Year, cr,
by=factor(Depth), k=12) + s(Day of the Yea
m3.2 | cc, by=factor(Depth, k=12)) + ti(Year, Year ¢ 0.49 53.1| 3293.3| 3530.6 5.79
the Day, cr, cc, by=factor(Depth)) +
factor(Depth)

forthroot(CPUA) = s1(Year, cr,
by=factor(Depth), k=12) + s(Day of the Yea
m3.3 | cc, by=factor(Depth, k=12)) + ti(Year, Year ¢ 0.51 55.6 | 3292.4| 3586.6 6.64
the Day, cr, cc, by=factor(Depth), k=8) +
factor(Depth)

forthroot(CPUA) = s(Year, cr,
by=factor(Depth), k=30) + s(Day of the Yea
m3.4 | cc, by=factor(Depth, k=12)) + ti(Year, Year ¢ 0.49 53.4| 3294.3| 3541.1 6.66
the Day, cr, cc, by=factor(Depth)) +
factor(Depth)
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The best model, "'m3.2," was selected based on the Akaike Information Criterion
(AIC) (Akaike, 1974),theBayesian information criterion (BIC) (Schwarz, 1978),
and Root Mean Square Error (RMSE) (Hyndman and Koehler, 2006) values derived
from 10fold crossvalidation (Refaeilzadeh and Liu, 2009). This model provided the
optimal balance between fit and predictive accurdbefinal model accounted for
53.1% of the variance in biomass, with an adjusted R2 of Taldd€ B?).

Table B. Summary of the selected GAM modelMf barbatusbiomass.

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 tvalue  Pr(>|t|)
(Intercept) 15.5245 0.5350 29.015 <1Be**

dpt2 6.3316 0.7533 8.405 546+
dpt3 45311 0.7336 6.177 1-@ge*
dpt4 -3.4571  0.8250-4.190  3.34@5 ***
Signif. codes: 0O 6***6 0.001 6**6 O

Approximate significance of smooth terms:

edf Refdf F -palue
s(ydy):dptl 6.9297437 10.000 5.611 <-26 ***
s(ydy):dpt2 4.4903681 10.000 6.475 <1Be**
s(ydy):dpt3 5.2049136 10.000 5.703 <1Be=*
s(ydy):dpt4 0.0009514 10.000 0.000 0.85726

s(cyr):dptl 7.1826053 8.503 5.273 1.@8¢**
s(cyr):dpt2 3.9322319 4.852 4.536 0.00062 ***
s(cyr):dpt3 1.2324245 1.424 18.522 8.00¢*

s(cyr):dpt4 2.5060402 3.088 4.298 0.00493 **

ti(ydy,cyr):dptl  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 .

tilydy,cyr):dpt4  0.0006590 12.000 0.000 0.96611

Signif. codes: 0O 6***6 0.001 o6**6 O
R-sq.(adj) = 0.486 Deviance explained =53.1%

-REML = 1648.1 Scale est. =35.368 n =504
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QQ plot of residuals

Method: simulate
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Figure BL. 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 2. Resul t s of the selected model Am3.

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 oA CPU
across each depth stratum: "dpt 1" corresponds to stratuii2® (0), "dpt 2" to
stratum 2 (2650 m), "dpt 3" to stratum 3 (5Q00 m), and "dpt 4" to stratum 4 (100

150 m). The middle row shows the effect of the year on CPUA within each depth
stratum, wile 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
indicatinghigher 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 nomal 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 472
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| 16144 | 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| 4915 NA 1.55223 2.79
2022 374 0.08772| 0.1932 2.19
2023| 501.7 | 0.01256| 0.30455 2.9

Table Bi. Parameter settings of the fitted SPICT modeMobarbatus

Parameters

Settings

Catches

19682023

Biomass indices

Index1: Survey Index March (20219 and 2022023)
Index2: Survey IndexOctober (2007,2009, 2@0D13, 2017
2018, 20212023)

Index3: Nominal CPUE (Catch/Number of OTB) (19¢
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

bkfrac = 0.65 CV =0.5

beginning

Noise ratios logalpha = off, logbeta = off

Euler time step | dteuler = 1/4

Additional For the October index in 2021 stdevfacl = 5
interannual

variability

Observation error

oe= 0.3, CV= 0.5 for all biomass indices
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Figure B3. Diagnostics of onstepahead residuals for the SPICT assessment of
M. barbatusare 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 LjungBox test yielded values greater than 0.05, indicating that the data
values are idependent; however, significant autocorrelation at lag (1) was observed
for residuals of catch. This could be attributed to the-naowlom nature of fishery
processes. The Shapiwilk test for residual normality of catch returned values
below 0.05, hightjhted in red. Despite this, the catch violation does not invalidate
the overall diagnostics. The ShapiNilk 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 B1. Diagnostics of process error deviations for the SPICT assessment of
M. barbatusare presented. The left column displays biorraksed statistics, while

the right column pertains to fishing mortality. Model cheakgealed violations in

the independence and normality of residuals for fishing mortality, likely due to the
nortrandom nature of fishery dynamics. Despite these violations, the model remains
informative for the assessment.
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Figure Bb. Estimated priors and posteriors of SPICT model.
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Figure B5. Retrospective analysis of the SPICT assessmeht.fbarbatuss shown.

The coloured lines closely follow the trend of the original model, represented by the
black line. Mohn's Rho values ranged betwe@25 and 0.25, indicating that the
assessment successfully passed the retrospective analysis.
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Figure B/. Results of the SPICT assessment lfbr barbatus Solid blue lines
represent model estimates, while dashed blue lines indicate 95% confidence intervals
(Cls) for absolute quantities. Shaded blue regions show 95%Cative biomass

and fishing mortality. Solid black lines denote reference poinisyBvsy, MSY),

with shaded grey areas showing their 95% ClIs. Vertical grey lines mark the end of
the data range, and dotted lines beyond these indicate predictioiaseSrepresent

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.
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