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RENEWABLE AQUACULTURE’S
KEY MILETONES

Aysegiil ERGENLER?
Funda TURAN?

1. INTRODUCTION

Aguaculture output is anticipated to reach around 109
million tons by 2030, reflecting a 32% increase from 2018. By
2030, the predominant composition of global aquaculture output
will consist of freshwater species, including carp and catfish,
alongside higher-value species such as shrimp, salmon, and trout
(Nadarajah and Flaaten, 2017; Glebova et al., 2019).The global
aquaculture sector has experienced a surge in demand, leading
to the development of innovative, cost-effective, and efficient
technologies to meet this growing demand. However,
Aquaculture challenges in scaling production to meet global
demand, including environmental concerns, minimizing reliance
on limited land and water resources, and the demand for
affordable yet sustainable technologies. The rise of this industry
has resulted in considerable environmental issues, including the
release of untreated effluents into aquatic ecosystems, which
exacerbate oxygen depletion, antibiotic resistance, and the
proliferation of harmful microbes. Aquaculture significant
dependence on fishmeal and fish oil as essential components in
aquafeed presents a sustainability concern, exhausting wild fish
populations and competing with human food supplies. Recent
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studies have shown the efficacy of resource-repurposing
technologies, notably biofloc systems, in enhancing water
quality metrics and feed conversion ratios in aquaculture
systems (Khanjani and Sharifinia, 2020). Biochar, produced
from waste and biomass, has garnered considerable attention for
several aquaculture applications, such as wastewater treatment,
bacterial community augmentation, and animal feed
production.Biochar, a carbon-rich substance generated by
pyrolysis, is a time-honored technique in the Amazon that has
been used for millennia to improve soil quality and agricultural
yield. Its integration into soil systems fosters sustainable
agriculture, improves soil fertility, enhances water retention
capacity, increases carbon sequestration, and diminishes
greenhouse gas emissions. The inherent porous structure and
significant surface area of biochar make it an efficient adsorbent
for ammonia reduction.Biochar, a multifaceted material used in
carbon sequestration and environmental remediation, has a
strong affinity for heavy metals, organic contaminants, and other
hazardous compounds across diverse environmental matrices.
Nonetheless, a substantial fraction of its carbon is refractory,
limiting its immediate bioavailability to microbes. The pyrolysis
degree for generation greatly impacts the availability of its
carbon to microbial communities (Abdel-Tawwab et al., 2017;
Erdawati et al., 2019).

In addition to Fisheries and aquaculture are vital for
global food and nutrition security, providing livelihoods, and
contributing to economic development. However, traditional
practices in aquaculture and capture fisheries have led to
environmental and resource challenges, including overfishing,
habitat degradation, excessive water and feed use, pollution, and
the unsustainable exploitation of marine ecosystems. Several
promising approaches exist to enhance sustainability in
sustainable aquaculture and fisheries. Biochar IMTA and RAS
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focus on minimizing waste and maximizing resource efficiency
by promoting renewable systems, ensuring resilience,
repairability, and the reintegration of resources into production
cycles. This review aims to review some of the key initiatives in
the sustainable aquaculture sector.

1.1.Biochar

Biochar, an effect of biomass pyrolysis, has been shown
to improve agricultural productivity and animal health in
aquaculture. It functions as a filter, adsorbing contaminants,
enhancing water quality, and mitigating the danger of
detrimental effects on aquatic organisms. Biochar enhances the
growth and development of aquatic organisms, leading to higher
feed conversion efficiency, less pollution accumulation, and
better digestive tract architecture. The primary emphasis is on
comprehending the physiological impacts of biochar on aquatic
organisms, including growth parameters, immune responses, and
overall health. Biochar may be generated from several biomass
feedstocks, including agricultural residues, and its yield and
physicochemical characteristics are markedly affected by the
processing parameters used. Recent research indicate that
biochar, a carbon-rich material, may substantially enhance soil
health. To reduce disruption to local carbon and nutrient
dynamics, "true wastes" serve as the principal fuel for biochar
production (Kwapinski etl., 2019; Rain et al., 2025).

1.2.Eco-friendly Feed Producing

The transition from fishmeal to other protein sources
presents significant opportunities and complex challenges for
sustainable aquaculture (Fig. 1). Insect meal has considerable
potential to reduce reliance on wild-caught fishmeal.Algae-
based feeds have the dual advantages of elevated protein levels,
up to 71%, and nutrient recycling capabilities; yet, their
economic viability is compromised by energy-intensive
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processing and fluctuating biomass yields over the seasons.Fish
protein hydrolysates (FPH), although advantageous in
improving feed efficiency by 8-12% in tilapia, have issues in
standardization because to the variability in the composition of
input waste.Sea weed particularly Laminaria digitata is a
feasible alternative to abalone owing to its feed stability.
Nonetheless, its extensive use encounters obstacles owing to
species-specific digestion. These options conform to circular
economy concepts but need the resolution of technological,
economic, and systemic challenges, including nutrition profile
optimization and supply chain integration (Osei et al., 2025).

Fisheries and Aquaculture

Sustainable
Insect @quaculture
meal

. ;.gkg; N N

Sustainable
fish farming

(3

) Peet @,%&.@QB

Recirculating
aquaculture sytem waste

Figure 1. Sustainable Aquaculture generally view
(modificated Osei et al., 2025).



Su Uriinleri Degerlendirmeleri

1.3.Fish Waste

Fish waste is any portion of fish that is wasted or not
used for human eating or processing. It may include heads, tails,
scales, bones, internal organs, skin, and other components not
directly ingested by humans. More than 70% of the total fish
harvested is subjected to further processing prior to market sale,
leading to considerable quantities of fish waste. The quantity of
trash produced fluctuates based on the processing level and
species of fish. The waste products of fish processing include
muscle trims, skin, fins, bones, heads, internal organs, and
scales. Industrial fish waste and wasted fish exacerbate
environmental issues and incur extra expenses related to landfill
disposal or composting. Fish silage making is an efficient
biotechnological method for reassessing fish waste and wasted
fish from the fish processing sector. This energy-efficient, labor-
minimal, and low-investment method transforms fish waste into
a liquid amalgam abundant in hydrolyzed proteins, lipids,
vitamins, minerals, and other nutrients (Kulley et al., 2020;
Coppola et al., 2021; Maksimenko et al., 2024).

2. INTEGRATED MULTI-TROPHIC
AQUACULTURE (IMTA)

Integrated Multi-Trophic Aquaculture (IMTA) signifies a
substantial progression towards environmentally friendly
aquaculture by emulating natural ecosystems; however, its
execution presents both prospects and intricate challenges
necessitating thorough analysis (Lal et al., 2023). The
International Marine Biological Technology (IMTA) seeks to
broaden the parameters of fed aquaculture, encompassing
extractive aquaculture, by sequestering inorganic and organic
nutrients from seaweed and employing suspension and deposit
feeders. These nutrients facilitate the development of
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economically significant species. IMTA systems have been used
in pond aquaculture for centuries; however, their efficacy in
open-water IMTA systems is constrained by the short duration
for solid waste collection and the size and concentration of
particles. Mussels must comprise a minimum of 10-20% of the
overall diet to provide a net decrease in organic load from an
IMTA site.

Well-structured IMTA sites may enhance circumstances,
with research indicating that mussels located near fish farms
obtain at least 20% of their diet from fish-based sources.
Nevertheless, studies on the synergistic development advantages
of IMTA systems for bivalves have shown incongruous results.
Deposit-feeding sea cucumbers have the capacity to recycle
substantial waste particles, enhance farm profitability, and use
the waste produced by finned fish. Standard culture tests with
seaweeds, mussels, and fish have shown that detritivores may
ingest as much as 70% of the material accumulating on the
bottom, hence diminishing the total organic carbon and nitrogen
content in fish feces (Hossain et al., 2022). Giangrande et al.
(2020) document the first integrated multi-trophic aquaculture
(IMTA) in the Mediterranean, using indigenous invertebrates
and macroalgae inside a coastal fish farm. The revolutionary
approach, created in the Gulf of Taranto, provides significant
biomass enhancement, cultivation simplicity, and diversification
of important by-products for aquaculture enterprises, therefore
unveiling new sustainable prospects for mariculture expansion
Carbonara et al. (2020) used a multi-parametric methodology to
assess the wellbeing of European sea bass, Dicentrarchus labrax,
subjected to two enhanced organic diets and one standard diet.
They evaluated stress response markers and a hepatic
microsomal mixed-function oxygenase system to determine
possible contaminants. The research identified growth
performance and physiological wellbeing as supportive of
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organic aquaculture for European sea bass, with PCA and
MCDA serving as effective instruments for comprehensive fish
welfare evaluation.

3. RECIRCULATION AQUACULTURE
SYSTEMS (RAS)

Recirculation aquaculture systems (RAS) are pioneering
advancements in the food industry that promote sustainable
growth. These closed-loop production technologies purify and
reutilize water, allowing extensive aquaculture with minimum
environmentalcontamination.  Aquaponics integrates  fish
farming with plant culture, using fish waste as fertilizer for
plants (Hjelle et al., 2022).

The water treatment procedure involves running water
through drum filters to remove impurities from the fish tank. The
nitrification biofilter removes ammonia (NH3) and other
particles, followed by a degassing process to collect carbon
dioxide (CO2) from the water. The water is then oxygenated and
restored into the aquarium. Nitrate may be microbiologically
reduced to N2 in a denitrification biofilter to save water use. The
shown arrangement has a split-loop system in which sludge from
the drum filter is separated by a plate separator, thereafter
undergoing denitrification and phosphorus removal (indicated as
PO4) by chemical precipitation. The treated water is then
reintegrated into the main treatment cycle. Oxygenation in tank
water is represented by O2. RAS denotes recirculating
aquaculture systems. The Organic Movement (OM) is
deliberating the promotion of eco-certification for RAS, given
that EU regulations on organic aquaculture production clearly
prohibit eco-certification for RAS. The OM may provide
evidence if persuaded that RAS warrants eco-certification,
emphasizing their  prospective benefits to sustainable
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development. The EU rule on organic aquaculture production
(rule (EEC) No. 710/2009) clearly prohibits RAS from receiving
eco-certification; nevertheless, the OM may choose to provide
proof if persuaded. Emphasizing RAS's potential benefits to
sustainable development is a viable approach (Meisch and Stark
et al., 2019). A potential reference for the organic production
standards of this initiative is the European Union's Organic
Production Regulation (EEC) No. 834/2007, which delineates the
many societal roles of agriculture and food production, including
environmental conservation and animal welfare. Ranjan et al.
(2023) provide an imaging platform (RASense 1.0) intended for
underwater image acquisition. The scientists gathered data from
imaging sensors under two lighting situations, arranged into sets
of 100 photos, and classified them as partial and entire fish. The
researchers determined that the constructed underwater platform
could proficiently collect photographs and movies at a depth of
0.5 meters under the ocean surface under both natural and
artificial illumination settings. Machine vision has been used to
associate the swimming behavior of fish with hydrogen sulfide
(H2S) concentrations in Atlantic salmon recirculating aquaculture
systems (RAS) (Ciani et al., 2024). In addition to fish exhibit a
concentration-dependent stress response to H2S, characterized by
increased and erratic swimming patterns, as well as a disruption
of schooling behavior. The approach successfully identified a
response threshold at a dosage of 3040 pg/L, which is below the
toxicity threshold for Atlantic salmon, set at 60 ng/L (Bergstedt et
al., 2023).

Renewable Aquatic Systems (RAS) represent the newest
advancements in sustainable aquaculture, mitigating pollution and
other adverse environmental impacts relative to conventional
organic fish farming practices. Aquaponics utilizes the effects of
climate change, including droughts, to filter or treat fish
excrement for plant growth. The ‘water energy food security



Su Uriinleri Degerlendirmeleri

nexus' proposes solutions within a green economy by enhancing
efficiency, reducing trade-offs, and fostering synergies across
sectors; advocates of RAS believe these plants significantly
contribute to this nexus (Meisch et al., 2015; 2019).
Renewable Aquatic Systems (RAS) have been advocated as a
remedy for sustainable development issues. This study challenges
these assertions within the context of post-normal innovation
analysis. The prevailing RAS narratives endorse anticipated
global product demands and rising meat consumption, positing
that fish products from RAS may entirely replace existing meat
consumption. For RAS to be successful, customers must
significantly alter their diets by substituting fish for other forms of
meat. The socio-economic milieu also presents challenges related
to justice and democratic citizenship. To resolve sustainability
concerns, existing aquaculture practices must be discontinued and
replaced with RAS (Meisch et al., 2015). This replacement would
disrupt current fishing and aquaculture communities, altering
ownership structures, knowledge bases, power dynamics, and
access rights within the newly established industry. If RAS were
to fulfill its promised contributions to sustainable development, it
would not be socially neutral and would need public discussion
and a social transformation that beyond just establishing a food
production plant.The criticism of post-normal and post-
democratic paradigms underscores that individuals, as citizens,
possess the ability and agency to design their own food systems.
An alternative discourse has formed in which RAS may
contribute, serving as a basis for community formation. These
food systems may provide marginalized populations with
nutritious food and offer them the chance to thrive. From this
viewpoint, RAS have transcended their role as mere high-tech
solutions for global objectives and have become fundamental
components of local and regional advancements. For the Organic
Movement (OM), such advancements, particularly in urban
settings, may have the additional benefit of interrogating the
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essence of nature that organic farming seeks to integrate. In this
context, RAS has the ability to serve as a crucial component of
several transformation pathways toward more sustainable
development, necessitating hybridized forms of knowledge
(Meisch and Stark et al., 2019).

4. CONCLUSION

Ecologically viable Aquaculture is a highly productive
kind of intensive farming for various seafood products, capable
of operating year-round in numerous locations, including near
major seafood markets, and is unaffected by seasonality and
environmental factors. Nonetheless, novel instruments are
costly, intricate, and meticulously designed systems that need
significant capital investment, hence mostly functioning in
highly developed nations. Furthermore, elevated energy
consumption in novel aquaculture technologies is a primary
disadvantage.
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AKVARYUM BALIKLARININ
TATLISU HABITATLARI ICIN
ZEMIN MATERYALI OLAN KAYAC YAPILAR

Unal 07}
Meryem OZ°
Dilek SAHIN®

1. GIRIS

Tatlisu akvaryum baliklarinin yasam alanlar1 Afrika,
Asya ve Amerika kitasindaki tatli ve act su kaynaklarinda ¢ok
farkli habitatlardan olugmaktadir. Akvaryumlardaki sucul canl
tirleri icin olduk¢a farklt ortam kosullarinin olusturulmasi
Oonemlidir. Su parametreleri acisindan; su sicakligi, pH,
¢Ozlinmis oksijen degerleri basta olmak {izere; suyun sertligi,
tuzlulugu, nitrojenli bilesikler ve fosfor/fosfat gibi fazla
miktarlar1 zararli olabilen ve dengelenmesi gereken bu
parametreler fiziksel, kimyasal ve biyolojik 6zellikleri agisindan
tiirlere gore diizenlenmelidir. Ayrica akvaryumlarda sucul canl
tiirline Ozgli iireme, beslenme, renklenme, korunma gibi
biyolojik ihtiyaglarinin saglanabilmesi icin de diizenlemeler
yapilmalidir. Bu diizenlemeler i¢in de kum, toprak, c¢akil, kaya,
aga¢c kok-govde, yaprak ve dallart gibi materyallerin
kullantminin yani sira, diger sucul canli tiirlerinin de (bitkiler,
baliklar, omurgasizlar...) kullanimi uygulamalar arasindadir.
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Kum, ¢akil ve sucul kabuklu tiirlerden elde edilen ¢ogunlukla
silisyum igerigine sahip mineral yapilar hafif bazik 6zellikte
iken, mango kokii, ¢ol kitiigl, yati kokii, catappa yapragi gibi
dogal materyaller suyun pH degerlerini diislirmeye yarayacak
sekilde asidik Ozelliktedirler. Degerli bir humik asit kaynagi
olan leonardit gibi materyaller ise, yine pH degerlerinin
dengelenmesi ve dekoratif amaglar ile kullanilabilirler. Lav tas1
cikarildigr bolgeye gore renk bakimindan kirik beyaz, koyu
kirmiz1 kiremit rengi ve hafif asidik veya hafif bazik 6zelligi
tagimaktadir. Ayrica gozenekli yapisi ve hafif bir materyal olusu
ile akvaryum uygulamalarinda yaygin bi¢imde kullanilmaktadir.
Bu tiir materyallerin kullaniminda, toksik icerige sahip
olmamasi, asinmaya dayanikli olmasi, istenmeyen renk veya
kokuya neden olmamasi ve ekonomikligi gibi bir¢cok etken g6z
ontinde bulundurulmalidir.

Cakil, kum, toprak veya kirilmig mercan gibi bir¢ok
farkli malzeme, bir akvaryum icin substrat (taban malzemesi)
olarak kullanilabilmektedir. Balik tiirleri, omurgasizlar ve sucul
bitkilere gore substrat secimi farklilik gdsterir. Ornegin kirilmis
mercan, nispeten yiiksek pH, alkalinite ve sertlik seven Afrika
ciklit tiirli veya baz1 canli doguran tiirleri i¢in uygun olabilirken,
melek balig1, ¢opcili baligi, ciice vatoz tiirleri veya tetra tiirleri
i¢in uygun degildir (Oz vd., 2024).

Tath su akvaryum baliklari, g6l ve nehir gibi dogal
yasam ortamlarinda, kontrollii kosullardaki yasam alanlarina
gore daha genis alan ve su ortaminda yasamaktadirlar. Dogal
ortamdaki kosullarin aksine akvaryum gibi sinirli alan ve daha
yogun bir canli yiikii s6z konusu olan ortamda, sucul canlilarin
metabolik atiklari birikme egilimindedir. Tatli su akvaryum
sistemlerinde su dengesinin korunmasi i¢in kullanilan yontemler
arasinda, uygun bir filtrasyon sistemi ve yeni su ekleme
uygulamasi siklikla uygulanmaktadir. Filtreleme ve yeni su
ekleme islemi, suda fiziksel-kimyasal-biyolojik dengenin
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korunmas: ve sucul canlilarin yasamsal faaliyetlerinin
stirdiiriilebilmesi i¢in, sucul canlilarin metabolik atiklarini,
tilketilmeden kalan fazla yemleri ve 6li bitkisel ve hayvansal
pargaciklar/kalintilar1 akvaryum suyundan uzaklastirirlar. Bu
islemler, istenilen Ozellikteki su parametrelerinin kalict olarak
korunmasii saglar ve bu da baliklar icin saglikli ortam
olusturur.

Ekolojik istekleri farkli birgok sucul canli tiiriiniin uyum
i¢cerisinde yasamint siirdiirebilmesi i¢in akvaryum
diizenlemelerinde bircok dogal materyal kullanilmaktadir. Bu
dogal materyaller kum, cakil, kaya parcalari, toprak, turba,
omurgasiz kabuklari, mercan kumu, zeolit, bentonit, leonardit,
diatomit gibi dogal adsorbanlar, agac kokleri, dallari, yapraklari
gibi hem su parametrelerinin diizenlenmesine katki saglayan
hem de dekoratif amagli kullanilabilen materyallerdir (Sekil 1).
Bu materyaller, c¢evresel zenginlestirme (environmental
enrichment: EE) kavrami olarak tanimlanmakta ve arastirmalara
konu olmaktadir.

Sekil 1. Akvaryumlarda kullanmilan dogal zemin malzemelerinden
gorsel ornekler (orijinal)
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Glinlimiizde ilgi odagi olan alanlardan biri de g¢evresel
zenginlestirmenin  saglanmasidir.  Zenginlestirme,  birgok
laboratuvar hayvan tiiriiniin davranigsal ihtiya¢larini karsilamak
ve refahini saglamak i¢in temel bir gereklilik olarak kabul edilir.
Cevresel zenginlestirme, tanklardaki plastik bitkiler gibi refahi
saglamayr amaglayan temel laboratuvar ortamina yapilan
eklemeler veya degisiklikler olarak tanimlanabilmektedir.
Zenginlestirme, dogal davranisin ifadesini tesvik etmeye,
anormal davraniglar1 ve stresi azaltarak olumlu refahi
desteklemeye  yardimc1  olmaktadir.  Ancak,  gevresel
zenginlestirmede su parametreleri, maliyet ve isgiicli gibi bazi

unsurlar dikkate alinmasi gerekli konulardandir (Stevens vd.,
2021).

Cevresel zenginlestirme genel olarak, balik disinda bitki,
kum gibi uyaran eksikligi olan ortamlarda (tank, havuz ve
akvaryum gibi) yetistirilen baliklarda uyumsuz ve anormal
Ozellikleri azaltmayr amaglamaktadir. Akvaryum ortaminda
cevresel zenginlestirme (kum, cakil, bitki ve aga¢ parcalar1 gibi
dogal veya yapay materyaller kullanarak olusturulan) cevresel
karmasiklikta kasith bir artistir. Yapisal karmasiklik; bir¢cok su
ekosisteminde 6nemli bir faktordiir. Bazi balik tiirleri yagamlari
boyunca pelajiktir, ancak ¢ogunun yasaminin bir asamasinda
cevresel yapilarla en azindan bir baglantisi vardir (6rnegin
beslenme, barinma veya yumurtlama davranisi icin). Fiziksel
yapilardan (taslar, kokler, kiitiikler, bitkiler, algler, kum, yapay
nesneler vb.) olusan c¢evresel karmasiklik, bu nedenle bir¢ok
tirin  dogal ortaminda Onemli bir c¢evresel faktordiir.
Karmagikligimm belirgin = bir islevi; aktif olarak avlanan
yirticilardan kaginmak ya da giicli akintilar gibi hidrolik
kuvvetlerden kurtulmak icin barinak saglamaktir. Barinak ayrica
yirticilar tarafindan avlarini basarili bir sekilde pusuya diisiirmek
icin de kullanilabilir. Artan ¢evresel karmasikligin saldirganlig
ve bolge boyutunu azalttigi ve birim alan basina daha fazla
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bireye izin verdigi gosterilmistir. Artan karmagiklik ayrica alt
seviyedeki bireyler icin siinaklar yaratir. Akvaryumlarda
substrat olarak renkli cam cakil eklenmesi, biiylimeyi artirmis ve
saldirganlig1 ve bazal kortizol seviyelerini azaltmisken, cipura
baliginda  kortizol  duyarliligimi  artirmistir;  bu  da
zenginlestirilmis ortamda daha diisiik stres seviyeleri oldugunu
gostermektedir. Dip substratlarinin = kullaniminin  ayrica,
substratlarin temizlenmesindeki zorluklar nedeniyle kotii ¢evre
kosullarina ve patojen enfeksiyonlarina yol agabilecegi
vurgulanmalidir (Naslund ve Johnsson, 2016).

Zemin materyali, biilylime ve yasama orani bakimindan
tath su istakozlarinin yasam evrelerinde olduk¢a Onemlidir.
Yavru Meksika ciice portakal tatli su istakozlarinin
(Cambarellus patzcuarensis) yasama oranlari ve biiyiimelerinin
alt1 farkli zemin materyali (¢akil, kum, bazalt, kalsit, sineklik ve
kontrol grubu) bulunan akvaryumlarda incelendigi ¢alismada
bazalt substrat tiiriiniin siklikla tercih ettigi ve bu da tiiriin dogal
substratina yakinligi ile iliskilendirilmistir (Karadal ve Tiirkmen,
2017).

Kiyi seritlerinde kullanilan beton istinat duvarlari, tatli su
ekosistemleri igin giderek artan bir tehdit olusturmaktadir. Balik
habitat tercihlerinin belirlenmesi icin yapilan c¢alismada
diiz istinat duvarlarma alternatif olarak farkli ylizey sekillerine
sahip beton tasarimlarinin kullanilhilabilirligi  vurgulanmigtir
(Frempong-Manso vd., 2025).

Bazi akvaryum baliklarmin fizyolojik ve davranigsal
tepkileri, substrat varligindan oOnemli Olgiide etkilenebilir.
Substrattan yoksun birakildiginda, bazi tiirler hareketsizlik
gosterebilir ve bu da karsilanmamis davramigsal ihtiyaglarin
gostergesi olabilir (Jaman vd., 2024).

Bitkilerin biiyliimesine ve sucul dengenin saglanmasina
yardimc1 olacak birgok farkli substrat tiirli ticari olarak
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mevcuttur. Tatlisu, tuzlusu ve act su akvaryumlarinda
kullanilabilecek substratlardan bazilar1 sunlardir; kum, kil, ¢akil,
toprak, turba, kirilmis mercan vb. Kum, cakil, kil, turba ve
kirilmis mercan aktif substrattir (Aragonit ve diger mercan
substratlart  akvaryumun pH degerlerini dogal olarak
yiikseltmeye ve korumaya yardimci olur). Kirilmig mercan
ortamin pH'mi yiikseltirken turba yosunu pH'1 disiriir. Bu
nedenle  substratin  Oncelikle  Ozelliklerinin  bilinmesi
gerekmektedir. Substrat biiyiik boyutlu bitki, kaya ve dogal agac
parcalarina destek saglamak icin de gereklidir (Kumari vd.,
2021).

Substrat, bitkilerin kok salip biiyliyebilecegi akvaryumun
dibindeki toprak ve cakil gibi yapilarin karisimidir. Bitki
bliylimesine ve su kalitesine yardimci olmaktadir. Karigim,
kabuklu kumu, turba, laterit, bazalt, kil ve kum gibi dogal olarak
bulunan maddelerden yapilir. Kabuklu canlilarin kabuklarindan
olusmus kum, kalsiyum, karbon ve bazi eser minerallerin
kaynagidir. Turba, karbon kaynagidir ve topragin katyon
degisim kapasitesini artirir, bu da bitkilerin besinleri ve karbonu
almasina yardimci olur. Laterit toprak ve kum da her seyi bir
arada tutar ve bitkiler i¢cin mineral ve besin kaynagi olusturur.

Akvaryum uygulamalarinda sucul canli tiirlerine uygun
zemin materyali olarak dogal su kaynaklarindaki zemin yapisi
ile ayn1 veya canlilarin uyum saglayabilecegi benzer dogal
materyaller kullanilabilmektedir. Kum, ¢akil veya kaya pargalari
boyutlarinda kullanilabilen bu materyaller renk, sekil ve mineral
icerik gibi yapisal 6zellikleri nedeni ile tatli su, tuzlu su ve ac1 su
ozelligindeki akvaryumlarda, tropikal, 1lik veya soguk su
akvaryumlarinda, tek tiir, karma tiir veya biyotop, paludaryum
ya da aquascape uygulanan akvaryumlarda kullanilmaktadirlar.
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2. TATLI SUAKVARYUMLARI iCIN
KAYAC YAPILAR

Kimyasal yapiya uygun dizilen atomlar elementleri,
elementler kristalleri, kristaller mineralleri ve mineraller de
kayagclar1 olustururlar (Yildirim ve Gokasan, 2013).

Kayaglarin  rengini igerigi etkilemektedir. Bazik
Ozellikteki Fe ve Ni yoniinden zengin olanlar daha koyu renkli,
asidik Ozellikteki SiO, yoniinden zengin olanlar ise daha agik
renklidir. Kayag (tas) kat1 6zellik géstermektedir. Bir veya daha
fazla minerale ait kristallerin ya da tanelerin biraraya gelmesi ile
olusur. Kokenleri ve olusum kosullarina goére kayaclar
magmatik, sedimanter ve metamorfik olarak ti¢ sekilde incelenir
(Yildirnrm ve Gokasan, 2013). Kayag¢ tiirlerinden sadece
magmatik kayaglar ¢ogunlukla manto eriyiklerinin katilagsmasi
ile, sedimenter (sedimanter, ¢okelik, tortul) kayaclar herhangi
bir kaya¢ grubunun ayrisip dis etkilerle bir baska yerde
toplanmas1 ile, metamorfik kayaclar ise herhangi bir kayag
grubunun yiiksek sicaklik ve basing altinda yerin derinliklerinde
kati halde baskalasmalar1 ile olusurlar. Ucii de, degisik
kosullarda birbirlerine doniisebilirler (Yildirrm ve Gokasan,
2013).

Cogunlugu akvaryum diizenlemelerinde de kullanilabilen
dogal taslar, bes grup altinda siniflandirilabilir. Ik grup dere ve
deniz kenarlarindaki kum, ¢akil ve killeri kapsamaktadir. Kalsit,
dolomit, kalker, granit, andezit, bazalt, kayraktasi, arduvaz gibi
kayaclar ikinci grubu olusturmaktadir. Diger grupta eriyik
halindeki tuzlar; dordiinci grupta bentonit, montmorillonit,
diatomit, zeolit, pomza, pekstayn, perlit, obsidyen, kuvars,
kuvarsit ve bilesiminde en az %80 SiO, ihtiva eden kuvars
kumu, feldispat, enerji hammaddeleri; turba, leonardit gibi dogal
taglar sayilabilir. Son grupta ise kiymetli ve yar1 kiymetli
mineraller; Elmas, safir, yakut, ziimriit, agat, silis kokenli oniks,
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kuvars kristalleri (ametist, sitrin, neceftast (dag kristali),
dumanh kuvars, kedigdzii, avanturin, veniistasi, giil kuvars),
topaz, aytasi, turkuaz (firuze), kehribar gibi taslar sayilabilir
(Orhan ve Arik, 2019).

Dogadaki sucul ve karasal kaynaklardan elde edilen ve
akvaryumlarda zemin materyali olarak kullanilan kumlar, taglar
ve kaya pargalari ticari olarak tiretilmekte, adlandirilmakta ve
saticilardan temin edilmektedir. Bu triinler, dere kumu, dere
cakili, beyaz kum, siyah kum, kalsiyum karbonat, mineral kum,
kiregtasi, hagen kum-bazalt kum (demir igerikli), quartz kum,
Klay/kil kum, volkanik kum, mercan kumu, midye kabugu
kumu, silis kumu, beyaz kalsit kum, dolomit kum ve tasi, lav
kirig, gyans kaya, pomza (lav) tasi gibi adlandirilmaktadir
(Sekil 2).

Sekil 2. Gyans kaya, midye kirig, lav kayasi (orijinal)
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Bu tiir dogal kayag¢ olusumlart sahip olduklar1 fiziksel ve
kimyasal oOzellikler sayesinde sucul canli kiiltiiriinde bir¢ok
ama¢ icin kullanilmaktadir. Cogunlukla farkli bilesiklerden
olusan bu dogal yapilar, igeriklerine bagli olarak, beyaz, sari,
kirmizi, siyah gibi farkli renklerde, mikroskobik boyuttan
makroskopik boyuta kadar degisebilen gozenekli bir yapida,
farkl1 yiizey alani, hafiflik, islenebilirlik, anyon ve katyon
icerigi, iyon yapisi gibi &zelliklere sahiptirler. Oncelikle balik,
bitki ve diger sucul canli tiirlerinin biyolojik ihtiyaglarini
saglayacak oOzellikte dogal iirlinler secilerek, farkli ortam
kosullar1 gerektiren akvaryum uygulamalar1 (Afrika Bolgesi
Malawi Golii akvaryumu, Amerika Bolgesi Amazon Nehir
sistemi akvaryumlari, Asya bolgesi tiirlerine 6zgii akvaryumlar
vb) dizayn edilmektedir. Ayrica zeolit, bentonit, diatomit ve
leonardit gibi dogal mineral maddeler veya karbon kaynaklar1 su
tirtinleri yetistiriciliginde dekoratif kulanimlarinin disinda su
parametrelerinin  diizenlenmesi i¢in kullanilmaktadir. Dogal
kaya¢ ve minerallerin sucul canli yetistiricilik uygulamalarinda
kullaniminda suya zararli salinim yapmamasi ve dayaniklilig
gibi ozellikleri dikkate alinmalidir.

Kayaclar1 genel olarak mineral bilesenleri, tane boyu,
tane sekli, taneler arasindaki iliski vb. Ozelliklerinden
tanimlamak miimkiindiir. Ornegin granit cesitli minerallerin
bilesiminden olusurken, kuvarsit tek mineralden olusur.
Akvaryumlarda siklikla kullanilan mineral, kil, kaya¢ vb.
yapilar1 detaylica incelemek gerekirse gabro, diyorit gibi
magmatik kayaclardan en yaygin olarak kullanilani granit olarak
sayilabilir. Granitler, agik renkli cogunlukla esit boyda kuvars
ve feldspattan olusan kayaglardir. Cok az miktarda mika ve
hornblend igerir. Renkleri feldspatlarin ve diger minerallerin
cins ve miktarlarina gére gri, pembe ve kirmizi olabilir (Ocal ve
Dal, 2012). Magmatik kayacglar iginde en iyi bilinen granit,
faneritik kayactir ve kuvars K-Feldispat ve sodyumca zengin
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plajyoklaz icerir. Kuvars kristalleri genellikle kiiremsi, cams1 ve
seffaf-acik gri iken, feldispat kristalleri daha az camsi
ozelliginde dikdortgen sekilli, beyazimsi-pembemsi-grimsi
renktedir. K-Feldispat orani yiiksek olan granitler kirmiziya
renkte olurlar (Ocakoglu, 2014).

Volkanik ada yaylar1 olarak da bilinen And Daglar
birgok dag gibi andezit ad1 verilen ince grimsi volkanik kayagtan
olusmustur. %52-63 kuvars iceren andezitler diyoritlerin yiizey
tasidir ve koyu renkli, suda dagilmayan, su c¢ekmeyen
ozelliktedir (Ocal ve Dal, 2012). Koyu yesil siyah renkte ve ince
taneli yapida olan bazalt volkanik kayaclardandir (Sekil 3)
(Ocakoglu, 2014). Gabrolarin yiizey tasidir. Ince taneli, yogun,
sert, dayanikli, koyu siyah ve gri renkli bir magmatik kayag olan
bazalt gabro grubunun volkanik tiiridiir. %52’den az kuvars
icerir (Ocal ve Dal, 2012).

Sekil 3. Bazalt (orijinal)

Kimyasal tortul taslardan kirectasi (kalker) kimyasal
bilesiminde %90’dan fazla CaCOj; (kalsiyum karbonat) iceren
kayagclardir (Sekil 4).
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Sekil 4. Kalsiyum karbonat (orijinal)

Kiregtaglar1 mercan, foraminifer, alg vb tas yapici
organizmalardan da olugsmaktadir. Fosil igerikli kiregtaglari
organik tortul taslar sinifinda yer almaktadir. Kalkerlerin su
emmesi, asinmasi, basin¢ dayamimlari dokularma gore
degismektedir. Organik tortul taslardan Mercan kalkerleri
mercanlarin  iskeletlerinden  olusurlar. Ada  kenarindaki
mercanlar atolleri ve kiyilardakiler resifleri olustururlar. Tek tek
her denizde ve farkli derinliklerde bulunabilirler (Ocal ve Dal,
2012).

Balik yetistiriciligi sirasinda istenmeyen kosullar1 ve
kayiplar1 6nlemenin yollarindan biri, smektit, bentonit, linyit,
leonardit ve aljinit gibi ¢esitli fosil minerallerle suyun
aritilmasidir. Bunlarin ¢ogu mikro ¢evreyi detoksifiye edebilen
0zel maddelerdir, ancak Oncelikle bazilar1 hem su faunasi hem
de floras1 i¢in Onemli olan biiyilk miktarda humat igerir
(Ondrasovic¢ova vd., 2023)

Leonardit, Ozellikle humik asit olmak {izere yliksek
miktarda humik madde igeren dogal organik maddedir (Sekil 5).
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Sekil 5. Leonardit (orijinal)

Dogal  biyomineraller, 06zellikle leonardit, son
zamanlarda toprak ve bitki verimini iyilestirmek i¢in humik asit
kaynaklar1 olarak cazip hale gelmistir. Leonardit cevheri, humik
asit, fulvik asit ve huminler gibi Onemli miktarda humik
maddeler igeren tamamen dogal ve organik bir maddedir.
Leonardit materyali genellikle tarimda toprak diizenleyici olarak
kullanilir. Ayrica peletleme, briketleme, delme, iyon degisim
reginesi, atik su aritimi, hayvan yemi olarak kullanilir (Canieren
vd., 2017). Leonardit, bir milyar yildan fazla siiren bir ayrisma
siireciyle olusan dogal bir organik maddedir. Nem ve kiil
igcermeyen bir bazda %86'ya kadar humik asit icerir. Leonarditin
kalitesi ve ozelligi c¢ikarildig1 yataga gore degisebilir. Farklh
bolgelerden elde edilen leonarditin pH degerleri 2,38-6,18
araligindadir. Leonardit, humik aside ek olarak, bitki besin
maddelerinin, 6zellikle de mikro besin maddelerinin seviyesini
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iyilestirmek i¢in de kullanilabilir (Ratanaprommanee vd., 2016;
Terdputtakun vd., 2017).

Akvaryum uygulamalar1 agisindan leonardit kullanimi
g0z Oniine alindiginda oncelikli olarak pH degeri hafif asidik
ozellikteki sucul canli tiirlerinin (baz1 ¢iklit, kedi balig1 ve
karides tiirleri gibi) akvaryumlarinda kullanilmalidir. Bunun
disinda pH degerlerini artiran diger materyaller (zeolit gibi) ile
kullanim1 miimkiindjir.

Zeolit, li¢ yapili bir ag orgiisiine sahip gozenekli, alkali
(Na ve K) ve toprak alkali (Ca) elementlerin sulu alumina silikat
kristalidir. Zeolitlerin yapist bosluklar icermekte olup bal petegi
veya kafes goriiniimiindedir. Genellikle, alkali ve toprak alkali
metaller olan katyonlar ve su, bosluklarda bulunabilmektedir.
Katyonlar zeolite zayif baglarla bagli olduklarindan, iyonlari
kolaylikla degistirebilmekte, bu nedenle zeolitler iyon degistirici
olarak kullanilmaktadir. G6zeneklerin igindeki su molekiilleri de
isitilarak  kolaylikla zeolitik yapryr terketmekte veya tekrar
adsorbe edilebilmektedir. Arastirma  gruplart tarafindan
belirlenen dogal zeolit mineral sayist 40 olarak bildirilmistir.
Bunlarin i¢inde en bilinenleri; analsim, sabazit, klinoptilolit,
eriyonit, ferrierit, holandit, mordentit, stilbit ve filipsittir. Zeolitin
yapisinda temel yapi birimi SiO, veya AlO, dortyiizliistidiir.
Zeolitler alkali ve toprak alkali elementlerin kristal yapiya sahip
aliminyum silikatlaridir. Farkli alanlarda en ¢ok kullanilan
zeolit tiirli olan klinoptilolit, tarim ve hayvancilik alanlarinda
giibre katki maddesi, toprak islah edici ve yem katki maddesi
olarak, kimyasal elek, gaz absorblayici, koku kontrol malzemesi
ve su filtresi olarak kullanilmaktadir. Klinoptilolit uzun
yillardan beri yem katkisi1 olarak, biiyiikbas, domuz, at ve kiimes
hayvanlarinda kullanilmakta, yem icindeki olusabilen toksinleri
adsorbe ederek yemlerin daha verimli olmasini saglamaktadir
(Demir ve Polat, 2003).
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Yapilan  arastirmalar, suda  yasayan canlilarin
yemlerindeki azotun sadece %15-30'unu kullanabildigini, geri
kalaninin digki ve iire olarak amonyak azotu formunda suya
atildigin1 ve bunun da su ekosistemlerini olumsuz etkiledigini
ortaya koymustur. (Guo vd., 2022). Klinoptilolit tiirii zeolit,
uzun yillar siiresince su aritimmda kullanilmustir. Ozellikle
azotlu bilesiklerin ve agir metallerin uzaklastirilmasinda
adsorban madde olarak ticari olarak iiretilmekte ve sucul canl
kiiltiiriinde filtrasyon materyali olarak kullanilmaktadir. Farkli
boyutlarda bulunabilme 06zelligi ile filtrasyon veya dekoratif
amagl kullanimi i¢in toz boyutlardan ¢akil ve kaya boyutlarina
kadar farkli bigimlerde islenebilen dogal bir materyaldir (Sekil
6).

Sekil 6. Toz zeolit (orijinal)
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Akvaryumlar veya kapali devre sistemlerde filtre
sistemlerinde kullanilabildikleri gibi akvaryum veya tanklarin
zemininde de kullanilabilirler. pH degerleri géz Onilinde
bulunduruldugunda, nétiire yakin hafif bazik degerlerde olusu
canlidoguran tiirleri, japon ve koi gibi bazi sazan tiirleri, Afrika
bolgesi bazi ¢iklit tiirlerinin akvaryumlarinda kullanilabilirligini
ortaya koymustur. Sucul canli tiirlerinden Hydrilla verticillata
gibi bitkiler i¢in notiire yakin pH degerleri saglamasi agisindan
da kullanilabilmektedir (Song vd., 2018). Amonyak azotu,
baliklar i¢in toksik olan ve baliklarin biiylimesi ve saglig
lizerinde zararli etkilere neden olabilen su iriinleri yetistiriciligi
sistemindeki en Onemli Kkirleticidir. Bu nedenle, sudaki
amonyagl gidermek ve balik yetistiricilik sistemlerinin su
kalitesini iyilestirmek onemlidir. Nitrifikasyon ve iyon degisimi,
amonyag1 gidermenin iki temel yontemidir. Istiridye kabugu,
kaya, kum, aktif karbon gibi malzemeler, nitrifikasyon siirecine
dahil olan bakteriler i¢in bir substrat hazirlamakta kullanilir. Bu
arada, iyon degisimi, sentetik veya dogal bir recineden gelen
iyonlarin atik sudaki belirli 1yonlarla degistirildigi bir islemdir
(Zain, 2019).

Klinoptilolitin adsorpsiyon i¢in kullanildiginda, ortam
kosullarina gore belirli araliklar ile yeniden sartlandirilmasi veya
yenisi ile degistirilmesi gerekmektedir. Doygunluga ulasan
zeolitler, bitkisel tretim i¢in azot ve fosfor gibi besleyici
niitrientlerin tasiyicist olarak kullanilabilirler. Bu kullanimina
uygun bir yontem olarak klinoptilolit tiirli zeolit aquaponik
sistemlerde  kullanilabilmektedir. Klinoptilolit tiirii  zeolit
mikroskopik boyutta gézenekli yapisi ve yiizey alani sayesinde,
akvaryum zemininde kullanildiginda nitrifikasyon bakterileri
icin ortam saglayabilmektedir. Boylece fiziksel, kimyasal ve
biyolojik filtrasyon i¢in uygun bir dogal materyal olarak
kullanilabilmektedir. Cok yonlii kullanim 6zellikleri ve zararh
etki gostermemesi sayesinde su iirlinleri yetistiriciliginde genis
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bir kullanim alanina sahiptir ve bilimsel ¢alismalar ile farkl
kullanim alanlarin1 ortaya koymak i¢in aragtirmalar devam
etmektedir.

Alglerin fosillesmis silis igerikli kabuklarindan olusan
cokeltiye diatomit denir. Diatomlarin yasamlar1 sona erdiginde
kabuklar1 biraraya toplanarak ¢okelir ve stoklar olusmaktadir.
Diatomit stoklarinin karakteristikleri; tlirlerine, SiO; igerigine,
baz1 fiziksel ve kimyasal oOzelliklerine bagli olarak
degismektedir (Alagdz ve Saglam, 2022). Diatomlar, okyanus
yiizey sularinda bulunan silisik asidi (H4SiO4) emerek friistiil adi
verilen hidratli silika dis iskeletleri gelistirir, bunlar daha sonra
ya ¢Oziiliir ya da okyanus tabanina birikir ve tortulara gomiiliir.
Bu siiregler s1g ve derin deniz ortamlarinda ve ayrica kitalardaki
tath su ortamlarinda meydana gelir (Figus vd., 2024). Fiziksel-
mekanik agidan killi diatomit gri, gri-beyaz renkli, yumusak ve
cok hafif, ince, siliper ince taneli yapiya sahip gozenekli bir
tortul kayactir (biyogenetik kokenli) (Sekil 7).

Sekil 7. Toz diatomit (orijinal)
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Kimyasal bilesimine gore killi diatomitin %63,51
oraninda silikanin baskin oldugu asidik kaya¢ oldugu sonucuna
varilabilir. Mineralojik karakterizasyon, asagidaki minerallerin
varligin1 ortaya koymustur: kuvars, plajiyoklaz, muskovit ve
klorit. (Reka wvd., 2020). Diatomit ve zeolit gibi silikat
minerallerin, su trilinleri yetistiricili§inde kullanimi farkl tiir ve
ortam  kosullarinda  yiiriitilen detayli  arastirmalar ile
desteklenmektedir. BFT (biofloc technology) kiiltiirlerine
diatomit eklenmesi, yogun su lriinleri yetistiriciliginde ac1 suda
yetistirilen beyaz karides postlarvalarinin ve yavrularinin biiyiime
performansini ve yem verimliligine pozitif etki etmistir. Diatomit
eklemenin Penaeus vannamei kiiltiiriinde miksotrofik ve ototrofik
olarak bulunan mikroalg ve bakterilerin popiilasyon dinamikleri
tizerindeki etkilerini ortaya ¢ikarmak igin ¢aligmalara gerek
oldugu bildirilmistir (Martinez-Montano vd., 2020). Diatomit
kum boyutundan ¢akil ve kaya buyutuna kadar olan farkli kirilma
boyutlar1 ile akvaryum diizenlemelerinde, dekorasyonda ve
filtrasyonda kullanilabildigi de bilimsel arastirmalarda tespit
edilmistir (Oz, 2024).

Bentonit aluminyum ve
magnezyumca zengin volkanik kiil,
tiif ve lavlarin kimyasal ayrismasi ve
bozunmasiyla olusmus ¢ok kiigiik
kristallere sahip kil minerallerinden
(baglicas1 montmorillonit) olusan ve
agirlikli olarak kolloidal silis yapida,
yumusak, gozenekli ve kolayca sekil
verilebilir acik renkli bir kaya olarak
tanimlanir. Bentonitlerin renkleri,
griden siyaha, yesilden beyaza kadar
degisen ¢esitli renklerde Sekil 8.
olabilmektedir (Sekil 8). Toz bentonit (orijinal)
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Genel olarak sabunumsu ve balmumsu bir dis goriinilise
sahiptir. Su icinde bir miktar sisme Ozelligi gosterir ve
kurutuldugunda catlakli patlamig misir gorilintiisii  verir.
Bentonitin ana yapici minerali montmorillonit olup, biinyenin en
az %~385'ini bu mineral olusturur. Kuru bentonitin 6zgiil agirlig
2,7-2,8 g/lcm?® iken, toz haline getirildiginde yogunlugu 1,6-1,8
glcm3 degerine kadar diismektedir. Bentonit kristal yapisinda
Na®, Ca"™" ve Mg"" katyonlar ile yer degistirebilir ve zeolit
grubu disinda diger minerallerden c¢ok daha fazla iyon
degistirme kapasitesine sahiptir. Dengesiz negatif yiikiinden
dolay1 su icinde birbirlerini iterek suda miikemmel dispersiyon
ozelligi gosterir. Bentonitlerin ¢ok degisik kullanim alanlar
vardir (Temelli, 2005). Bentonit bir kil mineralidir ve kimyasal
filtrasyon i¢in kullanilabilir. Killer dogada yaygin olarak
bulunan minerallerdendir. Cogunlukla 2 pm’den kiigiik ince
taneli minerallerden olusan, uygun su igeriginde plastik yapida
olan ve kurutuldugunda ya da pisirildiginde sertlesen sulu
aliminyum silikatlar kil olarak nitelendirilir. Smektit grubu kil
minerallerinden olan montmorillonit, yiikksek sisme kapasitesi,
ylizey alani, plastisite ve iyon degistirme kapasitesine sahip
olmast gibi oOzellikleri nedeni ile nanokompozit iretiminde
kullanilan en 6nemli kil mineralidir. Beyaz, gri, kahverengi,
krem rengi gibi ¢esitli renklerde degismektedir. Bentonitin
kimyasal yapisinda Nap+K,0/CaO+MgO oranm1 1°den biiyiikse
sodyum, 1-1/3 aras1 ise karigik, 1/3’ten kiiglikse kalsiyum
bentonit olarak diislinlilebilmektedir. Sodyum, kalsiyum ve ara
bentonitler birbirinden farkli fiziksel Ozellikleriyle farklh
alanlarda kullanilmaktadir (Baysal, 2012).

Lav tas1 (pomza), volkanik taslardan bir tanesidir.
Gozenekli yapis1 ve diger fiziksel-kimyasal 6zellikleri sayesinde
filtrasyon icin kullanilan materyallerdir. Kii¢iik boyutlardan ¢ok
iri boyutlara varan biiyiikliiklerde, bozuk sekilli, delikli, poroz
Ozelliklte sudan hafif yogunlukta asidik o6zellikteki lavlarin ve
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silis yoniinden zengin sivi magmalarin katilagmalari sonucu
olusurlar. Siinger tas1 olarak da bilinen lav tasi, agik tonlarda,
amorf, ¢ok hafif ozelliktedir (Yildinm ve Gokasan, 2013).
Genelde agik renkli olup beyazdan, kreme kadar degisik
renklere sahip olmasma ragmen nadir olarak gri, mavi,
kahverengi, yesil ve siyah renklerde de gozlenir (Sekil 9).

Sekil 9. Lav tas1 (pomza) (orijinal)

Olusumu sirasinda biinyesindeki gazlarin aniden biinyeyi
terk etmesi ve aniden sogumasi nedeniyle, makro 6lgekten mikro
Olcege kadar ¢ok sayida gozenek iceren volkanik bir kayagctir.
Pomza agrega ornekleri makroskopik  ozellikleri ile
incelendiginde, siinger gibi ve bosluklu bir yapida oldugu
goriiliir. Pomza ¢ok bosluklu bir yapiya sahiptir, bosluklarin
dagilim1 genelde homojen bir dagilim gosterir. Kayag i¢indeki
bosluklar sekilsizdir ve belirli bir yonlenme gosterebilir.
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Oldukga hafif ve gozenekli yapist ile tanimlanan lav kirigi
(pomza tas), 6zellikle tekstil, insaat, kimya, tarim gibi alanlarda
yayginca kullanilan bir endiistriyel ham maddedir. Pomzanin
kimyasal, fiziksel, yapisal ve mineralojik ozellikleri degisik
sektorlerdeki kullanimini artirmaktadir. Birgok bilim adami hala
cesitli pomzalarin teknolojik ve yapisal 6zelliklerini arastirip
yeni kullanim sahalar1 olusturmaya ¢alismaktadir (Emirzeoglu,
2020). Su iriinleri yetistirme sisteminden azot giderim
veriminde pomza tasimin aerobik kosullar altinda bir
nitrifikasyon biyofiltresi olarak islev gorebilecegi de yapilan
arastirmalarda bulunmustur (Pungrasmi vd., 2016).

Arduvaz, kil yataklarinin diajenez sonucu sistlesmesinden
olusan ince tabakali kayaclardir. Sistlesme, genellikle
tabakalagmaya paralel olup kayacin ince tabakalar halinde
dilimlenmesini saglar. Metamorfik bir kaya¢ olan kayagan tasi,
camurtaglari, silt taglari, seyller ve volkanik kiillerin farkli
kompozisyonlarini igerir. Cok farkli mineral ve kompozisyonlari
nedeniyle, degisik renkler ve desenler verebilmektedir. Genellikle
koyu gri renkli olan arduvaz mika, kuvars ve klorit gibi mineraller
ithtiva eder. Bu mineraller az ¢ok silislesmis killi ve marnli bir
hamurla baglanmistir. Kuvars SiO, orant %50-68 arasindadir.
Oldukca sert olan arduvaz su gecirmez ve atmosferik hava
kosullarina dayaniklidir. (Ocal ve Dal, 2012).

Perlit 850-1100°C araliginda aniden 1sitildig1 zaman, ilk
hacminin 10-30 kati kadar genlesen ve ¢ok hafif bir agrega
haline gelen, her tiirlii volkanik camdir (Emirzeoglu, 2020).
Perlit, volkanik lavin ani sogumasi ve katilagsmasiyla olusan ve
kiitlesinde su hapseden, riyolit bilesiminde (SiO; bakimindan
zengin) beyaz, asidik, volkanik, camsi bir kayadir (Sekil 10).
Amorf bir volkanik cam olan perlit, gozenekli bir yapiya sahiptir
Perlit, adsorpsiyon 6zelliklerine sahip gézenekli bir malzemedir,
ancak hentiz kapsamli bir sekilde incelenmemistir (Biliani vd.,
2024).
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Sekil 10. Perlit (orijinal)

Vermikiilit, su molekiillerinin buharlagmasina izin
vermek i¢in asir1 sicakliklarda 1sitilmis mineral mikadir. Hafiftir
ve 1yi drenaj ve havalandirma saglar. Vermikiilit, ozellikle
potasyum (K), magnezyum (Mg), kalsiyum (Ca) ve fosfor (P)
olmak {tizere belirli besinleri tutmada etkilidir. (Anonim, 2025).
Atik sudan amonyum gideriminde sicaklifa bagli olarak
vermikiilit ve zeolitin kullanilabilirligi yapilan ¢alismalarda
bulunmustur. Ayrica amonyum adsorpsiyonu i¢in kullanildiktan
sonra azotlu giibre olarak yeniden kullanimmnin da miimkiin
oldugu tespit edilmistir (Solisma vd., 2019; Bai vd., 2022)

Kum, c¢ok cesitli {riinlerde kullanilir. Kuvars tasiyan
herhangi bir kayanin asinmasi kum olusturur. Taneler esas
olarak su ile taginir ve taginma siiresince zayif mineraller
uzaklagir ve direngli taneler daha kii¢iik hale gelir, daha
yuvarlak bir sekil alir ve ylizeyleri siirekli asinma veya kimyasal
saldirt ile degistirilir. Taneler ne kadar uzun siire tasinirsa o
kadar olgunlasirlar. Birgok kum tanesi yuvarlaktir ve bu da
birka¢ biriktirme ve tagima dongiisiinii gosterir. Cok olgun
kumlar kimyasal olarak en saf, en ideal sekilde yuvarlak ve en
1yi siniflandirilmis kum yataklarini olusturur. Silis kum yataklari
genellikle olgun veya siiper olgundur (Sekil 11). Siiper olgun
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kumlar genellikle %95'ten fazla kuvars igerir ve bazi dogal
yataklar %98 kuvars icerir (Platias vd., 2014).

Sekil 11. Silis kum (Orijinal)

Kuvars, diinya kabugunda en bol bulunan minerallerden
biri ve magmatik, metamorfik ve tortul kayaglarda biiyiik
miktarlarda bulunan en 6nemli silika mineralidir. Mineral, ¢esitli
endistriyel uygulamalarda hammadde olarak yaygin olarak
kullanilir. Kimyasal bilesimi ve kendine 0zgii 06zellikleri
nedeniyle kuvars hem toplu iriin (6rn. cam veya dokiim
endiistrisinde kuvars kumlar1) hem de yiiksek teknoloji
malzemesi (Orn. piezo veya optik kuvars) olarak kullanilabilir.
Genellikle renksiz, bazen beyaz, bazen siyah, seffaf-yarn
seffaftir (Sekil 12). Magmatik, metamorfik, 6zellikle granit ve
gnayslarin, sedimanter kayalarin dogal bileseni olan kuvars en
yaygin olarak bulunan minerallerdendir (Gotze, 2009;
Aladogan, 2017).

Sekil 12. Kuvars (orijinal)
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Aragonitin, kimyasal bilesimi CaCOs tiir. Seffaf ya da
yar1 seffaf ozellikteki aragonitler renksiz olabilirken beyazdan
kahverengiye kadar degisen renklerde de olabilir (Aladogan,
2017). Bir kalsiyum karbonat formu olan aragonit, akvaryumda
pH ve alkalilik seviyelerini yiikseltmek veya siirdiirmek igin
kullanilan bir substrati ifade eder.

Dolomit, kalsiyum magnezyum karbonattan olusan bir
karbonat kayadir (Sekil 13). Tuzlu su akvaryumlarinda bir alt
tabaka olarak kullanirlar, ancak ¢ozlinmesi aragonitten daha
diisiik bir pH gerektirir ve bu nedenle aragonit kadar tuzlu su
akvaryumlarinda substrat malzemesi olarak uygun olmayabilir.

Sekil 13. Dolomit (Orijinal)

3. SONUC

Diinya genelinde hizla artan teknolojik gelisim
faaliyetleri, ekosistemdeki zengin biyolojik cesitliligin varligini
tehlikeye atmaktadir. Dogal balik stoklar1, dogal yasam alanlarini,
beslenmelerini ve tireme alanlarini bozan etkiler ve zararh atiklar
nedeniyle biyolojik ¢esitlilige zarar veren antropojenik
faaliyetlerden dolay1 tiikenmektedir. Dahasi, caligmalara gore
bazi siis balig tiirlerinin %85'1 pazarlama amach olarak dogadan
yakalanmaktadir ve bu uygulama devam ettigi siirece dogal
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yasam alani er ya da ge¢ tamamen yok olabilir. Saglikli ve dogal
bir ¢evreyi olusturmak ve silirdiirmek i¢in, icinde yasayan
organizmalar hicbir sekilde strese sokulmamalidir, boylece
normal sekilde gelisebilirler ve popiilasyonlarini artirabilirler. Bu
nedenle s6z konusu hedefe ulagsmak i¢in yetistirme tekniklerinin
standardizasyonu, hayvancilik, diizenleyici tedbirler vb. gibi
gerekli ve somut Onlemler ve stratejiler tasarlanmali ve
uygulanmalidir (Marbainang vd., 2023)

Tath su habitatlari, diinya yiizeyinin %1'inden daha azin1
kaplamasina ragmen, tahmini 1,8 milyon tanimlanmis tiiriin
%7'sini (126.000) ve tahmini omurgalilarin %25'ini igerir.
Onemli ekosistem hizmeti rollerine ve biyolojik zenginliklerine
ragmen, tathh su habitatlar1 insan faaliyetleri nedeniyle
bozulmaktadir. I¢ su habitatlarmin bozulmas1 ve kaybi, su
cekimi, altyap1 gelistirme, havzadaki arazi doniisiimii, asir1 hasat
ve somiirl, egzotik tiirlerin getirilmesi, 6trofikasyon ve kirlilik
ve kiiresel iklim degisikligi tarafindan yonlendirilmektedir. Bu
stres faktorleri tiim tatli su sistemlerinin ve bunlara bagh
biyolojik cesitliligin yasayabilirligini giderek daha fazla tehdit
etmektedir. (Silva vd., 2019; Frempong-Manso vd.,2025)

Tiim canlilarin temel ihtiyact olan su, sucul canli kiiltiirii
icinde diizenlenmesi gereken baslica kaynaktir. Su, kimyasal ve
fiziksel yapis1 geregi temas halinde oldugu bilesiklerden ve
maruz kaldig1 fiziksel kosullardan etkilenmektedir. Kalsiyum
karbonat gibi maddelerin yogun oldugu ortamlar ile temasta
bulunan sularmm pH degerleri bazik o6zellik kazanmakta iken,
hiimik asit icerigi yliksek olan ortamlar ile temasta bulunan
sularin pH degerleri asidik o©zellik kazanmaktadir. Suyun
¢Ozlinmis oksijen icerigi, sicakliga bagli olarak artmakta veya
azalmaktadir. Ayrica, su igerisinde bulunan baliklar, bitkiler,
omurgasiz canlilar ve bakteriler de suyun fiziksel ve kimyasal
ozellikleri lizerine etki etmektedir. Bir¢ok fiziksel, kimyasal ve
biyolojik siireclerin etkisi altinda olan sucul ortam, stirekli
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degisen bir ortamda denge saglanmasi gereken veya degisen
ortam kosullarina uyum saglamay1 gerektiren bir ortamdir.
Dogal ortamda, sucul canli tiirleri bulunduklar1 ortam
kosullarna  uyum  saglayabildikleri  Ol¢lide  nesillerini
stirdiirebilmislerdir. Glinlimiizde, tatli su akvaryum baliklar1 da
bulunduklar1 ortama gore uyum saglama yetenekleri ile hayatta
kalma, beslenme ve iireme davraniglart gelistirmislerdir.
Ornegin, iri kum veya kiigiik ¢akil pargaciklari japon baliginin
dogal beslenme davranisi igin karakteristik bir materyaldir.
Diger taraftan ylizeyi diiz ve piirlizsliz bir tag ylizey, melek
baliklarinin yumurta dizme seramonisi i¢in siklikla tercih edilen
bir materyal olmustur. Afrika bolgesi ¢iklit baliklarinin bazi
tiirleri kumluk bir alanda hazirladiklar1 yuvalar ¢iftlesme alani
olarak benimsemislerken, baz1 tiirler bos deniz kabuklar1 veya
korunakli tas kovuklarin igerisini yavru biiylitme alani olarak
kullanmaktadirlar. Lepistes baliklar1 ise avlanma, beslenme veya
eslesme davranislarini sergilerken bulunduklart ortamin ¢akil ve
kum gibi  materyallerine uygun bi¢cimde renklenme
gostermektedir. Ciice vatoz baliklari, ¢opgii baligr tiirleri, katil
salyongoz gibi zemin bdlgesini aktif kullanan tiirler iginde
akvaryum tabanindaki  substrat materyalinin  biyolojik
ihtiyaclarma uygun olmasi hayati 6nem tasimaktadir. Zebra
daniolar ve neon tetra gibi aktif yavru koruma 6zelligi olmayan,
cogunlukla suyun orta ve iist bolgelerini kullanan ve aktif olarak
yiizen siirliler halinde yasayan tiirler i¢in de zemin materyalinin
uygun olmasi, korumasiz yumurta ve yavrularina korunakli
alanlar yaratmakta ve yasama sansini artirmaktadir. Zemindeki
kum, cakil, aga¢c dallar1 gibi materyaller sucul canlilarin
iremesinden beslenmesine, renklenmesinden korunmasina kadar
degisen alanlarda etki gOstermesinin  yanit sira, su
parametrelerinin diizenlenmesine ve siirekli degisken bir ortam
olan ekosistemin dengesinin kurulmasinda hayati bir rol
oynamaktadir.
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Tiim bu ilging davranis bigimlerinin gézlemlenebilmesi
icin diizenlenen akvaryum ve benzeri ortamlar, akvaryum
sektoriiniin gelisimini saglamistir. Akvaryumlarda yer alan canli
tiirlerinin sayist arttik¢a, bu tiirlerin ihtiyaglarini karsilayacak
materyallerinde sayis1 artmigtir. Bu anlamda, suyun kalitesine ve
sucul canli tiiriinlin yagamsal faaliyetlerine etki eden bu dogal
materyallerin  bilimsel olarak incelenmesi ve kullanim
Ozelliklerinin belirlenmesi 6nem kazanmustir.

40



Su Uriinleri Degerlendirmeleri

KAYNAKLAR

Aladogan, K. (2017). Genel Jeoloji Bolim 4 Mineraller ve
Kayaglar. Hitit Universitesi Fen Edebiyat Fakiiltesi,
Antropoloji Boliimii, Ders Notlari, S. 64.

Alagéz, V. & Saglam, O. (2022). Cesitli Tiirk Diatom
Topraklarinin Celtikte Piring Bitine, Sitophilus oryzae L.
(Coleoptera: Curculionidae) Kars1 Insektisidal Etkinligi.
Journal of Tekirdag Agricultural Faculty, 19(2), 446-
455, https://doi.org/10.33462/jotaf.1055938

Anonim (2025). Greenhouse Manual, An Introductory Guide for
Educators. https://www.usbg.gov/sites/default/files/usbg-
greenhouse_manual.pdf.

Bai, G., Luo, F., Zou, Y., Liu, Y., Wang, R., Yang, H., Liu, Z.,
Chang, J., Wu, Z. & Zhang, Y. (2022). Effects of
vermiculite on the growth process of submerged
macrophyte  Vallisneria  spiralis and  sediment
microecological Environment. Journal of Environmental
Sciences, 118, 130-1309.
https://doi.org/10.1016/j.jes.2021.08.038

Baysal, B. (2012). Montmorillonit/Polimer Nanokompozitlerde
Fosfonyum Tuzunun Termal Stabilite Ve Mekanik
Ozelliklere Etkisi. Istanbul Universitesi Fen Bilimleri
Enstitiisii, Maden Miihendisligi Anabilim Dali Yiiksek
Lisans Tezi, 164s.

Biliani, 1., Tsavatopoulou, V., & Zacharias, |. (2024).
Comparative Study of Ammonium and Orthophosphate
Removal Efficiency with Natural and Modified Clay-
Based Materials, for Sustainable Management of
Eutrophic Water Bodies. Sustainability, 16, 10214.
https://doi.org/10.3390/su162310214.

41


https://doi.org/10.33462/jotaf.1055938
https://doi.org/10.1016/j.jes.2021.08.038
https://doi.org/10.3390/su162310214

Su Uriinleri Degerlendirmeleri

Canieren, O., Karagiizel, C. & Aydm, A. (2017). Effect Of

Physical Pre-Enrichment On Humic Substance Recovery
From Leonardite. Physicochem. Probl. Miner. Process,
53(1),502-514.

Demir, H. & Polat, E. (2003). Zeolit (Klinoptilolit) ve Tarimda

Kullanimi1. Hasad, 221, 54-59.

Emirzeoglu, S. (2020). Akvaryum Bitkilerinden Bacopa sp.’Nin

Figus,

Biiyiimesi Uzerine Farkli Substratlarin Etkisi [Yiiksek
Lisans Tezi], Ordu Universitesi Balikgilik Teknolojisi
Miihendisligi Anabilim Dali, Ordu, 68s.

C., Bialik, O. M., Gladenkov, A.Y., Oreshkina, T.V.,
Renaudie, J., Smirnov, P., & Witkowski, J. (2024).
Climatic and tectonic controls on shallow marine and
freshwater diatomite deposition through the Palaeogene.
Clim. Past., 20, 2629-2644. https://doi.org/10.5194/cp-
20-2629-2024

Frempong-Manso, A., Adeli, K.A., Woods, S.J., Elvidge, C.K.,

Van de Riet, K. & Cooke, S.J. (2025). Multi-Species Fish
Habitat Preferences for Various Modified Concrete
Armouring Designs to Enhance Shoreline Biodiversity.
Aguatic  Conservation:  Marine and  Freshwater
Ecosystems, 35:e 70148, 1-11.
https://doi.org/10.1002/aqc.7014

Guo, K., Zhao, Z, Xie, J., Luo, L., Wang, S., Zhang, R., Xu, W., &

Gotze,

Huang, X. (2022). Combined Effects of Eco-Substrate and
Carbon Addition on Water Quality, Fish Performance and
Nutrient Budgets in the Pond Polyculture System. Fishes,
7,212, https://doi.org/10.3390/fishes7050212

J. (2009). Chemistry, textures and physical properties of
quartz geological interpretation and technical application.
Mineralogical Magazine, 73(4), 645-671.
https://doi.org/10.1180/minmag.2009.073.4.645

42


https://doi.org/10.5194/cp-20-2629-2024
https://doi.org/10.5194/cp-20-2629-2024
https://doi.org/10.1002/aqc.7014
https://doi.org/10.3390/fishes7050212
https://doi.org/10.1180/minmag.2009.073.4.645

Su Uriinleri Degerlendirmeleri

Jaman, A., Rahman, U.O., Lucky, N.S. & Islam, S. (2024).
Enhancing goldfish reproduction: Role of substrates in
optimizing fertilization and hatching rates under
controlled conditions. Ege Journal of Fisheries and
Aquatic Sciences, 41(4), 280-285.
https://doi.org/10.12714/egejfas.41.4.04

Karadal O. & Tirkmen, G. (2017). Growth Performance and
Substrate Preference of Juvenile Mexican Dwarf Orange
Crayfish (Camberellus patzcuarensis) in Different
Substrate Types. LimnoFish, 3(3):167-173.
https://doi.org/10.17216/LimnoFish.323764

Kumari, K.M., Kumar, N.V., Thaneshwari, & Kumari, C.
(2021). Art and science of aquascaping. The Pharma
Innovation Journal, SP-10(6), 240-245.

Marbaniang, B.J., Dhar, V., Malla, S., Dekari, D. & Chouhan,
N. (2023). Conservation of Natural Habitat for
Sustaining Indigenous Ornamental Fish Stock: Prime
Need of the Hour amidst Development and
Industrialization. Research Biotica, 5(1), 07-10.
https://doi.org/10.54083/ResBi0/5.1.2023/07-10.

Martinez-Montafno, E., Rodriguez-Montes de Oca, G.A.,
Roman-Reyes, J.C., Pacheco-Marges, R., Llanos, A. &
Bafiuelos-Vargas, 1. (2020). Diatomaceous earth
application to improve shrimp aquaculture: growth
performance and proximate composition of Penaeus
vannamei juveniles reared in biofloc at two salinities.
Latin American Journal of Aquatic Research, 48(2), 197-
206, 2020 https://doi.org/10.3856/vol48-issue2-fulltext-
2386.

Nislund, J. & Johnsson, J.I. (2016). Environmental enrichment
for fish in captive environments: effects of physical
structures and substrates. Fish and Fisheries, 17, 1-30.

43


https://doi.org/10.12714/egejfas.41.4.04
https://doi.org/10.17216/LimnoFish.323764
https://doi.org/10.54083/ResBio/5.1.2023/07-10
https://doi.org/10.3856/vol48-issue2-fulltext-2386
https://doi.org/10.3856/vol48-issue2-fulltext-2386
https://onlinelibrary.wiley.com/authored-by/N%C3%A4slund/Joacim
https://onlinelibrary.wiley.com/authored-by/Johnsson/J%C3%B6rgen+I

Su Uriinleri Degerlendirmeleri

Ocakoglu, F. (2014). Genel Jeoloji-I Ders Notlari. Osmangazi
Universitesi Jeoloji Miihendisligi Béliimii. chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://je
oloji.ogu.edu.tr/Storage/Jeoloji/Uploads/genel-jeoloji-
1notlar-2014.pdf.

Ondrasovicova, S., Zigo, F., Gogol’a, J., Lackova, Z., FarkaSova,
Z., Arvaiova, J., Almasiova, V. & Rehan, LF. (2023).
The Effects of Humic Acids on the Early Developmental
Stages of African Cichlids during Artificial Breeding.
Life, 13(5), 1071. https://doi.org/10.3390/1ife13051071

Orhan, H., & Arik, F., (2019). Dogal Taslarin isletme Mevzuat:
ve Cevre Dostu Uygulama Ornekleri. Mavi Gezegen, 26,
15-25. ISSN: 1302-4108

Ocal, A.D. & Dal., M. (2012). Dogal Taslardaki Bozunmalar.
Miika Matbaasi, Istanbul, 128 s.

Oz, M., Sahin, D., Oz, U. & Aral, O. (2024). Tatl su akvaryum
baliklarinin {lireme davranislari,, ortami: ve Materyal
Seg¢imleri. Su Uriinleri ve Ziraatte Yenilik¢i Yaklasimlar:
Stirdiiriilebilirlik, Teknoloji ve Ekolojik Stratejiler.
Akademisyen Yaymevi Bilimsel Arastrmalar Kitabi,
271p.

Oz, U. (2024). The assessment of raw diatomite mineral as filter
equipment for aquaculture practices. International
Journal of Environmental Science and Technology, 21,
9935-9942. https://doi.org/10.1007/s13762-024-05623-7

Platias, S., Vatalis, K.I., Charalampides, G. (2014). Suitability
of quartz sands for different industrial applications.
Procedia Economics and Finance, 14, 491-498.
https://doi.org/10.1016/S2212-5671(14)00738-2

44



Su Uriinleri Degerlendirmeleri

Pungrasmia, W., Phinitthanaphaka, P. & Powtongsookb, S.
(2016). Nitrogen removal from a recirculating
aquaculture system using a pumice bottom substrate
nitrification-denitrification tank. Ecological Engineering.
95, 357-363.
https://doi.org/10.1016/j.ecoleng.2016.06.094.

Ratanaprommanee, C., Chinachanta, K., Chaiwan, F. &
Shutsrirung, A. (2016). Chemical characterization of
leonardite and its potential use as soil conditioner and
plant growth enhancement. Asia-Pacific Journal of
Science and Technology, 22(04). Article ID.: APST-22-
04-01.

Reka, A.A., Pavlovski, B., Ademi, E., Jashari, A., Boev, B.,
Boev, I. & Makreski, P. (2020). Effect of Thermal
Treatment of Clayey Diatomite at Temperature Range
800-1200°C. In: Ayuk EugeneLakem, editor. Prime
Archives in Chemistry. Hyderabad, India: Vide Leaf.
2020.

Silva, R., Pearce-Kelly, P., Zimmerman, B., Meredith Knott, M.,
Foden, W. & Conde, D.A. (2019). Assessing the
conservation potential of fish and corals in aquariums
globally. Journal of Natural Conservation, 48, 1-11.
https://doi.org/10.1016/j.jnc.2018.12.001;

Solismaa, S., Szlachta, M., Johanson, B., Heikkinen, T. &
Solismaa, L. (2019). Vermiculite and zeolite as
adsorbents for the treatment of ammonium-rich
wastewater in variable temperature and pH conditions.
GEOLOGICAL SURVEY OF FINLAND GTK Open
File work Report 49/20109.
https://doi.org/10.13140/RG.2.2.20919.78244

45


https://doi.org/10.1016/j.ecoleng.2016.06.094

Su Uriinleri Degerlendirmeleri

Song, Y., Hea, X.J., Chen, M., Zhang, L.L., Li, J. & Deng, Y.
(2018). Effects of pH on the Submerged Macrophyte
Hydrilla verticillata. Russian Journal of Plant
Physiology, 65(4), 611-619.

Stevens, C.H., Reed, B.T., & Hawkins, P. (2021). Enrichment
for Laboratory Zebrafish—A Review of the Evidence
and the  Challenges. Animals, 11, 698.
https://doi.org/10.3390/ani11030698

Temelli, T.Y. (2005). Bazi Dogal Kil Minerallerinin
Aktivasyonunun Agir Metal Iyonu Tutma Kapasitesine
Etkisi [Yiiksek Lisans Tezi], Istanbul Universitesi Fen
Bilimleri Enstitiis, 74s.

Terdputtakun, A., Arqueropanyo, O., Janhom, S., Sooksamiti, P.
& Naksata, W. (2017). Adsorption Characteristics of
Leonardite for Removal of Cd (Il) and Zn (1) from
Aqueous  Solutions.  International  Journal  of
Environmental Science and Development 8(6), 1-6.
https://doi.org/10.18178/ijesd.2017.8.6.984.

Yildirrm, M. & Gokasan, E. (2013). Miihendisler igin Jeoloji
Bilgileri. Yildiz Teknik Unversitesi Insaat Fakiiltesi
Miihendisligi Béliimii, Istanbul, 596s.

Zain, R.A.M.M., Shaari, N.F.l., MohdAmin, M.F. & Jani, M.
(2019). Effect of Zeolite on the Water Quality and
Growth  Performance of Red Hybrid Tilapia
(Oreochromis niloticus). Proceedings of The 2nd
International Conference On Advance And Scientific
Innovation, ICASI 2019, 18 July, Banda Aceh,
Indonesia. https://doi.org/10.4108/eai.18-7-
2019.2288488.

46


https://doi.org/10.3390/ani11030698
https://doi.org/10.18178/ijesd.2017.8.6.984
https://doi.org/10.4108/eai.18-7-2019.2288488
https://doi.org/10.4108/eai.18-7-2019.2288488

Su Uriinleri Degerlendirmeleri

BACTERIAL CONTAMINATION IN FISH
STEM CELL CULTURE

Sehriban CEK1
Koray Umut YARAS?

1. INTRODUCTION

Cell culture, also known as tissue culture, represents the
controlled cultivation of living cells in an artificial environment
outside their natural habitat. This fundamental technique traces
its origins to Ross Granville Harrison's pioneering 1906 studies
on frog nerve fiber development (Abercrombie, 1961). The field
of fish stem cell culture began several decades later when
Kirsche & Kirsche (1961) conducted regeneration research
using crucian carp (Carassius carassius) cells. Building on this
foundation, Kimmel & Varga (1986) identified mid-blastula
stage cells possessing embryonic stem cell characteristics, which
subsequently led to the development of zebrafish stem cell
culture methodologies by Collodi et al., (1992). These advances
enabled researchers to achieve in vitro differentiation of
neuronal and astrocyte cells (Gosh et al., 1997). Hong et al.
(2000) provided a comprehensive review of these early
developments, while Benjaminson et al., (2002) broke new
ground by successfully culturing goldfish muscle tissue in petri
dishes for potential space food applications.
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The significance of fish stem cell culture extends across
multiple scientific disciplines, each benefiting from its unique
applications. In regenerative biology and developmental studies,
researchers utilize these cultures to investigate tissue regeneration
mechanisms and embryonic differentiation processes (Xu et al.,
2023; Chan et al., 2024). Environmental scientists employ fish
stem cell cultures as sensitive bioassays for toxicity testing,
enabling the assessment of pollutant effects, heavy metal
contamination, and electromagnetic field impacts on aquatic
ecosystems (Christy & Nellore, 2023; Yaras & Cek-Yalniz, 2021;
Cek et al., 2025). Within biomedical research, fish stem cells
serve as valuable model systems for studying genetic disorders,
disease progression mechanisms, and advancing gene editing
technologies (Cek et., 2016; Cek-Yalniz & Yaras, 2019; Cek-
Yalniz & Aydm,2023; Yang et al., 2022). The aquaculture
industry benefits from these cultures through enhanced breeding
programs (Shang et al., 2015, 2018) and the emerging field of
cell-based seafood production, which offers a sustainable
alternative that reduces pressure on wild fish populations (Xu et
al., 2023). Despite its fundamental importance across
environmental  science,  biomedicine, aquaculture, and
regenerative biology research, fish stem cell culture faces
persistent technical challenges. Among these, contamination
represents one of the most significant obstacles that researchers
encounter when attempting to maintain healthy and viable fish
cell lines over extended periods.

The systematic development of fish cell lines began in
1962 when Wolf and Quimby successfully established the RTG-2
cell line from rainbow trout gonadal tissue, creating the
foundation for what would become an extensive collection of fish
cell lines essential for fish health studies and biomedical research
applications (Wolf & Quimby 1962). Contemporary research has
documented the existence of more than 783 distinct fish cell lines,
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demonstrating the remarkable growth and diversification of this
field (Thangaraj et al., 2021; Jeong & Kim, 2023; Mushtaq et al.,
2025). Among these established lines, the most thoroughly
characterized and widely studied types include epithelial,
fibroblast, endothelial, lymphocytic, hybridoma, and erythrophore
cell lines (Nagpure et al., 2016; Kumar et al., 2024).

Contamination issues have been documented across all
major fish cell line categories. Epithelial cell lines, in particular,
have shown susceptibility to various forms of contamination as
reported in multiple studies (Frerichs, 1996). Similarly,
contamination problems have been identified in fibroblast,
endothelial, lymphocytic, and erythrophore cell cultures,
highlighting the widespread nature of this challenge (Rottem et
al., 2012; Yaras & Cek, 2021; Goswami et al., 2022).

Fish cell cultures can become contaminated by a diverse
array of microorganisms and other agents, including mycoplasma,
bacteria, fungi, yeast, mold, and viral pathogens. Additional
contamination sources encompass parasites, prions, chemical
impurities, and cross-contamination from other cell lines. Given
the breadth of potential contaminants, this chapter focuses
specifically on bacterial contamination, examining its sources,
detection methods, prevention strategies, and management
approaches in fish cell culture systems.

2. BACTERIAL CONTAMINATION

Bacterial contamination represents one of the most
prevalent challenges in cell culture systems due to the ubiquitous
nature of bacteria in various environments. Common bacterial
contaminants include Escherichia coli, Bacillus cereus,
Enterococcus malodoratus, and Staphylococcus epidermidis,
which typically infiltrate cultures through compromised aseptic
techniques or contaminated equipment such as water baths. Once
introduced into the culture system, these microorganisms
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proliferate rapidly in nutrient-rich media, causing observable
changes that facilitate detection. The presence of bacterial
contamination manifests through several characteristic indicators.
Bacteria lower the pH of culture media, causing phenol red-
containing solutions to shift from their normal pink-red color to
yellow. Aerobic bacteria contribute additional turbidity to the
medium, making contamination visually detectable even without
microscopic examination. As unicellular microorganisms
measuring only a few micrometers in size, bacteria exhibit
diverse morphological characteristics including spherical, rod-
like, and spiral shapes. Their small size, abundance in
environmental settings, and rapid growth rates make them
frequent contaminants in cell culture applications.

Among bacterial contaminants, Mycoplasma species
present particular challenges due to their elusive nature and
difficulty in detection. These intracellular bacteria can remain
unidentified for several passages, during which they significantly
influence cellular behavior by modifying growth patterns,
metabolism, morphology, and genome integrity (Cobo et al.,
2007). Cobo and colleagues conducted a comprehensive analysis
of 32 stem cell lines and feeder cell lines, identifying
contamination in 19 cell passages. Their findings revealed that
gram-positive  bacteria, particularly Mycoplasma species,
constituted the primary contaminants, alongside various gram-
negative and gram-positive rod-shaped bacteria. The prevalence
of Mycoplasma contamination has been documented at 19%,
significantly higher than the 4% incidence rate reported for other
bacterial contaminants (Mirjalili et al., 2005). In contrast, studies
focusing specifically on fibroblast cell lines have reported
bacterial contamination rates of 5.88% (Hopert et al., 1993),
indicating variation in susceptibility across different cell types.

Bacteria thrive in cell culture environments due to optimal
nutrient-rich conditions that support rapid colonization and
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growth. In the absence of antimicrobial agents, bacterial presence
typically becomes evident within days through microscopic
observation or measurable effects on culture parameters including
pH alterations, increased turbidity, and cellular decline (Bates &
Warnerspach, 2011). Research has identified Bacillus sp.,
Enterococcus sp., and Staphylococcus sp. as the bacterial species
most frequently responsible for contamination in animal stem cell
lines. Recent studies have provided detailed insights into
contamination patterns and management strategies. Mahmood &
Ali, (2017) comprehensively reviewed common microbial
contaminations in stem cell cultures, discussing detection
methods, elimination strategies, and standard practices for
maintaining sterile culture conditions. Their work emphasized the
importance of proper identification methods for contaminating
microorganisms across various culture systems. Bacterial
contamination, including its sources, identification, and control
strategies, is summarised in Figure 1.

BACTERIAL CONTAMINATION

ion, and Control Strategles

Bacterial contamination has been documented across
diverse cell culture applications. In human peripheral blood-
derived monocytic cell lines, contamination by bacteria
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belonging to the Brevibacterium genus has been frequently
recorded, with successful control achieved using rifampicin
antibiotic treatment (Mahesh et al., 2020). A comprehensive
study evaluating bacterial contamination in mesenchymal stem
cell (MSC) cultures derived from rabbit bone marrow found that
only 1.42% of 351 monitored culture flasks became
contaminated (Banu et al., 2024). Phenotypic and biochemical
characterization of contaminants across various cell processing
stages has identified Staphylococcus aureus, Bacillus spp., and
Escherichia coli as the predominant bacterial species
encountered in these systems.

Fish cell cultures face unique bacterial contamination
challenges, with several studies documenting specific
pathogen-cell line interactions. Research has demonstrated that
extracellular products from Aeromonas sp. and Vibrio
anguillarum exert toxic effects on the SICH cell line, while RE
and CB cell lines showed resistance to four marine fish viruses
but remained susceptible to Aeromonas sp. extracellular
products (Ahmed et al., 2009a, 2009b). Investigations into the
permeability of fish cell lines EPC-175 and RTG-2 to
Chlamydia-related bacteria revealed that W. chondrophila and,
to a lesser extent, E. lausannensis successfully replicated in
both cell lines, as confirmed through quantitative PCR and
immunofluorescence techniques (Kebbi-Beghdadi et al., 2011).

Bacterial contamination has been frequently reported in
economically important fish species cell cultures. In brown
trout (Salmo trutta macrostigma) oogonial stem cell lines,
Enterobacter cloacae and Acinetobacter baumannii have been
identified as common contaminants (Yaras & Cek-Yalniz,
2021). Similarly, brain cell lines developed from humpback
grouper (Cromileptes altivelis) showed susceptibility to Vibrio
harveyi and Edwardsiella tarda based on Dbacterial
susceptibility testing results (Liu et al., 2021). Edwardsiella
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tarda, a significant gram-negative fish pathogen, demonstrates
varying invasion and cell death mechanisms across different
fish cell lines. Comparative studies have shown that
Epithelioma papulosum cyprini (EPC) cells exhibit greater
susceptibility to E. tarda infection than flounder gill cell line
FG-9307, with EPC cells carrying higher bacterial loads (Wang
et al.,, 2013). Ultrastructural analysis revealed extensive
bacterial replication and organelle damage in FG-9307 cells,
while apoptosis was confirmed in EPC cells but absent in FG-
9307 cells. The infection activated both intrinsic and extrinsic
apoptosis pathways in EPC cells, highlighting the diverse
interaction mechanisms between E. tarda and different fish cell
types (Table 1).

Aeromonas species represent another significant concern
in fish aquaculture, causing substantial mortality and economic
losses in Nile tilapia (Oreochromis niloticus) worldwide.
Research by Raj et al., (2019) identified four bacterial strains
from diseased Nile tilapia through biochemical tests and 16S
rRNA gene sequencing: Citrobacter freundii, Pseudomonas
aeruginosa, Acinetobacter juvenii, and Aeromonas veronii.
Notably, none of these isolates induced cytopathic effects in the
OnlIL cell line derived from Nile tilapia liver, suggesting
variable host-pathogen specificity. Yersinia ruckeri, another
important fish bacterial pathogen, has been studied for its effects
on cellular proteomes. When exposed to Chinook salmon
embryo cell line (CHSE), mass spectrometry analysis revealed
that 4.7% of identified proteins exhibited significant
concentration changes following infection compared to
uninfected cultures (Menanteau-Ledouble et al., 2020),
demonstrating the subtle but measurable impacts of bacterial
contamination on cellular function, (Table 1).

Table 1. Based on phenotypic and biochemical characterization,
the main bacterial contaminants in fish stem cell culture.
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Name of Bacteria

Reference

Serratia marcescens, Proteus hauseri,

Staphylococcus aureus, Bacillus spp., Escherichia
coli

Salmonella enterica, Listeria monocytogenes,
Escherichia coli, Staphylococcus aureus,
Campylobacter jejuni

Enterobacter cloacae, Acinetobacter baumannii

Vibrio harveyi, Edwardsiella tarda

Yersinia ruckeri

Brevibacterium spp

Yersinia ruckeri

Citrobacter freundii, Pseudomonas aeruginosa,
Acinetobacter juvenii, and Aeromonas veronii

Edwardsiella tarda

Waddlia chondrophila,
Estrella lausannensis
Parachlamydia acanthamoebae

Photobacterium damselae ssp.
Aeromonas sp.
Vibrio anguillarum

Staphylococcus epidermidis, Staphylococcus felis
Renibacterium salmoninarum

Bacillus brevis, Enterococus malodoratus,
Enterococcus casseliflavus

Mushtagq et al., 2025

Banu et al., 2024

Sogore et al., (2024)

Yaras & Cek-
Yalniz, 2021

Liu et al., 2021

Menanteau-
Ledouble et al.,
2020

Mahesh et al., 2020

Menanteau-
Ledouble et al.,
2020

Raj et al., 2019

Wang et al., 2013

Kebbi-Beghdadi et
al., (2011)

Ku et al., 2009
Ahmed et al., 2009a
Ahmed et al., 2009b
Brinzeu et al., 2008
Macintosh et al.,
1997

Kenny, 1973
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3. HOW TO DETECT BACTERIAL
CONTAMINATION IN CELL CULTURE

The detection of bacterial contamination in cell culture
systems requires a multi-faceted approach combining visual
inspection, microscopic examination, and advanced molecular
techniques. Early and accurate detection is crucial for
maintaining culture integrity and preventing significant losses of
valuable biological materials, particularly in long-term processes
such as CAR-T cell amplification and human-derived stem cell
differentiation (Bright-Ohaeri 2024; Garzarelli et al., 2023). The
following is a summary of bacterial contamination detection
methods.

3.1.Visual and Macroscopic Detection Methods

Bacterial contamination in cell cultures is easily
detected by visual inspection within a few days of it becoming
infected. Infected cultures usually appear cloudy (i.e., turbid),
sometimes with a thin film on the surface. Sudden drops in the
pH of the culture medium are also frequently encountered
(Botes et al., 2013; Yaras & Cek-Yalmz, 2021). These
characteristic visual changes represent the most immediate and
accessible detection method available to researchers.
Contaminated cultures often exhibit turbidity, sometimes
accompanied by a thin surface film that may appear as a
delicate layer floating on the medium surface. The turbidity
results from the high density of bacterial cells suspended
throughout the culture medium, creating a cloudy or milky
appearance that contrasts sharply with the normal clarity of
sterile cultures.

A sudden drop in the pH of the culture medium serves
as a reliable biochemical indicator of bacterial presence. This
pH shift occurs due to bacterial metabolism, which produces
acidic byproducts that alter the medium's chemical
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composition (Kralik et al, 2017; Yaras & Cek-Yalniz, 2021). In
phenol red-containing media, this pH change manifests as a
color transformation from the normal pink-red appearance to
yellow, providing researchers with an immediate visual cue for
potential contamination. The rapidity of this pH change often
correlates with the severity and extent of bacterial
contamination, making it a valuable early warning system.

3.2.Microscopic Detection Techniques

Under low magnification microscopy, bacteria appear
as tiny, motile granules dispersed among the cultured cells,
creating a characteristic "dancing™ motion that experienced
researchers can readily identify. High-power microscopy
reveals their distinct morphological shapes, including spherical
(cocci), rod-like (bacilli), and spiral (spirilla) forms, allowing
for preliminary bacterial characterization (Yaras & Cek-
Yalniz, 2021; Rodriguez et al., 2023), (Figure 2). The motility
patterns observed under microscopic examination can provide
additional diagnostic information, as different bacterial species
exhibit characteristic movement behaviors ranging from rapid
darting motions to more subtle oscillations.

Modern microscopic techniques have evolved to
include advanced imaging methods that enhance bacterial
detection capabilities. Phase-contrast microscopy improves the
visibility of bacteria against the cellular background, while
fluorescence microscopy using specific bacterial stains can
provide enhanced contrast and species-specific identification
(Yaras & Cek-Yalniz, 2021;Garzarelli et al., 2023). Digital
imaging systems now allow for automated detection algorithms
that can identify bacterial contamination patterns with high
accuracy and reduced observer bias.
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3.3.Molecular Detection Methods

The development of molecular detection techniques has
revolutionized bacterial contamination identification in cell
culture systems. Real-Time Polymerase Chain Reaction
(gPCR) is a molecular method able to detect biological agents
in a highly sensitive and specific way and in a short time.
Quantitative PCR techniques offer unprecedented sensitivity,
capable of detecting even low levels of bacterial contamination
that might be missed by visual or microscopic methods (Jean et
al., 2017; Garzarelli et al., 2023). The quantitative polymerase
chain reaction (QPCR) method has proven to be an effective
tool to detect and quantify microorganisms in water within a
few hours. This rapid detection capability extends to cell
culture applications, where time-sensitive decisions about
culture viability are crucial. gPCR methods can target specific
bacterial genes, such as the 16S ribosomal RNA gene, which is
universally present in bacteria but absent in eukaryotic cells,
providing highly specific detection with minimal false
positives (Jean et al., 2017; Garzarelli et al., 2023; Bright-
Ohaeri).

Advanced qPCR applications include multiplex assays
that can simultaneously detect multiple bacterial species,
allowing researchers to identify not only the presence of
contamination but also the specific contaminants involved. It is
based on the selective amplification of a 1.5 kilobase DNA
fragment using universal degenerate U1/U8 primers that target
the mycoplasma 16S rDNA. Such targeted approaches are
particularly valuable for detecting challenging contaminants
like Mycoplasma, which often remain undetected by
conventional methods.
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3.4.Innovative Detection Technologies

Recent technological advances have introduced novel
approaches to bacterial contamination detection. SMART
CAMP (2025) researchers have developed a novel method using
UV light and machine learning to quickly and automatically
detect and monitor microbial contamination in cell therapy
products. These machine learning-based systems represent the
cutting edge of contamination detection, offering automated,
objective analysis that can operate continuously without human
intervention. Contamination of cell cultures can result in a
significant loss of precious biological material, particularly in
long-term processes including amplification of chimeric antigen
receptors (CAR)-T cells and differentiation of patient-derived
stem cells. The development of ultrasensitive detection
platforms addresses this critical need by providing point-of-care
testing capabilities that can rapidly identify contamination
before significant losses occur.

These advanced systems often incorporate multiple
detection modalities, combining optical measurements, chemical
sensors, and molecular analysis techniques to provide
comprehensive contamination assessment. Machine learning
algorithms can analyze complex patterns in the data that might
be imperceptible to human observers, potentially identifying
contamination at earlier stages than traditional methods.

3.5.Integration of Detection Methods

Modern laboratory practice increasingly relies on
integrated detection approaches that combine multiple
methodologies for comprehensive contamination screening.
Visual inspection remains the first line of defense due to its
simplicity and immediate results, while microscopic
examination provides detailed morphological information for
preliminary bacterial characterization. Molecular methods,
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particularly gPCR-based assays, offer definitive identification
and quantification capabilities that complement the
observational techniques (SMART CAMP, 2025). The selection
of appropriate detection methods depends on various factors
including the criticality of the culture, available resources, time
constraints, and required sensitivity levels. Routine cultures may
rely primarily on visual and microscopic screening, while high-
value therapeutic cell products often require comprehensive
molecular testing protocols. The integration of automated
detection systems with traditional methods provides redundant
safeguards that minimize the risk of undetected contamination
while maintaining cost-effectiveness in routine laboratory
operations.

Understanding the strengths and limitations of each
detection method enables researchers to design appropriate
screening protocols tailored to their specific applications and
requirements, ensuring optimal protection of valuable cell
culture resources while maintaining practical laboratory
workflows (InvivoGen, 2025).

Bacteria o

~ Bacteria{

Fig. 2. Bacterial contamination during the cell culture process.
Isolated Gram negative and positive bacteria. Scale bar = 50
pm.Yaras & Cek-Yalmz, (2021).
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4. PREVENTING AND ELIMINATING
BACTERIAL CONTAMINATION

Contamination in cell cultures remains a critical concern
that often jeopardizes experimental integrity and reproducibility
across research applications. While chemical contaminants such
as impure reagents, water, serum, or glassware represent non-
living threats that can generally be managed through
standardized sterile techniques, bacterial contamination presents
a far more insidious and dynamic challenge. Unlike their
chemical counterparts, bacteria possess the ability to proliferate
both imperceptibly and visibly, potentially affecting isolated
culture flasks or systematically undermining entire experimental
workflows. Even seemingly minor contamination events carry
the substantial risk of compromising data integrity and
producing misleading experimental conclusions that can impact
research outcomes significantly.

A key vector for bacterial transmission involves aerosol
formation during routine laboratory manipulations, particularly
during pipetting procedures and medium transfers. These
microscopic aerosols may carry viable microorganisms that
subsequently settle on laboratory surfaces, equipment, and work
areas, where they can remain infectious for extended periods.
The persistence of these contaminants creates ongoing
contamination risks that extend well beyond the initial exposure
event. Notably, microbial presence has been documented in
commercially labeled sterile sera and reagents upon initial
receipt, emphasizing the inherent limitations of relying solely on
manufacturer claims and the critical importance of
implementing  comprehensive internal  sterilization and
validation protocols.
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To effectively minimize contamination risks, rigorous
aseptic practices must be employed consistently throughout
every stage of the experimental process. Essential strategies
include the exclusive use of ultrapure water that is free from
metal ions, organic compounds, and endotoxins in all
experimental procedures (Shang et al., 2015, 2018). Equally
important is the implementation of comprehensive pre-screening
protocols and maintaining consistency in sera and media
selection, ideally sourcing these critical components from single
validated lots to ensure experimental uniformity and reduce
batch-to-batch variation (Esber et al., 1973; Mahmood & Ali,
2017; Yaras & Cek-Yalniz, 2021). All material handling should
occur exclusively within certified laminar flow hoods, with strict
reliance on manufacturer-sterilized culture flasks and laboratory
consumables. Additionally, proper storage protocols and
systematic aliquoting of reagents into designated sterile
containers serve as essential barriers against cross-
contamination between experimental samples and reagent
stocks.

Commercial disinfectants play a crucial role in
comprehensive contamination prevention strategies. Based on
extensive research conducted on muscle and lipid stem cells,
Vierck et al.,, (2000) recommended several categories of
commercial disinfectants that demonstrate effectiveness against
bacterial contamination. These include phenolic compounds
such as Lysol®, Pine-Sol®, and Vesphene 11°, which provide
broad-spectrum antimicrobial activity. Quaternary ammonium
compounds including Roccal®, Germex®, Zephiran®, Conflikt®,
and Coverage Plus® offer excellent surface disinfection
properties with residual antimicrobial effects. lodophors such as
Betadine®, Weladol®, Isodyne®, and Cliniscrub® provide
effective antiseptic action particularly suitable for biological
applications. Chlorine compounds including Clorox® and
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Chloramine-T® deliver powerful oxidizing antimicrobial
activity, while alcohols, specifically ethanol and isopropanol,
remain fundamental disinfection agents. The researchers
emphasized that alcohols should be used specifically at 70%
concentration, as this concentration creates optimal antiseptic
conditions while higher concentrations lose effectiveness due to
rapid evaporation that reduces contact time with target
microorganisms.

Despite the most rigorous implementation of prevention
protocols, bacterial contamination can still occur due to
procedural inconsistencies, technique lapses, or unforeseen
circumstances, highlighting the central importance of
establishing standardized workflows and maintaining continuous
staff training programs. This reality underscores that behavioral
discipline remains indispensable not only in maintaining proper
aseptic technique but also in fostering an institutional culture of
contamination awareness that permeates all levels of laboratory
operations. Regular training updates, competency assessments,
and reinforcement of best practices ensure that contamination
prevention remains a priority throughout the organization.

Bacterial contamination poses particularly significant
risks during tissue sampling procedures from fish specimens,
especially when conducted under suboptimal environmental
conditions or with inadequate preparation protocols. Sogore et
al., (2024) reported similar findings, demonstrating that
inadequate hygiene practices during tissue collection, whether
occurring during specimen sacrifice or through alternative
collection methods, can facilitate extensive microbial
contamination that compromises downstream applications. The
cell isolation process represents an especially vulnerable phase,
as it frequently involves the use of instruments that may not
achieve complete sterility or involves handling techniques that
inadvertently introduce contaminants. To effectively reduce
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initial bacterial loads, antibiotics are routinely administered
during post-collection processing phases; however, excessive
antibiotic use can lead to problematic residual traces within
isolated stem cells that may interfere with subsequent
experimental procedures or cellular behavior assessments.

Contamination risks extend beyond initial isolation
phases and may occur during satellite cell isolation procedures if
non-sterile materials are inadvertently employed or if proper
sterile technique protocols are not rigorously maintained.
Furthermore, the proliferation phase of cell culture represents
another critical vulnerability point, as bacterial intrusion can
occur from the incubator environment itself, particularly when
cleaning and maintenance procedures prove insufficient or when
environmental controls fail to maintain optimal sterile
conditions. These multiple vulnerability points emphasize the
need for comprehensive contamination prevention strategies that
address every phase of the cell culture process.

In the emerging field of cultured meat production,
bacterial contamination presents unique challenges that parallel
traditional meat production concerns. Although cultured meat
production eliminates the need for live animal farming and its
associated contamination risks, it does not entirely eliminate the
fundamental risk of bacterial contamination. The cell culture
environment and associated downstream processing steps share
significant similarities with conventional meat production
systems, making cultured meat products similarly susceptible to
contamination by pathogenic microorganisms that pose food
safety risks. Without implementing stringent quality control
measures and maintaining effective sanitation protocols
throughout the production process, cultured meat products
remain vulnerable to harmful bacteria including Salmonella
enterica,  Listeria  monocytogenes,  Escherichia  coli,
Staphylococcus aureus, Campylobacter jejuni, and various
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Mycoplasma species (Sogore et al., 2024). These pathogens
represent the same food safety concerns encountered in
traditional meat production, requiring similar vigilance and
control measures.

Robust  detection methods serve as essential
complements to comprehensive preventive measures, creating
multiple layers of protection against contamination events.
Broad-spectrum sterility assessments utilizing diverse bacterial
culture media, coupled with targeted in vitro assays designed for
specific pathogen detection, enable early identification of low-
level contamination that might otherwise remain undetected
until significant culture damage has occurred. These early
detection capabilities support long-term data reliability and
experimental reproducibility by identifying problems before
they compromise valuable research materials or experimental
outcomes.

A practical demonstration of effective contamination
prevention is provided by de Oliveira- Furo et al., (2024), who
successfully developed fish cell lines from Astyanax
bimaculatus and Geophagus proximus using a rigorously
defined decontamination protocol. Their methodology involved
subjecting tissue samples to carefully timed sequential
treatments: initial exposure for 8 seconds in Hank's solution
containing 1% antibiotic to reduce surface bacterial loads,
followed by a brief 2-second immersion in 70% alcohol for
additional microbial reduction, then 15 seconds in 1% bleach
solution to eliminate remaining contaminants, and finally an 8-
second treatment in 70% alcohol for final sterilization.
Following this decontamination sequence, cell cultures were
established in L-15 medium supplemented with 20% Fetal
Bovine Serum (FBS) and 1% penicillin-streptomycin to provide
initial antimicrobial protection, with subsequent maintenance
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conducted in L-15 medium containing 20% FBS and 5%
AmnioMax to support continued cell viability and growth.

This comprehensive case study reinforces the
fundamental importance of implementing integrated sterility
protocols that combine multiple decontamination approaches
with ongoing biological vigilance throughout the cell line
establishment process. The success of such protocols
demonstrates that systematic attention to contamination
prevention, combined with appropriate detection and response
strategies, enables reliable establishment and maintenance of
valuable cell culture resources while minimizing the risks
associated with bacterial contamination.

5. SUMMARY

This chapter traces bacterial contamination challenges in
fish stem cell culture from Harrison's 1906 foundational work to
current applications across over 783 documented fish cell lines
used in regenerative biology, environmental toxicity testing,
biomedical research, and aquaculture. Bacterial contamination,
particularly ~ from  Escherichia coli, Bacillus cereus,
Staphylococcus species, and elusive Mycoplasma (19%
contamination rate), represents a major obstacle requiring
integrated detection approaches combining visual inspection,
microscopy, and molecular methods like gPCR targeting 16S
rRNA genes, alongside rigorous prevention protocols using
sterile techniques, proper disinfection, and systematic
decontamination procedures. Future research should focus on
developing real-time monitoring systems with machine learning
algorithms for predictive contamination analytics, creating fish
species-specific prevention protocols and multiplex detection
panels, addressing unique challenges in industrial cultured
seafood production, establishing standardized international
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contamination reporting systems, and investigating fundamental
bacterial-fish cell interactions at the molecular level, including
biofilm formation mechanisms and potential beneficial
microbiome  applications that could provide natural
contamination resistance while supporting cellular health in
diverse research and commercial applications.
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1. INTRODUCTION

Certification in the fisheries sector refers to the process
of verifying individuals’ professional knowledge and skills
according to the training and competency standards introduced
by an authorized body (Jennings, 2024). The aim of this process
is to document the qualifications of fisheries professionals,
strengthen their professional image and enhance their credibility
in the eyes of employers and the public. For instance, the
certification program revised by the American Fisheries Society
(AFS) in 1997-1998 (AFS, 1998), sought to establish minimum
standards or experience and education for fisheries professionals
(Jennings, 2024). These early efforts of certification emerged as
a response to concerns regarding the competency of new
graduates stepping into the field (Jennings, 2024). The
establishment of the North American Universities Fisheries and
Wildlife Programs (NAUFWP) in 1991 is an indicator of the
efforts to raise and harmonize educational standards in this
field.
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The concept of certification has expanded beyond
individual expertise over time and included the assessment of
the alignment of fisheries activities with sustainability principles
(MSC, n.d.)a. Organizations such as the Marine Stewardship
Council (MSC) currently certify wild-capture fisheries that meet
stringent environmental standards through independent third-
party evaluation institutions (MSC, n.d.)a. Such certification is
intended to assure consumers that the seafood they purchase
comes from sustainable resources (FOS, n.d.). The collapse of
cod stocks on the Grand Banks of Canada in the early 1990s
(MSC, n.d.)b. has been a critical impetus for the certification
actions in this respect. Upon the recognition of the
environmental and economic consequences of overfishing, there
has been a growing need for market-based solutions to promote
sustainable fishing practices.

Eco-labels used in fisheries are distinctive marks or
expressions showing that seafood products have been harvested
in accordance with pre-determined sustainability standards
(Wessells et al., 2001). These labels function as a “seal of
approval” for products that have less negative impact on the
environment compared to similar products. The primary aim of
eco-labelling is to increase consumer demand for seafood
obtained from well-managed stocks, thereby creating market-
based incentives for fisheries management. The Food and
Agriculture Organization of the United Nations (FAO) defines
eco-labelling as a means of promoting sustainably managed
fisheries and introducing these products to consumers (Wessells
etal., 2001)

Eco-labels may be mandated by governments to ensure
compliance with laws or can be voluntary to provide consumers
with environmental information. Voluntary labels like the MSC’s
blue label aim to meet the increased demands of environmentally
conscious consumers. The presence of both mandatory and
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voluntary eco-labels reflects a multifaceted approach to
promoting sustainability and combatting illegal fishing. While
mandatory labels mainly focus on legal compliance, voluntary
labels seek to create a market-based change by influencing
consumer preferences (Wessells et al., 2001).

The main reason behind the emergence of certification
and eco-labelling in fisheries is rooted in the increase in
overfishing and the growing concerns over its detrimental effect
on marine ecosystems (MSC, n.d.)c. The dramatic collapse of
major fish stocks, such as cod on the Grand Banks (MSC, n.d.)b,
clearly demonstrated the ecological and economic consequences
of poor fisheries management. Overfishing reduces marine
biodiversity, disrupts ecosystem balance, and threatens the food
and economic security of communities dependent of fisheries
(Pham et al., 2023). On the other hand, the rise of
environmentally conscious consumption (Fiorile et al., 2025)
has generated market demand for sustainable seafood products,
making certification and ecolabels valuable tools for businesses
to demonstrate sustainability commitments and meeting this
increasing demand.

The core objectives of certification and eco-labels in
fisheries include promoting the adoption of sustainable fishing
practices (Wessells et al., 2001)protecting marine bio-diversity
and ecosystems (Vishnupriya et al., 2024), ensuring long-term
health and abundance of fish stocks (MSC, n.d.)a, raising
consumer awareness and enabling informed preferences (Fiorile
et al., 2025) and generating market-based incentives to reward
businesses practicing sustainable fisheries and encourage wider
adoption of responsible practices Certification also aims at
facilitating market access for fisheries operations complying
with sustainability standards (Wessells et al., 2001). These
objectives reflect a holistic approach to sustainability in the
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fisheries sector, integrating ecological, consumer-oriented and
economic aspects.

2. THE IMPORTANCE OF CERTIFICATION
AND ECO-LABELS IN THE FISHERIES

Through organizations such as MSC and Friend of the
Sea (FOS), certification programs play a vital role in promoting
sustainable fishing practices. These programs set clear and
science-based standards to be met by fisheries businesses in
order to obtain certification Such standards generally address
issues including the health of target fish stocks, the impacts of
fishing on a broader ecosystem (including bycatch and habitat
effects), and the effectiveness of fisheries management systems
(MSC, n.d.)a. Reaching the process of certification typically
requires improvements in fishing gear and techniques to
minimize negative environmental effects (MSC, n.d.)d.
Fisheries Improvement Projects (FIPs) are often undertaken as a
means structured for fisheries to implement the changes to meet
certification requirements (MSC, n.d.)a Stringent standards and
assessment criteria associated with credible certification
programs act as a powerful incentive for fisheries to adopt more
environmentally sensitive practices and lead to tangible
improvements in sustainability.

Eco-labels on seafood products provide consumers at the
point of purchase with a direct means of conveying
sustainability information (FOS, n.d.). These labels help
consumers who are concerned about the environmental effect of
their food choices to identify and select seafood obtained from
sustainable  sources. Research shows that consumers
increasingly aware of problems such as overfishing and willing
to pay a premium for eco-labelled seafood, which indicates a
demand for more sustainable options. On the other hand, the
efficiency of eco-labels on influencing consumer behaviour can
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be enhanced by providing clear and more easily understandable
information about the meaning of the label (Fiorile et al., 2025).
By providing consumers with easily accessible information
about the environmental performance of fisheries, eco-labels
empower consumers to make sustainable choices and play a
crucial role in fostering a more informed and responsible
seafood market.

Certification provided by well-known organizations,
such as MSC, can considerably increase market access for
fisheries, particularly in regions with a strong demand for
sustainable seafood (Fiorile et al., 2025). Many major retailers
and food service companies have committed to sourcing
sustainably certified seafood products, making certification a de
facto requirement for access to their supply chains. Although
price premiums are not always guaranteed, certification can
offer a competitive advantage for fisheries by demonstrating that
they operate in accordance with high sustainability standards to
purchasers and consumers, thereby leading to potentially more
stable and secure market opportunities (Hammarlund et al.,
2024). In a gradually globalized seafood market with raised
environmental awareness, certification acts as a vital “passport”
for fisheries, validating sustainability efforts and ensuing long-
term economic viability by facilitating access to a wider range
of purchasers and consumers.

3. MAJOR FISHERIES CERTIFICATION
PROGRAMS AND ECO-LABELS

An overview of major international fisheries certification
and eco-labelling initiatives is presented here, emphasizing their
contribution to sustainable and socially responsible seafood
production. Table 1 provides a comparative summary of the
main characteristics of international fisheries certification and
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eco-labelling programs. The differences among the scope,
objectives, and implementation criteria of these programs reflect
the diversity of sustainability approaches. Thus, the table offers
an overview of the strengths and key focus areas of the
certification systems

Marine Stewardship Council (MSC): As previously
explained in detail, MSC is a leading international non-profit
organization focused on wild-capture fisheries. The certification
program evaluates fisheries according to three core principles:
the sustainability of target fish stock, the environmental impact
of fisheries practices and the effectiveness of fisheries
management system. Certified fisheries businesses can use the
blue MSC eco-label on their products as long as they hold a
Chain of Custody certificate to ensure traceability throughout
the supply chain MSC (n.d.)a Since its establishment in 1997,
the MSC program has significantly expanded (Marine
Stewardship Council (n.d.)) and certified a wide variety of
fisheries and products worldwide (de Melo et al., 2024). The
robust and widely-recognized standards of MSC, combined with
independent assessments and traceability requirements, have
made it a global benchmark for sustainable wild fisheries. The
meticulous multi-stakeholder consultation process involved in
the development of MSC standards, as well as their alignment
with FAO guidelines have contributed the credibility of the
program (Marine Stewardship Council (n.d.)). The global
presence of MSC-certified fisheries operations and the
widespread recognition of its blue label by consumers and
businesses highlights its significant impact on the sustainable
seafood market.

Aquaculture Stewardship Council (ASC): Although not
included as prominently as MSC in the provided texts, ASC is
the leading global certification program for farmed seafood.
ASC mission is that to transform seafood farming towards
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environmental sustainability and social responsibility, using
market mechanisms, improvement incentives and delivering
value-add services from farm to fork (Aquaculture Stewardship
Council. (n.d.)) It establishes standards for responsible
aquaculture covering environmental sustainability, social
responsibility and animal welfare. ASC certification involves
independent third-party audits according to specific standards
for various aquaculture products. Products sourced from ASC-
certified farms may carry the ASC eco-label signalling
responsible farming practices. Given the increased contribution
of aquaculture to the global seafood supply, ASC plays a critical
role in promoting sustainable farming practices. Its focus on
environmental and social aspects distinguishes it from programs
that primarily focus on wild capture fisheries.

Friend of the Sea (FOS): FOS provides certification for
both wild capture fisheries and farmed seafood. FOS standards
for wild fisheries include criteria concerning sustainable stock
management, minimum impact on bycatch and habitats,
compliance with legal requirements and social responsibility.
FOS also has specific criteria for certain fisheries, such as tuna,
encouraging the use of non-entangling fish aggregating devices
(FADs) FOS (n.d.)a. FOS aims to make certification accessible
and affordable, particularly for smaller businesses (de Melo et
al., 2024). Its coverage of both wild and farmed seafood offers a
more comprehensive approach to seafood sustainability.
Focusing on affordability, FOS may help overcome some of the
cost barriers associated with other certification programs.

Responsible Fisheries Management (RFM): RFM is a
certification program focusing on responsible fisheries
management for wild capture, excluding full-cycle aquaculture.
One of the key features of RFM is the absence of logo licencing
fee, which aims to reduce costs for participants along the supply
chain. RFM standards encompass management, stakeholder
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participation, transparency and traceability, with the primary
objective being biological sustainability. By elimination logo
licencing fees, RFM directly addresses frequent concerns about
costs associated with certification. Its focus on the core
principles of responsible fisheries provides fisheries with a clear
framework to demonstrate their commitment to sustainability
RFM Certification (n.d.).

Fair Trade USA Wild Capture Fisheries Certification:
This program focuses on fair working practices, environmental
sustainability and providing economic benefits for fishers in
wild-capture fisheries. It typically works with small-scale
fisheries and requires them to organize into groups in order to
facilitate certification (Paramasivam et al., 2025). Fair Trade
certification aims at empowering fishers, improving their
livelihoods and promoting responsible fisheries practices. By
including the principles of fair trade, this certification program
recognizes the human aspect of sustainable fisheries and ensures
that the benefits of sustainable practices extend to fishers and
their communities.

Major Eco-Labels: The most widely recognized eco-
label is the blue MSC label, which is broadly known as a mark
of sustainable wild-capture fisheries by consumers (MSC, n.d.)c.
Other significant eco-labels include the ASC label for
responsibly farmed seafood and the Friend of the Sea label that
can be found on both wild and farmed products meeting
concerning standards FOS (n.d). Regional initiatives, such as
the Monterey Bay Agquarium Seafood Watch program and
seafood advisory lists Sustainable seafood advisory lists and
certification (n.d.) also serve as a sort of eco-labelling
mechanism, providing consumers with recommendations based
on sustainability evaluations.
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Table 1. Comparative overview of fisheries certification programs

Program Founder Scope (wild Fund 1 A Geographical Recognition
Name /Foundation captured / Principles / process Focus /Market
year aquacultured) criteria score

Marine WWEF and Wild captured Sustainable stock. Independ Global High
Stewardship Unilever/ environmental third-party
Council 1997 impact, effective audits
(MSC) management
Agquaculture @m Agquacultured Environmental Independent Global Increasing
Stewardship /2010 Sustainability, third-party
Council Social audits
(ASC) Responsibility.

Fish Welfare
Friend of the Independent Wild captured Stock Independent Global Moderate
Sea /2008 and Management, third-party
(FOS) aquacultured Bycatch, Habitat. audits

Legal

Compliance,

Social

Responsibility
Responsible Independent Wild captured Governance, Independent Global Low
Fisheries Stakeholder third-party
Management Engagement, audits
(REM) Transparency,

Traceability,

Biological

Sustainability
Fair Trade Fair Trade Wild captured Fair Work, Independent US and Niche
USA Wild USA Environmental third-party International
Capture Sustainability, audits
Fisheries Economic Benefit
Certification

4. EFFECTS OF CERTIFICATION AND ECO-
LABELLING ON FISHERIES: CASE STUDIES

It is essential to present specific case studies and
analyses evaluating the environmental, economic and social
effects of certification and eco-labelling initiatives performed
across different geographical regions and fish species. While the
texts provided present an overall understanding of potential
effects (e.g., market access, improved reputation, potential price
premiums, environmental improvements), they do not include
detailed information regarding specific examples.

Potential Case Study Areas:

e The effect of MSC certification on certain fisheries
businesses (e.g., Alaska Pollock, Western Australian
rock lobster) (MSC, n.d.)b.

84



Su Uriinleri Degerlendirmeleri

o Case studies on environmental benefits observed in
certified fisheries (MSC, n.d.).

e Analysis of the socio-economic effects of MSC
certification in different regions (MSC, 2021).

o Studies on the effectiveness of fair trade certification
in small-scale fisheries (de Melo et al., 2024) and
(Paramasivam et al., 2025).

It is critical to examine specific case studies and analyses
in these areas in terms of demonstrating the real-world effects of
certification and eco-labelling as well as the nuances emerging
in different contexts.

5. CHALLENGES AND OPPORTUNITIES
ASSOCIATED WITH CERTIFICATION AND
ECO-LABELLING IN FISHERIES

The practice of certification and eco-labelling in fisheries
faces important challenges, such as high costs of certification,
complex processes, transparency issues and the potential for
“greenwashing”  especially for small-scale  operations
(Examining Sustainable Seafood Certifications (n.d.)). The need
for robust traceability (Chain of Custody), the risk of market
fragmentation due to the high number of labels, difficulties in
applying certification to fisheries with multiple species and
inclusion of fisheries and farms that do not have sufficient
funding are included among other significant barriers. The
potential of eco-labels to act as a trade barrier for developing
countries and the lack of a standardized review process have
also expressed as related concerns.

Despite all these challenges, certification and eco-
labelling provide significant opportunities, such as enhancing
the reputation of fisheries, improving market access and
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potentially obtaining price premiums, building a better dialogue
with stakeholders, providing a pathway for continuous
improvement in fisheries practices, securing livelihoods,
increasing consumer demand for sustainable seafood, and
contributing to the overall health and biodiversity of marine
ecosystems (Wessells et al., 2001). In addition, certification can
help in combatting illegal, unreported and unregulated (IUU)
fishing and attracting technical resources with development
finance.

The practical implementation of certification and eco-
labelling faces significant barriers concerning costs, complexity,
equality and the credibility of labels. On the other hand, such
initiatives provide important opportunities to generate positive
changes in the fisheries sector by benefitting the environment
and responsible operators. In order to fully benefit from these
opportunities, it is necessary that existing limitations are
addressed effectively and continuous effort is made to ensure the
broader adoption and effectiveness of certification and eco-
labelling.

6. CONSUMER PERCEPTIONS AND THE
ROLE OF ECO-LABELS

Consumers are increasingly aware of sustainability-
related issues and generally approach eco-labels positively as
indicators of environmentally friendly products (Fiorile et al.,
2025). However, consumer perceptions about specific eco-labels
may vary and additional explanations concerning the meanings
of the labels can increase their impact. Factors such as the visual
features of the label (size, prominence, design) and the language
used can affect consumers’ attention and preferences. Trust in
the certification institution is also very important. The
effectiveness of eco-labels in influencing purchasing decisions
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may depend on how well consumers understand the labels, their
confidence levels in the certifying organ and the visibility and
clarity of the label.

Eco-labels can influence consumers’ purchasing
decisions and may lead sensitive consumers especially in
wealthier countries to demonstrate a preference for sustainable
seafood and willingness to pay more (Fiorile et al., 2025).
However, price sensitivity and a lack of clear understanding of
eco-labels may sometimes restrict their effects on purchasing
behaviour. The effect of eco-labels may also be species-specific
and vary across markets. The demand-generating potential of
eco-labels depends on various factors, including price, consumer
awareness and trust.

Consumers’ confidence in eco-labels is influenced by the
credibility and independence of the certifying body. Concerns
about “greenwashing” can undermine confidence. Factors such
as environmental awareness, personal values and the perceived
importance of sustainability may also affect consumers’
willingness to pay a premium for eco-labelled seafood.
Transparency in the certification process and a clear
communication of a label’s meaning play a vital role in
establishing and maintaining consumer trust. Strong governance
and supervision of eco-labelling programs are required to
prevent consumer scepticism and to encourage consumers to
support  sustainable fisheries through their purchasing
preferences.

7. CONCLUSION

Certification and eco-labelling have gradually become
more important instruments for promoting sustainable fishing
practices, raising consumer awareness, and making market
access easier for operators engaged in responsible fisheries.
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These initiatives, which emerged as a response to urgent
environmental issues such as overfishing and degradation of
marine ecosystems, present significant potential for positive
changes in the fisheries sector. Leading certification programs,
such as MSC, have established globally recognized standards for
wild-capture fisheries and set a benchmark in the sector. Other
programs like ASC and FOS complement these initiatives by
offering certification forth both wild and farmed seafood and
addressing certain sustainability challenges.

On the other hand, widespread adoption and
effectiveness of certification and eco-labelling face several
challenges, particularly high costs, complex processes and
transparency issues. Smaller-scale fisheries operators may
especially have difficulty in obtaining certification and the
potential of “greenwashing can damage consumer confidence in
eco-labels. In order to overcome these challenges, it is
necessary to make efforts to reduce costs, simplify processes,
increase transparency and improve consumer education.

In the future, certification and eco-labelling in fisheries
are likely to place greater emphasis on holistic sustainability,
technological advances, and improved collaboration in order to
address existing limitations and maximize their effectiveness in
promoting responsible fisheries management globally. Increased
integration and traceability of social and ethical considerations
into certification schemes, the role of technology in increasing
transparency, the potential of greater harmony among different
certification programs and the need for more effective consumer
education will shape the trajectory of this field in the future.
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ALABALIK YETIiSTIiRICILIGINDE
BALIK HASTALIKLARININ EKONOMIK
ETKILERI

Kamil ATSATAN!

1. GIRIS

Su tirtinleri yetistiriciligi, kiiresel 0lgekte hizla gelisen ve
gida gilivenliginin  saglanmasinda stratejik  Oneme  sahip
sektorlerden biridir (Yildiim ve Cantas, 2022). Ozellikle tatl su
yetistiriciligi igerisinde alabalik (Oncorhynchus mykiss ve Salmo
trutta tiirleri basta olmak {izere) tiretimi, hem iiretim hacmi hem
de ekonomik getirisi bakimindan 6n plana ¢ikmaktadir. Diinya
genelinde alabalik, yiliksek protein igerigi, kolay islenebilirligi ve
tiiketici tarafindan kabul gormesi nedeniyle yetistiriciligi en
yaygin  yapilan  tiirflerden  biridir.  Tirkiye  6zelinde
degerlendirildiginde ise alabalik yetistiriciligi, hem i¢ piyasada
balik tiiketiminin 6nemli bir kismini karsilamakta hem de Avrupa
Birligi tilkeleri basta olmak {izere ihracat pazarlarinda giiglii bir
konum elde etmektedir (Kiiciik, 2019). Ancak sektoriin
strdiiriilebilirligi  oniinde en biiyiik tehditlerden biri balik
hastaliklaridir. Balik hastaliklar, iiretim siirecinde ortaya c¢ikan
biyolojik stres faktorleri (yliksek stok yogunlugu, yetersiz su
kalitesi, ani sicaklik degisimleri vb.) ile hizla yayilabilmekte ve
yiiksek mortalite oranlarina yol acabilmektedir. Viral, bakteriyel,
paraziter ve mantar kaynakli hastaliklar yalnizca balik sagligimi
degil, ayn1 zamanda iiretim verimliligini, tirtin kalitesini ve pazara
arz edilen balik miktarim1 dogrudan etkilemektedir (Mishra vd.,
2017).
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Hastaliklarin ekonomik boyutu ise yalnizca dogrudan
kayiplarla (yiiksek mortalite, biiyiime geriligi, yemden
yararlanma oraninin diismesi, liriin degerinde azalma) sinirlt
degildir. Aym1 zamanda dolayli kayiplar da s6z konusudur:
tedavi ve kontrol i¢in yapilan harcamalar, biyogiivenlik
yatirimlari, ihracat kisitlamalar ve tiiketici gliveninde meydana
gelen zedelenmeler sektoriin - karliligimi  ciddi  bigcimde
azaltmaktadir. Ozellikle kiigiik ve orta 6lcekli isletmeler icin bu
kayiplar, iiretimden c¢ekilme ya da ekonomik iflas riski
dogurabilmektedir (Rashid vd., 2019).

Kiiresel ol¢ekte yapilan arastirmalar, balik hastaliklarinin
akuakiiltiir sektoriine her yil milyarlarca dolar diizeyinde
ekonomik zarar verdigini ortaya koymaktadir. Benzer sekilde
Tiirkiye’de de alabalik yetistiriciliginde yasanan salginlar
sonucunda Tlretim hacminde disiisler ve ihracat degerinde
kayiplar rapor edilmistir. Bu durum, balik hastaliklarinin yalnizca
biyolojik bir sorun degil, ayn1 zamanda ekonomik, sosyal ve ticari
sonuglari olan ¢ok boyutlu bir problem oldugunu gdstermektedir
(Maldonado-Miranda vd., 2022).

Bu boliimde, alabalik yetistiriciliginde goriilen balik
hastaliklarinin ekonomik etkileri ele alinacak; dogrudan ve
dolayli kayiplar, sosyo-ekonomik sonuglar ve siirdiiriilebilir
tretim icin gelistirilen yonetim stratejilerinin ekonomik onemi
tartigilacaktir.

2. DOGRUDAN EKONOMIK ETKIiLER

2.1.Mortalite Oranlari

Alabalik yetistiriciliginde en 6nemli ekonomik kayiplarin
basinda yiiksek mortalite oranlar1  gelmektedir. Balik
hastaliklar1, 6zellikle yogun stoklama kosullarinda ve g¢evresel
stres faktorlerinin (ani sicaklik degisimleri, diisiik ¢Ozlinmiis
oksijen, yetersiz su kalitesi) etkisi altinda kisa siirede kitlesel
Oliimlere yol agabilmektedir (Vervelacis vd., 2025).
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Viral hastaliklar mortalite agisindan en yikici etkiye
sahiptir (Roychoudhury vd., 2020). Ornegin, Viral Hemorajik
Septisemi (VHS) ve Enfeksiyoz Pankreatik Nekroz (IPN) gibi
patojenler, ozellikle yavru ve geng bireylerde %80’e varan
oliimler olusturabilmektedir (Dopazo, 2020).

Bakteriyel kaynakli hastaliklar ise hem akut hem de
kronik seyirli enfeksiyonlarla ciddi mortaliteye neden olur.

Aeromonas salmonicida etkenli Furunkiilozis ve
Renibacterium salmoninarum kaynakli Bakteriyel
Bobrek Hastaligi (BKD) genellikle %10-30 arasinda
seyreden oOliimlerle isletmede siirekli kayiplara yol
a¢cmaktadir (Hirveld-Koski, 2005).

Ozellikle Lactococcus garvieae etkenli
Laktokokkozis, Tiirkiye’de alabalik yetistiriciliginde
bliylik 6nem arz etmektedir. Hastalik, 6zellikle 18—-25
°C arasindaki yiikksek sicakliklarda daha sik
goriilmekte ve yaz aylarinda kitlesel oliimlere yol
acmaktadir (Pastorino vd., 2019).

Tiirkiye’de Vaka Ornekleri:

Ege Bolgesi’nde gergeklestirilen saha calismalarinda,
yaz aylarinda goriilen L. garvieae salginlarinin bazi
isletmelerde mortalite oranlarini %4060
seviyelerine ¢ikardigr rapor edilmistir (Cascarano
vd., 2021).

Akdeniz Bolgesi’'nde yapilan bir arastirmada,
sicaklik  yiikselisleriyle  tetiklenen  salginlarda
mortalite  oranlarmin = %70’e  kadar  ulastigi
bildirilmistir (Paz vd., 2021).

Karadeniz Bolgesi’ndeki bazi tiretim tesislerinde ise
daha diisiik ama stirekli seyreden (%10-20) mortalite
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vakalar1 go6zlenmis ve bu durum iiretimde uzun
vadeli kayiplara neden olmustur (de Castro Arede,
2024).

Paraziter enfeksiyonlar (6rnegin  Ichthyophthirius
multifiliis kaynakli beyaz benek hastaligi) de ekonomik agidan
onemli kayiplara neden olur. Yiiksek yogunluklu iiretim
kosullarinda mortalite oranlar1 %50’nin iizerine ¢ikabilmektedir
(Yang vd., 2023).

Mortalite oranlarinin ekonomik etkisi yalnizca Glen
baliklarin saysi ile smirlt degildir. Oliim oranlarinin artmast,
isletmenin stok yenileme ihtiyacim1 yiikseltir, yem ve enerji
maliyetlerini bosa c¢ikarir ve iiretim kapasitesini diisiiriir
(Martinez vd., 2009). Ozellikle kiiciik 6lcekli isletmelerde
%30’un iizerindeki kayiplar, iiretimden tamamen c¢ekilmeye
sebep olabilmektedir. Biiyiik Olcekli isletmeler ise yiiksek
mortaliteye ragmen tretimi siirdiirebilse de, maliyet artiglar1 ve
pazar kayiplari nedeniyle karlilik ciddi bi¢cimde azalmaktadir
(Getu vd., 2015).

2.2.Bilyiime Geriligi ve Verimlilik

Alabalik yetistiriciliginde mortalite kadar 6nemli bir
diger ekonomik kayip unsuru da biiylime geriligi ve buna bagl
olarak ortaya cikan verimlilik kaybidir. Balik hastaliklar1 ¢ogu
zaman yalnizca Oliimlere yol agmaz; hayatta kalan baliklarin
fizyolojik performansini da olumsuz etkiler. Bu durum, iiretim
dongiisiinlin uzamasi, yemden yararlanma oraninin diismesi ve
pazar kalitesinin azalmasi gibi zincirleme ekonomik sonuglar
dogurur (Abdel-Tawwab vd., 2019).

Hastaliklarin Biiyiime Uzerine Etkileri:

Viral enfeksiyonlar (6r. IPN) akut donemde Gliimlere
yol agsa da, hastalig1 atlatan bireylerde uzun vadeli
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bliylime geriligi ve diisik canli agirlik kazanci
gozlenir.

Bakteriyel hastaliklar (6r. Lactococcus garvieae,
BKD) kronik seyirli enfeksiyonlarda siirekli enerji
kaybima yol acarak baligin yemden aldig1 enerjiyi
biiyiime yerine bagisiklik yanitina yonlendirir. Bu da
yemden yararlanma oranmi (%FCR) olumsuz
etkiler.

Paraziter  enfeksiyonlar  (6r.  Ichthyophthirius
multifiliis) baliklarda istahsizlik, solungag¢ hasari ve
metabolik stres yaratarak yem tiiketimini azaltir ve
bliyime hizin1 yavaslatir (Arkoosh vd., 1998;
Hossain vd., 2011; Fachri vd., 2024).

Ekonomik Yansimalar:

Biiylime geriligi, alabaliklarin pazara ulagma
stiresini  birkag ay geciktirebilir. Bu durum,
isletmelerin  yem, enerji, iscilik ve bakim
maliyetlerini artirir.

Yavas biiyliyen baliklar daha heterojen bir stok
yapisina neden olur. Bu da hasat sirasinda boy ve
agirhik farkliliklarini artirarak isleme tesislerinde
verim kaybina yol agar.

Subklinik seyreden hastaliklarda, mortalite diisiik
olmasina ragmen biiylime performansindaki
kayiplar, toplam {iretim karliligin1 ciddi o6lciide
azaltir. Baz1 durumlarda, mortalite kayiplarindan
daha biiyiik ekonomik zarara yol acabilmektedir
(D’Agaro vd., 2022).
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Sonu¢ olarak, biliylime geriligi ve verimlilik kaybi,
mortalite kadar goriiniir olmasa da, uzun vadede isletmeler i¢in
ciddi ekonomik tehdit olusturmaktadir. Hastaliklarin kronik
etkileri, tiretim dongiislinli uzatarak rekabet giiciinii azaltmakta
ve Ozellikle ihracata yonelik iiretim yapan isletmelerin pazar
taleplerini zamaninda karsilamasini giiglestirmektedir.

2.3.Uriin Kalitesindeki Diisiis

Alabalik yetistiriciliginde balik hastaliklarinin ekonomik
etkilerinden biri de dogrudan mortalite ya da biiylime kayb1
olmaksizin, pazarlanabilir {irtin  kalitesinin ~ azalmasidir.
Hastaliklara bagli gelisen fiziksel deformasyonlar, renk
degisimleri ve doku bozulmalari, iriiniin islenebilirligini ve
piyasa degerini ciddi bicimde diistirmektedir (Mishra vd.,
2017).

Fiziksel ve Morfolojik Etkiler:

Deri ve ylizgec lezyonlari: Bakteriyel enfeksiyonlarda
(Aeromonas spp., Lactococcus garvieae) siklikla
gbozlenen hemorajik lekeler, {lserler ve yiizgeg
erimeleri, tiiketici tarafindan “sagliksiz {lirin” algisi
yaratir.

Fileto kalitesinde bozulma: Kronik hastaliklar
sirasinda kas dokusunda su tutma kapasitesi azalir,
bu da filetonun hem goOriiniimiini hem de
islenebilirligini olumsuz etkiler.

Renk degisimleri: Paraziter enfeksiyonlar ve viral
hastaliklar baligin  dis goriiniimiinde anormal
renklenmelere neden olabilir; bu da 06zellikle
ithracata yonelik tiretimde ciddi kalite kayb1 yaratir
(Bastardo vd., 2012; Smith vd., 2019; Ahmed vd.,
2025).
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I¢ Organ Hasarlari ve Islenebilirlik:

Bakteriyel bobrek hastaligin (BKD) veya viral
enfeksiyonlar sonucunda baligin karaciger ve bobrek
dokusunda bozulmalar goriiliir. Bu tiir baliklar
isleme tesislerine kabul edilmedigi i¢in {iretici
dogrudan ekonomik kayba ugrar.

Subklinik enfeksiyonlarda distan belirgin bulgu
goriilmese bile, kesim sonrasi yapilan kontrollerde i¢
organlarda patolojik degisimler tespit edilebilir. Bu
tiir baliklarin imha edilmesi, lireticinin hem isgilik

hem de yem maliyetlerini bosa ¢ikarmaktadir
(Delghandi vd., 2020; Kong vd., 2024).

Pazarlama ve Thracat Uzerindeki Etkiler:

Goriiniir  deformasyonlar, 0Ozellikle taze tiiketim
pazarlarinda (balik hali, restoran, siipermarket)
Uriinlin ~ satig  degerini  %20-40  oraninda
diistirebilmektedir.

Islenmis iiriin (fileto, fiime, dondurulmus balik)
pazarinda ise kalite standartlarin1 karsilamayan
partilerin reddedilmesi s6z konusu olur. Bu durum,
thracat¢1 firmalarin giivenilirligini zedelemekte ve
uzun vadede pazar kayiplarina neden olmaktadir.

Tiirkiye’den Avrupa Birligi iilkelerine yapilan
alabalik ihracatinda, {iriin kalitesine bagli red
oranlarinin hastalik salginlarinin yogun gorildigi
donemlerde arttig1 bildirilmistir (Zhong vd., 2020).
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Ekonomik Yansimalar:

Uriin kalitesindeki diisiis, mortaliteye gore daha
“gizli” bir kayip gibi goriinse de, ozellikle yiiksek
hacimli iiretim yapan isletmeler i¢in toplam gelirde
ciddi azalmaya neden olur.

Kalitesi diisen baliklarin ¢ogu zaman yalnizca
yemlik veya diisiik fiyathh yan {iriin olarak
degerlendirilmesi miimkiindiir. Bu da isletmenin
birim basina elde ettigi gelirde 6nemli kayba yol
acar.

Uzun vadede, dusik kaliteli {irlinlerin pazara
sunulmast tiiketici giivenini  zedeleyerek talep
azalmasina sebep olur (Vianna vd., 2020).

Sonu¢ olarak, iriin kalitesindeki disiis, balik
hastaliklarinin dogrudan mortalite kadar goriiniir olmayan ancak
sektoriin rekabet gliciinii ve marka degerini zedeleyen kritik bir
ekonomik etkisidir. Ozellikle ihracata yonelik iiretim yapan
alabalik isletmeleri i¢in bu kayiplar, mortalite oranlarindan daha
belirleyici olabilmektedir.

3. DOLAYLI EKONOMIiK ETKILER

3.1.Tedavi ve Kontrol Maliyetleri

Balik hastaliklarinin alabalik yetistiriciligi {izerindeki
dolayli ekonomik etkilerinin basinda tedavi ve kontrol
maliyetleri  gelmektedir. Hastalikla —miicadele amaciyla
kullanilan ilaglar, biyogiivenlik onlemleri, diizenli laboratuvar
testleri ve asilama uygulamalar1 iiretim maliyetlerini 6nemli
Olclide artirmaktadir (Maezono vd., 2025).
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3.1.1. ila¢ ve Antibiyotik Kullanim

Bakteriyel enfeksiyonlarin kontroliinde yaygin olarak
antibiyotikler kullanilmaktadir. Ancak bu ilaglar
yalnizca satin alma maliyetini artirmakla kalmaz;
aynt zamanda uygulama sirasinda ek i gilicii
gerektirir.

Ozellikle Lactococcus garvieae  salginlarinda
kullanilan antibiyotiklerin isletmelere ciddi bir
ekonomik yiik getirdigi rapor edilmistir. Tiirkiye’de
yapilan saha calismalarinda, salgin dénemlerinde
antibiyotik maliyetlerinin isletme giderlerinin %10—
15’ine kadar ytikseldigi bildirilmistir .

Antibiyotik kullanimma bagh ilag kalintis1 riski
ihracat pazarlarinda iiriinlerin reddine yol acabilir; bu
da dolayli ekonomik kayiplar1 artirir (Benbrook,
2002; Ljubojevi¢ Peli¢ vd., 2024).

3.1.2. Asillama

Son yillarda gelistirilen bakteriyel hastaliklara karsi
asilar, ozellikle L. garvieae ve Aeromonas
salmonicida enfeksiyonlarinin onlenmesinde
kullanilmaktadir.

As1 maliyetleri, balik basina diisiik gibi goriinse de,
yiiksek stoklu isletmelerde toplamda oldukca biiyiik
bir kaleme doniisiir.

Bununla birlikte, uzun vadede mortaliteyi ve

biiyiime kayiplarin1 azaltarak ekonomik acidan fayda
saglamaktadir (Dandi vd., 2024).
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3.1.3. Biyogiivenlik ve Yonetim Uygulamalari

Balik hastaliklarinin =~ yayilimimi  onlemek igin
kullanilan filtreleme sistemleri, UV dezenfeksiyon,
oksijenleme ve su kalitesi kontrol sistemleri yliksek
ilk yatirnm maliyetine sahiptir.

Ayrica, karantina uygulamalar1 ve stok hareketlerinin
kisitlanmasi1 iiretim planlarim1  aksatarak dolayh
maliyetlere yol agmaktadir.

Tirkiye’de  yapilan arastirmalar, biyogiivenlik
onlemleri icin yapilan harcamalarin  igletme
maliyetlerinin %5-12’sini olusturdugunu
gostermektedir (Syanya vd., 2025).

3.1.4. Laboratuvar ve Tan1 Maliyetleri

Hastaliklarin dogru teshisi i¢in diizenli laboratuvar
kontrolleri, histopatolojik incelemeler ve molekiiler
testler (PCR, ELISA) yapilmaktadir.

Bu testler o6zellikle kiigiik olgekli isletmeler igin
pahali oldugundan, iireticiler bazen tani siirecinden
kacinmakta ve bu durum hastaligin kontroliinii daha
da zorlastirmaktadir (Jaies vd., 2024).

3.1.5. Ekonomik Sonuclar

Tedavi ve kontrol i¢in yapilan harcamalar kisa
vadede iireticiye ek yiik getirir. Ancak hastaliklarin
yaratacagi mortalite ve kalite kayiplarnt ile
kiyaslandiginda bu yatirimlar uzun vadede daha
karhdir.

Yeterli tedbir alinmadigr durumlarda salgmlarin yol
act1g1 kayiplar, tedavi ve kontrol masraflarinin birkag
katina ulasabilmektedir.
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Ozellikle ihracata ydnelik {iretim yapan isletmeler
icin kontrol onlemleri, pazar giivenilirligini koruma
acisindan kritik 6neme sahiptir (Blanco vd., 2000).

3.2. Thracat ve Pazar Kaybi

Balik hastaliklarinin ekonomik etkileri yalnizca iiretim
sahasiyla sinirli kalmayip, 6zellikle uluslararasi ticaret ve pazar
erisimi lizerinde de belirgin sonuglar dogurmaktadir. Alabalik,
Tirkiye’nin su Uriinleri ihracatinda 6nemli bir yere sahiptir ve

hastalik kaynakli kalite kayiplari bu sektoriin uluslararasi
rekabet giiclinii zedeleyebilmektedir (Otte vd., 2004).

3.2.1. ihracatin Kisitlanmasi

Diinya genelinde balik ve balik iiriinleri, en sik
ticarete konu olan gida firiinlerinden biridir. Ancak
hastaliklarin varligi, ihracatta onemli bir tarife disi
engel olusturmaktadir.

Avrupa Birligi, ABD ve Japonya gibi yiiksek
standartlara sahip pazarlara yonelik ihracatta, hastalik
ve ilag kalintist tespit edilen partiler siklikla
reddedilmekte veya geri gonderilmektedir.

Ozellikle Lactococcus garvieae ve viral hastalik
salgilarinin goriildiigii donemlerde, Tiirkiye’den AB
iilkelerine yapilan alabalik ihracatinda red oranlarinin
arttig1 rapor edilmistir (Bellmann vd., 2016).

3.2.2. Pazar Giivenilirliginin Azalmasi

Hastalik kaynakli kalite sorunlari, ihracat¢1 firmalarin
uluslararas1 pazarlardaki giivenilirligini ve marka
degerini zedelemektedir.

Tekrar eden kalite problemleri, ithalatg1 tilkelerin
Tiirk alabaligina yonelik talebini azaltabilmekte ve
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uzun vadede kalict pazar kayiplarina  yol
acabilmektedir.

Ozellikle islenmis iiriin ihracatinda, kalite standartlarinin

karsilanamamas1 yiiksek fiyatli segmentlerden diisiik fiyath
segmentlere kaymaya neden olmaktadir (Ababouch, 2006).

3.2.3. I¢ Pazar Uzerindeki Etkiler

Hastaliklar yalnizca ihracati degil, i¢ pazar1 da
etkilemektedir. Taze tiikketim i¢in pazara sunulan
baliklarda goriilen deformasyonlar ve kalite
sorunlari, tiiketici  gilivenini  azaltarak talep
daralmasina yol agmaktadir.

Bu durum ozellikle kiiclik olgekli yetistiriciler igin
kritik 6neme sahiptir; ¢linkii i¢ pazarda giiven kaybi,
fiyatlarin diismesine ve rekabetin artmasina neden
olmaktadir (Jennings vd., 2016).

3.2.4. Ekonomik Yansimalar

Ihracatin  kisitlanmas1  yalmzca dogrudan —gelir
kaybma degil, ayn1 zamanda lojistik, depolama ve
yeniden pazarlama maliyetlerinin artmasina da neden
olmaktadir.

Reddedilen veya geri gonderilen iiriinler ¢ogunlukla
i¢ pazara yonlendirilmekte, bu da i¢ pazarda fiyat
dengesizligine yol agmaktadir.

Uzun vadede, ithracat pazarlarinin kaybi iilke capinda
doviz gelirlerinde azalmaya ve sektoriin biiylime

potansiyelinde siirlamaya yol agmaktadir Jennings
vd., 2016).
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3.3.Yasal ve idari Diizenlemeler

Balik hastaliklarinin  ekonomik etkilerini azaltmaya
yonelik olarak ulusal ve uluslararasi diizeyde cesitli yasal ve
idari diizenlemeler uygulanmaktadir. Bu diizenlemeler, hem
tiretim siireglerinde biyogilivenligin artirilmasint  hem de
uluslararas1 ticarette iirlin  giivenilirliginin  saglanmasini
hedeflemektedir. Ancak bu uygulamalar yetistiriciler agisindan
ek maliyetler ve idari yiikler dogurabilmektedir (Bondad-
Reantaso vd., 2005; Oidtmann vd., 2011; Hishamunda vd.,
2014).

3.3.1. Uluslararasi Diizenlemeler

« Diinya Hayvan Saghig Orgiitii (OIE), sucul hayvan
hastaliklar1 i¢in uluslararast saglik standartlart
belirlemekte ve liye iilkelerden belirli hastaliklari
bildirmelerini zorunlu kilmaktadir. Ozellikle VHS,
IHN ve IPN gibi viral hastaliklar uluslararasi
raporlama kapsaminda yer almaktadir.

e Avrupa Birligi, balik ve su iiriinleri ticaretinde kati
saglik sertifikasyonu ve kalinti izleme programlari
uygulamaktadir. Tiirkiye’den AB’ye yapilan ihracatta
her parti icin saglik sertifikas1 diizenlenmesi
zorunludur.

o lhracatta kullamilan veteriner saglik sertifikalari,
sadece hastaliklardan ari isletmelerden elde edilen
iirtinler i¢in verilmektedir. Bu nedenle hastalik tespit
edilen isletmeler, ihracat pazarina erisimde
kisitlamalarla karsi karsiya kalmaktadir Caceres vd.,
2017).

3.3.2. Tiirkiye’deki Diizenlemeler

o Tiirkiye’de balik hastaliklar ile ilgili mevzuat, Tarim
ve Orman Bakanli8 tarafindan yiiriitiilmektedir.
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“Su  Uriinleri Saglik Sertifikas1” uygulamas,
ozellikle ihracata yonelik liretim yapan isletmeler
icin zorunludur.

Balik hastaliklarinin kontrolii i¢in “Hastalik Bildirim
Sistemi” gelistirilmis olup, belirli hastaliklarin tespit
edilmesi halinde isletmelerin karantina altina
alinmasi 6ngoriilmektedir.

Ayrica, balik dretim tesislerinde biyogiivenlik
protokollerinin  uygulanmasi, periyodik  saglik
taramalar1 ve ila¢ kalinti kontrolleri mevzuatla
zorunlu hale getirilmistir (Yucel-Gier vd., 2009).

3.3.3. idari ve Ekonomik Yiikler

Hastalik bildirimi ve karantina uygulamalari, {iretim
stirecinin  aksamasma ve stok hareketlerinin
kisitlanmasina yol agabilmektedir.

Saglik  sertifikasyonu ve laboratuvar testleri
isletmelere ek maliyet getirmekte; kiiciik oOlgekli
isletmeler bu maliyetleri karsilamakta zorlanmaktadir.

Ozellikle ihracata ydnelik iiretim yapan isletmeler
icin 1idari diizenlemelere uyum, zorunlu ancak
maliyetli bir siiregtir. Buna karsin bu uygulamalar,
uzun vadede uluslararasi pazarlarda giivenilirlik ve
strdiirtilebilirlik i¢in kritik 6neme sahiptir (Kleih vd.,
2013).

3.3.4. Ekonomik Yansimalar

Yasal ve idari diizenlemeler, kisa vadede iretim

maliyetlerini artirsa da, uzun vadede sektoriin rekabet giiciinii
korumasina katki saglar.

Hastaliklarin ~ yayiliminin ~ kontrol altmma alinmasiyla

kitlesel kayiplarin 6nlenmesi, isletmeler acisindan diizenlemelerin
maliyetlerini telafi eden bir avantaj yaratmaktadir.
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Uygulamalarin etkinligi ise diizenli denetim, yetistirici
egitimi ve devlet destekleri ile dogrudan iliskilidir (Kent vd.,
2009).

4. SONUC

Alabalik yetistiriciligi, hem Tiirkiye’de hem de diinya
genelinde akuakiiltiir sektoriiniin en 6nemli alt kollarindan
biridir. Ancak sektoriin siirdiiriilebilir biiytimesini tehdit eden en
onemli unsurlardan biri balik hastaliklaridir. Bu hastaliklar
yalnizca biyolojik kayiplara yol agmakla kalmayip, dogrudan
mortalite, biilyiime geriligi, trtin kalitesinde diisiis, tedavi ve
kontrol maliyetleri, pazar ve ihracat kaybi gibi ¢ok boyutlu
ekonomik etkiler dogurmaktadir.

Vaka caligsmalarinda goriildiigii lizere, baz1 durumlarda
mortalite orani yiiksek olmasa dahi biiyiime performansindaki
diisiis, yemden yararlanmadaki azalma ve kalite kayiplar
toplam ekonomik zararin daha biiyiik kismini olusturmaktadir.
Ornegin, Lactococcus garvieae veya BKD gibi kronik seyirli
hastaliklar, dogrudan 6liim oranlar1 diisiik olmasina ragmen,
uzun vadede isletmelerin verimliligini ve karliligimi ciddi
bicimde azaltmaktadir. Buna karsilik VHS veya ISA gibi akut
seyirli hastaliklar, kitlesel oOliimlerle birlikte bir {ilkenin
akuakiiltiir endiistrisini tamamen felce ugratabilmektedir.

Tiim bu veriler, balik hastaliklarinin yalmzca biyolojik
bir sorun degil, ayn1 zamanda ekonomik, sosyo-ekonomik ve
stratejik bir mesele oldugunu ortaya koymaktadir. Ozellikle
Tiirkiye gibi iiretimin énemli bir kismini alabaligin olusturdugu
iilkelerde, hastaliklarin kontrol altina alinmasi ulusal gida
giivenligi, ihracat gelirleri ve kirsal kalkinma agisindan kritik
Ooneme sahiptir.

Sonuglar aynm1 zamanda Onleme ve yetistiricilik
stratejilerinin ekonomik Onemini de net bigimde ortaya
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koymaktadir. Tedaviye dayali yaklasimlar kisa vadede ¢6ziim
sunsa da, uzun vadede hem maliyetleri artirmakta hem de
direngli patojenlerin ortaya cikisina zemin hazirlamaktadir.
Buna karsilik biyogiivenlik uygulamalari, agilama programlari,
cevresel kosullarin kontrolii, kaliteli yem kullanimi ve diizenli
saglik taramalar1 gibi Onleyici stratejiler, mortalite oranlarini
azaltmakta, biiyiime performansini iyilestirmekte ve toplam
tiretim verimliligini artirmaktadir.

Ek olarak, balik hastaliklar1 yalnizca isletme diizeyinde
ekonomik kayiplara yol agmamakta; ayni zamanda istihdam,
thracat ve kirsal sosyo-ekonomik yapi iizerinde de dogrudan
etkiler yaratmaktadir. Biiylik 6lgekli salginlar, binlerce kisinin
igsiz kalmasina, bolgesel ekonomilerin zarar gérmesine ve iilke
capinda akuakiiltiir gelirlerinin azalmasina neden
olabilmektedir.

Bu nedenle, alabalik yetistiriciliginde siirdiiriilebilirligin
saglanabilmesi igin:
o Hastaliklarin erken teshisine yonelik izleme ve

denetim sistemlerinin gii¢clendirilmesi,

e Onleyici  uygulamalarin fiireticiler ~ arasinda
yayginlastirilmasi,

e As1 ve biyogiivenlik yatirimlarinin desteklenmesi,

e Kiigiik 0lcekli treticilerin finansal ve teknik acidan
giiclendirilmesi,

e Ulusal ve uluslararasi is birliklerinin
artirilmasi zorunluluk haline gelmistir.

Sonu¢  olarak, alabalik yetistiriciliginde  balik
hastaliklarinin ekonomik etkileri, sektoriin gelecegini belirleyen
kritik bir parametredir. Uzun vadeli siirdiiriilebilirlik, ancak
biyogiivenlik ve dnleme stratejilerine yapil
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BALIK POPULASYONLARININ TESPITINDE
HIDROAKUSTIK VE GORUNTULEME
TABANLI YONTEMLER: GUNCEL
YAKLASIMLAR VE UYGULAMALAR

Kamil ATSATAN!

1. GIRIS

Balik popiilasyonlarinin izlenmesi, hem ekolojik dengeyi
korumak hem de su iirlinleri lretiminin siirdiiriilebilirligini
saglamak acisindan biiylikk Onem tasimaktadir. Popiilasyon
bilyiikliigli, yas dagilimi, yogunluk ve tiir cesitliligi gibi
parametrelerin dogru belirlenmesi, stok yonetiminde alinacak
kararlarin  temelini olusturur. Bu veriler, asir1 avciligin
onlenmesi, ekosistem temelli balik¢ilik yonetimi ve koruma
alanlarinin  planlanmas1 agisindan kritik Oneme sahiptir
(Simmonds ve MacLennan, 2008).

1.1.Balik Popiilasyonlarinin izlenmesinin Onemi

Su ekosistemleri, dinamik yapilar1 nedeniyle siirekli
degisim gosterir. Bu degisim; iklim, besin zinciri iligkileri,
habitat kosullar1 ve insan faaliyetleriyle yakindan iliskilidir.
Balikk popiilasyonlarinin ~ diizenli olarak izlenmesi, bu
degisimlerin etkilerini anlamay1 ve kaynak yonetiminde bilimsel
temelli kararlar almayr miimkiin kilar. Ozellikle g&l ve baraj
gollerinde, stoklarin zamansal ve mekansal dagiliminin
bilinmesi, avcilik planlamasi ve stok yenilenme kapasitesinin
degerlendirilmesi agisindan gereklidir (Boswell vd., 2008).

! Ars. Gér. Dr., Isparta Uygulamah Bilimler Universitesi, Su Uriinleri Fakiiltesi, Su
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1.2 Klasik Yontemlerin Sinirhiliklar:

Geleneksel stok tahmin yontemleri genellikle 6rnekleme
aglari, trol veya elektrosok gibi fiziksel yakalama tekniklerine
dayanir. Bu yontemler, saha c¢aligmalari i¢in ciddi zaman ve is
giicii gerektirir, ayrica yakalanan bireyler ilizerinde strese ve
olimlere neden olabilir. Ornekleme sonuglart ¢ogu zaman
mekansal ve zamansal simirlhiliklar icerir; bu durum da
popiilasyonun ger¢ek biiylikliiglinli yansitmayr zorlastirir.
Ozellikle derin gol sistemlerinde veya diisiik goriis mesafesine
sahip ortamlarda klasik yontemlerle saglikli veri elde etmek
giiclesmektedir (Hassoun ve Karoui, 2017).

1.3.Teknolojik Yaklasimlarin Ortaya Cikisi

Bilimsel ve teknolojik ilerlemeler, sucul canlilarin
gozlenmesinde yeni yontemlerin gelistirilmesine olanak
tanimugtir. 20. ylzyilin ikinci yarisindan itibaren gelistirilen
hidroakustik sistemler, ses dalgalarinin su ortaminda geri
yansimasint (echo return) Olgerek baliklarin konumu ve
yogunlugu hakkinda bilgi saglayan gii¢lii araclar haline
gelmistir. Giiniimiizde bu yontem, sadece stok tahmininde degil,
birey davranislarinin, go¢ yollarinin ve habitat tercihlerinin

incelenmesinde de yaygin olarak kullanilmaktadir (Cooke vd.,
2021).

Ote yandan, gériintiileme tabanl sistemler, dzellikle
yiiksek c¢Oziiniirliklii kameralar, stereo video sistemleri ve
uzaktan kumandali araglar (ROV) araciligiyla su alt1
ekosistemlerini gézlemleme olanagi sunmaktadir. Bu sistemler,
baliklarin tiir ayrimi, morfometrik analizleri ve davranigsal
gozlemleri i¢in Onemli bir alternatif olusturmustur. Goriintii
isleme algoritmalar1 ve yapay zeka destekli tanima sistemleri
sayesinde, son yillarda otomatik tiir tespiti ve birey sayimi
uygulamalar1 yayginlasmistir (Haralabous ve Georgakarakos,
1996; Liu vd., 2020).
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1.4.Calismanin Amaci ve Kapsamm

Bu bolimde, hidroakustik ve goriintiileme tabanh
yontemlerin temel prensipleri, uygulama alanlar1 ve birbirlerine
gore avantajlar1 ayrintili bicimde ele alinmistir. Ayrica, Tiirkiye
ve diinyadan ornek uygulamalara yer verilerek, yontemlerin
farkli ekosistemlerdeki performanslar1 tartisilmistir. Boliimiin
bir diger amaci, bu teknolojilerin gelecekte yapay zeka, sensor
flizyonu ve otonom sistemlerle biitlinlestirilerek nasil daha etkin
hale getirilebilecegine dair bir bakis acis1 sunmaktir.

2. HIDROAKUSTIK YONTEMLERIN
TEMEL PRENSIPLERI

Hidroakustik  sistemler, balik  popiilasyonlarinin
mekansal dagilimini, yogunlugunu ve birey biiyiikliiklerini
belirlemek amaciyla su ortaminda ses dalgalarinin geri
yansimasint kullanir. Bu sistemler, geleneksel yakalama
yontemlerine kiyasla hizli, non-invaziv ve genis alanlar
kapsayan veri toplama olanag1 saglar. Hidroakustik yontemler,
ozellikle gol, baraj ve denizel ekosistemlerde yogunluk ve
biyokiitle tahmininde kritik Oneme sahiptir (Simmonds &
MacLennan, 2005).

2.1.Temel Prensipler ve Fiziksel Temel

Hidroakustik ~ sistemler, suya gonderilen akustik
sinyallerin balik ve diger hedeflerden geri yansimasini (echo
return) Olger. Ses dalgalarmin su ortamindaki yayilimi, su
sicakligi, tuzluluk, derinlik ve akint1 gibi cevresel faktdrlerden
etkilenir. Bu nedenle hidroakustik Ol¢iimlerde ¢evresel
parametrelerin dogru bir sekilde kaydedilmesi ve kalibrasyonun
yapilmasi gerekmektedir (MacLennan vd., 2002).

Sistemlerde kullanilan baslica parametreler sunlardir:
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Frekans (Frequency): Baliklarin hedef giiciine ve
boyutuna bagl olarak degisen frekanslar kullanilir.
Diisiik frekanslar (38—120 kHz) daha genis alanlar1
tararken, yiiksek frekanslar (200—-800 kHz) kiigiik
bireylerin tespitinde tercih edilir.

Dalga Boyu ve Isin Acis1 (Beam Angle):
Transdiiserin 151n agisi, tarama alaninin genisligi ve
derinlik ¢Oziiniirliigiinii belirler. Genis 151 agisi
biiyilik alan taramasi i¢in uygundur, dar 151n agisi ise
bireylerin ayrintili analizini saglar.

Target Strength (TS — Hedef Giicii): Balik veya
hedef nesnenin yanki giiciinii ifade eder ve birey
biyiikligi ile iliskilidir. TS, popiilasyon yogunlu-
gunun hesaplanmasinda kritik bir parametredir.

2.2 .Hidroakustik Sistem Bilesenleri

Hidroakustik olgiimler, temel olarak {ii¢ bilesen
tizerinden yiirttiliir:

Transdiiser (Transducer): AKustik sinyalleri suya
ileten ve yankilari algilayan cihazdir.

Verici/Alict Unitesi (Echo Sounder): Transdiiserden
gonderilen sinyalleri kontrol eder ve geri doniisleri
kaydeder.

Veri Kayit ve Analiz Yazilimlari: Echo return
verileri, biyokiitle tahmini ve popiilasyon yogunlugu
hesaplamalarinda  kullanilir. Yaygin  yazilimlar
arasinda Echoview, Sonar5-Pro ve LSSS bulunur
(Simmonds & MacLennan, 2005; MacLennan vd.,
2002).
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2.3.Veri Toplama Yontemleri

Hidroakustik Olciimler, iki ana yaklagimla
gerceklestirilir:

2.3.1. Dikey Tarama (Down-looking / Vertical Beam)

Transdiiser, gemi veya sabit platformdan dikey olarak
suya yonlendirilir. Bu yontem oOzellikle gol ve barajlarda
kullanilir ve derinlik boyunca balik yogunlugu ile biyokiitle
tahmini saglar. Dikey tarama, birey boyu dagiliminin
belirlenmesinde de etkilidir.

2.3.2. Yatay Tarama (Side-looking / Side Scan)

Transdiiser yatay olarak yonlendirilir ve kiyidan veya su
yiizeyinden su kolonunu tarar. Bu yontem, kiyisal alanlarda
baliklarin mekansal dagilimini analiz etmek ve gog¢ yollarim
takip etmek i¢in kullanilir.

2.4 Kalibrasyon ve Dogruluk

Hidroakustik  sistemlerin  giivenilirligi, diizenli
kalibrasyon ile saglanir. Kalibrasyon genellikle bakir kiire veya
standart sinyal kullanilarak yapilir. Hatali kalibrasyon, TS
degerlerinde sapmalara ve yogunluk tahminlerinde yanlisliklara
yol agabilir. Ayrica ¢evresel faktorler, suyun bulanikligi,
termoklin katman1 ve hava kabarciklar1 dl¢iimlerin dogrulugunu
etkileyebilir (Marty vd., 2019).

2.5.Veri Analizi ve Biyokiitle Hesaplamasi

Hidroakustik ol¢iimlerle elde edilen eko-graf verileri,
oncelikle giiriilti filtrelemesi ve hedef secimi siireclerinden
gecirilir. Daha sonra TS degerleri, birey boylari ve yogunluk
tahminleri i¢in kullanilir. Biyokiitle hesaplamas1 genellikle
asagidaki formiil lizerinden yapilir:
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Burada adoniisiim katsayisi, TS;ise i. baligin hedef
giiclinli temsil eder. Bu yontem sayesinde genis su alanlarinda

balik yogunlugu hizli ve giivenilir bir sekilde tahmin edilebilir
(Simmonds & MacLennan, 2005; Boswell vd., 2008).

2.6.Hidroakustik Yontemlerin
Avantaj ve Sinirhiliklar
Avantajlar:
1. Genis alanlarda hizli ve non-invaziv veri toplama
2. Birey boyu dagilimi ve yogunluk tahmini imkan1
3. Gergek zamanli veri analizi
Stirlihiklar:
1. Tir ayriminda sinirhilik

2. Derinlik, su siitunu ve ¢evresel faktorlerden
etkilenme

3. Kalibrasyon gerekliligi
4. Kiigtik bireylerin tespitinde sinirli ¢oziiniirliik

Hidroakustik sistemler, ¢cogunlukla goriintiilleme tabanli
sistemlerle entegre edilerek kullanildiginda, hem yogunluk hem
de tiir bilgisi elde edilebilmekte, saha dogrulamasi
saglanmaktadir (Felli vd., 2015).

3. GORUNTULEME (OPTIiK) SISTEMLERI

Rekreasyonel balikgiligin - balik stoklar1 {izerindeki
etkisine iligkin farkindaligin artmasi, bu etkileri yonetmek icin
kullanilan bilgilerin sinirli oldugunu goéstermektedir. Mevcut
verilerin ¢ogu, kesintili ve yogun is giicii gerektiren anketlerden
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elde edilmekte olup, ¢ogu zaman oldukg¢a degisken balik¢ilik
alanlarina dair pargali bilgiler sunmaktadir (Lewin vd., 2019).

Dijital kameralar, rekreasyonel balik¢ilik ¢abalarini
stirekli ve daha maliyet etkin bir sekilde izleme imkani sunar.
Bu yaklasimin diger alanlarda yaygin olmasmma ragmen
balik¢ilik izlemelerinde yeterince kullanilmamis olmasi dikkat
cekicidir (Hartill vd., 2020).

Kara temelli denizel rekreasyonel balikgilikta insansiz
hava araclar1 (IHA) veya dronlarm kullanimina yénelik ilginin
arttigina dair ¢evrimigi kanitlar bulunmaktadir. Giivenilir izleme
programlarinin ~ bulunmamas1  nedeniyle ¢aligmada, bu
uygulamaya yonelik artan ilgiyi, kiiresel yayilimini, av
bilesimini ve yonetisim durumunu tahmin etmek amaciyla
alisilmigin disinda, g¢evrimigi olarak erisilebilen veri kaynaklar
kullanilmistir. Sonuglar, 6zellikle Yeni Zelanda, Giliney Afrika
ve Avustralya’da 2016 yilinda drone balik¢iligina olan ilginin
%357 oraninda arttigin1 gostermistir. Ekolojik acidan, drone
balik¢iligiyla hedeflenen tiirlerin ¢ogunun asir1 av baskisina
karst hassas oldugu, salinan bireylerin ise yiiksek stres ve
mortalite riski tasidigr belirlenmistir. Sosyal agidan, bir¢ok
rekreasyonel balik¢mnin drone balik¢iliginin etik boyutunu
sorguladig1 ve diger sahil kullanicilariyla ¢atisma potansiyelinin
arttig1 ongoriilmektedir. Yonetisim agisindan ise rekreasyonel
drone balik¢iligina 6zgii herhangi bir yasal diizenlemeye
rastlanmamistir. Bu bulgular, drone balik¢iliginin 6ncelikli
arastirma ve yonetim konular1 arasinda ele alinmasi gerektigini
ortaya koymaktadir (Winkler vd., 2022).

Bir kamera tabanli izleme sisteminin tiim bilesenleri
bastan dikkate alinmalidir. Bunlar arasinda sistemin konumu ve
yapilandirmasi, hizmet siirekliligi, goriinti kalitesi, veri
depolama, goriintii yorumlama ve toplanan verilerin analizi yer
almaktadir. Iyi tasarlanmus bir dijital kamera izleme sistemi,
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rekreasyonel balik¢ilik dinamiklerini daha dogru ve kapsamli bir
sekilde ortaya koyarak, bilgiye dayali ve etkin balik¢ilik
yonetimine olanak saglar (Fleck ve Straber, 2008).

Goriintiileme tabanli sistemler, balik popiilasyonlarmin
belirlenmesinde son yillarda giderek yayginlasan bir yontemdir.
Bu sistemler, optik sensorler ve kameralar araciliiyla su altindaki
canlilar1 gézlemlemeyi miimkiin kilar ve tlir tanimlama, davranis
gbzlemi ve habitat etkilesimi gibi konularda hidroakustik
yontemlere 6nemli bir tamamlayici saglar (Lahoz-Monfort ve
Magrath, 2021; Yiicel ve Tolon, 2024).

3.1.Sistemlerin Temel Prensipleri

Optik goriintiileme sistemleri, 1518in  su ortaminda
yayllmast ve hedef nesnelerden geri yansimasi prensibine
dayanir. Sistemler, suyun 151k gegirgenligine ve bulanikligina
bagli olarak farkli performans gosterir. Temel sistem bilesenleri
sunlardir (Scully, 1998; Brady, 2009; Jaffe, 2014):

o Kamera Modiilii: Yiiksek ¢oziniirliiklii renkli veya
siyah-beyaz kameralar, su altindaki goriintiileri
kaydeder.

e Aydmlatma Sistemi: Ozellikle derinliklerde 151k
kaynag1 gereklidir. LED veya lazer tabanh
aydinlatmalar kullanilir.

« Kayt ve Veri Isleme Unitesi: Toplanan goriintiiler,
bilgisayar yazilimlari aracilifiyla analiz edilir.

o Hareketli Platformlar: ROV (Remotely Operated
Vehicle), AUV (Autonomous Underwater Vehicle)
veya sabit platformlar araciligiyla farkli derinlik ve

konumlardan veri elde edilir.
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3.2.Goriintii isleme Teknikleri

Toplanan goriintiiler, insan goziiyle veya bilgisayar
tabanli analizle islenir. Giiniimiizde yapay zekda ve makine
Ogrenmesi algoritmalari, balik tiirlerinin otomatik taninmasinda
ve birey sayiminda kullanilmaktadir. Goriintii isleme siireci su
adimlari igerir:

5. On lIsleme (Preprocessing): Giiriilti azaltma,
kontrast iyilestirme ve renk diizeltme. (Bovik, 2013;
Hartill vd., 2015; Taylor vd., 2018).

6. Segmentasyon: Baliklarin arka plandan ayrilmasi.

7. Ozellik Cikarini (Feature Extraction): Boy, sekil
ve renk gibi  morfometrik  parametrelerin
belirlenmesi.

8. Simiflandirma (Classification): Tiirlerin
tanimlanmasi ve birey sayiminin yapilmasi.

Derin 6grenme tabanli yontemler (Convolutional Neural
Networks — CNN) ozellikle karmagik ve bulanik goriintiilerde
yiiksek dogruluk saglar.

3.3.Sistem Tiirleri

3.3.1. Stereo Kamera Sistemleri

Stereo kameralar, iki ayr1 optik sensor kullanarak
derinlik bilgisi elde eder ve balik boyu Olglimii yapar. Bu
sistemler, balik morfometrisini yiliksek dogrulukla belirlemeye
olanak saglar ve yogunluk tahminlerinde ek veri saglar. (Locke
vd., 2005; Lynch vd., 2015)

3.3.2. Uzaktan Kumandal Araclar (ROV)

ROV’lar, derin goller, barajlar veya denizel ortamlarda
veri toplamak i¢in kullanilir. Kameralar, LED 1siklandirma ve
sensorler ile donatilmistir. Operatdr, yiizeyden araci kontrol
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ederek gozlem ve kayit yapabilir (Locke vd., 2005; Smallwood
vd., 2012; Greenberg ve Godin, 2015; Steffe vd., 2017)

3.3.3. Otonom Su Alt1 Araclar1 (AUYV)

AUV’lar, oOnceden programlanmis rotalar boyunca
bagimsiz hareket ederek veri toplar. GPS ve INS (Inertial
Navigation System) sistemleri ile konumlandirma yapilir ve
gorlntiiler depolanir. AUV lar, uzun stireli izleme ve genis alan
taramalar1 i¢in uygundur (Nicholson ve Healey, 2008).

3.4.Tiirkiye ve Diinya Uygulamalar

Tiirkiye’de optik goriintiileme sistemleri, 6zellikle
Egirdir, Beysehir ve Manyas goéllerinde uygulanmaktadir. Bu
sistemler, balik tiirlerinin habitat tercihlerini, derinlik
dagilimlarin1  ve  davranigsal  Oriintiilerini  belirlemede
kullanilmistir (Colak, 2022).

Diinya genelinde ise, stereo video ve ROV sistemleri,
Biiytik Goller (ABD) ve Baltik Denizi (Avrupa) gibi bolgelerde
balik  popiilasyonlarinin  izlenmesinde = yaygin  sekilde
kullanilmaktadir (Nalmpanti vd., 2023). DIDSON (Dual-
frequency Identification Sonar) ve ARIS (Adaptive Resolution
Imaging Sonar) gibi akustik goriintiileme sistemleri, 6zellikle
bulanik ve diisiikk goriisli sularda optik sistemlere alternatif
sunmaktadir (Gode ve Ona, 1999).

3.5.Avantajlar ve Sitmirhhiklar
Avantajlar:
e Tiir ayrimi ve birey tanimlamada yiiksek dogruluk

o Balik davranisi ve sosyal etkilesimlerin
gozlemlenmesi

e Non-invaziv ve siirekli izleme olanagi

¢ Derinlik ve mekan bazli habitat analizi

124



Su Uriinleri Degerlendirmeleri

Stirlihiklar:
e Su bulaniklig1 ve 151k kosullarina bagl performans
e Yiiksek maliyet ve teknik uzmanlik gereksinimi

o Biiyiik alan taramalarinda zaman ve veri depolama
siurliliklart

3.6.Hidroakustik ve Goriintiileme Sistemlerinin
Entegrasyonu

Goriintiilleme sistemleri, hidroakustik verilerle birlikte
kullanildiginda, hem yogunluk hem de tiir bilgisi elde edilmesini
saglar. Bu entegrasyon, saha dogrulamasi ve model kalibrasyonu
icin kritik 6neme sahiptir. Tiirkiye’de Egirdir G6li ve Beysehir
Goli'nde yapilan caligmalarda, stereo video ve hidroakustik
veriler birlikte kullanilarak balik popiilasyonlarinin  daha
giivenilir sekilde tahmin edildigi gozlemlenmistir (Liu vd.,
2020).

4. HIDROAKUSTIK VE GORUNTULEME
YONTEMLERININ KARSILASTIRMALI
ANALIZI VE YENi TEKNOLOJILER

Balik popiilasyonlarinin izlenmesinde hidroakustik ve
optik goriintiileme sistemleri, her biri kendine 6zgii avantaj ve
smnirhiliklarla  birlikte kullanilmaktadir. Bu iki yaklasimin
karsilastirmali analizi, dogru veri toplama stratejilerinin
belirlenmesi ve yontemlerin birbirini tamamlayict sekilde
entegrasyonu i¢in onemlidir. Ayrica son yillarda yapay zeka ve
otonom sistemlerin entegre edilmesi, bu teknolojilerin
etkinligini artirmistir (Martignac vd., 2015).
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4.1 Karsilastirmah Analiz

Ozellik Hidroakustik Goriintiileme (Optik)
Bi Sinirli (gogunlukla Yiiksek (Tiir tanimi ve
irey Tanima - .. e
yogunluk ve boy) davranis gézlemi miimkiin)

Orta alan, daha uzun siireli

Alan Kapsama Genis alan, hizli tarama . L
veri gerektirir

Derinlik sinirlamasi yok, Derinlik 151k ve su

Derinlik Etkisi ses dalgasi ile ulasir gecirgenligine baglh
Cowescl Bk Nor-invazly hareket bl atkley il
B o smmankan Dol e b
Egttzggf‘;gﬁ n Gériintiileme ile yiksek ~ Hidroakustik ile yiksek

Analiz Ozeti:

Hidroakustik sistemler, genis alanlarda hizli ve dogru
biyokiitle tahmini i¢in uygundur; ancak tiir tanima kapasitesi
stnirlidir. Goriintiileme sistemleri ise tiir ve birey davraniglarini
gozlemlemede {istiinliik saglar, fakat alan kapsama ve derinlik
kosullarina bagimlidir. Bu nedenle iki sistemin birlikte
kullanimi, veri giivenilirligini ve kapsamini artirir (Sutton,
2005).

4.2 Hibrit Sistemlerin Kullanimi

Hibrit sistemler, hidroakustik ve optik sistemlerin es
zamanlt kullanimin1 ifade eder. Bu yaklasgimin baglica
avantajlar1 sunlardir:

Dogrulama ve Kalibrasyon: Goériintilleme verileri,
hidroakustik TS degerlerini dogrulamada kullanilir.

Tiir ve Biyokiitle Bilgisi: Balik yogunlugu hidroakustik
ile, tiir ayrimi optik sistemle belirlenebilir.
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Davranis ve Dagilim Analizi: Her iki veri seti birlikte
kullanilarak baliklarin mekansal ve davranigsal oOriintiileri daha
giivenilir sekilde ortaya konabilir (Boswell vd., 2008).

4.3.0tonom ve Robotik Platformlar

Son yillarda otonom sistemler, balik popiilasyonlarinin
izlenmesinde giderek 6nem kazanmaktadir:

AUV (Autonomous Underwater Vehicle): Onceden
programlanmis rotalar boyunca bagimsiz olarak
hareket eder ve hidroakustik veya optik veri toplar.

USV (Unmanned Surface Vehicle): Su yiizeyinde
hareket ederek transdiiser ve kamera sistemlerini
tasir.

ROV (Remotely Operated Vehicle): Operator
kontrollii araglarla daha detayli ve hedefe yonelik
veri elde edilir.

Otonom sistemler, Ozellikle genis alan taramalar1 ve
uzun siireli izlemelerde is giiclinii azaltir ve veri toplama
siiresini kisaltir. Ayrica yapay zeka algoritmalar1 ile entegre
edildiginde, otomatik tiir tanima, birey sayimi ve yogunluk
hesaplamas1 miimkiindiir (Zhang vd., 2020).

4.4.Yapay Zeka ve Makine Ogrenmesi Entegrasyonu

Yapay zeka, ozellikle goriintii isleme ve veri analizinde
biiyiik avantaj saglamaktadir:

Balik  Tir Tamma: Derin 6grenme (CNN)
algoritmalart kullanilarak farkli tiirler otomatik
olarak siniflandirilir.

Birey Sayimi: Karmagsik goriintiilerdeki baliklar
dogru sekilde sayilir.

Davranis Analizi: Otomatik hareket takibi ile go¢ ve
sosyal davranislar incelenebilir.
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Veri  Fiizyonu: Hidroakustik ve optik veriler
birlestirilerek daha dogru popiilasyon modelleri
olusturulur (Martignac vd., 2015).

4.5.Yeni Teknolojilerin Gelecege Etkisi

Gergek Zamanli Izleme: Sensorler ve veri isleme
yazilimlari ile saha verileri aninda analiz edilebilir.

Biiyiik Veri ve Modelleme: Elde edilen genis veri
setleri, ekolojik modellerin dogrulugunu artirir.

Uzaktan Erisim ve Bulut Tabanli Sistemler:
Arastirmacilar, saha ¢alismalarini uzaktan izleyebilir
ve verileri merkezi sistemlere aktarabilir.

Enerji  Verimliligi ve Miniatiirlesme: Yeni nesil
AUV/ROV’ler daha kiigiik, enerji tasarruflu ve uzun
stireli ¢alisabilir.

Bu gelismeler, ozellikle genis ve derin gol sistemlerinde

balik popiilasyonlarinin siirekli izlenmesini miimkiin kilmakta
ve sirdiiriilebilir su {riinleri yOnetimi igin kritik veri

saglamaktadir.

4.6.Smmirhhiklar ve Oneriler

Hibrit sistemlerin yliksek maliyeti ve teknik
uzmanlik gerektirmesi.

Bulanik ve diisiik goriislii sularda optik sistemlerin
sinirli performansi.

Biiytlik veri isleme ve saklama i¢in giiclii bilgisayar
altyapisi ihtiyaci.

Tiirkiye’de heniiz yaygin kullanimin olmamasi ve
pilot uygulama eksikligi.

Oneriler:

128



Su Uriinleri Degerlendirmeleri

1. Hidroakustik  ve  goriintileme  sistemlerinin
entegrasyonu ile saha dogrulamasi artirilmali.

2. Yapay zeka destekli analizler ve makine dgrenmesi
algoritmalar1 yayginlagtirilmali.

3. Otonom platformlar ile genis alan taramalar1 ve uzun
stireli izleme projeleri desteklenmeli.

4, Tirkiye’de yerli teknoloji gelistirme ve egitim
programlari ile kapasite artirilmali.

5. SONUC VE ONERILER

Balik popiilasyonlarinin izlenmesi, hem ekolojik dengeyi
korumak hem de siirdiiriilebilir su iriinleri yonetimi saglamak
acisindan kritik 6neme sahiptir. Bu baglamda, hidroakustik ve
goriintiileme  tabanli  yontemler, geleneksel yakalama
tekniklerine kiyasla daha hizli, non-invaziv ve kapsamli veri
saglama avantaji sunmaktadir. Bu boéliimde, 6nceki bdliimlerde
ele alinan yontemlerin genel bir degerlendirmesi yapilarak,
Tiirkiye ve diinya uygulamalari 15181inda dneriler sunulmustur.

5.1.Yontemlerin Genel Degerlendirmesi

Hidroakustik sistemler, ses dalgalar1 araciligiyla su
ortamindaki balik yogunlugu ve birey boylar1 hakkinda bilgi
saglar. Genis alanlarda hizli veri toplama ve biyokiitle
tahminindeki dogruluk, bu ydntemin en biiylik avantajlaridir.
Ancak tliir ayrimminda smrlilblk  gostermesi ve  gevresel
faktorlerden  etkilenmesi, tek  basmna  kullanilmasini
kisitlamaktadir (Simmonds ve MacLennan, 2005).

Goriintiileme sistemleri ise yiiksek c¢oziintirliikte tiir
tanima, birey morfometrisi ve davranis gozlemi imkani sunar.
Stereo kameralar, ROV ve AUV’lar ile gerceklestirilen
caligmalar, baliklarin mekéansal dagilimi, go¢ yollar1 ve habitat
etkilesimlerini  detayli sekilde ortaya koymaktadir. Bu
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sistemlerin  sinirliliklar1  arasinda  suyun bulanikligi, 151k
kosullarina bagimlilik ve yiiksek maliyet yer almaktadir
(Martignac vd., 2015).

5.2.Entegrasyon ve Hibrit Yaklasimin Onemi

Hidroakustik ve goriintilleme sistemlerinin  birlikte
kullanilmasi, yontemlerin sinirliliklarini minimize eder ve veri
giivenilirligini artirir. Tiirkiye’de Egirdir ve Beysehir gollerinde
gerceklestirilen hibrit calismalar, hem tir ayrimi hem de
yogunluk tahmini agisindan yiiksek dogruluk saglamistir (Liu
vd., 2020).

Hibrit sistemlerin sagladig1 avantajlar sunlardir:

1- Tir dogrulama ve popiilasyon yogunlugu
tahminlerinin giivenilirligi artar.

2- Balik davranist ve sosyal etkilesimler daha dogru
sekilde analiz edilebilir.

3- Otonom ve robotik platformlar ile entegre
edildiginde uzun siireli ve genis alanhi izleme
miimkiin olur.

5.3.Uygulamalar

Diinya genelinde hidroakustik ve optik sistemler, gol ve
deniz ekosistemlerinde balik popiilasyonlarmin izlenmesinde
yaygin olarak kullanilmaktadir. ABD’nin Biiyiik Goller1 ve
Baltik Denizi gibi bolgelerde, DIDSON ve ARIS gibi yiiksek
coziinlirliiklii akustik goriintiileme sistemleri etkin sekilde
uygulanmaktadir (Gode ve Ona, 1999).

5.4.Gelecek Arastirma Yonelimleri

a. Yapay Zeki ve Makine Ogrenmesi: Optik
goriintiileme ve hidroakustik verilerin entegre
analizi, tiir tammma ve yogunluk hesaplamalarinda
dogruluk saglayacaktir.

130



Su Uriinleri Degerlendirmeleri

Otonom Platformlarin Yayginlasmasi: AUV ve USV
gibi sistemler, genis alan taramalar1 ve uzun siireli
izlemeler i¢in kullanilabilir.

Hibrit Sistemlerin Standartlastiriimasi: Hidroakustik
ve gorilintiileme sistemlerinin birlikte kullanimi, saha
dogrulamas1 ve veri giivenilirligi acisindan standart
protokollerle desteklenmelidir.

Yerel Teknoloji  Gelistirme: Turkiye’de yerli
hidroakustik ve optik sistemlerin gelistirilmesi,
maliyetleri diislirmek ve saha uygulamalarmi
yayginlagtirmak i¢in 6nemlidir.

Ekolojik Modellerin Gelistirilmesi: Biiyik veri ve
uzun siireli izleme ile balik popiilasyonlarinin
dinamikleri daha dogru modellerle tahmin edilebilir.

5.5.0Oneriler

1.

Tiirkiye’de su iirlinleri arastirmalarinda hidroakustik
ve optik sistemlerin birlikte kullanimini artirmak.

Hibrit sistemlerle saha dogrulamasini desteklemek ve
veri giivenilirligini artirmak.

Yapay zeka ve otonom sistem entegrasyonunu tesvik
etmek.

Akademik ve saha egitimlerini, modern izleme
teknolojileri lizerine yogunlastirmak.

Ulusal ve uluslararas1 isbirlikleri ile pilot projeleri
cogaltmak ve standart protokoller gelistirmek.

Bu yaklasimlar, hem bilimsel arastirmalarin kalitesini
yiikseltecek hem de Tiirkiye’de su {riinleri yOnetiminde
stirdiiriilebilir ve ekosistem temelli stratejilerin uygulanmasini

kolaylastiracaktir.
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MARINE LITTER MANAGEMENT

Huriye GONCUOGLU-BODUR!
Melis DUNDAR?

1. INTRODUCTION

Marine pollution is a global issue, which results from the
discharge of anthropogenic waste into marine environment and
causes severe degradation and irreversible damage to
ecosystems. Marine litter, especially plastics, composing a
significant share of this pollution poses a major threat both
environmentally and economically. According to the United
Nations Environment Program (UNEP, 2021), at least 85% of
marine pollution is caused by plastics. Approximately 11 million
metric tons of plastic waste go into the seas each year, and
unless effective measures are taken, this figure is projected to
reach 23-37 million tons by 2040 (UNEP, 2021). Roughly 350
million tons of plastic waste is generated globally (Ritchie et al.,
2023), and 0.5% - equivalent to 1.7 million tons- directly ends
up in the oceans. Additionally, 19 to 23 million tons of plastic
waste is estimated to infiltrate aquatic ecosystems every year
(UNEP, 2023).

With its geographical location and industrial structure,
Tiirkiye is both affected by and contributes to this problem.
Included among the leading plastic producers in Europe,
Tiirkiye manufactured 10.9 million tons of plastic waste in
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2022. A significant portion of this production is allocated to
the packaging sector (Cinar, 2024). In addition, approximately
3.9 million tons of household plastic waste was generated in
2021 in Tirkiye (Kaya, 2022). One of the biggest importers of
plastic waste from the European Union, Tiirkiye received
456.507 tons of plastic waste from European Union countries
and the United Kingdom in 2023 (Turkish Minute, 2023).
These data indicate that Tiirkiye must undertake a critical role
in combating marine litter pollution both at national and
international levels.

The present study comprehensively analyses the
dimensions of marine litter pollution, basic definitions and
classifications, types of plastics and their effects as well as
existing monitoring programs. The aim of the analysis is to
explore the current state of the issue and to establish a basis for
future management strategies.

2. DEFINITION AND CLASSIFICATION OF
WASTE

The concept of waste forms the foundation of
environmental management and pollution control strategies. The
European Parliament and Council’s Waste Framework Directive
(2006/12/EC, 2006) defines waste as “any substance or object
which the holder discards, intends to discard, or is required to
discard”. This definition highlights that waste is evaluated not
only based on its physical characteristics, but also on the
owner’s intention and legal obligations.

In the context of marine litter, this definition emphasizes
that any kind of anthropogenic material reaching the sea-
whether discharged deliberately or not- is accepted as waste and
must be properly managed.
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Waste is assessed and classified from various
perspectives and according to different standards. Typical waste
classifications are made based on physical state (solid, liquid
and gas), area of use (packaging waste, food waste etc.), raw
material (glass, paper, plastic, metal etc.), physical properties
(combustibility, compostability, recyclability etc.), source
(urban, commercial, institutional, agricultural, household,
industrial etc.), and hazard status (hazardous, non-hazardous,
inert etc.) (McDougall et al., 2001; UNEP, 2024). Global Waste
Management Outlook report published by the United Nations
Environment Program (UNEP) in 2024 addresses waste
classification based on these criteria in detail. According to the
report, waste is broadly classified according to its source
(household, industrial, construction, healthcare and electronic)
as well as based on hazard status and recycling potential.
Effective waste management plays a key role in preventing
environmental  degradation and achieving  sustainable
development goals (UNEP, 2024).

Unlike terrestrial waste, Marine Litter, requires
specialized classification systems due to marine environment-
specific dynamics. Therefore, classifications for the sources of
marine litter have been organized according to specific
thematic categories in regional and global monitoring
programs (Table 1). These special classifications are critical
for monitoring waste in marine environments, identifying its
source and developing effective mitigation strategies.
Classifications that are widely adopted include UNEP/IOC,
OSPAR, NOAA and EU Marine Strategy Framework Directive
(MSFD - Descriptor 10). These classification systems define
marine litter components according to their source, functional
use of material type, and provide a standard basis for
monitoring efforts (UNEP, 2024).
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Table 1. Marine litter classifications by different monitoring

programs
. AB MSFD
Cat 4 UNEP/IOC AR NOAA 2
ategory E KISE (Descriptor 10)
. ’ g Consumer-
Dispusable Packages. bags. Bag, packaging, | Bag, I.)e‘ AR derived plastics
Consumer beverage container, bottle, 3
bottles, straws ¢ ) (e.g., beverage
Products containers straw
bottles, bags)
Small urban-
Cigarettes and Cigarette butt, Cigarette butt, Butt, pack. derived litter
Tobacco Products | lighter filter, lighter lighter (e.g.. cigarette

butts)

Fishing and . . Net, fishing rod, Marine-derived
T Net fragments, Net, fishing line, 3 S
Maritime b e by | B bs e rope. basket, litter (fishing and
Equipment 2 : 2 » U0y sinker shipping debris)
Industrial and . Plastic pellets, Industrial-derived
3 " Plastic pallets, 3 3 :
Commercial Plastic nurdles ; S packaging litter (e.g.. plastic
industrial bags : :
Products material pellets packaging)
. Toothbrush, Hygiene Waste derived
Personal Care / : Cotton bud, from urban
X cotton bud (Q- products. toiletry ) i
Hygiene Products | _. : condom, tampon | wastewater
tip). condom items
effluents
Syringe, (Medigal.wastesis Syringe, Hospital-derived
: ; Py generally not B .
Medical Waste medicine e Hes medicine vial, waste
ackagin, rlasaried bandage (e.g..syringes)
packaging sepanitely) g .g..syring

Glass / Metal /
Wooden Products

Glass bottle,
metal can, tin

Cans, beverage
bottles

Glass bottle,
metal can, nail,
wooden fragment

Sub-classification
based on material
composition is

applied
Paper / Newspaper, 5 ’
Cardboard Paper bag, cardboard box, Paper napkin, Consxd_ered as
beverage carton 2 box. cardboard packaging waste
Products wrapping paper
1 7 J; &
) Toy, kitchen Toy, clothing, Kitchenware, ljrban land-based
Household Waste ? : small household | litter (e.g..
utensil, brush cleaning brush 3 3
= item household items)
Other plastics, Mi lasti Ml xed im:rl
Other (undefined, | Unidentified foam, or ICIDP AHE UCIONATNCS,
mixed, etc.) plastic fragments | composite particles, SONeeS
= : unknown waste unidentifiable
material waste

UNEP (2005) defines “marine litter” as “any persistent,
manufactured or processed solid material discarded, disposed of
or abandoned in the marine and coastal environment”. Marine
litter comes from both terrestrial and marine sources. According
to the UNEP (2005) report, marine-based sources include
marine activities such as shipping, oil/gas platforms and
aquaculture facilities, while terrestrial sources originate from
coastal activities. Esensoy Sahin et al. (2006) state that marine
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litter cause permanent harm to coastal and marine ecosystems as
non-biodegradable persistent pollutants.

3. TYPES OF PLASTIC AND THEIR EFFECTS

Plastic waste constitutes a critical environmental
problem by causing severe pollution in marine ecosystems
(Derraik, 2002; UNEP, 2023). Plastic residues in the marine
environment gradually accumulate due to their slow degradation
rates and continuing releases (UNEP, 2023). Ultraviolet (UV)
radiation from the sun, temperature, atmospheric events, and
surface and benthic currents in the sea fragment plastic into
smaller pieces, causing the formation of microplastics (<5 mm)
and nanoplastics (<0.1 um) (UNEP, 2023). Microplastic
pollution is now common and abundant in the oceans as trillions
of particles—for instance, 1.8 trillion microplastic particles have
been found in the Great Pacific Garbage Patch, accounting for
8% of the total mass and representing 94% of the count (Eriksen
et al., 2018). Moreover, it has been reported that over 170
trillion plastic particles have been detected across global waters.
The related literature reports that the smallest detected plastic
particles have now reached the nanoscale (<0.001 mm (1 pm).
However, existing monitoring techniques are not yet able to
measure the entire nanplastic body (UNEP, 2023; EAE, 2021).

Plastics are classified according to their intended use to
have distinct physical and chemical properties (Yurtseven,
2014) (Table 2). This classification involves significant
differences in terms of recycling potential, health and
environmental effects, and areas of use. Seven major types of
plastics are identified in general, each of which is widely used in
specific product groups (Andrady & Neal, 2009; PlasticsEurope,
2023). Based on these general classifications, major types of
plastic and their properties are as follows:
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Table 2. Plastic classification and recycling codes.

Plastic | Abbreviation | Plastic Name | Morphology | Reusability Recycling Health Melting
Code Status Temperature
C)
PET, PETE Polyethylene | Crystalline No Excellent No reported | 250-260; Tg
1 Terephthalate | Thermoplastic harm ~80°C
PE-HD, High-Density | Crystalline Yes Excellent No reported
2 HDPE Polyethylene | Thermoplastic harm 130
PVC,V Polyvinyl Amorphous No Limited, Can release
Chloride Thermoplastic depending on | harmful Tg ~80°C
3 (Vinyl additives chemicals
Chloride, (stabilizers, even at low
CH2-CHCI) DEHA_ etc.) temperatures
PE-LD, Low-Density | Crystalline Yes Low No reported
4 LDPE Polyethylene | Thermoplastic recycling rate | harm 110
Polypropylene | Crystalline Yes Easily No reported
5 PP (CH3- Thermoplastic recyclable harm 160
CH=CH2)
Polystyrene Recyclable May be
(CH2- Amorphous but carcinogenic
6 PS CH(C6HS5) or | Thermoplastic | No economically | dueto 70-100
C6HS5- unfeasible styrene
CH=CH2) monomer
release
Some types
Polycarbonate, | Various No Limited due may contain
7 Other Acrylic to mixed Bisphenol-A | Variable
plastic (BPA), which
composition | can disrupt
the endocrine
system

Polyethylene  Terephthalate (PET): Polyethylene
terephthalate (PET) is a crystalline plastic with high recycling
potential and is particularly used in beverage bottles, food
packaging and polyester textiles. It has no known health
hazards; however, there are concerns regarding its repeated use
(Yurtsever, 2014).

High-Density Polyethylene (HDPE): High-Density
Polyethylene (HDPE) is another crystalline thermoplastic,
notable for its rigid and durable structure, which is used in milk
bottles, cleaning product containers and toys. It is highly
recyclable and has no reported adverse health effect
(PlasticsEurope, 2023).

Polyvinyl Chloride (PVC): Polyvinyl chloride (PVC) is
an amorphous plastic that can contain toxic additives, and it is
extensively used in the construction sector. Additives such as
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DEHA, dioxins and ethylene dichloride make this material
controversial in terms of environmental and health concerns
(Andrady & Neal, 2009; Yurtsever, 2014).

Low-Density Polyethylene (LDPE): Thanks to its
flexibility, Low-Density Polyethylene (LDPE) is used in
lightweight packaging materials such as plastic bags and stretch
films. While it has a limited recycling potential, it is reported to
be harmless to health PlasticsEurope, 2023).

Polypropylene  (PP): Polypropylene (PP) is a
thermoplastic standing out for its heat resistance. It can be
produced in semi-transparent form and recycled easily. This
material is commonly used in yoghurt containers, automotive
components and medical products (PlasticsEurope, 2023).

Polystyrene (PS): Polystyrene (PS) is usually found in
disposable products and insulation materials. Although it is
widely used due to its low cost, it is considered environmentally
risky because of poor degradability. Additionally, its styrene
content may have toxic effects on human health (Yurtsever,
2014).

Other plastics: This category includes various plastic
types such as polycarbonate, acrylic and polyamide. These
types of plastic materials generally have a complex chemical
structure and are difficult to recycle. Bisphenol A (BPA),
particularly found in polycarbonate products, could lead to
hormonal disruptions (Andrady & Neal, 2009).

Plastic  pollution, especially  microplastics and
nanoplastics, affects all ecosystems worldwide. It has actually
negatively influenced more than 1.500 species on average (EPA,
2024; UNESCO, 2022). These species include marine
mammals, birds, fish and invertebrates (EPA, 2024).
Microplastics (<5 mm) and nanoplastics (<0.1 um) are formed
as a result of the fragmentation of larger plastics and when
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ingested by living organisms- often mistaken for food-, they
accumulate in the digestive system (EPA, 2024; Chae, 2017).
Nanoplastics, on the other hand, exert broader ecological impact
as they are transferred along the food chain (Chae, 2017). These
tiny particles of plastic have the capacity to carry toxic
chemicals in their bodies, and thus can cause dysfunctions in the
digestive, hormonal and reproductive systems of living
organisms (Geng et al.,, 2023; EPA, 2024). For example,
microplastics may trigger oxidative stress, inflammation and
hormonal imbalances in reproductive systems (Geng et al.,
2023; Chae, 2017). This could lead to malnutrition, growth and
reproductive problems, and even mortality (EPA, 2024; Geng et
al., 2023).

“Ghost nets”, among the largest marine litter items, can
extend up to 90 km in length and reach weights up to 9 tons,
continuing to entrap marine organisms for long periods
(Kiessling, 2003; Wikipedia, 2025). In addition, each year, an
estimated 48 tons of lost fishing gear enter oceans (Kuczenski et
al., 2021).

Various studies have addressed these plastic types as
presented in the table below:

Researchers such as Sener (2019), Caglayan (2020),
Ozpolat et al. (2021), Okyay and Isik (2021), Gencay (2024),
Cantemur (2022), Dogruyol (2019) and Sagir (2024) have
conducted analyses on the prevalence of various plastic types in
coastal and marine environments. Moreover, studies carried out
by Kanli and Kurt (2019), Ciner et al. (2023), Eriiz et al. (2010)
highlight the presence of polyamides and other engineering
plastics in marine litter.

Studies have revealed the frequent presence of common
consumer plastics such as PET, HDPE, LDPE, and PP in
terrestrial and marine environments. However, plastics that pose
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health risks, particularly PS and PVC, can persist in the
environment for extended periods without degradation, making
them important for environmental monitoring programs.

4. MARINE LITTER MONITORING PROGRAMS

Considering the increased negative impact of plastic
pollution on marine life, a variety of marine litter monitoring
programs have been developed to tract the scale and progression
of the issue. Such programs are implemented by various actors
at global and national levels, contributing to the data collection,
analysis and policy making processes related to marine litter.

4.1. Global Monitoring Programs

Global monitoring initiatives for marine litter have been
evolving through multi-actor structures. In this context, the
Global Partnership on Plastic Pollution and Marine Litter
(GPML) initiative led by the United Nations Environment
Program (UNEP) encourage international cooperation in areas
such as policy development, data sharing and capacity building
to combat plastic pollution (UNEP, 2023). The platform aims to
harmonize monitoring systems on a global scale to reduce
marine litter. Additionally, NOAA Marine Debris Program is
among the most comprehensive monitoring initiative conducted
in the United States of America. NOAA, carries out marine litter
monitoring activities through standard technologies in coastal
areas and generates long-term datasets, thereby analysing trends
and providing policy makers with evidence-based
recommendations (NOAA, 2025).

Integrated Marine Debris Observing System (IMDOS),
on the other hand, seeks to establish a global monitoring
network to track marine litter scientifically. The system was
established with the aim of ensuring international
standardization, increasing data sharing and enhancing
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monitoring capacity. In addition, the Geo Blue Planet Marine
Litter Initiative stands out with its efforts to identify transport
pathways and accumulation zones of marine litter using remote
sensing technologies and ocean modelling. In Europe, the
Marine Litter Watch (MLW) practice, developed by the
European Environment Agency (EEA), encourages data
collection regarding the sources, types and amounts of marine
litter through voluntary citizen science (EEA, 2020). The aim of
the program is to obtain scientific data that would contribute to
decision-making processes within the framework of European
Marine strategy. The International Coastal Cleanup (ICC)
initiative of the Ocean Conservancy led by the civil society is
conducted with the participation of hundreds of volunteers each
year, providing detailed global data about marine litter pollution.

Monitoring Efforts in Tiirkiye

Marine litter monitoring efforts in Tiirkiye are conducted
through several key frameworks at national and regional levels.
The Integrated Marine Pollution Monitoring Program (EDKIP)
under the coordination of the Ministry of Environment,
Urbanization and Climate Change conducts regular monitoring
of marine litter and microplastics in the Marmara, Aegean,
Mediterranean and Black Seas. Carried out at 364 stations, the
program is critically important for identifying marine pollution
trends in Tiirkiye (TUBITAK-MAM, 2023).

In addition, Tiirkiye joined the Osaka Blue Ocean Vision
initiative in 2019 and has actively supported global efforts to
solve the marine litter problem since then. This initiative
provides an international framework aiming to reduce plastic
waste pollution in the seas to zero by 2050. Tirkiye's
participation in such international platforms reflects its
commitment in combatting marine litter and the importance it
attached to global cooperation.
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4.2. Circular Economy and Marine Litter
Management

Marine litter is an indicator of inefficient management of
material management (ten Brink et al., 2018). The loss of
valuable materials, rather than being reused as input into the
economic cycle, causes pollution on beaches and in the seas,
environmental damage, and adverse effects on human and biotic
health (Hossain et al., 2024). Therefore, circular economy offers
a solution potential through preventing waste generation and
reintegrating materials into the cycle (ten Brink et al., 2018).

Existing Management Approaches and International
Efforts

There are various efforts aimed at the marine litter issue
at the international level. The European Union has been
combatting the issue by integrating it into its waste legislation,
Plastic Strategy and environmental protection regulations as
well as monitoring the effectiveness of the measures taken
(Galgani et al., 2024). However, the recognition of the problem
in Tiirkiye is only at an early stage. Aside from certain scientific
field-studies and legal regulations, there is currently no holistic
approach to the issue of marine litter (Metin, 2023).

The European Union’s Approach

The European Union has been playing a leading role in
combating marine litter. The Union has pursued a
comprehensive approach to the issue through legislative
frameworks and strategies such as the Marine Strategy
Framework Directive (MSFD), the European Green Deal, the
Zero Pollution Action Plan, the Circular economy Action Plan,
the Plastic Strategy and the Single-Use Plastics Directive. Such
regulations aim to reduce waste generation, encourage recycling
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and prevent plastic from entering the marine environment
(Fonseca et al., 2024).

Tiirkiye's Approach

While there are initiatives to monitor marine litter in
Tiirkiye, there is a more limited legal framework compared to
the European Union. Existing regulations include the
Environmental Law, the Law Pertaining to Emergency
Response and Compensation for Damages in Pollution of the
Marine Environment by Oil and Other Harmful Substances, and
the Regulation on the Reception of Waste from Ships and Waste
Control. However, a holistic approach to the marine litter issue
is absent in Tiirkiye. While there are some initiatives such as
Provincial Action Plans and National Waste Management
Action Plan, greater effort is needed to ensure their effectiveness
and applicability (TURCEV, 2020).

Proposed Solutions and Future Perspectives

A sustainable solution for the marine litter problem
requires a multi-faceted approach. Rather than focusing solely
on cleaning technologies, such an approach should aim at
solving the problem at its source. Adopting a circular economy
model, reducing waste generation, promoting reuse and
recycling of goods form the foundation of this process.

Circular economy is an economic model where the value
of products, materials and resources is maintained in the
economy as long as possible and the amount of waste is
minimized. Contrary to the traditional linear “take-make-
dispose” (produce-consume-throw) model, circular economy
aims to enhance resource efficiency, reduce waste generation
and encourage the reuse, repair and recycling of materials. This
approach offers significant potential for combatting marine
pollution particularly caused by plastic waste (table 3).

148



Su Uriinleri Degerlendirmeleri

Table 3. Key steps to combat the marine litter problem

Strategy

Description

Source Reduction

Reduce the consumption of plastics. which are the main source of marine
litter, and avoid single-use plastics. Preventing litter formation is more
efficient and cost-effective than cleaning it from the sea.

Circular Economy

Adopt circular economy principles throughout product design, production,

Approach consumption, and waste management processes to ensure sustainability. Treat
waste as a valuable resource and increase recycling rates.

Strengthening Legal | Strengthen and effectively implement international and national regulations

Regulations addressing marine litter. Close legal gaps, reinforce monitoring mechanisms,

and apply deterrent sanctions.

Improvement of
Waste Management
Infrastructure

Address deficiencies in solid waste management practices and wastewater
collection/treatment infrastructure. This is particularly important to prevent
microplastics from entering the marine environment.

Public Awareness
and Education

Raise awareness among individuals and society about the environmental,
economic, and health impacts of marine litter Educate on changing
consumption habits and proper disposal of waste.

Research and

Support research and development activities addressing marine litter. Develop

Development new technologies and solutions for microplastic detection and removal.
alternative materials, and improved waste management systems.

International Enhance international collaboration and encourage information and

Cooperation experience sharing between countries, as marine litter is a global issue.

Circular economy can be effective in addressing marine

pollution through several key principles:

o Design Stage: Designing products, especially plastic
products, in a more durable, reusable and recyclable form can
decrease waste management at its source. This enables easier
degradation of materials at the end of a product’s life and
reintegration of valuable raw materials into the economy.

o Reuse and Repair: Extended product lifespan reduces the
need for new production, thereby decreasing natural resource
consumption and waste generation. Reuse or repair of
marine-based waste, such as fishing equipment may prevent
problems like ghost nets.

« High-quality recycling: Recycling collected plastic waste at
high quality and using it as secondary raw materials reduces
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dependence on new plastic production. This both lowers the
environmental impact and creates economic value.

o Systemic Approach: Rather than focusing solely on waste
management, a circular economy requires a holistic
perspective encompassing the entire value chain, from
production to consumption, from distribution to recycling.
This promotes cooperation and integrated solutions among
stakeholders.

Similarly, circular economy policies have been
developed and workshops have been organized on single-use
plastic products and marine litter in Tiirkiye. Efforts led by the
Ministry of Environment, Urbanization and Climate Change and
participation in international initiatives aim at integrating the
principles of circular economy into marine litter management.
Adoption of circular economy principles in areas like maritime
industries is critical for minimizing waste and using resources
more efficiently. This approach stands out as a significant
strategy in terms of protecting marine ecosystems and ensuring a
sustainable future.

Legal Legislations and Implementation

It is highly important to strengthen and effectively
implement legal legislations both at international and national
levels (Manyara et al., 2022). Relevant experience of the
European Union (European Commission, 2018) can serve as an
important reference for countries like Tiirkiye. Meeting legal
gaps, enhancing monitoring mechanisms and making sanctions
more deterrent play a critical role in combating marine litter
(Rapa et al., 2024).

Public Awareness and Education

Public awareness and education have central roles to
addressing the marine litter issue (Hartley et al., 2015). It is
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necessary to educate individuals and communities about the
adverse effects of marine litter on environment, economy and
health, change their consumption habits and provide them with
information on proper waste disposal (Portman et al., 2020).
This would both reduce waste generation and contribute to
clean-up efforts (Wyles et al., 2017).

Research and Development

Support to be provided to research and development
activities related to marine litter would contribute to the
emergence of new technologies and solutions (UNIDO, 2025).
Particularly the efforts aimed at the detection and removal of
microplastics, the development of alternative materials and the
improvement of waste management systems may offer long-
term solutions. The use of drone-based microplastic monitoring
systems has gradually increased in detecting and classifying
marine litter (Zhao et al., 2024; Fulton et al., 2018).

Marine litter is a complex and multi-dimensional
problem, which requires international cooperation, strong legal
regulations, adoption of circular economy principles, raised
public awareness and continuous research and development
activities. Solving the problem at its very source is a much more
efficient and cost-effective approach than cleaning the seas. In
order to bequeath clean and healthy seas to future generations, it
is vital to enhance efforts and adopt a holistic approach in this
regard.

4. CONCLUSION

Marine litter pollution, particularly plastic waste and its
transformation into microplastics and nanoplastics, generate
severe and irreversible effects on marine ecosystems and
organisms on a global scale. The present study has
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comprehensively addressed the existing status of marine litter
pollution, definition and classification of waste, types of plastic
and their effects on living organisms, as well as the global and
national programs conducted to monitor the issue.

It is of great importance that countries like Tiirkiye,
which is both a significant producer and importer of waste, play
an active role in this global struggle and strengthen their
national strategies in this respect. While the existing monitoring
programs provide valuable data to understand the scale of the
problem and identify relevant trends, there is a need for further
research on pollution at a smaller scale like nanoplastics and
their impacts. Future research should focus on such areas as the
prevention of pollution, strengthening waste management
infrastructure, increasing recycling rates and promoting
international cooperation. In addition, educating the public and
launching campaigns to reduce the use of single-use plastic
products should be an inseparable part of these efforts. The
health of marine ecosystems can be protected and clean seas can
be preserved for future generations only through such holistic
approaches.
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