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Abstract: The Sicily coast of Messina Strait (Central Mediterranean) is characterized by a rare beach rock formation,
whose biotic features are poorly known. Situated near an amphidromic tidal point, the formation is not affected by tidal
oscillations allowing the connected rocky pools to offer a relatively stable and suitable refuge for subtidal organisms.
This environment, in February 2023, was affected by exceptional low sea levels caused by a prolonged high
atmospheric pressure. The local fauna, not pre-adapted to such an unpredictable event, experienced a mass mortality
episode that revealed an unexpectedly high biodiversity. Exclusively considering the megabenthic fauna, 63 species
have been detected. Between them, species of great conservation interest, are the gastropods Naria spurca, Luria
lurida, Vermetus triquetrus, and Talisman scrobilator, the bivalve Pinna rudis, and the echinoderm Ophidiaster
ophidianus, which were reported for the first time from such formations. These records show that beach rock is a
habitat worth conserving and one that is vulnerable to the effects of ongoing climate change.

Uzun Siireli Diisiik Deniz Seviyesi Siireciyle Ortaya Cikan Tehdit Altindaki Tiirler icin
Beklenmedik Siginak

Oz: Messina Bogazi'nin (Orta Akdeniz) Sicilya kiyilari, biyotik 6zellikleri az bilinen nadir bir sahil kaya olusumuyla
karakterizedir. Amfidromlu bir gelgit noktasinin yakininda bulunan bu olusum, gelgit dalgalanmalarindan
etkilenmemekte, bu da baglantili kayalik havuzlarin subtidal organizmalar igin nispeten istikrarlt ve elverisli bir siginak
sunmasini saglamaktadir. Bu g¢evre, Subat 2023'te uzun siireli yiiksek atmosferik basing nedeniyle meydana gelen
olaganiistii diisiik deniz seviyelerinden etkilenmistir. Yerel fauna, bdyle 6ngorillemeyen bir olaya onceden adapte
olmamis oldugundan, kitlesel bir 6lim olay1 yasamis ve bu durum beklenmedik derecede yiiksek bir biyogesitliligi
ortaya ¢ikarmustir. Yalnizca megabentik fauna dikkate alindiginda 63 tiir tespit edilmistir. Bu tiirler arasinda biiyiik
koruma Onemi tastyan gastropodlar Naria spurca, Luria lurida, Vermetus triquetrus ve Talisman scrobilator, cift
kabuklular Pinna rudis ve derisidikenliler Ophidiaster ophidianus yer almaktadir ve ilk kez bu olusumlarda
kaydedilmistir. Bu kayztlar, sahil kaya habitatlarmm korunmaya deger oldugunu ve devam eden iklim degisikliginin
etkilerine kars1 savunmasiz oldugunu gostermektedir.

Introduction

Beach rock formations in the Strait of Messina, north-

predator interactions involving the grazer top snail

eastern Sicily coast (central Mediterranean), extend more
than 2 km (Bottari et al., 2005) (Fig.1) along a stretch of
littoral zone not subjected to tidal fluctuations, hence
intertidal benthic communities are lacking. Lowermost, in
the wave exposed upper subtidal “fringe”, the sessile
gastropod Vermetus triquetrus Bivona & Bernardi, 1832 is
responsible for a monospecific vermetid formation,
mingled with algal assemblages which host a high humber
of small sized mollusk species (Del Ricco, 1982). An
apparently poor macrofauna, moreover, is recognizable in
some rocky pools normally connected to the sea. Due to
their alleged ultra-simplified structure, such rocky pool
benthic assemblages have provided an example of prey-

*Corresponding author: ivangati@Uvirgilio.it

Phorcus turbinatus (Born, 1778), and the carnivorous
hermit crab Clibanarius erythropus (Latreille, 1818)
(Savoca et al., 2020). Dated information on benthic
organisms living in such environment are recognizable in
local literature (Conato & Berdar, 1981), but no updated
and verifiable reports exist on the biodiversity of such a
beach rock formation. In this respect, we cannot consider
as reliable a recent paper reporting several species
unknown to the Mediterranean fauna, such as the tropical
cowrie Cypraea pantherina, all listed without any
explanation or comment (Capillo et al., 2018).

In this paper, field observations are reported on the
megabenthic fauna occurring in the beach rock pools, as it

How to cite this article: Salvatore, G. & Gati, I.A (2025). Unexpected refuge for threatened species revealed by a prolonged low-sea-level phase. COMU J. Mar. Sci. Fish, 8 (2): 131-138.
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Unexpected Refuge for Threatened Species Revealed by A Prolonged Low-Sea-Level Phase

was revealed by an exceptional low sea level episode. By
describing the unexpected biodiversity that has been
recorded, the present paper aims to shed new light on the
ecological role of a natural formation generally developing
between the intertidal and the upper subtidal fringe.

Although its importance has been mostly recognized in the
geological field (Vousdoukas et al., 2007), we propose to
include the beach rock formations to the list of high
biodiverse habitats most threatened by the effects of
ongoing climatic changes.

Figure 1. Location of "Messina beach rock™ (red dot) in central Mediterranean (A); in the Strait of Messina area (B); along
the Capo Peloro coast (C). A portion of emerging beach rock together with a partially dried pool is shown (D)

Material and Methods

In the framework of a program aimed at investigating
the geological and ecological features of the Capo Peloro
coastal area (Somma et al., 2024), an exceptionally
prolonged phase of high atmospheric pressure was
detected, responsible for an anomalous low sea level.
Consequently, a large portion of submerged beach rock
emerged during a period of almost a month, allowing a
photographically documented monitoring of the related
fauna. The recognized megabenthic fauna (size >1 cm)
was photographed on the field and identified as far as
possible, at the species level according with Worms
database (https://www.marinespecies.org/). Moreover, the
surviving ability of different species in such an extreme
condition was evaluated. Data on atmospheric pressure and
air temperature during the sea level drop were obtained by
accredited sites online  (https://  www.woitalia.it/
weather/maps/city).

The whole video-photographic archive is deposited in
the Benthic Ecology Laboratory of Messina University,
and available upon request..

Results

In February 2023, an unusually prolonged phase of
high atmospheric pressure occurred, starting from a value
of 1025 mbar recorded on February 1% Atmospheric
pressure exceeded 1030 mbar from February 11" to 18",
before progressively decreasing up to a minimum of 1003
mbar on February 26™. Due to the high pressure, the sea
level dropped, maintaining about 50 cm below the medium
sea level from 1%to 20" February. In the same period, the
air temperature dropped from 15 to 10 °C on February 7",
before gradually increasing up to 20 °C on February 25"
(Fig. 2). Consequently, rocky pools lost their connection
with the sea, causing a drastic water level decrease -up to
complete local drying-, and to water overheating with
temperatures above 30°C.
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Figure 2. Daily atmospheric pressure (mb) and maximum air temperature (°C) in February 2023

These extreme conditions, which drove the aquatic
fauna to retreat, revealed the unexpected occurrence of a
rich megafauna that becomes susceptible to mass mortality
under such circumstances. A total of 63 megabenthic
species have been classified, mostly invertebrates
belonging to mollusks (41 species), crustaceans (11
species), echinoderms (7 species), cnidarians (3 species)
and annelids (one species). The phylum Chordata was
represented only by six species of fish (Table 1).

Noteworthy, some of the recorded species are under
strict protection by the Bern
(https://rm.coe.int/168078e2ff) and Barcelona protocols
(UNEP/MAP-SPA/RAC 2018). Among them, the dirty
cowry, Naria spurca (Linnaeus, 1758) was particularly
frequent, with 4 individuals./m?, but rarely in viable
condition (Fig. 3A). Dead specimens of the lurid brown
cowry, Luria lurida (Linnaeus, 1758) were also recorded
(Figure 3B). Dying specimens of the purple starfish,
Ophidiaster ophidianus (Lamarck, 1816), were also found
(Fig. 3C). Juveniles of the spiny fan mussel, Pinna rudis
Linnaeus, 1758, were observed alive in some residual
pools, apparently not damaged by the contingent adverse
conditions (Fig. 3D). A particular case involved the
aforementioned V. triquetrus formations, which were
notably affected by air exposure, resulting in mass
mortality of the uppermost settled colonies (Fig. 3E).
Vermetid reefs are listed as threatened bioconstructions in
the UNEP/IUCN/GIS POSIDONIE (1990); however, this
designation applies to the Dendropoma species complex
(Picone et al., 2022). By contrast, V. triquetrus is listed as
“Not Evaluated” in TUCN Red List, CITES, and CMS
(https://sealifebase.org/summary/Vermetus-
triquetrus.html). In the Messina beach rock, V. triquetrus

does not exclusively occur in massive colonial formations,
but also represented by low density populations
characterized by large sized individuals, which are
apparently more resistant to drying and warming (Fig. 3F).

Despite the pitted frog-snail, Talisman scrobilator
(Linnaeus, 1758) (Fig.4A), has not yet been recognized as
an endangered species, the record of several living
specimens was noteworthy. With an East-Atlantic
endemism, in fact, T. scrobilator has been sporadically
reported from western and central Mediterranean Sea
(Ghisotti, 1977; Barletta, 1980; Trillo, 2001; Trono, 2006;
Smriglio et al., 2019). The first and, so far, only record for
the Strait of Messina dates back to Micali (1975). As
underlined by Aparicio & Verdejo, (2021), T. scrobilator
is included in the Libro Rojo de los Invertebrados de
Andalucia, although not mentioned in the Catalogo
Espafiol de Especies Amenazadas, probably due to lack of
data. According to Verdejo (2001), , the presence of this
species is in regression in the western Mediterranean. T.
scrobilator, being considered by malacologists as an iconic
species, suffers of uncontrolled collection. Moreover,
depletion and fragmentation of its preferential habitat,
namely caves and dark environments, have been recently
suggested as ongoing threats (Santin et al., 2021). Among
the species of commercial interest, specimens of the green
ormer, Haliotis tuberculata Linnaeus, 1758 (Fig.4B) have
been observed in critical conditions. Among the five
abalone species recognized in the Eastern Atlantic and
Mediterranean (Chiappa et al., 2022), only H. tuberculata
(variously named in accordance with the alleged
subspecies and “morphs”) is subjected to commercial
fishing. In Italy, in contrast to other European countries, no
conservation measures are implemented, despite

133



Unexpected Refuge for Threatened Species Revealed by A Prolonged Low-Sea-Level Phase

considerable decline in worldwide populations, with few by mass mortality events related to high sea surface
signs of recovery and suspected connections with the temperatures (Huchette & Clavier, 2004).
ongoing climatic changes (Peters et al., 2024), as proven

Table 1. Megabenthic species recorded in the Messina beach rock formation during February 2023 low sea level

ANNELIDA MOLLUSCA
Hermodice carunculata (Pallas, 1766) Aplysia fasciata Poiret, 1789
Aplysia depilans Gmelin, 1791
CNIDARIA Aplysia dactylomela Rang, 1828
Anemonia sulcata (Pennant, 1777) Brachidontes pharaonis (P. Fischer, 1870)
Actinia cari Delle Chiaje, 1822 Barbatia barbata (Linnaeus, 1758)
Actinia equina (Linnaeus, 1758) Bulla striata Bruguiére, 1792
Calliostoma laugieri (Payraudeau, 1826)
CHORDATA Cerithium lividulum Risso, 1826
Chelon auratus (Risso, 1810) Cerithium renovatum Monterosato, 1884
Lepadogaster candolii Risso, 1810 Cerithium vulgatum Bruguiére, 1792
Muraena helena Linnaeus, 1758 Chama gryphoides Linnaeus, 1758
Parablennius sanguinolentus (Pallas, 1814) Columbella rustica (Linnaeus, 1758)
Tripterygion delaisi Cadenat & Blache, 1970 Conus ventricosus Gmelin, 1791
Tripterygion tripteronotum (Risso, 1810) Diodora gibberula (Lamarck, 1822)
Euthria cornea (Linnaeus, 1758)
CRUSTACEA Fissurella nubecula (Linnaeus, 1758)
Dromia personata (Linnaeus, 1758) Gibbula turbinoides (Deshayes, 1835)
Eriphia verrucosa (Forskal, 1775) Haliotis tuberculata Linnaeus, 1758
Herbstia condyliata (Fabricius, 1787) Hexaplex trunculus (Linnaeus, 1758)
Maja crispata Risso, 1827 Luria lurida (Linnaeus, 1758
Microeuraphia depressa (Poli, 1791) Mitrella scripta (Linnaeus, 1758)
Pachygrapsus marmoratus (Fabricius, 1787) Mytilaster minimus (Poli, 1795)
Palaemon elegans Rathke, 1836 Naria spurca (Linnaeus, 1758)
Percnon gibbesi (H. Milne Edwards, 1853) Patella caerulea Linnaeus, 1758
Pisa corallina (Risso, 1816) Patella rustica Linnaeus, 1758
Xantho hydrophilus (Herbst, 1790) Patella ulyssiponensis Gmelin, 1791
Xantho poressa (Olivi, 1792) Phorcus articulatus (Lamarck, 1822)
Phorcus richardi (Payraudeau, 1826)
ECHINODERMATA Phorcus turbinatus (Born, 1778)
Arbacia lixula (Linnaeus, 1758) Pinna rudis Linnaeus, 1758
Coscinasterias tenuispina (Lamarck, 1816) Pisania striata (Gmelin, 1791)
Holothuria (Holothuria) tubulosa Gmelin, 1791 Rhyssoplax olivacea (Spengler, 1797)
Marthasterias glacialis (Linnaeus, 1758) Pseudochama griphina (Lamarck, 1819)
Ophidiaster ophidianus (Lamarck, 1816) Steromphala divaricata (Linnaeus, 1758)
Paracentrotus lividus (Lamarck, 1816) Steromphala rarilineata (Michaud, 1829)
Sphaerechinus granularis (Lamarck, 1816) Steromphala varia (Linnaeus, 1758)

Stramonita haemastoma (Linnaeus, 1767)
Talisman scrobilator (Linnaeus, 1758)
Tarantinaea lignaria (Linnaeus, 1758)
Tritia corrugata (Brocchi, 1814)

Tritia incrassata (Strem, 1768)
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Figure 3. Dead or suffering organisms affected by the low sea level episode. A) Dying specimens of Naria spurca. B)
Dead specimen of Luria lurida. C) Air exposed, dying specimen of Ophidiaster ophidianus. D) Alive Pinna
rudis specimen. E) Dead Vermetus triquetrus formation. F) Air exposed, scattered specimens of Vermetus

triquetrus

Particularly affected by mortality were some
naturalized alien species, such as the "spotted sea hare",
Aplysia dactylomela Rang, 1828 (Fig. 4C), and the nimble
spray crab, Percnon gibbesi (H. Milne Edwards, 1853)
(Fig. 4D). However, it is difficult to explain how this
species suffered massive mortalities, considering that this
species, known to be capable of invading both natural and
anthropogenically impacted areas (Cannicci et al., 2008;
Thessalou-Legaki et al., 2006), is highly mobile, and
therefore, able to move away from dangerous situations.
Not surprisingly, by contrast, was the mortality that
affected more sensitive species such as Arbacia lixula
(Linnaeus, 1758) (Fig. 4E) and other echinoderms. Lastly,
although living specimens of small sized benthic fish
species were frequently observed in residual pools (Table
1), almost unexpected was the great number of juveniles
and adults of the Mediterranean moray, Muraena helena
Linnaeus, 1758, found dead or dying (Fig. 4F).

Discussion

Recurrent natural disturbances in marine benthic
habitats are important determinants of zonation patterns
and biodiversity in shallow water benthic communities,
favoring the periodic exclusion of competitively dominant

taxa (Connell, 1978; Rogers, 1993). Among them, spring
low tides are the most predictable events, rarely causing
mass mortality, except for the rare physical disturbance
represented by prolonged extremely low tides that coincide
with supra-optimal irradiance (Anthony & Kerswell,
2007). Biological effects of such stochastic events have
been described for intertidal tropical communities
(Yamaguchi, 1975), especially for their consequences on
coral reefs (Hoarau et al., 2023). Mass mortalities due to
other unknown causes than air exposure have been also
reported (Collard et al., 2000). The increasing effects of
global warming, in terms of both frequency and intensity
of marine heatwave have been described as causes of
unprecedented regional mass bleaching of thermally
resistant corals (Le Nohaic et al.,, 2017). However,
scientific literature does not report about mass mortality of
subtidal benthic communities directly attributable to
lowered sea level. An indirect consequence, however, has
been recently reported for the Strait of Messina area,
where a mass mortality episode affected the cowry Naria
spurca, due to the imbalance between marine inputs and
brackish water outputs, after an extended period of low sea
level (Gati et al., 2024).
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Figure 4. Dead or suffering organisms affected by the low sea level episode. A) Living specimen of Talisman scrobilator.
B) Living specimen of Haliotis tuberculata. C) Air exposed, dead specimen of Aplysia dactylomela. D) Mass
mortality of Percnon gibbesi. E) Dead Arbacia lixula. F) Dying Murena helena specimens.

Although different types of beach rock formations are
known worldwide, some biological implications need to be
highlighted. In a local geographic scale, in fact, it is
relevant that beach rocks are the only natural rocky shore
habitat recognizable along the Sicilian coast of the Strait of
Messina. On a global scale, the Messina beach rock
represents a rare —possibly unique- example of rocky
seashore that is not affected by tidal fluctuations. Such
relatively stable environment offers more effective refuge
and protection than the adjacent more exposed
environments, hosting a large number of threatened
species that is rarely reported in literature from the Strait
of Messina, and which become concentrated within a
habitat of very limited extent.

Conclusion

The beach rock formations, located between the
intertidal and the upper subtidal fringe are particularly
vulnerable to drying and warming. The increasing
occurrence of such events, resulting in an excessive
disturbance, could act as a de-structuring rather than
regulating factor. In this context, the Messina beach rock
represents a peculiar case-study as it hosts a relatively high
biodiversity and provides a profitable refuge for
threatened, and/or ecologically relevant species. Moreover,
as a shallow water habitat not affected by tidal oscillations,
it is extremely vulnerable to stochastic weather-related
disturbances, and especially to extended periods of drying.

Thus, under a global warming scenario, increasing
frequency and intensity of sea level fluctuations driven by
climatic, rather than astronomic forcing, can be expected,
raising important questions for species and habitat
conservation.
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Abstract: The length—weight relationship (LWR) is a fundamental aspect of fish biology and fisheries science,
providing critical insights into various biological and ecological evolutions, such as growth analysis, stock assessment,
health, condition, and feeding habits. Therefore, accurately determining it is extremely important. This study was
conducted in Egirdir Lake in 2015 to determine the length-weight relationship of Tiirkiye's most important crayfish
stock. Seasonal sampling (January, April, July, October) was performed using 200 fyke nets with different mesh sizes.
The LWR was determined according to Le Cren (1951), and a t-test following Pauly (1984) was used to assess whether
the b value differed from 3. The data were analysed using the R package "ggFishPlots (v 0.3.1)". In the study, 4033
crayfish with a total length ranging from 35.12 to 155.11 mm and a total weight between 1.20 and 130.80 g were
evaluated. The sample comprised 56.90% (2295) female and 43.10% (1738) male crayfish, with a F:M ratio of 1:0.76.
The evaluations revealed that female crayfish exhibited negative allometric growth in spring, summer, and autumn,
while displaying isometric growth in winter. Male crayfish, on the other hand, showed positive allometric growth in
spring, autumn, and winter, but isometric growth in summer. As a result, it was determined that the growth
characteristics of crayfish varied by sex and season. In studies utilizing LWR parameters, it is believed that sampling
during only one period of the year may lead to misleading results. Therefore, monthly or seasonal sampling would
provide more accurate assessments.

Egirdir Golii (Isparta-Tiirkiye) Kerevit Pontastacus leptodactylus (Eschscholtz, 1823)
Populasyonunda Boy-Agirhk iliskisindeki Mevsim ve Eseye Bagh Degisimler

Oz: Boy-agirlik iliskisi (LWR) balik biyolojisi ve balikgilik biliminin temel bir bilesenidir ve biiyiime analizi, stok
degerlendirmesi, saglik ve kondisyon, beslenme aligkanliklart gibi gesitli biyolojik ve ekolojik gelismeler hakkinda
kritik bilgiler saglamaktadir. Bu nedenle, dogru bir sekilde belirlenmesi son derece dnemlidir. Bu ¢aligma, Tiirkiye'nin
en 6nemli kerevit stogunun boy-agirlik iligkisindeki esey ve sezona bagli degisikliklerin belirlenmesi amaciyla 2015
yilinda Egirdir Golii'nde yiiriitiilmiistiir. Mevsimsel ornekleme (Ocak, Nisan, Temmuz, Ekim), farkli g6z agikliklarina
sahip 200 pinter kullanilarak gerceklestirilmistir. LWR, Le Cren'e (1951) gére belirlenmis ve b degerinin 3'ten farkl
olup olmadigini belirlemek igin t-testi kullanilmistir (Pauly, 1984). Veriler “ggFishPlots (v 0.3.1)” R paketi
kullamilarak analiz edilmistir. Calismada, toplam boylar1 35,12 - 155,11 mm ve toplam agirliklar1 1,20 - 130,80 g
arasinda degisen 4033 kerevit degerlendirilmistir. Orneklemin %56,901 (2295) disi ve %43,10'u (1738) erkek
kerevitlerden olusmus olup D:E orani 1:0.76'dir. Degerlendirmeler, disi kerevitlerin ilkbahar, yaz ve sonbaharda negatif
allometrik biiylime sergiledigini, kisin ise izometrik biiyiime gosterdigini ortaya koymustur. Erkek kerevitler ise
ilkbahar, sonbahar ve kis aylarinda pozitif allometrik bilylime gosterirken, yaz aylarinda izometrik biiyiime
gostermistir. Sonug olarak, kerevitlerin biiyiime 6zelliklerinin cinsiyete ve mevsime gore degistigi belirlenmistir. LWR
parametrelerinin kullanildigi ¢alismalarda, yilin sadece bir doneminde 6rnekleme yapilmasinin yaniltict sonuglara yol
acabilecegi diisiiniilmektedir. Bu nedenle, aylik veya mevsimsel 6rnekleme daha dogru degerlendirmeler saglayacaktir.

Introduction

Crayfish are diverse, abundant, and globally distributed

trophic markers, and ecosystem engineers through

omnivorous invertebrates inhabiting both lentic and lotic
ecosystems (Momot et al., 1978; Taylor et al., 1996). As
keystone species, they play critical ecological roles,
serving as bioindicators of water quality and biodiversity,

*Corresponding author: mehmetcilbiz@gmail.com

bioturbation and habitat modification (Reynolds et al.,
2013). Beyond their ecological significance, crayfish hold
substantial socio-economic value as a luxury food
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resource, driving aquaculture and commercial fisheries in
many regions (Cilbiz et al., 2020).

Length-weight relationship (LWR) studies are crucial
in fish biology for several reasons: (I) Assessment of fish
health and growth patterns (Heydarnejad, 2009; Mehmood
et al., 2021; Mughal et al., 2025); (I) Fishery management
and conservation (Karuppiah et al., 2023; Oliveira et al.,
2020); (I11) Ecological and nutritional insights
(Aminisarteshnizi & Moyo, 2022); (IV) Species-specific
data for biodiversity conservation (Kamikawa et al., 2015;
Manna et al, 2023; Zulkafli et al., 2016); (V)
Comparative studies and environmental adaptations (Li et
al., 2023); (V1) Support for aquaculture and food security
(Jacobs et al., 2018; Monzon and Fernandes, 2021).

Numerous studies have investigated the length-weight
relationship (LWR) characteristics of narrow-clawed
crayfish Pontastacus leptodactylus (Eschscholtz, 1823)
across Turkish freshwater ecosystems. Sex-specific
analyses have been conducted in populations from
Demirkoprii Dam Lake (Balik et al., 2006), Manyas Lake
(Berber and Balik, 2006), Mamasin Dam Lake
(Biytikcapar et al., 2006), Keban Dam Lake (Yiiksel and
Duman, 2012), Cildir Lake, Hirfanli Dam Lake, and
Porsuk Dam Lake (Bok et al., 2013), Uluabat Lake
(Benzer and Benzer, 2018), and Sapanca Lake (Baltaci et
al., 2023). However, these studies focused solely on sex-
based differences in LWR parameters, with no
investigation of seasonal variations or interactions between
sex and season. The current study addresses this critical
knowledge gap by analyzing both seasonal and sexual
dynamics in the LWR of P. leptodactylus.

LWR are critical tools in fisheries science, enabling the
conversion of length data to body weight for population
surveys and biomass estimation in stock assessments (e.g.,
Thompson and Bell (1934) yield prediction models).
Inaccurate LWR parameters can compromise the accuracy
of biomass estimates, leading to erroneous conclusions in
resource management strategies. To address this, our study
evaluates the influence of seasonal variability and sexual
dimorphism on LWR parameter precision in P.
leptodactylus. By quantifying these dynamics, this work
advances efforts to standardize biological sampling
protocols for crayfish, ensuring robust data for sustainable
stock assessment and ecosystem management.

Material and Methods
Study area

Egirdir Lake (Figure 1) is a significant freshwater
resource located in the Lakes District of Tirkiye,
specifically at the border of Isparta province. It is the
second largest freshwater lake in Tirkiye, with a surface
area of 482 km? (Sener et al., 2013). The lake is crucial for
various uses, including drinking water, irrigation, tourism,
fishing, and recreation (Atilgan et al., 2009).

Data collecting process

Seasonal sampling (January, April, July, October) was
performed using 200 fyke nets rigged with different mesh
sizes (14, 26, 34, 42 mm diamond stretched mesh size) in
2015 three different sampling stations of the lake (Figure
1). Carapace and abdominal lengths were measured using
a digital calliper with a precision of 0.01 mm. The total
length of each crayfish was calculated by summing the
abdominal and carapace lengths. The sex of the captured
crayfish was determined macroscopically (males identified
by the presence of copulatory swimmerets; females by
their absence).
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Figure 1. Study area and sampling stations

Modelling of the length-weight relation

Crayfish, similar to fish, exhibit a non-linear
relationship between length and weight (Berber and Balik,
2006). This relation described by the equation W=alL®,
where W represents total weight (g), L denotes total length
(cm), and a and b are species-specific constants (Le Cren,
1951; Froese, 2006). ggFishPlots R package (v0.3.0) was
utilized for modeling LWR (Vihtakari, 2024). To
determine if the b (slope) value of LWR differs from 3, a t-

140



Cilbiz & Ategsahin, COMU J Mar Sci Fish, 8(2): 139-147 (2025)

test was employed (Pauly, 1984). A slope value not
statistically different from three indicates that growth is
isometric (Ricker, 1958), while a slope value different
from three indicates that growth is allometric (Bagenal and
Tesch, 1978). Values over three are referred as positive
allometry (A+) and values lower than three as negative
allometry (A-) (Kondylatos et al., 2024)

Statistical analysis

The Shapiro-Wilk test was employed to assess the
normality of the data distribution. For normally distributed
data, t-test was used pairwise comparison and one-way
ANOVA with Tukey"SP test was used for multiple
comparisons. In the evaluation of non-normal disturbed
data, Wilcoxon test used pairwise comparison and
Kruskal-Wallis with Games-Howell test was used for
multiple comparisons. The chi-square test was applied to
compare categorical variables. All statistical analyses were
performed in RStudio (2024) (v2024.12.1) using the rstatix
package (v0.7.2) (Kassambara, 2023) with a significance
level set at p < 0.05.

Results

As a result of the fishing trials, a total of 4,033 crayfish
were captured, with total lengths ranging from 35.12 to
155.11 mm and total weights between 1.20 and 130.80 g.

Of the total catch, 56.90% (2,295 individuals) were
females and 43.10% were males. The female-to-male ratio
was determined to be 1: 0.76, and the proportional
distribution was statistically significant (Chi-square test, p
< 0.001). Significant seasonal differences were observed in
the number of crayfish caught (Table 1), with the variation
found to be statistically significant (Chi-square test, p <
0.001). Winter was the least productive season for both
sexes, whereas the highest catch rates were recorded in
summer for females and in winter for males. The mean
length and weight values of both male and female crayfish
differed significantly in the combined group (ANOVA, p <
0.05). A statistically significant difference in mean total
length between females and males was observed during the
spring season (p < 0.05), whereas no significant
differences were found in the other seasons (Table 1).
When a similar comparison was conducted based on total
weight, statistically significant differences were observed
in summer and autumn (p < 0.05), while no significant
differences were found in the other seasons (p > 0.05;
Table 1). The mean weight of male crayfish was higher
than that of females across all seasons. A statistically
significant difference was found between the mean total
length values of males and females (t-test, p < 0.05).
Similarly, a significant difference was observed in mean
total weight values (t-test, p < 0.001).

Table 1. Total length and weight values of P. leptodactylus by sex and season caught from Egirdir Lake

Seasons
Value Sex Parameters : :
Spring Summer Autumn Winter
TL Female N 819 856 82 538
(mm) Min-Max 48.14-144.37 47.52-113.75 73.52-139.71 43.48-146.22
Mean+SE 75.21+0.287° 85.98+0.366° 106.16+1.433% 83.43+0.943¢
Male N 322 564 78 774
Min-Max 48.91-133.16 43.07-129.85 79.25-135.34 35.12-155.11
Mean+SE 73.80+0.627° 85.62+0.505¢ 108.28+1.411% 83.51+0.669°¢
p* 0.019 0.552 0.294 0.94
Comb. N 1,141 1,420 160 1,312
Min-Max 48.14-144.37 43.07-129.85 73.52-139.71 35.12-155.11
Mean+SE 74.82+0.272° 85.84+0.298° 107.20+1.0072 83.48+0.552¢
TW Female Min-Max 3.01-76.32 3.63-33.97 9.32-62.74 1.90-86.20
(9) Mean+SE 11.86+0.144° 16.66+0.194° 29.66+1.1482 18.52+0.730¢
Male Min-Max 3.29-71.20 5.02-65.14 12.99-77.83 1.20-130.80
Mean+SE 12.31+0.423b 17.81+0.319¢ 37.81£1.6042 19.07+0.651¢
p* 0.199 0.001 <0.001 0.578
Comb. Min-Max 3.01-76.32 3.63-65.14 9.32-77.83 1.20-130.80
Mean+SE 11.99+0.158P 17.12+£0.173°¢ 33.63+1.0282 18.84+0.487¢

TL: Total length, TW: Total weight, N: Number of crayfish, Comb.: Combined group with female and male crayfish. There
is a statistical difference between means marked with different letters in the same row. p*: Male-female comparison results
for the corresponding measurement in the same season, bold values show statistical differences (p<0.05).
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The crayfish population in Egirdir Lake exhibited
different growth characteristics based on both sex and
season. Female crayfish demonstrated allometric growth
during spring, summer, and autumn, while isometric
growth was observed in winter. Male crayfish exhibited
allometric growth in spring, autumn, and winter, and
isometric growth in summer. When the entire population
was evaluated by season, growth was found to be
allometric only in autumn, while isometric growth was

observed in the other seasons. In the annual data pooled
across all seasons, females exhibited isometric growth,
whereas males and the combined group showed allometric
growth (Table 2). Population size and distribution
displayed significant seasonal variation (Figure 2). In both
spring and summer, each sex group exhibited a distinct
distribution pattern, separate from the main population
cluster (Figure 2).
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Figure 2. LWR plots of Egirdir Lake’s P. leptodactylus population by sex and season (Dashed blue lines represent 95% CI)
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Table 2. LWR model parameters of Egirdir Lake’s P. leptodactylus populations by sex and seasons

Length range _ Parameters of the relationship Growth
Season Sex n ts
(TL, cm) a b 95% Cl of b r2 type

Spring Female 819 (4.81-14.44)  0.04 2.81 (2.74-2.87) 0.83 A- 4.58°
Male 322 (4.89-13.32)  0.02 3.26 (3.18-3.33) 0.93 A+ 8.852
Combined 1141 (4.81-14.44)  0.02 3.06 (3.01-3.11) 0.87 I 1.59P

Summer Female 856 (4.75-11.38)  0.05 2.69 (2.60-2.78) 0.83 A- 7.742
Male 564 (4.31-12.99)  0.02 3.03 (2.95-3.12) 0.90 A+ 0.95P
Combined 1420 (4.31-12.99)  0.03 2.90 (2.84-2.97) 0.86 I 2.64°

Autumn Female 82 (7.35-13.97)  0.03 2.92 (2.78-3.06) 0.96 A- 3.802
Male 78 (7.93-1353)  0.01 3.28 (3.10-3.46) 0.95 A+ 10.792
Combined 160 (7.35-13.97)  0.02 3.17 (2.98-3.37) 0.88 A+ 443

Winter Female 538 (4.35-14.62)  0.03 3.00 (2.96-3.04) 0.98 I 0.00°
Male 774 (3.51-15.51)  0.02 3.27 (3.24-3.31) 0.98 A+ 15.552
Combined 1312 (3.51-15.51)  0.02 3.17 (3.14-3.20) 0.97 I 8.85P

Annual Female 2295 (4.35-14.62) 0.03 2.96 (2.94-2.99) 0.95 | 2.70°
Male 1738 (3.51-1551)  0.02 3.26 (3.24-3.29) 0.97 A+ 19.752
Combined 4033 (3.51-15.51)  0.02 3.15 (3.13-3.17) 0.95 A+ 14.292

a: tupe < t; 015-b value different from 3 (allometric growth)—. b: tepe < ts—b value not different from 3 (isometric growth)

Discussion

The present study investigated the effects of sex and
seasonal variation on the LWR of the crayfish population
in Egirdir Lake. When compared with other (LWR) studies
on the species (Table 3), the present dataset is considered
highly successful in terms of both size range and sample
size. Sample size is particularly important in LWR studies.
According to Cheng et al. (2022), increasing the sample
size improves the accuracy of LWR parameter estimation,
thereby reducing both relative estimation error and bias.
Additionally, the sample length range is a critical factor in
LWR studies. Larger sample sizes and broader length
ranges generally enhance the accuracy of LWR estimates.
This is because different size classes of fish may exhibit
varying growth patterns. For instance, Hilsa (Tenualosa
ilisha) shows isometric growth in larger size classes (TL >
25 cm) but negative allometric growth in smaller size
classes (TL < 25 cm) (Faruque and Das, 2024). A broader
length range ensures that the growth pattern is accurately
captured across different life stages. In some studies,
presented in Table 3, the minimum sample length was very
close to the Minimum Conservation Reference Size
(MCRS) of 100 mm total length for the species. This
indicates that small individuals were underrepresented,
resulting in a size distribution of the population that may
not accurately reflect its true structure. The use of these
data sets in the calculation of LWR parameters is believed
to be the primary reason for the observed differences in
results. Undoubtedly, one of the key factors in achieving
the desired broad size range is the use of specialized

fishing gear with low size selectivity, rather than
commercial fishing gear with high size selectivity. It has
been reported that the use of fyke nets with varying mesh
sizes for codend nets in crayfish fishing influences the
length distribution of the catch (Bolat et al., 2010; Cilbiz et
al., 2022).

In our study, when evaluated seasonally, all male
crayfish exhibited allometric (+) growth characteristics.
Female crayfish showed isometric growth in some seasons,
allometric (-) growth in others, and allometric (+) growth
when the entire population was considered. This
phenomenon is explained by Harlioglu (1999), who states:
"After reaching reproductive maturity, shell thickness in
crayfish varies according to species. Consequently, in
some crayfish species, the increase in weight due to shell
changes can exceed three times the increase in length. This
is also attributed to the increase in pincer weight
accompanying progressive shell changes in male
individuals. Therefore, negative allometric or isometric
growth typically occurs in female crayfish." This
observation regarding female crayfish is consistent with
the results of our study. To improve the accuracy and
precision of LWR parameters, it is crucial to collect
samples across different seasons. Growth in crayfish is
constrained by the shell, meaning that shell moulting is
necessary for growth to occur (Biiyiikgapar et al., 2006).
Moulting primarily occurs during the spring and summer
seasons (Cilbiz, 2021). Consequently, growth during these
seasons is significantly faster than in winter (Korkmaz et
al., 2023). In our study, distinct distribution patterns were
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observed for both sex groups in the spring and summer
seasons, separate from the main population cluster (Figure
2). This is believed to be due to individuals that had not
yet moulted, as the old shell is heavier than the new one,
resulting in individuals of varying weights within the same

size class. Furthermore, growth differences between
localities have been attributed to factors such as feeding
behaviour, foraging efficiency, and the availability and
quality of food resources (Bok et al., 2013).

Table 3. Summary LWR results of previously studied P. leptodactylus populations

Growth

Location Sex N TL-range (mm) b value r type Author

Demirkoprii Dam F 113 54.60-123.90 3.05 0.97 |

Lake (Tiirkiye) M 233 60.40-123.35 3.26 0.98 A+ (Balik et al., 2006)
F+M 346 54,60-123.90 3.16 0.97 A+

Manyas Lake F 387 28.65-141.1 2.83 0.99 A-

Lake (Tiirkiye) M 731 53.7-151.9 306 099 A+ (Berbezroagg Balik,
F+M 1118 28.65-151.9 2.88 0.98 A-

Mamasin Dam F 194 63.09-148.01 2.62 0.74 A (Biiyiikgapar et al.,

Lake (Tiirkiye) M 356 66.37-145.06 2.72 0.70 A 2006)

Keban Dam F 2412 67-135 271 0.86 A-

Lake (Tiirkiyc) M 2062 65-144 310 08 A+ (Y"ikselz"z‘)”l‘;)D“ma”'
F+M 5374 65-144 2.95 0.83 —

Cildir Lake F 55 96-142 2.80 0.94 |

(Tiirkiye) M 46 95-139 3.44 0.91 A+
F+M 101 95-142 3.14 0.90 |

Hirfanli Dam F 79 94-140 2.78 0.88 |

Lake (Tiirkiye) M 86 91-150 3.21 0.93 A+ (Bok et al., 2013)
F+M 165 91-150 3.03 0.81 |

Porsuk Dam F 87 81-124 2.42 074 A-

Lake (Tiirkiye) M 99 92-126 3.38 0.83 A+
F+M 186 81-126 3.04 0.70 |

Uluabat Lake F 270 95-153 2.78 0.97 -

(Tiirkiye) M 270 97-145 2.95 0.96 - (Benzerzgqg)Benzer'
F+M 540 95-153 2.85 0.96 -

Sapanca Lake F 146 68.81-132.13 3.29 0.95 A+

(Tiirkiye) M 118 63.70-133.43 3.02 0.96 | (Baltaci et al., 2023)
F+M 264 63.70-133.43 3.12 0.95 A+

Egirdir Lake F 2295 43.48-146.22 2.96 0.95 | Current study

(Tiirkiye) M 1738 35.12-155.11 3.26 0.97 A+
F+M 4033 35.12-155.11 3.15 0.95 A+

F: Female, M: Male, I: Isometric, A (+): positive allometric, A (-): negative allometric

Conclusion

Seasonal and sex-dependent differences in the total
length and weight values of Egirdir Lake the crayfish
population were reflected in the modelled LWR values,
resulting in distinct growth characteristics. In this context,

it was determined that individual sampling could lead to
misleading evaluations in scientific studies on the species
based on LWR. Therefore, conducting sampling at least
seasonally, to cover an entire year, would provide a more
accurate approach. Developing an internationally
recognized standard for biological sampling of crayfish
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would be highly beneficial in ensuring methodological
consistency.
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Keywords: Abstract: This study reports the flat needlefish Ablennes hians on the coasts of Tiirkiye for only the second time.

. mtDNA COI gene region was used for molecular identification of the species. On 21 December 2024, fishermen caught
B‘:g,r\‘l'gaém the specimens used in the study at a depth of 24 m in Iskenderun Bay. The COI sequences obtained in this study
m
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matched A. hians reference sequences with 100% identity in BLAST searches of the BOLD and NCBI databases.
Genetic distance results indicate that the Turkish population is extremely close to the Israel population (0.0085) this
Mediterranean group is genetically distinct from the closest Red Sea (Egypt) population (0.0563) and other Indo-
Pacific populations. This verified that A. hians may have entered the Mediterranean via the Red Sea. On the other hand,
more specimens from the Mediterranean, Red Sea and Atlantic Ocean should be studied to determine the true route of
the species.

Tiirkiye'nin Dogu Akdeniz Kiyilarindaki Iskenderun Kérfezi'nde Bulunan Diiz igne
Balig1 (Belonidae), Ablennes hians (Valenciennes, 1846) Tiiriiniin Yeni Kayit ve DNA
Barkodlamasi

Oz: Bu cahisma Tiirkiye kiyilarinda ikinci kez diiz igne bahigi Ablennes hians'm varligmi bildirmektedir. Tiiriin
molekiiler tanimlanmast igin mtDNA COI gen bolgesi kullanilmistir. Caligmada kullanilan 6rnekler, 21 Aralik 2024
tarihinde Iskenderun Korfezi'nde 24 m derinlikte balikcilar tarafindan yakalanmistir. Bu ¢alismada elde edilen COI
dizileri, BOLD ve NCBI veritabanlarinda yapilan BLAST aramalarinda A. hians referans dizileriyle %100 6zdeslik
gostermistir. Genetik uzaklik sonugclari, Tiirkiye populasyonunun Israil popiilasyonuna (0,0085) son derece yakin
oldugunu, bu Akdeniz grubunun, en yakin Kizildeniz (Misir) populasyonundan (0,0563) ve diger Hint-Pasifik
populasyonlarindan genetik olarak ayristigini gostermektedir. Bu durum, A. hians'm Kizildeniz'den Akdeniz'e girmis
olabilecegini dogrulamaktadir. Ancak, tiiriin ger¢ek rotasimni belirlemek igin Akdeniz, Kizildeniz ve Atlantik
Okyanusu'ndan daha fazla 6rnegin incelenmesi gerekmektedir.

Introduction

The two most important factors affecting the entry of
alien species into the Mediterranean Sea are the opening of
the Suez Canal and global warming (Turan et al., 2016;
Langeneck et al., 2023; Deidun et al., 2024; Dogdu and
Turan 2024; Sliskovic et al., 2024; Zenetos et al., 2024;
Golani 2025). The combination of these two factors has
led to the introduction of more than 100 exotic fish species
into the Mediterranean to date (Galil et al., 2018; Turan et
al., 2018; Azzurro and D'Amen 2022; Mutlu et al., 2023;
Yaglioglu et al., 2023; Turan et al., 2024a; Khalil et al.,
2025).

The family Belonidae, distributed across tropical and
temperate seas worldwide, comprises 10 genera and 48

*Corresponding author: servet.dogdu@iste.edu.tr

valid species (Fricke et al., 2025). This family is
represented in Turkish waters by four species under three
genera: Belone belone (Linnaeus, 1760), Belone
svetovidovi Collette and Parin, 1970, Tylosurus imperialis
(Lacepede, 1803), and Ablennes hians (Valenciennes,
1846) (Karatas et al., 2021; Turan et al., 2023; Irmak and
Ozden 2023; Turan et al., 2025).

Ablennes hians, commonly known as the flat
needlefish, inhabits a broad range of tropical and
temperate marine environments across Red Sea, Indian,
Pacific and the Atlantic Oceans (Froese and Pauly 2025).
The species was first reported in the Mediterranean Sea
from the Israel coast (Golani 2019), and subsequently from

How to cite this article: Dogdu, S.A., Uygur, N., Turan, C., Turan, F. & Uyan, A. (2025). New record and DNA barcoding of the Flat Needlefish (Belonidae), Ablennes hians (Valenciennes, 1846) from
Iskenderun Bay, Eastern Mediterranean, Tiirkiye. COMU J. Mar. Sci. Fish, 8 (2): 148-159. doi: 10.46384/jmsf.1719113



New Record and DNA Barcoding of the Flat Needlefish (Belonidae), Ablennes hians (Valenciennes, 1846) from Iskenderun Bay,
Eastern Mediterranean, Tiirkiye

Syria (Alshawy et al., 2019), Lebanon (Crocetta et al.,
2021), Malta (Deidun et al., 2021) and Tiirkiye (Irmak and
Ozden 2023). According to Irmak and Ozden (2023) the
specimen of A. hians recorded from Malta has been
reported to be a misidentified specimen of Tylosurus acus.

DNA barcoding is an increasingly utilized tool for
taxonomic identification of fish species (Landi et al.,
2014), It is particularly useful for identifying cryptic
species that cannot be identified morphologically (Ribeiro
et al.,, 2012; Karahan et al., 2017; Turan et al., 2024b).
Sequencing specific loci and comparing them against
established reference databases (NCBI, BOLD) enable
reliable species identification (Bariche et al., 2015; Turan
et al., 2017; Amir et al., 2022; Bemis et al., 2023).
Accurate identification of alien fish species is essential for
effective ecosystem monitoring, early detection, and
mitigation of potential ecological threats (Karan et al.,
2019; Turan et al., 2020; Ragkousis et al., 2023).

In this study, we analyzed mtDNA cytochrome c
oxidase subunit | (COI) gene sequences to document a
new occurrence of Ablennes hians in Iskenderun Bay. This
finding, representing the species’ second record from

34°27' 34°89'
L]

36o30'M N

3427 3459

Turkish marine waters, contributes to understanding its
growing occurrence in the Mediterranean and presents
ideas on its possible pathway of entry.

Material and Methods

On December 21, 2024, five individuals of Ablennes
hians were collected using gill nets at a depth of 24 meters
in Iskenderun Bay by local fishermen (36.290870 N,
35.782803 E) (Figure 1). The collected samples were
stored on crushed ice and safely transported to the
laboratory while maintaining the cold chain. Tissue
samples taken from the muscles were preserved in 95%
ethanol and kept at —20°C until they were processed.
Measurements were taken for each specimen’s total length
(0.1 mm) and body weight (+£0.01 g). All A. hians
individuals (Figure 2) were thoroughly inspected and
taxonomically  identified based on  diagnostic
characteristics described in previous studies and
identification keys, including those by Collette and Parin
(1970), Alshawy et al. (2019), Golani (2019) and Irmak
and Ozden (2023).

35°31"

353 36°2'

Figure 1. Sampling location (*) of Ablennes hians from Kale coasts in Iskenderun Bay, and its previous records in the

Mediterranean Sea (®: previous records).
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Figure 2. Ablennes hians (A: General view, B: Side view, C: Position of the dorsal and anal fin to the tail)

Mitochondrial DNA was isolated from muscle tissues
utilizing a slightly modified version of the traditional
phenol-chloroform extraction protocol. PCR amplification
of the extracted mtDNA was carried out using universal
primers targeting the COI gene, as described by Ward et
al. (2005):

Fish_F1:
5’-TCAACCAACCACAAAGACATTGGCAC-’3’
Fish_R1:
5’-ACTTCAGGGTGACCGAAGAATCAGAA-’3’

Each PCR reaction was prepared in a final volume of
50 pl, comprising 0.4 uM of both primers, 0.2 mM of
dNTP mix, 1 unit of Tag DNA polymerase, and reaction
buffer containing 20 mM Tris-HCI (pH 8.0), 1.5 mM
MgCl,, 15 mM KClI, along with 1.5 pl of template DNA.
Thermal cycling was performed with 35 repetitions of the
following steps: denaturation at 94 °C for 30 seconds,
annealing at 60 °C for 30 seconds, and extension at 75 °C

for 45 seconds, concluding with a final elongation step at
75 °C for 7 minutes. Amplification success was confirmed
by running the PCR products on a 1.5% agarose gel.
Sequencing of PCR products was performed via the
Sanger sequencing technique (Sanger et al., 1977),
utilizing a BigDye Terminator v3.1 kit on an ABI 3130 XL
automated sequencer. The resulting DNA sequences were
aligned and edited using the BioEdit software package
(Hall et al., 2011). Analysis of nucleotide variation and
genetic diversity was conducted, and phylogenetic trees
were generated using MEGA 12 (Kumar et al., 2024).
Pairwise genetic distances were calculated under the
Kimura 2-Parameter (K2P) model (Kimura, 1980). The
obtained sequences were compared against Ablennes hians
and other Belonidae entries available in the GenBank and
BOLD repositories (Table 1).

The sequences used in the study were registered in the
NCBI database with accession numbers PV124771.1-
PV124775.1.
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Table 1. Sequence data from databases belonging to Belonidae species used in the study

Accession

Species NUmbers Database Country References
Ablennes hians PP422398.1 Genbank Philippines Unpublished
A. hians 0OP247590.1 Genbank China Unpublished
A. hians MN511846.1 Genbank Pakistan Amir et al (2022)
A. hians GU674072.1 Genbank Indonesia Unpublished
A. hians MT323766.1 Genbank USA Unpublished
A. hians MN380039.1 Genbank Egypt Unpublished
A. hians ABLENO001-20 BOLD System  Israel Tadmor-Levi et al (2020)
A. hians OR528792.1 Genbank India
A. hians OR528791.1 Genbank India
A. hians OR528790.1 Genbank India Toji et al., (2024)
A. hians OR528789.1 Genbank India
A. hians OR528788.1 Genbank India
A. hians MH377855.1 Genbank India Unpublished
A. hians MH377856.1 Genbank India Unpublished
A. hians MH377854.1 Genbank India Unpublished
A. hians MK340571.1 Genbank Bangladesh .

. Habib et al., (2023)
A. hians MK340570.1 Genbank Bangladesh
A. hians MH235604.1 Genbank Myanmar Segura-Garcia and Yain Tun
A. hians MH235603.1 Genbank Myanmar (2018)
A. hians KU943251.1 Genbank Taiwan
A. hians KU893033.1 Genbank Taiwan Chang et al., (2017)
A. hians KU892799.1 Genbank Taiwan
A. hians JF952660.1 Genbank Japan

i Zhang and Hanner (2011)
A. hians JF952659.1 Genbank Japan
A. hians JF492762.1 Genbank South Africa
A. hians JF492761.1 Genbank South Africa
A. hians JF492760.1 Genbank South Africa Steinke et al., (2011)
A. hians JF492759.1 Genbank South Africa
A. hians JF492758.1 Genbank South Africa
A. hians HQ149783.1 Genbank Iran Asgharian et al., (2011)
A. hians MK777127.1 Genbank Vietnam
A. hians MK777126.1 Genbank Vietham Thu et al., (2019)
A. hians MK777125.1 Genbank Vietham
A. hians GBAAWT70063-24 BOLD System Philippines Unpublished
Hemiramphus far FOAE044-06 BOLD System Unpublished

Results

The majority of alien fish species in the Mediterranean
Sea are known to originate from the Red Sea, entering via
the Suez Canal (Golani et al., 2021; Azzurro and D’ Amen,
2022; Turan and Dogdu 2022; Golani 2025). Here, we
confirm the second record of Ablennes hians from Turkish

waters through morphological and molecular identification
using the mitochondrial COI gene region.

The five Ablennes hians specimens from Iskenderun
Bay measured 55.8-60.1 cm in total length. Detailed
morphometric and meristic data (e.g. standard length, head
length, fin-ray counts) are given in Table 2.

151



Dogdu et al, COMU J Mar Sci Fish, 8(2): 148-159 (2025)

Morphologically, the species exhibits a slender, laterally
compressed body with elongated jaws bearing small, sharp
teeth; a blue-green dorsum fading to light blue flanks and a
bright grey ventrum; transparent pelvic fins; and darker
dorsal and anal fins with long black rays (Figure 2A).

Thirteen dark vertical bars occur along the flanks, though
these are often faint in photographs owing to light
reflection (Figure 2B-C). Our measurements closely
match those of Irmak and Ozden (2023), Alshawy et al.,
(2019), and Froese and Pauly (2025).

Table 2. Meristic characteristics of A. hians caught from Iskenderun Bay, with mean values and standard deviations

(+)from previous records

i = Irmak and  Froese and
- This Study (n=5) Q:Shévgilg(;t Ooden Patly
Measurements (cm) Mean % TL .&n: 2) (20_23) (20_25)
(n=1) (n=1)
Total length 58+1.5 100 50.0-55.3 72.7 53
Standard length 514+£1.3 88.6 44.5-50.2 - 48.1
Body depth 33+0.1 5.7 34 - 3.2
Head length 13.7£04 23.6 14.5-15.0 19 13.2
Eye diameter 1.4£0.1 2.4 15 19 0.9
Interorbital distance 1.5+0.1 - - 2.39 -
Jaw length 93+0.2 16 9.6-10.4 - -
Dorsal Fin length 9.7+0.3 16.7 9.0-94 - -
Pectoral fin length 4.5+0.1 7.8 3.4-35 52 -
Pelvic fin length 4.0+0.1 6.9 2.7-3.0 - -
Anal fin length 9.9+0.3 17.1 9.3-9.8 - -
Caudal fin length 6.5+0.3 11.2 5.4-6.0 - -
Pre-dorsal 402+ 1.1 69.3 - 50.9 37.2
Post-dorsal 499+1.3 86 - - -
Pre-anal 384+1.0 66.1 - 50 36.6
Post-anal 484+1.3 83.4 - -
Pre-pectoral 154+04 26.6 - - 14.5
Pre-pelvic 29.7+0.8 51.2 - 38.9 28.8
Weight (g) gt : : i
Counts
Dorsal fin rays 24-26 25 24 23-26
Anal fin rays 26 27 26 24-28
Pectoral fin rays 15 14 13 -
Ventral fin rays 6 6 - 6

The COI gene regions from five Ablennes hians specimens
yielded sequences 645 base pairs in length, which have
been submitted to GenBank accession numbers
PV124771.1-PV124775.1. There were observed 68
variable sites, 577 conservative sites, 44 parsimony-
informative sites and 24 singleton sites over 645 bp DNA
barcode of five A. hians samples. By comparing the five A.
hians barcodes obtained from our study with sequences
obtained from databases, a total of 21 haplotypes were
identified in 39 sequences, and although common

haplotypes were identified between some populations, no
common haplotype shared by all populations was
identified. Haplotype diversity among these sequences was
found to be 0.9069. Minimum spanning tree (MST)
analysis indicated considerable genetic variation among
the examined populations (Figure 3). At the species level,
the obtained A. hians sequences were confirmed with
100% reliability by blast results from the Bold System and
NCBI database.
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Figure 3. The minimum spanning network based on COI haplotypes of Ablennes hians, showing mutational relationships

between haplotypes

Pairwise genetic distances among populations were
calculated using the K2P model (Kimura, 1980), which is
widely applied in DNA barcoding studies (Hebert et al.,
2003; Collins et al., 2012). The obtained values are given
in Table 3, showing the closest relationship between the
Turkish and Israel specimens. Pairwise genetic distances
revealed that the Turkish Ablennes hians samples were
most closely related to the Israel samples (0.0085),
suggesting a recent colonization event possibly via
Lessepsian migration. In contrast, substantial genetic
divergence was observed between Turkish and
South/Southeast Asian samples (Tiirkiye—Bangladesh:
0.0888), indicating distinct phylogeographic lineages.
These genetic distance models are consistent with the
observed haplotype distribution (close relatives share the
same haplotypes, while distant relatives have different
haplotypes).

The COI gene sequences obtained in this study were
subjected to maximum likelihood (ML) phylogenetic
analysis together with reference sequences obtained from
NCBI and BOLD (Figure 4). The evolutionary
relationships were illustrated using a consensus tree
generated from 1000 bootstrap replicates, following the
method of Felsenstein (1985). In Figure 4, low genetic
variation was observed among the individuals sampled in
our study. All five Turkish samples of Ablennes hians
barcodes form a strongly supported monophyletic clade
together with the single Israel sample. Pairwise COI
distances between the Turkish and Israel samples are
exceptionally low (0.0085), whereas distances to the
nearest Red Sea—Egypt population are substantially higher
(0.0563). Within the Turkish samples, divergence is low,
indicating that these five specimens share a very recent
common ancestor.
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Table 3. Pairwise genetic distances between populations (Populations: Tiirkiye (1), Philippines (2), China (3), Pakistan (4), Indonesia (5), USA (6), Egypt (7), Israel (8), India
(9), Bangladesh (10), Myanmar (11), Taiwan (12), Japan (13), South Africa (14), Iran (15), Vietnam (16))

Pop. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 0.0339

3 0.0790  0.0372

4 0.0435 0.0035 0.0616

5 0.0563 0.0032 0.0596  0.0396

6 0.0600 0.0068 0.0634 0.0432  0.0033

7 0.0563 0.0032 0.0596 0.0396 0.0000 0.0033

8 0.0085 0.0336 0.0768 0.0487 0.0505 0.0542  0.0505

9 0.0514 0.0000 0.0533 0.0350 0.0000 0.0032 0.0000 0.0470

10 0.0888 00447 0.0084 00710 0.0690 0.0728 0.0690 0.0865  0.0625

11 0.0619 0.0026 0.0653 00451 0.0050 0.0084 0.0050 0.0561 0.0042  0.0710

12 0.0831 00399 00112 00731 0.0648 0.0686 0.0648 0.0809 0.0580 0.0129  0.0592

13 0.0619 00034 0.0652 00450 0.0050 0.0084 0.0050 0.0560 0.0044 0.0709 0.0000  0.0591

14 0.0619 00035 0.0653 00450 0.0050 0.0084 0.0050 00560 0.0045 0.0710 0.0000 0.0592  0.0000

15 0.0789 0.0334 0.0450 00615 0.0558 0.0595 0.0558 0.0767 0.0492 0.0505 0.0504 0.0463 0.0503  0.0504

16 0.0533 0.0005 0.0518 00317 00113 00148 00113 00574 0.0087 00562 0.0073 00544 0.0073 0.0073  0.0406
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Figure 4. Phylogenetic tree generated using the Maximum-Likelihood (ML) approach based on COI region. Hemiramphus
far was used as an outgroup in this analysis. Branches supported by bootstrap values below 50% (from 1000
replicates) were collapsed for clarity. The numbers on the branches represent the bootstrap value.

155



Dogdu et al, COMU J Mar Sci Fish, 8(2): 148-159 (2025)

Discussion

Ablennes hians was first recorded in the Eastern
Mediterranean by Golani (2019). Later, it was reported
only from the Eastern Mediterranean (Alshawy et al.,
2019; Irmak and Ozden 2023). Tadmor-Levi et al., (2020)
hypothesised that the entry route of A. hians into the
Mediterranean may be the Strait of Gibraltar. The Israel
sample (ABLENO001-20) and our sequences group in a
single, fully supported clade. This perfect bootstrap
support confirms that A. hians in Tirkiye and Israel derive
from a single colonization event most likely a recent
Lessepsian migration through the Suez Canal. Also,
pairwise COIl distances between the Turkish and Israel
samples are exceptionally low (0.0085), whereas distances
to the nearest Red Sea—Egypt population are substantially
higher (0.0563). Within the Turkish clade itself,
divergence is minimal, indicating that these five specimens
share a very recent common ancestor. This finding
supports the possibility that A. hians may have entered the
Mediterranean Sea from the Red Sea (Golani, 2019; Irmak
and Ozden 2023). However, more specimens from the
Mediterranean, Red Sea and Atlantic Ocean should be
studied to determine the true route of the species.

Conclusion

This study provides genetic confirmation on the
presence of Ablennes hians in Turkish marine waters,
marking the second verified record from Tiirkiye and the
fifth from the Mediterranean Sea. The findings highlight
the rapid spread of this species since its initial detection in
the region in 2019. The close genetic similarity between
Turkish and Israel populations and their proximity to Indo-
Pacific Ocean/Red Sea specimens support the Lessepsian
migration hypothesis via the Suez Canal. Further sampling
and research in the Mediterranean Sea, Red Sea, and
Atlantic regions are needed to fully elucidate the route and
population dynamics of A. hians.
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Abstract: In this study has been aimed to determine the trends in seafood consumption among consumers living in
Kocaeli province. Within the scope of the research, a face-to-face survey was made with 384 people. The form
prepared for the questionnaire includes closed-ended questions towards demographic variables and seafood
consumption. The questionnaire form also included open-ended questions to explore people's attitudes towards seafood
consumption in further information. There have been two main hypotheses in this study. In the first of these
hypotheses, it has been tested whether or not there were significant relationships between demographic variables and
protein consumption; in the second, it has been tested whether or not there were significant relationships between
demographic variables and seafood consumption habits. The relationship between gender and protein source preference
was determined to be a positive relationship one. When the women compared with the men; it has been determined that
women prefer fish and seafood as sources of animal protein more than men. It has been determined that young people
are less aware of the importance of fish consumption for health wise compared to middle-aged and elderly people. Of
those who participated in the questionnaire, 201 people (52.30%) stated that they know that healthy nutrition could also
be met from other seafood products, too. 147 people (38.30%) from the consumers said that there are other seafood
products, which are consumed by them, apart from fish, too and 102 people (26.60%) stated that they consume
mussels. 196 people (51.00%) of the participants responded that the reason for choosing seafood is "taste”. 109 people
(28.40%) of the consumers have been stated that among the most reason for not consuming seafood apart from the fish
is "prejudices about their taste". 120 people (31.30%) stated that if they had the opportunity to consume, they would be
prefer to consume “lobster”. 188 people (49.00%) of the consumers living in Kocaeli province, stated that they prefer
to buy seafood from "fishermen". 238 people participated in the questionnaire said that they know the importance of
aquaculture trade for the country's economy. 262 consumers said they are aware of the risks of consuming mussels. The
most widely known risk was determined to be “toxic elements”. By the end of the questionnaire, an open-ended
question was asked regarding increasing seafood consumption. 185 participants answered this question openly in all.
Among the answers given to the question, the first important effect has been price, followed by advertising, promotion,
information and awareness raising.

Su Uriinlerine Yénelik Tiiketici Tutum Arastirmasi: Kocaeli Ornegi

Oz: Bu cahismada Kocaeli ilinde yasayan tiiketicilerin, su tiriinleri tiiketimine olan egilimlerinin belirlenmesi
hedeflenmistir. Arastirma kapsaminda 384 kisi ile yliz yiize anket caligmasi yapilmigtir. Anket uygulamasi i¢in
hazirlanan formda; demografik degiskenler ve su {iriinleri tiiketimine yonelik, kapali uglu sorular bulunmaktadir. Anket
formunda kisilerin su iriinleri tilketimine yonelik tutumlarimi, daha detayli kesfetmek i¢in agik uglu sorular da yer
almaktadir. Caligmanin iki temel hipotezi bulunmaktadir. Bu hipotezlerden birincisinde, demografik degiskenler ile
protein tiiketimi arasinda; digerinde demografik degiskenler ile su iriinleri tiiketim aligkanliklari arasinda anlamh
iligkiler olup olmadig test edilmistir. Cinsiyet ile protein kaynagi tercihi arasindaki iliskinin; pozitif bir iligki oldugu
belirlenmistir. Kadinlarin erkeklere kiyasla; hayvansal protein kaynagi olarak balik ve su iiriinlerini, daha fazla tercih
ettikleri tespit edilmistir. Balik tiiketiminin saglik agisindan 6nemini; genglerin, orta yas ve yasllara kiyasla daha az
bildikleri belirlenmistir. Ankete katilanlardan 201 (%52,30) kisi; saglikli beslenmenin, diger su iiriinlerinden de
karsilanabilecegini bildiklerini belirtmistir. Tiiketicilerden 147 (%38,30) kisi, balik diginda tiikettikleri baska su tiriinii
oldugunu séylemis ve 102 kisi (%26,60) midye tiikettigini belirtmistir. Katilimcilardan 196 (%51,00) kisi su tiriinlerini
tercih etme nedenine “lezzeti” olarak yamit vermistir. Tiiketicilerden 109 (%28,40) kisi; balik disinda diger su
tiriinlerini tiikketmeme nedenleri arasinda, en fazla “lezzeti hakkindaki onyargilar” oldugunu belirtmistir. Tiketim
firsatlar1 olsaydi, 120 (%31,30) kisi “istakoz” tiiketmeyi tercih edeceklerini belirtmistir. Kocaeli ilinde yasayan
tiiketicilerden 188 (%49,00) kisi su iirtinlerini “balik¢idan” almay1 tercih ettigini belirtmistir. Ankete katilanlardan 238
kisi; su iriinleri ticaretinin, iilke ekonomisi i¢in 6nemini bildiklerini sOylemistir. Tiketicilerden 262 kisi, midye
tilketimindeki riskleri bildiklerini sdylemistir. En fazla bilinen riskin, “toksik elementler” oldugu belirlenmistir. Anket
formunun sonunda su iriinleri tiiketiminin arttirilmasma yonelik agik uglu soruya, toplamda 185 katilimcir yanit
vermistir. Yanitlar arasinda sirasiyla; en fazla fiyat etkisi, sonra reklam, tanitim, bilgilendirme ve bilinglendirme etkisi
bulunmaktadir.
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Giris

Insanoglunun temel gereksinimlerinin en basinda
beslenme yer almaktadir (Yalgin vd., 2016). Saglikh
bireyler giiclii topluluklari olusturacagi icin, gelismis
ilkeler programlarinda halk sagligi ve bilingli tiiketici
egitimine yer verirler.

Diinya’da su iriinleri i¢in degisen tiiketici tutumlarina
yonelik, ¢ok sayida calismalar yapilmaktadir. Pek g¢ok
etkenden soz edilen bulgulara gore, daha fazla calismaya
gereksinim vardir (Conte vd., 2014). Arkeolojik bulgu ve
kaynaklar; balik ve diger su iiriinlerinin en eski besin
kaynaklar1 arasinda oldugunu kanitlamaktadir.
Iskandinavya'nin kiy1 kesimlerinde yasayan insanlarin,
5000 yildan once ¢ift kabuklu yumusakca tiikettiklerini
gosteren belgeler vardir. Romalilar ve Yunanlar ¢ift
kabuklu yetistiriciligine baglamadan 6nce; 1800°Lii yillarda
Cin'de yapay istiridye yataklarin oldugu bildirilmektedir.
Cinliler o donemlerde istiridyelerini; ¢ig degil, kurutulmus
olarak tiikketmeyi tercih etmislerdir. Cift kabuklu
yumusak¢a begenisine en fazla Romalilarda dikkat
¢ekilmigtir (Martin ve Hall, 2006).

Giliniimiizde tiiketici tercihleri, ge¢mise gore daha
karmagiktir (Conte vd., 2014). Beslenme sadece acligi
gidermek i¢in yapilmamaktadir. Fizyolojik gereksinimi
karsilamaya yonelik olmakla birlikte; kisinin sagligini
koruyan, hastaliklar1 onleyen ve yasam kalitesini artiran
bir etki haline gelmistir (Hinislioglu vd., 2024). Su
tirlinleri, her zaman insan beslenmesinin 6énemli bir parcasi
olmustur ve saglikli gida olarak kabul edilmistir
(Kaimakoudi vd., 2013). Su f{iriinleri tiikketiminin insan
saglhigina faydalari, oOzelikle organlar ve fizyolojik
fonksiyonlar i¢in 6ne ¢ikmaktadir (McManus ve Hunt,
2011). Beslenme aligkanliklarint inceleyen ¢aligmalar
degerlendirildiginde, su firiinleri tiiketiminin saglia olan
faydalarin1 ortaya koymaktadir (Berik ve Hatemi, 2008;
Hosomi vd., 2012). Tirkiye’de 2010 yilindan itibaren
iniversitelerin ilgili boliimlerinden goriis alinarak; Saglik
Bakanligi’nin yayinladig1 “Tiirkiye saglikli yemek tabag:”
ve “Tirkiye fiziksel aktivite ve beslenme piramidi”
tiiketiciye yol gosteren bir kilavuz niteligindedir (Anonim,
2022). Su iriinleri karasal organizmalarda bulunmayan
bazi islevsel bilesenler igermektedirler. Bu bilesenlerden,
eikosapentaenoik asit ve dokosaheksaenoik asit gibi ¢oklu
doymamis yag asitleri ¢ok onemlidir (Berik ve Hatemi,
2008; Ngstbakken vd., 2021). Suda ¢oziinen C ve B
vitaminleri karasal hayvan etleriyle kiyaslandiginda benzer
oranlardir. Su driinleri yagda eriyen A, D, E ve K
vitaminleri acisindan zengindirler (Cengiz ve Ozogul,
2019). Su friinleri, igerdikleri mineraller bakimindan da
¢ok oOnemlidirler. Tiroit hormonunun aktivitesi iizerinde
esansiyel olan selenyum ve iyot 6rnek olarak verilmektedir
(Kocatepe vd., 2021). Su iriinleri tiikketiminin saglik icin
faydalari; kilo kontrolii, zihinsel gelisim, olast kalb damar
hastaliklari, ruh ve sinir sistemi, bagisiklik sistemi, goz
sagligi, deri sagligr vb. koruyucu etkisi oldugu kabul
edilmektedir (Berik ve Hatemi, 2008; Marques vd., 2021;
Erdogus, 2020, Umiit vd., 2022, Dursun ve Giimiis, 2023)

Baliklardan sonra en ¢ok tiiketilen denizel canlilar; ¢ift
kabuklu yumusakgea tiirleridir. Cift kabuklu yumusakgalar;
hem lezzetli olmalart hem de besin degerlerinin yiiksek
olmasi sebebiyle tercih edilmektedirler (Serdar vd., 2021).
Icerdikleri esansiyel aminoasitler, yetiskin bireyler igin
gerekli olan miktar1 dengeli olarak kargilamaktadir
(Anonim, 2019). Cift kabuklularin yag igerikleri diisiik (%
3) olmasina karsin; 6zellikle omega-3 doymamig yag asit
icerigi, doymus yag asitlerinden fazladir (Yiinli, 2021).

Beslenme ve gelisim acisindan su iirtinlerini titketmek
icin pek ¢ok gerekce vardir. Bu nedenle su iirlinlerinin
stirdiiriilebilirligini dikkate almak elzemdir (Troell vd.,
2019). Diinya’da avcilik yoluyla elde edilen su iirlinleri
tiretiminin ivmesi pek degismezken; yetistiricilik yoluyla
elde edilen su {iiriinleri iretimi yillar igerisinde artarak
devam etmektedir (Coteli, 2024). Bunun sebeplerini, giin
gectikge gastronomik olarak su firlinleri tiikketimine olan
ilginin artmasi1 ve biyolojik agidan nitelikli besin igerigine
sahip gidalara olan gereksinim olusturmaktadir. Saglik
acisindan kaliteli proteine olan ihtiya¢ ve ekonomik olarak
bireylerin ucuz proteine ulasma istekleri, balik¢ilik
sektoriine olan ilgiyi arttirmaktadir. Bu durum hem
hammadde temininin artmasina hem de son {irliniin farkl
sekillerde sunulmasma sebep olmaktadir. Sadece balik
aveiligi ve yetistiriciligi ile kapatilamayacak olan bu arz-
talep dengesi, diger deniz {irlinlerinin de iretilmesiyle
saglanabilecektir. Tirkiye’de 2023 yilinda toplam su
driinleri  dretiminin ~ %6°s1  diger su iriinlerinden
karsilanmistir ve bu oran sayisal olarak 31629 tona denk
gelmektedir. Diger su iiriinleri tiirleri olarak aveiligi en ¢ok
yapilan tirler; kum midyesi (akivades ve beyaz kum
midyesi), deniz salyangozu, karidesler, midye ve
miirekkep baligidir (Anonim, 2025).

Tiirkiye’de kisi basina diisen su firlinleri tiiketimi,
Diinya ortalamas1 ile karsilastirildiginda ¢ok diisiik
kalmaktadir. Buna neden olan unsurlar; tiketim
aligkanligi, tiiketicilerin alim giicti eksikligi ve yasanan
bolge kosullari bulunmaktadir. Kiiresel olarak kisi basina
disen yillik su dirinleri tiiketimi 1961'de 9,1 kg'dan
2022'de tahmini 20,7 kg'a yilikselmistir. Tirkiye’de kisi
bast tiiketim 2023 yilinda 7,20 kg olarak bildirilmis olup;
Avrupa Birligi iilkelerinde yaklasik 24-25 kg ve Diinya
genelinde ise 22 kg’dir (Coteli, 2024; FAO, 2024).

Prof. Dr. Nermin Berik danigmanliginda Merve Kaplan
tarafindan  yiriitilen  “Tirkiye’de  Cift  Kabuklu
Yumusak¢a Isleme Sektdriiniin Analizi” baslikli doktora
tez ¢alismasindan flretilen bu makalenin amaci, Kocaeli
ilinde yasayan tiiketicilerin su {riinleri tiilketimine olan
egilimlerinin belirlenmesidir. Diinya genelinde; Avrupa
Birligi basta olmak iizere bol miktarda tiiketilen ve besin
degeri yiiksek gida maddeleri olan su iirlinlerinin,

Tiirkiye’de az tiiketilme nedenlerinin il bazinda
belirlenmesi  amaglanmustir.  Elde  edilen  veriler
kapsaminda; hangi etkilerin su driinleri tiiketimini

etkiledigi, tiiketim tercihlerini belirledigi ve diger taraftan
cift kabuklu yumusakgalara bakis agisinin anlasilmasi gibi
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farkli sorularla tiketim belirlenmesi

hedeflenmektedir.

aligkanliginin

Materyal ve Yontem

Calismanin amaci, tiiketicilerin su riinlerine yonelik
tutumlarini belirlemektir. Caligmanin planlamasindaki bir
diger etken ise, su {iriinlerinde akla ilk gelen triiniiniin
balik olmasi ve diger su iiriinlerinin daha az tiiketildigi
kanisinin arastirilmasidir. Tiiketicilerden veri toplama igin
anket yontemi kullanilmistir. Caligma kapsaminda
uygulanan anket i¢in Canakkale Onsekiz Mart Universitesi
Rektorliigii Lisansiistic Egitim Enstitlisiit  Etik  Kurulu
tarafindan olusturulan 06/37 sayili ve 24.04.2024 tarihli
Etik Kurul Onay Belgesi bulunmaktadir. Tiiketici anketi;
kisisel bilgileri ve su frlinleri tiketim aliskanliklarini
belirlemeye yonelik sorulardan olugmaktadir. Anket
verilerinin degerlendirilmesi i¢cin SPSS 21 IBM ve MS
Excel programlarindan faydalanilmistir. Arastirmadaki
acik uglu sorular igin MS Excel programi kullanilmistir.
Kelime tekrari, kelime sikligi, en ¢ok yazilan kelime vb.
ozellikler yardimiyla ankete katilan kisilerin agik yanitlari

kategorize edilerek sunulmustur. Calisma niceliksel
aragtirma metodolojisine uygun olarak planlanmig ve
calismanin ana kiitlesi Kocaeli ilinde ikamet eden 20 yas
tizeri kadin ve erkek bireyler olarak belirlenmistir. Kocaeli
ilinin hem Marmara Denizi’ne hem de Karadeniz’e kiyilari
olmasmin yaninda, niifus yogunlugu da fazladir. Bu
sebeple, Kocaeli ili su triinleri tiiketiminin arastirilmasi
icin 1iyi bir Ornek olacagl Ongoriilerek secilmistir.
Calismada, kolayda Ornekleme yontemine gore Ornek
bireylerin secimi gerceklestirilmistir. Kolayda drnekleme
yontemi, rassal olmayan oOrnekleme yontemlerindendir.
Orneklemin ana kiitleyi temsil yetenegi igin 384 &rnek
bireye ulasilmas: planlanmigtir. Anket uygulamasi gecerli
olan bireylerle, anketleri yiliz ylize yapilarak analize dahil
edilmistir. Anket uygulamasi igin anket formunda
demografik degiskenler ve su iiriinleri tiiketimine yonelik
sorular i¢in kapali uglu sorulardan olusan bir form
hazirlanmigtir. Kisilerin su driinleri tiiketimine yonelik
tutumlarini, daha ayrintili kesfetmek i¢in agik uglu sorular
da anket formunda yer almaktadir.

H1

Demografik Degizkenler

Protein Tiiketim Aligkanlillan

Su Urinlesi Tiiketim Aligkanliklan

Sekil 1. Arastirma modeli (orijinal)

Aragtirma modeli, c¢aligmanin amacma uygun olarak
tasarlanmigtir. Buna gore, Sekil 1’de gosterildigi gibi
caligmanin iki temel hipotezi bulunmaktadir. Tiiketicilerin
su triinlerine yonelik tutumlarimin anlasilmasi agisindan
demografik degiskenler ile protein tiikketim ve su iirlinleri
tiketim aligkanliklart arasinda anlaml iliskiler olup
olmadigi test edilmistir. Demografik degiskenler icerisinde
“yas, cinsiyet, egitim durumu, gelir durumu ve meslek”
yer almaktadir. Protein tiiketim aligkanliklari igerisinde
“en 1yi protein kaynagi tercihi, hayvansal protein icerisinde
en iyi kaynak tercihi ve balik tliketiminin saglik agisindan
o6nemini bilme durumu” degiskenleri yer almaktadir. Su
iriinleri tiiketim aligkanliklar1 igerisinde “su {irlinleri
ticaretinin, ilke ekonomisi i¢in Oonemini bilme durumu,
satin alinan su Uriinlerinin mengeine dikkat etme durumu,
su {rlinlerini tiiketme yeri, su {rilinleri tiketim sikligi,
saglikli beslenmenin diger su {irlinlerinden de (balik harici)
karsilanabilecegini bilme durumu” degiskenleri yer
almaktadir.

Bulgular ve Tartisma

Tiiketicilere anket uygulamasi yapilarak; birincil
kaynaktan veriler elde edilmis ve analiz edilmistir. Anket
uygulamasi, 384 katilimciya erigilerek yiiz ylize olacak
sekilde tamamlanmuistir.

Oncelikle arastirma &rneklemine dahil olan 384
tiikketiciye ait demografik ozellikler incelenmistir. Tablo
1’de orneklemin demografik ozelliklerine iliskin frekans
ve ylizde bilgileri gosterilmistir. Katilimeilarin gogunlugu
(n=117; %30,50) 31-40 yas arahigindaki kisilerden
olusmaktadir. Diger yandan katilimcilar arasinda en az
sayida (n=3; %0,80) 81 yas ve ustii kisiler bulunmaktadir.
Katilimeilarin ¢ogunlugu (n=146; %38,00) lisans mezunu
kisilerden olugsmaktadir. Cogunlukla %56,00 (n=215)
kamu calisani kisiler ankete katilim gostermistir. Cinsiyet
acisindan  katilimcilarin  yaridan  fazlast  erkeklerden
olugmaktadir. Ankete katilanlarin g¢ogunlukla (%53,40)
47.001 TL (1.380 $) tizerinde gelire sahip oldugu
belirlenmistir.
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Tablo 1. Demografik 6zellikler

Dogan ve Goniilal (2014) tarafindan Gokgeada
flgesi'nde yaz kis ikamet eden farkli sosyo-ekonomik
yapiya sahip 452 kisiye anket calismast yapilmistir.
Yapilan c¢alisma sonuglarina goére, balik tiiketim
egilimlerinin yas, cinsiyet, meslek, gelir ve egitim
diizeylerine farklilik gosterdigi belirlenmistir. Cigek
tarafindan 2014 yilinda Mersin ilinin farkli semtlerinde
rastlantisal 6rnekleme yontemi ile belirlenen 594 kisiye su
iriinleri tiiketim egilimlerinin belirlenmesi amaciyla
yapilan anket caligmasinda, ankete katilan tiiketicilerden
287 kisinin kadin ve 307 kisinin erkek oldugu
belirlenmistir. Aydin ve Karadurmus tarafindan 2012
yilinda Ordu ilinde yasayan ve rastgele se¢ilme yontemiyle
belirlenmis 87 kisiye yapilan anket c¢alismasiyla
katilimeilarin su drinleri tiiketim aligkanliklar: ve sosyo-

Demografik degiskenler Alt degiskenler Frekans Yiizde (%)
Cinsiyet Kadin 156 40,60
Erkek 227 59,10
20-30 vyas aralig1 51 13,30
Yas 31-40 vyas aralify 117 30,50
41-50 vas aralig1 93 24,20
51-60 vas aralig1 74 19,30
61-70 vas aralig1 31 8,10
71-80 vyas aralig1 15 3,90
81 ve isti 3 0,80
Okur-vazar degil 1 0,30
Egitim Ilkokul 36 9,40
Ortaokul 23 6,00
Lise 72 18,80
On lisans 40 10,40
Lisans 146 38,00
Lisansiistii 66 17,20
Calismiyor 47 12,20
Meslek Ozel sektor 58 15,10
Kamu 215 56,00
Emekli 62 16,10
Diger 1 0,30
17.000 ve alt1 56 14,60
Gelir 17.001-27.000 55 14,30
27.001-37.000 24 6,30
37.001-47.000 40 10,40
47.001 ve st 205 53,40

ekonomik  durumlari  belirlenmisgtir. ~ Katilimcilarin

%72,4inilin erkek ve %26,6'sinin kadin oldugu ¢alismada,
ankete Kkatilanlarin yas araliginin 17 ila 63 oldugu
gorlilmistiir.  Egitim durumlarina bakildiginda ise %
55,2'sinin dniversite ve % 21,8'inin lise egitimi almig
oldugu belirtilmigtir. Katihimcilarin - meslek  gruplar
incelendiginde % 26,4 ile memur kesiminin en yiiksek
oram olusturdugu belirlenmistir. Cakir ve arkadaslari
tarafindan 2006 yilinda su friinleri isleyen ve satan
yerlerde c¢alisanlarin  sanitasyon konusunda  bilgi
diizeylerinin belirlenmesine ydnelik yapilan c¢alisma
kapsaminda; 89 personele yliz yiize anket uygulanmustir.
Ankete katilanlarin  sosyodemografik verileri tespit
edilmistir. Bu kapsamda, ankete katilanlarin %79,78’inin
erkek ve 9%20,22°sinin kadin oldugu belirlenmistir.
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Katilimcilarin %41,57’sinin liniversite mezunu,
%23,60’min lise ve %34,83’lniin ilkdgretim mezunu
oldugu saptanmigtir. Su driinleri tiiketici tutumlarina
yonelik yapilmigs olan onceki ¢aligmalarda demografik
ozellikler hakkinda elde edilen bulgular ile ¢alismamizin
bulgular1 benzerlik gostermektedir.

Demografik degiskenlerden sonra anket formunda,
tiketicilerin protein tiiketimlerine iligkin bazi sorular

sorulmugtur. Bu sorulara yonelik elde edilen bilgilere ait
Tablo 2’de frekans ve yiizde bilgileri gosterilmektedir.
Tablo 2’deki verilere gore; ankete katilanlar ¢ogunlukla
kirmizi et tercih etmektedir. Balik ve diger su iriinleri,
ikinci sirada hayvansal protein kaynagi olarak tercih
etmektedir. Kiimes hayvanlar1 ise, iiclincii sirada yer
almistir.

Tablo 2. Protein kaynagi ve tiiketim tercihleri

Degiskenler Alt degiskenler Frekans Yiizde (%)
. i Hayvansal protein 364 94,80
En iyi protein kaynagi — -
Bitkisel protein 20 5,20
Kirmizi et 268 69,80
En iyi kaynak Kiimes hayvanlari 39 10,20
Balik ve diger su {irlinleri 58 15,10
o . Bitkiler ve mantarlar 17 4,40
En iyi bitkisel protein —
Su bitkileri (yosun) 3 0,80

Adiyaman ilinde Olgunoglu ve arkadagslar tarafindan
2014 yilinda baliketi tiiketim aligkanliklarinin belirlenmesi
amactyla yapilan ¢alismada, en ¢ok tiiketilen et {irlinlerinin
strastyla tavuk eti (%56), kirmizi et (%38) ve baliketi (%5)
oldugu tespit edilmistir. Cicek tarafindan 2014 yapilan
calismada, kirmizi et ve beyaz et tiikketiminin {izerinde
cinsiyetin oldukca etkili oldugu tespit edilmistir. Aym
caligmada ankete verilen yamitlar1 incelediklerinde, tavuk
eti tiiketiminde kadinlarin, kirmizi et tiketiminde ise
erkeklerin yiiksek bir oranla tercih ettiklerini, baliketi
tiiketiminde ise her iki cinsiyet tercihlerinin hemen hemen

uygulanmistir. Katilimeilarin %53,1°1 kirmizi et tercih
ederken %35,8’1 beyaz et ve %11,1 oraninda da baliketini
tercih ettikleri  belirlenmistir. ~ Tiiketicilerin ~ protein
tiketimlerine yonelik caligmamiza ait arastirma bulgulari,
Adiyaman, Mersin ve Kayseri illerinde yapilan arastirma
bulgulari ile uyumludur.

Ankette bulunan bir diger soru, balik tiiketiminin neden
tercih edildigine yoneliktir. Bu soruya verilen yanitlar,
Tablo 3’te alt degiskenleriyle beraber gésterilmistir. Buna
gore, katilicimlar c¢ogunlukla balik tiiketiminin saglikli

benzer oldugu gozlemlemislerdir. Deniz ve Sari6zkan oldugunu dusu{lmekted.lr ve en fazla. kalb-damar
. e hastaliklarint1 ~ dnlemesi  bilgisine  sahip  olduklar
tarafindan 2020 yilinda Kayseri ilinde balik tiiketimi ve . .
o g . — belirlenmistir.
tercihlerinin  belirlenmesine yonelik yapilan c¢alisma
kapsaminda, 529 kisiyle yiiz ylize anket c¢alismasi
Tablo 3. Balik tiikketimine yonelik tutumlar
Degiskenler Alt degisken Frekans Yiizde (%)
Balik tiiketiminin saglikli olmasi Evet 348 90,60
Hayir 33 8,60
Balik tiiketiminin olumlu yonlerine | Kolay sindirilebilir olmasi 152 39,60
katihm* Bagisiklik sistemine olumlu etkisi 172 44,80
Kalb-damar hastaliklarini onlemesi 236 61,50
Ruh sagligina olumlu etkisi 62 16,10
Zihinsel faaliyetlere olumlu etkisi 158 41,10
G0z sagligina olumlu etkisi 135 35,20
Romatizmal hastaliklarin 6nlenmesi 37 9,60

*: Birden ¢ok segenek isaretlenmistir.
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Tung (2022) tarafindan Canakkale ilinde su iiriinleri
tilketim egilimlerinin incelenmesi amaciyla uygulanan
ankete katilan tiiketicilerin %25,3’0 “saglikli ve taze
oldugu i¢in” balik tiiketmeyi tercih ettikleri belirlenmistir.
Diger taraftan %23,9 oranla “lezzetli bulma”, %20,8
oranla “dengeli beslenme”, %18,4 oranla “tiketim
aliskanliklar1”, %11,7 oranla “ekonomik olmas1” sebepleri
ile tiikettikleri belirlenmistir. Balik tiiketiminin saglikli

oldugu kanisi ve tiketim amaglari ele alindiginda; iki
calisamaya ait arastirma bulgulari birbirleri ile uyumludur.

Su driinleri ticaretinin iilke ekonomisi i¢in Onemli
oldugunu séyleyen, 238 kisi olmustur. Satin aldiklar1 su
irlinlerinin mengei bilgisinin “ulusal” olmasma dikkat
ettiklerini sdyleyen 179 kisi bulunmaktadir. Katilimcilarin
cogunlugu (%52,60) ayda bir kez su {iriinii tiikettigini ve
evde su iirtinleri (%68,00) tiikettiklerini belirtmistir (Tablo
4).

Tablo 4. Su triinleri tiiketim aliskanliklar1

Degiskenler Alt degisken Frekans Yiizde (%)
Su iiriinleri ticaretinin, {ilke ekonomisi i¢in 6nemini bilmek Evet 238 62,00
Hayir 139 36,20
Satin alinan su triinlerinin mengeine dikkat etmek Ulusal 179 46,60
Digalim (ithal) 18 4,70
Su tirtinlerini tikketme yeri Evde 261 68,00
Lokantada 57 14,80
Diger 2 0,50
Su tiriinleri tiiketim siklig1 Haftada en az iki kere 29 7,60
Haftada bir 101 26,30
Ayda bir 202 52,60
Yilda bir 45 11,70
Saglikli  beslenmenin  diger su  iirlinlerinden  de Evet 201 52,30
karsilanabilecegini bilmek Hayir 183 47.70

Cengiz tarafindan 2017-2018 yillarinda Adana ve
Mersin illerini kapsayacak sekilde 1000 kisiyle yiiz yiize
yaptiklari anket calismasinda, katilimcilara su iriinlerini
alirken menseine dikkat etme durumlart sorulmustur.
Verilen yanitlar incelendiginde katilimcilarin
%64,89’unun ulusal tiirleri, %2,50’sinin ithal tiirleri ve
%32,61inin ise herhangi bir ozel tercihinin olmadig:
belirlenmistir. Adana ve Mersin illerini kapsayan aragtirma
bulgulari ile ¢alismamiza ait satin alinan su {irlinlerinin
mengeine dikkat edilmesi durumunu arasinda benzerlik
bulunmaktadir.

Bolat ve Telli tarafindan 2019 yilinda, Denizli ilinde
yasayan ve esit olasilikli basit rastgele 6rnekleme yontemi
ile secilmis 658 katilimciya yiiz yiize soru cevap seklinde
anket uygulamasi yapilmigtir. Katilimcilarin - %90’ 1nin
baligi evde, %6’simnin lokantada, %3’linlin ise piknikte
titkketmeyi tercih ettikleri saptanmistir. Manisa ilinde 2014
yili Haziran-Agustos aylar1 arasinda Manisa ili su tiriinleri
tiiketim ve tercihlerini belirlemeye yonelik 384 hanede
yapilan ¢aliymada kapsaminda, tiiketicilerin %80’inin ev
ortaminda, %12’sinin lokantada ve %8’inin ise piknik
ortaminda su Urlinleri tiiketmeyi tercih ettikleri
saptanmustir (Dereli vd., 2016). Su iriinleri tiketim yerine

ait calisgmamizdan elde edilen bulgular, Denizli ve Manisa
illerinde yapilan arastirma bulgulari ile rtiismektedir.

Tablo 5’te katilimcilarin demografik degiskenleri ile
protein kaynak tercihleri arasinda istatistiki olarak anlamli
bir iliski olup olmadig1 gosterilmektedir.

H1: Katilimeilarin demografik degiskenleri ile protein
tilketim aligkanliklar1 arasinda anlamli bir iligki vardir.
Ornegin; katilimcilarin cinsiyetleri ile en iyi protein
kaynagi algist arasinda (p=0,05: 0,116) anlamlilik
diizeyinde pozitif bir iligki tespit edilmistir. Katilimcilarin
cinsiyet ve hayvansal protein kaynak tercihleri arasinda
negatif iliski tespit edilmistir (p=0,05; -0,113). Yas ile
balik tliketiminin 6nemini bilme diizeyleri arasinda ise
pozitif bir iliski gorilmistir (p=0,01; 0,229). Ayrica
katilimcilarin demografik degiskenleri arasindan 6grenim
diizeyi (p=0,01; -0,321) ve gelir durumu (p=0,01; -0,331)
ile balik tiiketiminin 6nemini bilme diizeyi arasinda negatif
bir iliski goriilmiistiir.

Katilmcilarin =~ demografik  degiskenleri ile su
iiriinlerine yonelik tutum degiskenlerine yonelik iligkiler,
Tablo 6°da gosterilmistir. Pearson Korelasyon testi
sonuglarina gore bazi degiskenler arasinda istatistiki olarak
anlaml iligkiler oldugu tespit edilmistir.
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Tablo 5. Demografik degiskenler ile protein tiiketim aligkanlik degiskenleri arasi iligkiler

En iyi protein | Cevabimiz hayvansal | Bahk tiiketiminin
kaynag protein ise sizin icin | saghk acisindan
en iyi kaynak onemini bilme durumu
Cinsiyet Pearson korelasyonu- ,116* -,113* ,009
Anlamlilik (iki yonlii) ,023 ,031 ,865
N 383 364 380
Yas araligi Pearson korelasyonu- ,020 ,083 ,229%*
Anlamlilik (iki yonlii) ,690 112 ,000
N 384 365 381
Ogrenim Pearson korelasyonu- ,004 -,027 -,321**
durumu Anlamlilik (iki yonlii) ,941 ,605 ,000
N 384 365 381
Calisma sekli Pearson korelasyonu- ,063 -,044 -,025
Anlamlilik (iki y6nlii) ,219 ,402 ,624
N 384 365 381
Ortalama aylik Pearson korelasyonu ,053 -,008 -,331**
hane geliri | Anlamlilik (iki yonlii) 306 883 ,000
N 381 362 378

*0,05 diizeyinde 6nemli olan korelasyon katsayilari, **0,01 diizeyinde dnemli olan bu katsayilar.

H2: Katiimcilarin demografik degiskenleri ile su
driinleri tiiketim aligkanliklart arasinda anlamli bir iliski
vardir. Tablo 6’da goériilecegi iizere, bazi demografik
degiskenler ile su triinleri tiiketim aligkanliklari arasinda
anlamh iliskilere rastlanilmistir. Ornegin, katilimcilarin
demografik degiskenleri arasindan cinsiyet, yag, 6grenim
durumu ve gelir ile Su {iriinleri ticaretinin, iilke ekonomisi
icin Onemini bilme diizeyleri arasinda anlamli iligkiler
goriilmiistir. Katilimeilarin -~ demografik  degiskenleri
arasindan 6grenim durumu, ¢alisma sekli ve gelir ile Satin
alman su driinlerinin menseine dikkat etme diizeyleri
arasinda anlamli iligkiler gorilmiistir. Katilimcilarin
demografik degiskenleri arasindan yas, c¢alisma sekli,
o6grenim durumu ve gelir ile su dirinlerini tiiketme yeri
arasinda anlaml iligkiler gorilmiistiir. Katilimeilarin
demografik degiskenleri arasindan &grenim durumu ve
gelir ile su driinlerini tiiketim siklig1 arasinda anlaml
iligkiler ~ goriilmiigtir. ~ Katilimcilarin -~ demografik
degiskenleri arasindan yas, 6grenim durumu ve gelir ile
saglikli  beslenmenin  diger su {iriinlerinden de
karsilanabilecegini bilme diizeyleri arasinda anlamli
iligkiler gorilmistiir. Katilimeilarin demografik
degiskenleri arasindan ogrenim durumu ve gelir ile

tiikketilen baska su {iriinleri olmasi durumu arasinda anlamli
iliskiler goriillmiistiir.

Anket formunun son sorusunu, a¢ik uglu soru
olusturmustur. Bu soruya toplamda 185 katilimer agik
olarak yamit vermistir. Alinan yanitlar belirli anahtar
kelimelere gore basliklandirilmistir (Tablo 7).

Katilimeilara gore su iiriinleri tiirlerinin tiiketimlerinin
artirtlmasi i¢in, fiyat ile ilgili etkiler en fazla One
cikmaktadir. Tkinci sirada en 6nemli etkiler ise; reklam,
tanitim, bilgilendirme ve bilinglendirme seklindedir. Daha
sonra av yasaklari ve hukuki diizenlemeler gelmektedir.
Etkilerin dagilimlar1 igin Sekil 2’de yiizde oranlan
gosterilmektedir. Arslan ve lIzci (2016) tarafindan su
riinleri tiiketim aligkanliklarmin belirlenmesi amaciyla
2014 yili Eylil ayr ve 2015 yili Agustos ay1 arasinda
Antalya ilinde gerceklestirilen ¢alisma kapsaminda
uygulanan ankete verilen cevaplara gore, 1365 kisiden
olusan katilime1 sayisinin %72,82’lik bir oranin su {iriinleri
tiketiminde fiyatin 6nemli oldugu belirlenmistir. Su
tirtinleri tiiketiminin arttirilmasi yoniindeki diisiinceler ele
alindiginda; Antalya ilinde gergeklestirilen ¢alismaya ait
aragtirma bulgulari, calismamiza ait arastirma bulgular ile
benzerlik gostermektedir.
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Tablo 6. Demografik degiskenler ile su iriinlerine yonelik tutum degiskenlerine yonelik iliskiler

Cinsiyet YaSV Ogrenim Calisma | Ortalama ayhk
arahgi durumu sekli hane geliri

Su {irlinleri ticaretinin, iilke| Pearson korelasyonu | -,102* ,164** | - 353** -,062 -,348**
ekonomisi igin dnemini bilmek ' 1111 (ki yonlin) | 048 001 000 227 000
N 376 377 377 377 374
Anlamlilik (iki yonlii) | ,877 172 ,165 ,460 ,387
N 197 197 197 197 196

Satin alinan su riinlerinin| Pearson korelasyonu | -,008 ,088 -, 271** -,133** -,287**
menseine dikkat etmek Anlamlilik (iki yonlii)| 884 089 000 010 000
N 375 376 376 376 373

Su {irtinlerini titketme yeri Pearson korelasyonu | ,082 - 446%* | 423** -,105* ,436**
Anlamlilik (iki yonli) | ,112 ,000 ,000 ,041 ,000
N 376 377 377 377 374

Su {irtinleri tiiketim siklig1 Pearson korelasyonu | -,012 ,061 -,220** -,082 -, 248**
Anlamlilik (iki yonlii) | ,820 ,234 ,000 112 ,000
N 376 377 377 377 374
Anlamlilik (iki yonli) | ,270 ,852 ,949 ,086 ,605
N 374 375 375 375 372

Saglikli beslenmenin diger su| Pearson korelasyonu | ,001 ,168** | -393** -,080 -,364**
E?;ﬁiggﬁgcegim el del Anlamlilik (iki yonli)| 978 001 000 115 000
N 383 384 384 384 381

Tiketilen bagska su {rinleri Pearson korelasyonu | ,022 ,027 -,199** -,056 -,124*
olmast Anlamlilik (iki yonli)| ,676 ,603 ,000 278 ,016
N 377 378 378 378 375

*0,05 diizeyinde 6nemli olan korelasyon katsayilari, **0,01 diizeyinde 6nemli olan bu katsayilar

Tablo 7. Agik uglu soru (su tirtinleri tiiketiminin arttirilmasi yoniinde diisiinceler)

One ¢ikan unsurlar

Say1 (aciklamalarda yer alma sayisi)

Fiyat 53
Reklam, tanitim, bilgilendirme ve bilinglendirme 37
Temizlik, aritma tesisi, denizin temizligi 13
Egitim ve farkindalik 4
Av yasaklar1 ve hukuki diizenlemeler 26
Balik isleme ve iiretimde hijyen 6
Yetistiricilik ve tiretim ile ilgili kosullar 18
Tiiketim kiiltiirii 9
Dini inanglar 7
Balik¢ilik alanina tegvik, destek vb. 11
Okul, geng ve ¢ocuklara yonelik kosullar 7
Saglikli beslenme 4
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m Fiyat
® Reklam, tanitim, bilgilendirme ve bilinglendirme
Temizlik, aritma tesisi, denizin temizligi
m Egitim ve farkindalik
® Tiiketmemek
Av yasaklari ve hukuki diizenlemeler
B Balik isleme ve iiretimde hijyen
B Yetistiricilik ve tiretim ile ilgili kosullar
| Tiiketim kiltiirii
B Dini inanglar
m Balik¢ilik alanina tesvik, destek vb
m Okul, geng ve ¢ocuklara yonelik kosullar

m Saglikli besleme

Sekil 2. Su iiriinleri tiiketim artmasi yoniindeki 6nemli etkiler dagilimi

Temel hipotezler:

HI1: Katilimcilarin demografik degiskenleri ile protein
tiiketim aligkanliklar1 arasinda anlamli bir iligki vardir.

H2: Katilimcilarin demografik degiskenleri ile su
irlinleri tliketim aligkanliklar1 arasinda anlamli bir iligki
vardir.

Temel hipotezin test edilmesi igin alt hipotezler analiz
edilmistir. Pearson Korelasyon testi sonuglarina gore; bazi
demografik degiskenler ile protein kaynak tercihleri
arasinda, istatistiki olarak anlamli iliskiler tespit edilmistir.
Kabul edilen ve reddedilen hipotezler, Tablo 8’de
gosterilmistir. Hlaa, Hlba, Hlce alt hipotezleri kabul
edilmistir. Diger alt hipotezler reddedilmistir.

Kabul edilen hipotezlere gore su ¢ikarimlar yapilabilir:
Cinsiyet ile en iyi protein kaynak tercihi arasindaki
iligkinin, pozitif bir iligki oldugu belirlenmistir. Erkeklerin
kadinlara gdre en iyi protein tercihi olarak, hayvansal
proteini daha fazla tercih ettikleri belirlenmistir. Erkeklerin
kadinlara goére; kirmizi et iriinlerini hayvansal protein
kaynagi olarak, daha fazla tercih ettikleri belirlenmistir.
Diger bir deyisle, kadmlarin erkeklere gore daha fazla
balik ve su iirlinlerini hayvansal protein kaynagi olarak
tercih ettikleri belirlenmistir. Genglerin balik tiiketiminin
saglik agisindan Onemini; orta yas ve yaslilara gore daha
az bildikleri belirlenmistir. Buna gore yas farki arttikca,
balik tiiketiminin saglik acisindan 6nemini bilme durumu
da artmaktadir.

Korelasyon analizi sonucunda test edilen diger
hipotezlere ait bilgiler, Tablo 9’da gosterilmistir. “H2aa,

H2ab, H2ac, H2ae, H2bc, H2bd, H2be, H2cb, H2cc, H2cd,
H2ce, H2dc, H2de, H2ec, H2ee, H2fc, H2fe” alt
hipotezleri kabul edilmistir. Elde edilen hipotez testi
sonuglarina goére anlamli bulunan iliskiler dogrultusunda
bazi yorumlar yapilmistir. Katilimcilar arasinda kadin
olanlarin; su frilinleri ticaretinin iilke ekonomisi igin
onemini, erkeklere gore daha fazla bildigi belirlenmistir.
Katilimecilar arasinda yas farki arttikga, su diriinleri
ticaretinin {ilke ekonomisi i¢in 6nemini bilme durumlarinin
da arttigi belirlenmistir. Katilimcilar arasinda &grenim
durumu arttik¢a, su iriinleri ticaretinin {ilke ekonomisi igin
O6nemini bilme durumu azalmaktadir. Gelir seviyesi
arttikca, su Trlinleri ticaretinin iilke ekonomisi igin
onemini bilme durumu azalmaktadir.

Beklenmedik sekilde katilimeilar arasinda 6grenim
durumu arttikga, satin alinan su iriinlerinin menseine
dikkat etme azalmaktadir. Katilimcilar arasinda emekli ya
da diger ¢aligma sekline sahip kisilerde de, satin alinan su
iiriinlerinin menseine dikkat etme azalmaktadir.

Katilimcilarin yast ve Ogrenim seviyesi arttik¢a, su
driinlerini  daha fazla ev disinda tiikketmektedirler.
Katilimeilarin -~ yast  ilerledikge, saglikli  beslenme
gereksinimini diger su {riinlerinin de saglayabilecegini
bilmektedir.

Elde edilen beklenmedik diger bulgu ise; kisilerin gelir
durumu  arttikca, saglikli  beslenmenin  diger su
iirtinlerinden de karsilanabilecegini daha az bilmektedirler.
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Tablo 8. Hipotez testi sonuglart (H1 ile ilintili)

Hipotezler Sonug
Hlaa: Katilimcilarin cinsiyetleri ile en iyi protein kaynak tercihleri arasinda anlamli bir iligki vardir. Kabul
Hlab: Katilimcilarin yaslari ile en iyi protein kaynak tercihleri arasinda anlaml bir iliski vardir Ret
Hlac: Katilimeilarin 6grenim durumlari ile en iyi protein kaynak tercihleri arasinda anlamli bir iligki vardir Ret
Hlad: Katilimcilarin ¢aligma sekli ile en iyi protein kaynak tercihleri arasinda anlamli bir iliski vardir Ret
Hlae: Katilimeilarin gelirleri ile en iyi protein kaynak tercihleri arasinda anlamli bir iliski vardir Ret
Hlba: Katilimcilarin cinsiyetleri ile hayvansal protein kaynak tercihleri arasinda anlamli bir iliski vardir Kabul
H1bb: Katilimeilarin yaslar ile hayvansal protein kaynak tercihleri arasinda anlamli bir iliski vardir Ret
Hlbc: Katilimcilarin 6grenim durumlari ile hayvansal protein kaynak tercihleri arasinda anlamli bir iliski Ret
vardir
H1bd: Katilimeilarin ¢alisma sekli ile hayvansal protein kaynak tercihleri arasinda anlamli bir iligki vardir Ret
Hlbe: Katilimcilarin gelirleri ile hayvansal protein kaynak tercihleri arasinda anlamli bir iligki vardir Ret
Hlca: Katilimceilarin cinsiyetleri ile balik tiiketiminin saglik acisindan dnemini bilme durumu arasinda Ret
anlamli bir iligki vardir
Hlcb: Katilimcilarin yaslari ile balik tiikketiminin saglik agisindan 6nemini bilme durumu arasinda anlaml Kabul
bir iligki vardir
Hlce: Katilimeilarin 6grenim durumlart ile balik tiiketiminin saglik agisindan dnemini bilme durumu Ret
arasinda anlaml1 bir iligki vardir
Hlcd: Katilimcilarin ¢alisma sekli ile balik tiiketiminin saglik agisindan 6nemini bilme durumu arasinda Ret
anlamli bir iligki vardir
Hlce: Katilimcilarin gelirleri ile balik tiiketiminin saglik agisindan 6nemini bilme durumu arasinda anlamli Kabul
bir iligki vardir
Tablo 9. Hipotez Testi Sonuglart (H2 ile ilintili)

Hipotezler Sonug
H2aa: Katilimcilarin cinsiyetleri ile su iiriinleri ticaretinin, iilke ekonomisi i¢in dnemini bilme durumu Kabul
arasinda anlamli bir iligki vardir.
H2ab: Katilimcilarin yaslari ile su driinleri ticaretinin, ilke ekonomisi i¢in 6nemini bilme durumu Kabul
arasinda anlamli bir iligki vardir.
H2ac: Katilimeilarin 6grenim durumlari ile su iriinleri ticaretinin, iilke ekonomisi i¢in dnemini bilme Kabul
durumu arasinda anlaml bir iliski vardir.
H2ad: Katilimcilarin ¢aligma sekli ile su trlinleri ticaretinin, iilke ekonomisi igin 6nemini bilme durumu Ret
arasinda anlamli bir iligki vardir.
H2ae: Katilimcilarin gelirleri ile su iriinleri ticaretinin, iilke ekonomisi i¢in 6nemini bilme durumu Kabul
arasinda anlamli bir iligki vardir.
H2ba: Katilimcilarin cinsiyetleri ile satin alinan su {iriinlerinin menseine dikkat etme durumu arasinda Ret
anlamli bir iligki vardir.
H2bb: Katilimcilarin yaglari ile satin alinan su {iriinlerinin menseine dikkat etme durumu arasinda anlamli Ret
bir iligki vardir.
H2bc: Katilimeilarin 6grenim durumlari ile satin alinan su triinlerinin menseine dikkat etme durumu Kabul
arasinda anlamli bir iligki vardir.
H2bd: Katilimcilarin ¢aligma sekli ile satin alinan su iiriinlerinin mengeine dikkat etme durumu arasinda Kabul
anlamli bir iligki vardir.
H2be: Katilimcilarin gelirleri ile satin alinan su iriinlerinin menseine dikkat etme durumu arasinda Kabul
anlamli bir iligki vardir.
H2ca: Katilimcilarin cinsiyetleri ile su iiriinlerini tiiketme yeri arasinda anlaml bir iligki vardir. Ret
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Tablo 9°un devamm

H2ch: Katilimeilarin yaslari ile su tirtinlerini tiikketme yeri arasinda anlamli bir iliski vardir. Kabul
H2cc: Katilimeilarin 6grenim durumlart ile su iiriinlerini tiiketme yeri arasinda anlamli bir iligki vardir. Kabul
H2cd: Katilimeilarin ¢alisma sekli ile su iiriinlerini tiiketme yeri arasinda anlamli bir iligki vardir. Kabul
H2ce: Katilimcilarin gelirleri ile su iiriinlerini tiiketme yeri arasinda anlamli bir iliski vardir. Kabul
H2da: Katilimceilarin cinsiyetleri ile su iiriinleri tiiketim siklig1 arasinda anlamli bir iligki vardir. Ret
H2db: Katilimcilarin yaslari ile Su tirtinleri tiiketim siklig1 arasinda anlamli bir iligki vardir. Ret
H2dc: Katilimeilarin 6grenim durumlart ile su tirtinleri tiikketim siklig1 arasinda anlamli bir iligki vardir. Kabul
H2dd: Katilimcilarin galigma sekli ile su tiriinleri tiiketim siklig1 arasinda anlamli bir iligki vardir. Ret
H2de: Katilimcilarin gelirleri ile su iiriinleri tiiketim siklig1 arasinda anlamli bir iliski vardir. Kabul
H2ea: Katilimcilarin cinsiyetleri ile sagliklt beslenmenin diger su iiriinlerinden de karsilanabilecegini Ret
bilme durumu arasinda anlamli bir iligki vardir.

H2eb: Katilimcilarin yaslari ile saglikli beslenmenin diger su iiriinlerinden de karsilanabilecegini bilme Ret
durumu arasinda anlamli bir iliski vardir.

H2ec: Katilimcilarin  6grenim  durumlart ile saglikli beslenmenin diger su {riinlerinden de Kabul
karsilanabilecegini bilme durumu arasinda anlaml bir iligki vardir.

H2ed: Katilimcilarin ¢aligma sekli ile saglikli beslenmenin diger su iiriinlerinden de karsilanabilecegini Ret
bilme durumu arasinda anlamli bir iligki vardir.

H2ee: Katilimcilarin gelirleri ile saglikli beslenmenin diger su iirlinlerinden de karsilanabilecegini bilme Kabul
durumu arasinda anlaml bir iliski vardir.

H2fa: Katilimcilarin cinsiyetleri ile tiiketilen bagka su iriinleri olma durumu arasinda anlamli bir iligki Ret
vardir.

H2fb: Katilimcilarin yaglar tiikketilen baska su {irtinleri olma durumu arasinda anlamli bir iligki vardir. Ret
H2fc: Katilimeilarin 6grenim durumlar ile tiiketilen bagka su iiriinleri olma durumu arasinda anlamli bir Kabul
iligki vardir.

H2fd: Katilimcilarin ¢aligma sekli ile tiiketilen baska su iiriinleri olma durumu arasinda anlamli bir iligki Ret
vardir.

H2fe: Katilimcilarin gelirleri ile tiiketilen bagka su iirlinleri olma durumu arasinda anlamli bir iligki vardir. Kabul

Sonuc ve Oneriler

Kocaeli ili 6zelinde yapilan yliz yiize anket c¢aligmasi
degerlendirildiginde; balik tiikketiminin diger su iriinleri
tiketiminden daha fazla oldugu belirlenmistir. Bu
bulgudaki etkenlerin baginda fiyat gelmektedir. Ayni
zamanda diger su driinlerine olan tutumun da, en az fiyat
etkeni kadar oOncelikli oldugu goriilmektedir. Dini
inaniglar, hos olmayan tat duygusu ve bilgi eksikligi olarak
belirlenen bazi bireysel etkiler; balik disindaki “diger su
iriinlerinin” tiikketiminde engeller olusturmaktadir. Anket
sonuglarina gore Kocaeli ilinden yola c¢ikarak Tirkiye
geneline uzanan bir Oneri yapilmasi gerekirse; su iirtinleri
tilkketiminin saglik acisindan Oneminin tiiketicilere tam

anlamiyla aktarilmasi yerinde olacaktir. Bu
bilgilendirmeye ek olarak, diger su iriinlerinin balik gibi
ana Ogin olmasinin  yayginlastirilmast  Snemlidir.

Siirdiiriilebilir su triinleri aveiligl, su iriinleri {iretimi igin
en Onemli konularin baginda gelmektedir. Kanun ve
kanuna bagli yonetmelik, teblig ve uygulama talimatlarina
harfiyen uyulmasi su iiriinleri kaynaklarmi koruyacaktir.
Su iriinlerinin tamaminin ideal kosullarda yetistirilmesi,
avlanmasi, islenmesi, muhafaza edilmesi, ulastirilmasi ve

ticaretinin yapilmasmin Tirkiye ekonomisine katkist
biiyiik olacaktir. Bu konuda yapilan iyi c¢aligmalar
stirdiiriilmelidir. Cok disiplinli arasgtirmalar ilgili tim
bakanliklarin verilerinde olmalidir. Benzer c¢alismalar
karsilagtirtlmali  ve yetkililer karar alirken bilimsel
verilerden daha fazla yararlanmalidir. Son olarak, yasam
alanindan sofraya kadar uzanan tiim asamalarda; hem
iiretici hem de tiiketici memnuniyetinin saglanabilmesi i¢in
kamu ve ozel sektoriin, sivil toplum orgiitlerinin,
tiniversitelerin ve arastirma enstitiilerinin bir araya gelerek
politikalar olusturmalar1 ve koordinasyon iginde hareket
etmelerinin elzem oldugu diistinilmektedir.

Sonug olarak, érneklem yalnizca Kocaeli ili olsa da bu
anket, anket yapilan bolgedeki tiiketicilerin su iiriinleri
tiketim tercihlerine iligkin farkindaligi anlama firsati
sunmaktadir. Gelecekte bu calismalar ek bolgelere
genisletilerek siirdiiriilmelidir.

Cikar Catismasi

Bu calismada yazarlar
catismasi bulunmamaktadir.

arasinda ¢ikar
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Abstract: This study investigated the effects of J and circle hook types on post-release mortality and catch efficiency
of pikeperch in catch and release fishing. In fishing trials, a total of 56 pikeperch, ranging in size from 21 to 60 cm,
were caught, and mortality rates were examined based on the hook type and the hooking location (deep or shallow in
where the hooks were found inside the mouth). The water temperature at which the individuals were caught ranged
from 21 °C to 32 °C. The results obtained showed that deep hooking caused higher mortality rates than shallow
hooking for both hook types. Especially in deep hooking individuals with circle hooks, the mortality rate was close to
100%. Although the mortality rate was also high in deep hooking fishing with J-hooks, it was lower than that of circle
hooks (83.33%). The mortality rates were lower for both hook types in shallow hooking (Circle: 25%, J: 6.6%).
Logistic regression analysis revealed that while shallow hooking significantly increased the probability of survival
(p<0.001), hook type had no significant effect (p>0.05). Furthermore, fish size and water temperature were not found to
be parameters affecting mortality rate in this study (p>0.05). In terms of catch efficiency (CPUE), no statistically
significant difference was found between the hook types (p>0.05). Seasonally, catch efficiency was found to be
significantly higher in spring compared to summer months (p<0.05).

Seyhan Baraj Golii, Adana, Tiirkiye’de Sudak Sander lucioperca (Linnaeus, 1758)
Avciiginda Kullanilan Farkh Igne Tiplerinin Yakala Birak Sonrasi Oliim Oram ve Av
Verimi Uzerine Etkisi

Oz: Bu galismada, J tipi ve cember igne tiplerinin sudak (Sander lucioperca) tiiriinde yakala-birak sonrasi hayatta
kalma oran1 ve av verimliligi tizerindeki etkileri arastirilmistir. Balik¢ilik denemelerinde, boylar1 21-60 c¢cm arasinda
degisen toplam 56 sudak bireyi yakalanmig ve 6liim oranlari, igne tipi ile takilma konumuna gére (derin ve s1g takilma)
degerlendirilmistir. Bireylerin yakalandigi su sicakligi 21°C ile 32°C arasinda degismistir. Bulgular, hem J tipi hem de
¢ember ignelerde derin takilmanin si1g takilmaya kiyasla daha yiiksek Oliim oranlarma yol agtigini gostermistir.
Ozellikle gember igneyle derin takilan bireylerde 6liim oran1 %100’e yakin bulunmustur. J tipi ignelerde bu oran daha
diisiik olmakla birlikte halen yiiksektir (%83,33). S1g takilmalarda ise her iki igne tipinde 6liim oranlar1 daha diisiik
bulunmustur (Cember: %25, J tipi: %6,6). Lojistik regresyon analizinde, s1g takilmanin hayatta kalma olasiligini
anlamli bigimde artirdig1 gosterilmis (p<0,001), ancak igne tipinin hayatta kalma iizerinde anlaml bir etkisi olmadig1
belirlenmistir (p>0,05). Ayrica, balik boyu ve su sicaklig1 gibi parametrelerin 6liim oranini etkileyen faktorler olmadigi
saptanmustir (p>0,05). Av verimliligi (CPUE) agisindan igne tipleri arasinda istatistiksel olarak anlamli bir fark
goriilmemistir (p>0,05). Mevsimsel olarak ilkbahar aylarinda yaz aylarina kiyasla av verimliligi anlamli bigimde daha
yiiksek bulunmustur (p<0,05).

Introduction

Recreational fishing, with roots extending to the very
early periods of human history, is an activity that offers
individuals the opportunity to engage with nature and find
relaxation beyond the need for basic survival. While
amateur fishing historically aimed to retain captured fish,
it is observed that the 'catch-and-release’ method has
become increasingly prevalent and popular, particularly in

*Corresponding author: aalperaatilgan@gmail.com

developed countries (Arlinghaus et al., 2007; Cooke &
Cowx, 2004). However, the effects of recreational fishing
are comparable to those of commercial fishing (Lloret &
Font, 2013). The catch-and-release method, applied in
sport fishing, is based on the principle of returning fish to
their natural habitats after capture (Cooke et al., 2013).
This method has been adopted as a conservation strategy
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in some regions to protect fish populations and ensure
sustainable fishing (Cooke & Suski, 2004). Nevertheless,
the success of this method depends on careful
consideration of factors such as hook type, hooking
location, risk of injury, fish handling, and appropriate
release techniques (Arlinghaus et al., 2007; Cooke and
Schramm, 2007; Muoneke and Childress, 1994; Sell et al.,
2014).

The fundamental assumption of catch-and-release
fishing is that released individuals continue to survive
(Cooke and Schramm, 2007). However, various studies
have demonstrated that parameters such as hook type,
hooking location, risk of injury, handling time, and
appropriate release techniques can lead to mortality in
released fish (Arlinghaus et al., 2007; Bartholomew and
Bohnsack, 2005; Muoneke and Childress, 1994). Among
these parameters, the anatomical hooking location has
been shown to significantly affect mortality rates in
numerous studies (e.g., Alds, 2008; Bartholomew and
Bohnsack, 2005; Bergmann et al., 2014). Deep hooking,
characterized by the hook penetrating beyond the fish's
oral cavity into the esophagus, gills, or other sensitive
tissues (e.g., pericardial cavity, stomach, liver), can result
in greater physical injury compared to shallow hooking
(Bartholomew and Bohnsack, 2005; Pelzman, 1978;
Taylor and White, 1992). Furthermore, attempts to remove
a deeply embedded hook can prolong the fish's air
exposure time, potentially damaging vital organs (Aalbers
et al., 2004; Cooke et al., 2001; Pelzman, 1978).

Studies have shown that hook type is a significant
parameter influencing anatomical hooking location, with
circle hooks generally resulting in shallower hooking
compared to traditional 'J' hooks (Cooke and Suski, 2004;
Grover et al., 2002; Lukacovic, 2000; Lukacovic and

35°12'15"E

Uphoff, 2002; Skomal et al., 2002). However, some
studies pointed out no significant difference in deep
hooking or mortality rates between circle and J-hooks
(Falterman et al., 2002; Zimmerman et al., 2002).

Pikeperch (Sander lucioperca) is an important target
species for both recreational and commercial fisheries in
its areas of distribution (Smith et al., 1996). According to
the Turkish fisheries legislation, the minimum catch size
for pikeperch is set at 26 cm, and the maximum retainable
quantity is 10 individuals. Additionally, pikeperch fishing
is completely prohibited in Seyhan Dam Lake between
March 15 and June 30. Studies on post-release mortality in
this species are extremely limited (Rantanen, 2018). In this
study, the effects of hook type (J and circle), anatomical
hooking location (shallow and deep), and surface water
temperature on post-release mortality rates of pikeperch
individuals were investigated. Furthermore, the catch
efficiency of J and circle fishing hooks was compared.

Material and Methods
Study area and fishing trials

Fishing trials were conducted in Seyhan Dam Lake and
were confined to the spring and summer months because
water levels had receded significantly during autumn and
winter. A total of 16 operations were carried out, with 8
trials in spring and 8 in summer (Figure 1). The fishing
trials were conducted between 16:00 and 20:00. Fishing
gear was cast into the water and retrieved simultaneously.
Operations were carried out at depths between 6-8 meters,
and the surface water temperature was measured during
each operation. Atherina boyeri, a species heavily used as
bait, by recreational anglers in the region for pikeperch
fishing, was used as bait.

35°18’57”E

TURKEY

37°07°05”N

Seyhan Dam Lake
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Figure 1. Seyhan Dam Lake
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The anatomical hooking location of the captured
individuals was determined using a qualitative method,
categorized as “Deep” and “Shallow” (Skomal et al.,
2002). Hooking in the pharyngeal region and beyond,
including the gills, was defined as “Deep Hooking”.
Hooking within the mouth, specifically in the jaw and
palate regions, was classified as “Shallow Hooking”.

In cases of deep hooking, the fishing line was cut,
while in cases of shallow hooking, the hook was carefully
removed. Total length measurements of the individuals
were taken, and mortalities occurring just after catch were
classified as “Immediate Mortality”. Surviving individuals
were transported to the laboratory under controlled
conditions and observed in aquariums for 72 hours.
Mortalities occurring during this period were recorded as
“Short-Term Mortality”. Individuals surviving at the end
of the 72-hour observation period were recorded as

=8

=]
Ww pz

D=12 mm

‘Survived', while those not surviving were recorded as
“Dead”.

Fishing gear design

In this study, a single-hook handline fishing setup
using a straight traditional J-type hook and a slightly offset
circle hook was employed. The components of the fishing
angle were identical, except for the hook type. The main
line and snood were made of 0.30 mm monofilament. A 25
g torpedo sinker was placed at the end of the hand line, the
snood length was 30 cm, and the distance between the
snood and the sinker was 35 cm. The J-hook used in the
trials corresponded to the type and size commonly used by
local fishers, whereas the circle hook was employed to test
its potential effect on fish mortality. The technical
specifications of the hooks used are shown in Figure 2.

L A=2mm

=2

ww ST=4

ww €7

Figure 2. Fishing hooks used in the study (Left: MustadRef 1251 C, No. 1; Right: HayabusaH.CRL 184, No. 4) (A: Eye or
Shank Length, B: Body Length, C: Total Length, D: Neck Length, E: Point Length, F: Gap or Width, G:

Penetration Depth)

Data analysis

The dataset for this study included the variables of fish
length, hook type (J/Circle), hooking location
(deep/shallow), and water temperature, as well as the
survival status of the fish (survived/dead). Logistic
regression analysis was used to determine the factors
affecting the survival status of the fish after capture.
Logistic regression was employed to model the
relationship between binary dependent variables (in this
study, 'survived/dead’) and independent variables (length,
hook type, hooking location, surface water temperature).
The logistic regression model was created using the gim()
function with the family = binomial parameter. The
assumptions of the Generalized Linear Model (GLM) used
in the study were rigorously controlled. Due to the
flexibility intrinsic to the GLM structure, certain
conditions necessary for standard regression analysis were
not required:

1. Variable Transformation and Distribution: No
transformation of the explanatory variables was deemed
necessary as their measurement in different units does not
compromise model performance. Concurrently, it is not a
mandatory prerequisite for explanatory variables in a GLM
to exhibit a normal distribution.

2. Model Validity and Residual Analysis: The model's
validity was confirmed not solely by statistical fit metrics
but also through the interpretation of Residual Plots. For
this purpose, the residual analysis was performed in two
key stages:

Homogeneity of Variance (Homoscedasticity): The
plot of residuals versus the predicted (fitted) values was
examined. The homogeneity of variance was assessed via
this graph, and the absence of any systematic pattern in the
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residual distribution indicated that the variance was
constant and homogeneous.

Normality of Residuals: A Quantile-Quantile (Q-Q)
Plot was generated using the residuals. This graphical
assessment confirmed that the model residuals showed no
significant deviation from normality.

These comprehensive residual analyses validate that
the established model satisfies its assumptions and affirms
the reliability of the parameter estimates. In comparing
different model variations, the goodness of fit of the model
were evaluated using Akaike Information Criterion (AIC)
values (Akaike, 1973). Odds ratios were also examined to
interpret the lack of independence among selected factors.
The nonparametric Mann-Whitney U test was applied to
compare catch efficiency according to seasons and hook
types. In addition, the Mann-Whitney U test was used to
compare the average lengths of individuals caught with
different hook types. All analyses in this study were
conducted using the R software, including statistical
testing with the one-way tests package (Dag et al., 2018),

data visualization and table creation with ggplot2
(Wickham, 2016), and logistic regression modeling with
the caret package (Kuhn et al., 2020; R Core Team, 2023).

Results

In the fishing trials, a total of 56 pikeperch individuals,
ranging in length from 21 to 60 cm, were caught. The
distribution of captured individuals according to the hook
types used and hooking locations, as well as mortality
rates, are shown in Table 1. While 10 (83.33%) of these 11
individuals caught with J-type hooks as a result of deep
hooking died, 1 (6.66%) of the individuals caught as a
result of shallow hooking died. However, 16 out of 29
individuals (55.17%) caught with a circle hook died. 12 of
these individuals were caught with deep hooking, and 4
were caught with shallow hooking. These results showed
that the mortality rate in deep hooking was higher than in
shallow hooking for both types. However, it was
determined that the mortality rate in circle hooks was
slightly higher than in J-hooks in shallow hooking (Figure
3).

Table 1. Numbers and mortality rates of caught individuals according to hook types and hooking locations

Deep hooked Shallow hooked Total Mortalities
Total
Hook type h
caught — n  pead Mortality (%) n Dead  Mortality (%) n Percent
"J" hook 27 12 10 83.33 15 1 6.66 11 40.74
Circle hook 29 13 12 92.3 16 4 25 16 55.17

B

ka3

'
Deep-nooking

Catch count (individuals)

B

3

!
Deep-hooking

J hook type

Shalow-haoking

B oeas
B surivea

Shallow-hooking

Circle hook type

Figure 3. Number of pikeperch caught according to hook types and hooking locations
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To identify the most optimal and best-fitting model for
explaining fish survival status, four different combinations
of explanatory variables were tested using Generalized
Linear Models (GLM) with a binomial (logistic) link
function.

The four candidate models included:

e Model 1: All variables (Hook Type, Length,
Hooking Location, and Water temperature)

e Model 2: Hook Type, Hooking Location, and
Length

o Model 3: Hook Type and Hooking Location
e Model 4: Length and Water temperature

Model selection was based on the Akaike Information
Criterion (AIC), where the model with the lowest AIC
value is considered to have the optimal balance between
goodness-of-fit and complexity.

As shown in Table 2, Model 3 yielded the lowest AIC
value (49.35), indicating that it provides the most effective
and optimal fit to the data. This result suggests that the
hook type and hooking location are the most critical
predictors of fish survival status, while the exclusion of

Length and Water temperature, as seen in Model 3,
improved the model's overall explanatory power and
efficiency.

Therefore, Model 3 was selected as the best model for
interpreting the specific effects of independent variables
on the survival probability.

Table 2. Model comparison results and AIC values

Model description AIC
Model 1 50.7
Model 2 49.54
Model 3 49.35
Model 4 80.64

The results of the Generalized Linear Model (GLM)
applied to determine the factors affecting the survival
status are presented in Table 3. The model demonstrated
that the explanatory variables significantly accounted for
the variance in the dependent variable, evidenced by the
substantial reduction in the Null Deviance value from
77.561 to a Residual Deviance value of 43.350.

Table 3. Logistic regression models and parameter estimate total hooking mortality following catch-and-release of

pikeperch by recreational fishers

Model description Parameter Estimate s.e z-value Pr(>|z|)
Full model Intercept 1.57527 3.14084 0.502 0.616
i Fish size -0.04449 0.04865 -0.914 0.361
(&)
f IO QA Q Hook type "J" 1.21702 0.88937 1.368 0.171
I 0¢ £d@on Q Hook location
o~ 1 L AT T oow o we~ _ *k*k
f Og SC(Q‘ wwo 98 "g‘ __ Shallow-hooking 4.16713 0.97165 4.289 1.8e-05
I @0®00IQanNQl oo
Water temperature -0.12013 0.13129 -0.915 0.36
Best model Intercept -2.7439 0.8788 -3.123 0.00179 **
@ Hook type "J" 1.2580 0.8674 1.450 0.14698
f I O¢ éphbr‘] Q )
I 'Ot ¢dG 0 ko Q¢ ¢ Hook location 39153 0.8847 4426  9.61e-06 %

Shallow-hooking

According to the analysis, the "Shallow-hooking" level
of the hook location variable exerted a highly significant
and strong effect on survival rate (p<0.001). The
calculated Odds Ratio (e 395 =50.15) indicates that
Shallow-hooking significantly increases the log-odds of
the fish's survival probability compared to the reference
hooking type. Additionally, the model results showed that
hook type, individual length, and surface water
temperature had no significant effect on mortality rates (p
>0.05).

Table 4 shows the numbers, percentage distributions,
minimum, maximum, and average lengths of pikeperch
caught with different hook types. Accordingly, 29
(51.80%) pikeperch were caught with circle hooks, and 27
(48.20%) were caught with J-type hooks. These values
indicate that the total number of individuals caught with
both hook types is similar. The Catch Per Unit Effort
(CPUE, individuals/operation) was determined as
1.81+1.56 for circle hooks and 1.69+1.44 for J-type hooks.
A Mann-Whitney U test revealed no statistically
significant difference between the CPUE values of the two
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