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iklim Degisikligi ve Eczacilik: Etkiler, Zorluklar ve
Stratejik Yaklagimlar

Climate Change and Pharmacy: Impacts, Challenges and
Strategic Approaches

0z

iklim degisikligi, yalnizca cevresel etkilerle sinirli kalmayip, halk sagligi tizerinde de derin
etkiler yaratarak kiresel bir kriz haline gelmistir. Bu baglamda eczacilik meslegi, hem
saglik hizmetlerinin strdurdlebilirligi hem de toplum sagliginin korunmasi agisindan kritik
bir role sahiptir. iklim degisikliginin saglik Gizerindeki dogrudan ve dolayli etkileri, bulasic
hastaliklarin artisi, hava kirliliginin neden oldugu solunum problemleri ve asiri hava
olaylarina bagli ilag erisim sorunlari gibi ¢esitli zorluklari beraberinde getirmektedir. Bu
derlemede, iklim degisikliginin eczacilik uygulamalari Gzerindeki etkileri ele alinmakta;
eczacilarin karsilastigl zorluklar, ilag tedarik zincirindeki kesintiler ve artan halk sagligi
tehditleri baglaminda incelenmektedir. Ayrica, eczacilarin bu zorluklara karsi stratejik
yaklasimlar gelistirme, afet ve acil durumlarda daha etkin rol alma potansiyelleri
degerlendiriimektedir. Bu calisma, eczacilik mesleginin iklim degisikligi ile micadeledeki
onemine dikkat cekmekte ve gelecekte karsilasilabilecek sorunlar karsisinda eczacilarin
hazirlikli olabilmesi icin 6neriler sunmaktadir.

Anahtar Kelimeler: Eczacilik, iklim Degisikligi, Saglk

ABSTRACT

Climate change is not only limited to environmental impacts, but has become a global crisis
with profound impacts on public health. In this context, the pharmacy profession has a
critical role in terms of both the sustainability of health services and the protection of public
health. The direct and indirect impacts of climate change on health bring about various
challenges such as the increase in infectious diseases, respiratory problems caused by air
pollution and drug access problems due to extreme weather events. This review discusses
the impacts of climate change on pharmacy practice and examines the challenges faced by
pharmacists in the context of disruptions in the pharmaceutical supply chain and increased
public health threats. It also assesses the potential for pharmacists to develop strategic
approaches to these challenges and to play a more effective role in disasters and
emergencies. This study draws attention to the importance of the pharmacy profession in
combating climate change and offers recommendations for pharmacists to be prepared for
future challenges.

Keywords: Climate Change, Health, Pharmacy
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1. Giris

iklim degisikligi, tim diinyada saglk Uzerinde 6nemli
etkiler yaratmaya baslamis ve bu etkiler giderek daha fazla
hissedilmektedir. Artan sicakliklar, dogal afetlerin sikligi ve
siddetindeki artislar, hava kirliligi, su kaynaklarina erisimin
zorlasmasi gibi unsurlar, toplumlarin saglik altyapisina
onemli bir yik getirmektedir. Eczacilik hizmetleri, halk
saghgl acisindan hayati Oneme sahip olup, iklim
degisikliginin  saglik hizmetlerine etkileri konusunda
merkezi bir role sahiptir. Bu derleme, iklim degisikliginin
eczacilik alanina etkilerini ve bu baglamda eczacilarin
stratejik rollerini ele almaktadir.

2. iklim Degisikliginin Saglik Uzerine Etkileri

iklim degisikliginin saghk (zerine etkileri, cesitli
boyutlarda kendini géstermektedir. Diinya Saglk Orgiiti
(WHO), iklim degisikliginin bulasici hastaliklarin yayilma
hizini artirdigini ve insanlarin yasam kosullarini zorlastirarak
saghk sistemlerine daha fazla baski  yaptigini
vurgulamaktadir  (WHO, 2021). Ozellikle sicak hava
dalgalari, solunum yolu hastaliklarini tetiklemekte, su kithgi
ve hijyen kosullarinin  koétllesmesi  gastrointestinal
enfeksiyonlara neden olmaktadir (Menne et al., 2002).

iklim degisikligi, insan saghigini dogrudan ve dolayl
yollarla etkileyen bircok faktori tetiklemektedir. Artan
sicakliklar, degisen yagis dizenleri, deniz seviyesindeki
yikselmeler ve daha sik gorilen asiri hava olaylari, saghk
Uzerinde genis capli etkiler olusturmaktadir. Bu etkiler,
dogrudan fiziksel saglik problemlerinin yani sira,
sosyoekonomik kosullar, gida ve su glivenligi gibi dolayl
yollarla da insan saghgini tehdit etmektedir.

2.1. Asirt Hava Olaylarinin Etkisi

Asiri hava olaylari, iklim degisikliginin en belirgin
sonuglari arasindadir. Sicak hava dalgalari, seller, kasirgalar,
orman yanginlari ve kurakhk gibi olaylar, hem fiziksel
yaralanmalara hem de uzun vadeli saglk sorunlarina yol
acabilir. Ornegin, 2003 yilinda Avrupa'da yasanan sicak
hava dalgasi, 70.000'den fazla oOliime neden olmustur
(Robine et al., 2008). Benzer sekilde, seller sonrasi temiz
suya erisimin azalmasi, ishal ve kolera gibi su yoluyla
bulasan hastaliklarin yayllmasini hizlandirabilir (WHO,
2018).

2.2. Bulagsici Hastaliklarin Yayilimi

iklim degisikligi, vektér kaynakli hastaliklarin cografi
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dagihmini ve yayilim hizini degistirmektedir. Sivrisinekler
gibi hastalik taslyicilarinin yasadigi bolgelerdeki sicaklik ve
nem kosullarindaki degisiklikler, sitma, dang hummasi, Zika
virisl gibi hastaliklarin daha genis alanlara yayilmasina
neden olmaktadir (Ozmen, 2021). Ozellikle tropikal
bolgeler, bu tlr hastaliklar acisindan yiksek risk altindadir.

2.3. Solunum Yolu Hastaliklari

Artan hava kirliligi, ozon tabakasinin incelmesi ve polen
miktarindaki artis, astim ve diger solunum vyolu
hastaliklarinin  yayginlasmasina yol agmaktadir. Hava
kirliligi, oOzellikle PM2.5 gibi ince pargaciklar, kronik
obstriktif akciger hastaligi (KOAH) ve astim gibi solunum
yolu rahatsizliklarini tetikleyebilmektedir (Patz et al., 2005).
Ayni zamanda sicaklik artisi, polen sezonlarinin uzamasina
ve daha yogun polen (iretimine neden olabilir, bu da alerjik
reaksiyonlari artirabilir.

2.4. Gida ve Su Giivenligi

iklim degisikligi, tarm lretimini olumsuz etkileyerek
gida glvenligini tehdit etmektedir. Kurakhklar, tarimsal
verimliligi azaltabilirken, asiri yagislar tarimsal Griinlerin
bozulmasina neden olabilir. Bu durum, yetersiz beslenme
ve achk gibi saglik sorunlarini artirabilir. Ayrica, su
kaynaklarina erisimin azalmasi ve su kalitesinin dlismesi, su
yoluyla bulasan hastaliklarin yayillma riskini artirmaktadir
(Myers et al., 2017).

2.5. Ruh Saghgi Uzerine Etkiler

iklim degisikligi, insanlarin ruh sagligini da olumsuz
etkileyebilir. Asiri hava olaylari sonrasinda yasanan
travmalar, depresyon, anksiyete ve stres bozuklugu gibi
ruhsal saglik sorunlarina neden olabilir. Ozellikle afet
bolgelerinde yasayan bireyler, bu tir ruhsal saghk
sorunlarina daha yatkin hale gelmektedir (Clayton et al.,
2017).

3. iklim Degisikliginin Eczacilik Uzerine Etkileri

iklim degisikligi, saghk hizmetlerinin ayrilmaz bir pargasi
olan eczacilik sektort Uzerinde de genis capl etkiler
yaratmaktadir. ila¢ tedarik zincirinden ilaglarin stabilitesine,
afet ve acil durumlarda eczacilarin rollerine kadar pek ¢ok
boyutta iklim degisikligi, eczacilik uygulamalarini dogrudan
ve dolayh olarak etkilemektedir. Bu etkiler, eczacilarin
sadece klinik rollerini degil, ayni zamanda halk sagligi
hizmetlerinde oynadiklari stratejik rolleri de kapsamaktadir.
Eczaciik sektorl, halk saghgini koruma ve gelistirme
noktasinda kritik bir rol Ustlenmektedir. Ancak, iklim



degisikligi bu sektori de gesitli sekillerde etkilemektedir:
3.1. Tedarik Zinciri Sorunlari

iklim degisikligi, ilag Uretiminden dagitimina kadar
uzanan tedarik zincirini ciddi sekilde tehdit etmektedir.
Dogal afetler, lojistik zincirin kirilmasina neden olarak
ilaclara erisimi  zorlastirmaktadir. Ornegin, Kasirga
Maria'nin ardindan Porto Riko'daki ilag Uretim tesislerinin
hasar gormesi, ABD'deki bazi ilaglarin temininde ciddi
aksamalara yol acmistir (Lawrence, 2020). iklim
degisikligiyle birlikte afetlerin sikligi ve siddetinin artmasi,
bu tir aksamalarin gelecekte daha sik yasanabilecegi
anlamina gelmektedir.

Ayrica, tedarik zincirinde enerji ve su kullaniminin artan
maliyetleri, ilag Gretim siireglerini de etkileyebilir. Eczacilar,
tedarik zincirinin kesintiye ugramasi durumunda kritik ilag
stoklarini  yénetmek ve alternatif tedarik yollarini
belirlemek zorunda kalabilirler (FIP, 2020).

3.2. ilaglarin Stabilitesi

iklim degisikligine bagh olarak artan sicakliklar, ilaglarin
stabilitesi lizerinde dogrudan bir etkiye sahiptir. ilaglarin
etkinligini koruyabilmesi icin belirli cevresel kosullara
ihtiyag vardir. Ozellikle sicaklik ve nem degisiklikleri,
ilaclarin raf omrini kisaltabilir ve etkinligini azaltabilir
(Beggs., 2000). Bu durum, ozellikle instlin gibi soguk zincir
gerektiren ilaglar igin blyik bir sorun teskil etmektedir.

Eczacilar, bu yeni kosullara uyum saglayacak sekilde
ilaglarin dogru sekilde depolanmasi ve tasinmasi icin gerekli
onlemleri almalidir. Afet durumlarinda ilaglarin giivenli bir
sekilde muhafaza edilmesi, hastalara zamaninda
ulasabilmesi agisindan kritik &neme sahiptir.

3.3. Afet ve Acil Durumlarda Eczacilik Hizmetleri

iklim degisikligine bagl afetlerin sikhginin artmasi,
eczacllarin acil durumlarda sunduklari hizmetleri daha
onemli hale getirmistir. Afetler sirasinda eczacilarin hizli ilag
temini, tibbi danismanlik, kronik hastaligi olan kisilere ilag
erisimi saglama gibi roller Ustlenmesi gerekmektedir.
Ornegin, sel veya kasirga gibi afet durumlarinda halkin
ilaglara erisimi blylk bir problem olabilir ve eczacilar bu
noktada &nemli bir sorumluluk tasir (istanbullu & Turung,
2023).

Eczacilar ayrica, afet sonrasi toplum saghgini koruma
amaciyla tibbi malzeme dagitiminda ve ilag stoklarinin
yonetiminde aktif rol oynayarak, saglik hizmetlerinin
surekliligini saglamaya yardimci olabilirler.

3.4. Halk Saghgi Uzerine Etkiler ve Eczacilarin Rolii

iklim degisikliginin saghk Uzerindeki genis kapsamli
etkileri géz 6niline alindiginda, eczacilar halk saghgi egitimi
ve Onleyici saglik hizmetlerinde de onemli bir rol
Ustlenebilirler. Sicak hava dalgalar, hava kirliligi veya
bulasici hastaliklarin yayillmasi gibi durumlar, eczacilarin
toplumu bilinglendirmesi ve hastalara uygun tedavi
secenekleri sunmasi gereken alanlar arasinda yer
almaktadir (Roy, 2021).

Ozellikle solunum yolu hastaliklar, alerjiler ve vektér
kaynakli hastaliklar konusunda eczacilar, risk altindaki
bireylere yonelik danismanlik hizmetleri verebilir ve
koruyucu 6nlemler 6nerebilirler.

3.5. iklim Degisikligine Dayanikl ilag Politikalar

ilac endiistrisi ve eczacilik sektdri, iklim degisikligi ile
micadelede proaktif yaklasimlar benimsemelidir. Yesil
eczacihk uygulamalari ve cevreye duyarl ilag Gretim
surecleri, sektérde giderek daha fazla 6nem kazanmaktadir.
Bu tdr uygulamalar, hem cevresel etkileri azaltmak hem de
ilag tedarik zincirinin iklim degisikligine karsi daha dayanikli
hale gelmesini saglamak icin kritik Gneme sahiptir (Toma &
Crisan, 2018).

4. Eczacilikta Risk Yonetimi ve Stratejik Yaklagimlar

iklim degisikligi, eczacilik hizmetlerinin surdirilebilirligi
acisindan cesitli  riskler dogurmakta ve bu durum,
eczacilarin  hizmetlerini  yeniden  yapilandirmalarini
gerektirmektedir. Eczacilik sektori, hem ilaglarin iretimi ve
dagitimiyla ilgili risklerin yonetiminde hem de saglik
hizmetlerinin surekliligini saglamak icin stratejik yaklagimlar
gelistirmelidir. Bu baglamda eczacilar, hem bireysel
diizeyde hem de sistemik olarak kriz yonetimine katkida
bulunabilirler. iklim degisikliginin saglik ve eczacihk
Uzerindeki etkileri gz online alindiginda, eczacilarin risk
yonetimi stratejileri gelistirmesi gerekmektedir. Asagida
bazi stratejik yaklasimlar incelenmektedir:

4.1. Acil Durum Planlamasi

Eczacllar, afet ve acil durumlara karsi hazirlkli olmal ve
uygun tedarik zinciri yonetimi stratejileri gelistirmelidirler.
Bunun bir 6rnegi, hastanelerde ve eczanelerde stratejik ilag
stoklarinin olusturulmasidir (Watson et al., 2024). Afet ve
acil durumlarda saglk hizmetlerinin kesintisiz devam
edebilmesi icin planlama blylk 6nem tasimaktadir.
Eczacilar, 6zellikle ilag tedarik zinciri ve lojistik konusunda
acil durumlara hazirlikh  olmal, kritik ilaclarin stok
yonetimini saglamalidir. Acil durum planlamasi kapsaminda
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eczaneler, temel ilaglar ve tibbi malzemeler icin yedek
stoklar olusturmali ve afetlere karsi hazirlikli olmahdir
(Corrigan et al., 2022).

Acil durum planlamasi, afetlerde saglik hizmetlerine
erisimi saglamak agisindan kritik olup, 6zellikle deprem, sel,
kasirga gibi blyuk olcekli dogal afetlerde tedarik zincirinin
korunmasina yonelik stratejileri icermelidir. Bu stratejiler
arasinda alternatif tedarik yollarinin belirlenmesi ve yerel
saglik otoriteleriyle is birligi kurulmasi yer alabilir.

4.2. iklim Degisikligine Dayanikh Eczacilik Uygulamalari

Yesil eczacilik uygulamalari, iklim degisikligine karsi
alinabilecek 6nlemler arasinda yer almaktadir. Ozellikle ilag
Uretim silireglerinde gevresel strdirilebilirlik prensiplerinin
uygulanmasi ve eczane atiklarinin azaltilmasi énemli bir
adimdir (Toma, 2018).

iklim degisikligi, ilaglarin tGretimi, saklanmasi ve dagitimi
sureglerinde sirdirilebilirlik gereksinimlerini artirmistir.
Eczacllar, ilag sektorinin cevresel etkilerini azaltmak ve
iklim degisikligine uyum saglamak icin yenilikci ve
surdirdlebilir uygulamalari benimsemelidir. Bu baglamda
"Yesil Eczacilik" konsepti 6ne c¢lkmakta olup, ilaglarin
cevresel etkilerinin azaltilmasi, geri donlsimin tesvik
edilmesi ve enerji verimliliginin artirilmasi gibi uygulamalar
icermektedir (Daughton & Ruhoy, 2010).

iklim degisikligine dayanikli eczacilik uygulamalari
arasinda sunlar yer alabilir:

Geri donlsim programlari: Kullanilmayan veya son
kullanma tarihi ge¢mis ilaglarin gevreye zarar vermeden
imha edilmesi.

Enerji tasarrufu: Eczanelerde enerji tilketimini azaltacak
onlemler alinmasi, ozellikle 1si ve sogutma sistemlerinin
optimize edilmesi.

Cevre dostu Urlnler: Dogal kaynaklari daha az tiilketen
ve cevreye zararl minimize edilmis ilag liretim sireglerine
yonelmek.

4.3. Halk Saghg Egitimi

Eczacilar, iklim degisikliginin saglik lzerindeki etkileri
konusunda halki bilinglendirmede 6nemli bir rol
oynayabilirler. Ozellikle, sicak hava dalgalari veya hava
kirliligi gibi durumlarda savunmasiz gruplara yonelik
bilgilendirme faaliyetleri ylratialmelidir (Watson, 2019).
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iklim degisikliginin saglik tizerindeki etkileri konusunda
toplumu bilinclendirmek, eczacilarin onemli
sorumluluklarindan biridir. Eczacilar, hastalara iklim
degisikligine bagh saglk riskleri hakkinda bilgi vererek,
koruyucu 6nlemler konusunda danismanhk yapabilirler.
Ozellikle solunum yolu hastaliklari, bulasici hastaliklar ve
sicak hava dalgalari gibi durumlara karsi hassas gruplarin
korunmasi amaciyla halk sagligi bilgilendirme kampanyalari
diizenlenmelidir (Watson, 2019).

Eczacilar, hava kirliligi, sicak hava dalgalari, alerjenler ve
bulasici hastaliklarla ilgili riskleri degerlendirerek hastalara
bu riskleri azaltici 6nlemler sunabilirler. Ornegin, alerji veya
astim hastalarina yonelik uygun ilaglarin kullanimi ve yasam
tarzi 6nerilerinde bulunmak bu baglamda etkili bir yaklasim
olabilir.

4.4.Dijital Saghk ve Eczacilik Teknolojileri

Dijital saghk teknolojileri, iklim degisikliginin getirdigi
zorluklarla basa g¢ikmada yenilikgi ¢dzlimler sunmaktadir.
Ozellikle afet durumlarinda dijital platformlar tizerinden ilag
dagitimi, tele-saglk hizmetleri ve mobil eczacilik
uygulamalari, saglik hizmetlerinin strekliligini saglayabilir
(Abernethy, 2022). Dijital saghk uygulamalari, afet
doénemlerinde hastalarin ilaglara erisimini hizlandirmak ve
saghk sistemlerinin dayanikhhgini artirmak agisindan kritik
Oneme sahiptir.

Mobil eczacilik hizmetleri, afet bolgelerine hizli ilag
erisimi saglamak amaciyla kullanilabilir. Ayni zamanda,
kronik hastalarin ilaglarina erisim problemlerini ¢ozmek igin
uzaktan danismanlik hizmetleri de hayata gegirilebilir. Bu
teknolojiler, afet ve kriz dénemlerinde saglik hizmetlerine
erisim sorunlarini hafifletmeye yardimci olabilir.

4.5. Kriz Doénemlerinde ilag Politika ve Yasal
Diizenlemeler

iklim degisikligiyle basa ¢ikmak icin eczacilik sektériinde
politika yapicilar ve dizenleyicilerin is birligi yapmasi
gerekmektedir. Afet ve acil durumlar sirasinda ilag
tedarikinin sirddrdlebilirligini saglamak amaciyla esnek ve
etkili dizenlemeler olusturulmalidir. Hiikiimetler, ilaglarin
afet bolgelerine hizlica dagitilabilmesi ve tedarik zincirinin
korunmasi icin acil durumlarda gecerli olacak politikalar
gelistirmelidir (Kumar, 2013).

Bu cercevede, yerel ve uluslararasi diizeyde ilag tedarik
politikalarinin ~ yeniden  gozden  gecirilmesi, afet
durumlarinda esneklik saglayan yeni yonetmeliklerin
olusturulmasi énemlidir. Eczacilarin, politika yapicilarla is



birligi yaparak bu sireclere katki saglamalar, kriz
yonetiminde daha etkili stratejilerin hayata gecirilmesine
yardimci olabilir.

5. iklim Degisikligi ile Miicadelede Eczacilarin Rolii

iklim degisikligi, toplumun sagligini tehdit eden kiiresel
bir kriz haline gelmisken, saglik sektoriiniin tim aktoérleri bu
sorunla miicadelede sorumluluk Ustlenmelidir. Eczacilar,
toplum saghgini koruma, ilaglarin gevresel etkilerini azaltma
ve iklim degisikligiyle mlicadelede stratejik roller Ustlenme
potansiyeline sahiptir. Bu baglamda eczacilar, hem halk
sagligina yonelik egitim ve danismanlik hizmetlerinde hem
de surdirulebilir eczacihk  uygulamalarinin  tesvik
edilmesinde 6nemli katkilar saglayabilirler. Eczacilar, iklim
degisikligiyle miicadelede proaktif bir rol oynayabilirler. Bu
baglamda, hem bireysel hem de kurumsal dizeyde
alinabilecek bazi tedbirler sunlardir:

5.1. Siirdirilebilir Eczacilik Uygulamalar

Eczacllar, ilaglarin Uretimi, tiketimi ve imhasi sirasinda
cevresel etkileri azaltacak strdurilebilir uygulamalari tesvik
ederek iklim degisikligiyle miicadelede aktif rol
oynayabilirler. Surdurulebilir eczacilik, cevresel zarari en
aza indirmeyi amaclayan uygulamalarin  hayata
gecirilmesini icerir. Bu baglamda eczacilar, yesil eczacilik
ilkelerini benimseyerek ¢cevre dostu ilag yonetimi stireclerini
uygulamaya koyabilirler (Roy, 2021; Toma & Crisan,2018).

Surdurilebilir eczacilik uygulamalarina yoénelik bazi
stratejiler sunlardir:

Atik yonetimi ve geri donisiim: Kullanilmayan ilaglarin
¢evreye zarar vermeden imha edilmesi ve eczanelerde ilag
geri donlisim programlarinin uygulanmasi.

Cevre dostu drinler: Eczanelerde c¢evreye zarar
vermeyen ambalajlar ve biyolojik olarak pargalanabilir
Urinlerin tercih edilmesi.

Enerji verimliligi: Eczanelerin enerji kullanimini optimize
ederek, sirdirilebilir enerji kaynaklarina yonelmesi ve
enerji tasarrufunun tesvik edilmesi.

5.2. Halk Saghgi ve Farkindalik Artirma

Eczacilar, iklim degisikliginin saglk Gzerindeki olumsuz
etkileri hakkinda toplumu bilinclendirme ve farkindalik
artirma sorumlulugunu Ustlenebilirler. Bu, 6zellikle kronik
hastaliklar, sicak hava dalgalari, hava kirliligi ve bulasici
hastaliklar gibi iklim degisikliginin tetikledigi saghk
sorunlariyla miicadelede 6nemlidir. Eczacilar, toplumun risk

altinda olan bireylerine danismanlik hizmeti sunarak
koruyucu 6nlemler almalarina yardimci olabilir (Roy, 2021).

Halk sagligi egitimi ¢cercevesinde eczacilar su hizmetleri
sunabilir:

iklimle ilgili saglik riskleri hakkinda danismanlik:
Solunum vyolu hastaliklari, alerjiler ve sicak carpmasi gibi
iklim degisikligine bagh saglik sorunlari hakkinda toplumu
bilgilendirmek.

Koruyucu saglik hizmetleri: Asilar, ilaglar ve koruyucu
tedavilerle ilgili bilgileri yayginlagtirmak, 6zellikle bulasic
hastaliklarin ~ yayilmasini  6nlemek igin  hastalar
bilgilendirmek.

5.3. iklim Degisikligi ve ilaglarin Yonetimi

iklim degisikliginin etkileri, ilaclarin stabilitesini ve
tedarik zincirini ciddi sekilde etkileyebilir. Eczacilar, bu
durumlara hazirlikh olmak adina ilaglarin dogru sekilde
muhafaza edilmesini ve iklim kosullarina uygun olarak
tasinmasini saglamak icin 6zel stratejiler gelistirebilirler
(Beggs, 2000). Ornegin, sicaklik ve nem degisikliklerine karsi
hassas ilaglarin (6rnegin, insilin) uygun kosullarda
saklanmasini  saglamak eczacllar icin hayati bir
sorumluluktur.

Ayrica, afet ve acil durumlarda eczacilar, ilag tedarikinin
kesintiye ugramamasi icin planlamalar yapmali ve alternatif
tedarik yollarini 6nceden belirlemelidirler. Bu sayede, kriz
durumlarinda ilag temini hizlandirilabilir ve toplumun saglik
hizmetlerine erisimi stirdirilebilir hale getirilebilir (Aburas
& Alshammari, 2020).

5.4. iklim Degisikligine Karsi Toplumsal Dayaniklilik

Eczacilar,  iklim  degisikligine  karsi  toplumun
dayaniklhihgini artirmada énemli bir rol oynayabilirler. Saglik
sistemlerinin dayanikhhgini artirmak, sadece bireylerin
saghgini korumakla kalmayip, ayni zamanda genel halk
saghgini da destekler. Eczaclilar, afet planlamasi, acil ilag
stoklari olusturma ve tedarik zincirlerinin strddrdlebilirligini
saglama gibi kritik roller Ustlenebilirler (Speck et al., 2023).

Toplumsal dayaniklihgl artirma stratejileri arasinda:

Afet ve kriz ydonetimi: Eczanelerin, afet dénemlerinde
kritik ilaclarin teminini garanti altina alacak sekilde hazirlikli
olmalari.

Toplumun bilinglendirilmesi: Afetlere karsi hazirlikh
olma, saglik sistemlerinin dayanikliligi ve bireysel saglik
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riskleri hakkinda toplumun egitilmesi.
5.5. Eczacilarin Politik ve Stratejik Katkilari

Eczacilar, iklim degisikligi ile ilgili politika ve strateji
gelistirme sireclerine katilim saglayarak bu micadelede
daha aktif bir rol oynayabilirler. Hikimetler ve saglik
otoriteleri, iklim degisikliginin saglik lzerindeki etkilerini
azaltmaya vyonelik politikalar gelistirirken eczacilardan
danismanlik ve oneriler alabilirler. Eczacilar, ila¢ tedarik
politikalari, afet ve kriz yonetimi stratejileri gibi konularda
uzmanliklarini sunarak toplumsal saglgi koruma cabalarina
katki saglayabilirler (Aruru et al., 2021).

6. Gelecekte Eczacilik igin Firsatlar ve Zorluklar

iklim degisikligi, eczacilik sektérii icin hem firsatlar hem
de zorluklar yaratmaktadir. iklim degisikliginin etkilerini
azaltmak ve sirdirilebilir saglik hizmetleri sunmak igin
inovasyon ve is birligi blylik 6Gnem tasimaktadir. Eczacilik
egitimi ve politika yapicilar, bu sirece katki saglayacak
stratejiler gelistirmelidirler.

iklim degisikligi ve bu degisikligin yarattigl saglik
sorunlari, eczacilik meslegi icin hem firsatlar hem de
zorluklar doguracaktir. Eczacilar, iklim degisikliginin
etkileriyle basa cikmak icin yenilikci ¢cozlimler gelistirirken,
ayni zamanda karsilastiklari zorluklara uygun stratejiler
belirlemek zorundadirlar. Teknolojik gelismeler,
surdirdlebilir uygulamalar ve yeni politika diizenlemeleri,
eczacilarin rolini daha da genisletecek ve onlari saghk
hizmetlerinin dnemli bir parcasi haline getirecektir.

6.1. Firsatlar

6.1.1. Surdirilebilir  Eczacilik  Uygulamalari:  iklim
degisikligi ile birlikte ilag endustrisi ve saglk sistemleri,
surdirilebilir uygulamalara gegis slrecindedir. (Bhadoriya
et al., 2024). Bu gegis slirecinde eczaclilar, yesil eczacilik
prensipleri dogrultusunda cevresel etkileri azaltacak yeni
yontemler gelistirme firsatina sahiptirler. Ozellikle cevre
dostu rlinler, geri donlsim programlari ve enerji
verimliligi saglama konularinda eczaneler 0Oncilik
edebilirler. Bu siireg, eczacilarin g¢evresel sorumluluklarini
artirirken,  surdirlebilirlik  politikalarinin - gelismesine
katkida bulunmalarini saglar.

6.1.2. Halk Sagligini Destekleyici Egitim ve Danismanlik
Hizmetleri: Eczacilar, iklim degisikligi ile iliskili saghk
sorunlari  konusunda  toplumu bilin¢glendirme ve
danismanlk hizmetleri sunma konusunda kritik bir rol
oynayabilirler. iklim degisikliginin yol actigi hastaliklar,
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ozellikle solunum vyolu hastaliklar, alerjiler ve bulasici
hastaliklar gibi durumlar karsisinda halkin bilinglenmesi
onemlidir. Bu dogrultuda, eczacilar, toplumu bilgilendirme
ve koruyucu saglk hizmetleri sunma firsatina sahiplerdir
(Tekin, 2020).

6.1.3. Dijital Saglk ve Tele-Eczacilik: Gelisen dijital saglik
teknolojileri ve tele-saglik uygulamalari, eczacilarin hizmet
sunma bicimini doéndstirmektedir (Almeman, 2024).
Eczaneler, uzaktan hasta takibi, tele-konsiiltasyon ve mobil
uygulamalarla daha genis bir kitleye ulasabilirler. Bu
teknolojiler sayesinde eczacilar, 6zellikle iklim degisikliginin
neden oldugu afet durumlarinda veya ulasiimasi zor
bolgelerde ilaglara erisimi kolaylastirabilirler.

6.2. Zorluklar

6.2.1. iklim Degisikligi Kaynakli Tedarik Zinciri Kesintileri:
iklim degisikliginin yol actig1 dogal afetler, asiri hava olaylar
ve cevresel degisiklikler, ila¢ tedarik zincirini olumsuz
etkileyebilir. Eczacilar, bu gibi durumlarda ilaglarin
temininde yasanan gecikmelere ve tedarik kesintilerine
karsi hazirhkli olmalidirlar. Eczacilik sektoriiniin bu zorlugun
Ustesinden gelmesi icin daha esnek ve dayanikli tedarik
zinciri stratejileri gelistirmesi gerekecektir.

6.2.2. ilag Guvenligi ve Stabilite Sorunlari: iklim
degisikligi ile birlikte artan sicaklik ve nem oranlari, ilaglarin
stabilitesi Gzerinde olumsuz etkiler yaratabilir (Khuluza et
al. 2023) . Ozellikle sicakhk duyarli ilaglar, uygun saklama
kosullari saglanmadiginda etkinligini kaybedebilir. Eczacilar,
ilaglarin stabilitesini koruma ve gilivenli saklama kosullarini
saglama konusunda karsi karsiya kalacaklari bu zorluklarla
micadele etmek zorundadir.

6.2.3. Yasal Dizenlemeler  ve Politikalarin
Uyumlastiriimasi: iklim degisikligiyle miicadele ve saglik
hizmetlerinin strdirilebilirligi konusunda devletler ve
saghk otoriteleri, yeni yasal dizenlemeler ve politikalar
gelistirmektedir. Eczacilar, bu yeni dlzenlemelere ve
politikalara uyum saglama zorlugu yasayabilirler. Ayrica,
yesil eczacilik uygulamalarinin yayginlastiriimasi ve ilaglarin
cevresel etkilerini azaltmaya yoOnelik politikalarin
olusturulmasi sirecinde eczacilar aktif rol oynamalidir
(Gahbauer et al., 2021).

6.2.4. Halkin iklim Degisikligi Konusundaki Biling
Eksikligi: iklim degisikliginin saghk Uzerindeki etkileri
konusunda toplumun genelinde yeterli biling
bulunmamaktadir. Eczacilar, iklim degisikliginin saghk
Uzerindeki etkileri hakkinda danismanlik yaparken, halkin



7

bu konuda farkindalik eksikligi nedeniyle zorluklarla
karsilasabilirler. Bu durum, eczacilarin iklim degisikligine
bagh saglk sorunlarini ele alirken egitim ve bilgilendirme
¢abalarini artirmalarini gerektirebilir.

6.3. Gelecekte Eczacilik igin Stratejik Yaklasimlar

Eczacilk mesleginin gelecekte karsilasacagl zorluklara
karsi stratejik ¢ozlimler gelistirmek, hem meslegin
surdurdlebilirligini hem de toplum saghgini koruma
acisindan  6nemlidir.  Eczacilar, iklim  degisikligiyle
miicadelede daha fazla sorumluluk alarak, saglik sisteminin
iklim degisikligine adaptasyonunda onemli bir rol
oynayabilirler.

6.3.1. Yenilik¢i Teknolojilerin Entegrasyonu: Eczacilar,
dijital saghk teknolojilerini ve tele-eczacilik uygulamalarini
kullanarak ilag yonetimi ve danismanlik hizmetlerini daha
genis bir kitleye ulastirabilirler. Bu teknolojiler, eczanelerin
kriz durumlarinda daha etkin hizmet sunmasini saglayabilir
ve iklim degisikligiyle micadelede c¢6zim sunabilir
(Abonyan et al., 2024).

6.3.2. Afet ve Kriz Yonetimi Kapasitelerinin Artirilmasi:
Eczaclilar, ila¢ tedarik zincirinin sdrdardlebilirligi ve kriz
yonetimi kapasitelerinin artirilmasi icin stratejik planlar
gelistirmelidir. ila¢ stok yénetimi, alternatif tedarik yollari
ve acil durum planlamasi gibi stratejik yaklasimlar, iklim
degisikligine bagh risklerin minimize edilmesine katki
saglayacaktir (Beechinor et al., 2022;Gahbauer et al. 2021).

6.3.3. Cevre Dostu Eczacihk Politikalarinin
Desteklenmesi: Eczacilar, ¢evre dostu eczacihk
uygulamalarini  tesvik eden vyasal dizenlemeler ve
politikalarin ~ olusturulmasi  siirecine  aktif  olarak
katilabilirler. Yesil eczacihk politikalari, hem ilaglarin
cevresel etkilerini azaltmaya hem de toplum sagligini
korumaya yonelik dnemli firsatlar sunacaktir (Kimmerer,
2010).

Sonug ve Oneriler

iklim degisikligi, saglik hizmetlerinde 6nemli bir meydan
okuma olarak karsimiza cikiyor. Bu konuda eczacilar, saghk
sistemlerinin iklim degisikligine karsi direncini artirmakta
kritik bir rol oynamaktadir. ila¢ tedarik zincirinin
surdurulebilirligi ve halk saghgi egitimi konularinda stratejik
yaklasimlar belirlenmeli ve risk yonetimine
odaklaniimalidir. iklim degisikliginin etkilerini azaltarak ve
daha saglikli bir gelecek olusturmak amaciyla eczacilik
sektor, etkin bir rol oynamalidir.

iklim degisikligi, kronik hastaliklarin artmasindan sicak
hava dalgalarina bagli 6limlerin artmasina kadar bircok
olumsuz etkiye neden olmaktadir. Eczacilar, ilaglarin uygun
sartlarda saklanmasi, kriz yonetim planlarinin hazirlanmasi
ve slirdirilebilir eczacilik uygulamalarinin tesvik edilmesi
gibi konularda o6nemli gorevler (stlenmektedirler.
Eczacilarin, iklim degisikligine karsi daha direngli bir saghk
sistemi  olusturabilmek igin  yenilik¢i  teknolojileri
benimsemesi, surdirilebilir politikalari uygulamasi ve
krizlere karsi dayanikhlk kapasitesini gli¢glendirmesi
gerekmektedir.

iklim  degisikliginin  saghk alanindaki etkilerini
azaltabilmek icin eczacilar, yapici is birlikleri kurarak ulusal
ve uluslararasi dizeylerde politika yapicilarla birlikte
¢alismali ve c¢evre dostu eczane uygulamalarini tesvik
etmelidirler. Bu sekilde, gelecekteki zorluklarla daha etkili
bir sekilde basa ¢ikilabilecegi distintilmektedir.

Sonuc¢ olarak, iklim degisikliginin saghk Gzerindeki
etkilerini hafifletmek ve daha sidrdirilebilir bir saglik
sistemi olusturmak icin eczacilar aktif bir sekilde yer
almalidir. ilag tedarik zincirinin dayanikliligini artirmak, halk
saghg egitimini yayginlastirmak, dijital saglik teknolojilerini
entegre etmek ve c¢evre dostu eczacilik uygulamalarini
hayata gecirmek, eczacilar icin stratejik 6neme sahip
adimlardir. Bu sirecte eczacilar, toplumlarin iklim
degisikligi ile daha etkili miicadele etmesini saglamak icin
onemli bir aktor olarak, gelecege yonelik daha saglam ve
surdirilebilir saghk sistemlerinin olusturulmasina katki
saglayabilirler.
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beyan etmistir.
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Alabalik (Oncorhynchus mykiss) Yetistiriciliinde Sperm ve

Yumurta Kalitesini Etkileyen Faktorler
ABSTRACT

The aim of this review is to examine the factors affecting sperm and egg quality in trout
(Oncorhynchus mykiss) and to evaluate the effects of these factors on reproductive success.
In particular, nutrition, environmental conditions, stress and age on sperm and egg quality
have been investigated. Several factors affecting sperm and egg quality in trout have been
compiled in a certain order. The effects of parameters such as genetic factors, nutrition,
environmental conditions, stress and age on sperm and egg quality, and strategies and
methods for improving them were evaluated. The main determinants of sperm and egg
quality are genetic factors. Therefore, genetic improvement programs can enhance sperm
and egg quality. In addition, nutrition and diet have a significant impact on sperm motility
and egg health. Nutrients such as omega-3 fatty acids and vitamins can improve quality.
Factors such as environmental conditions, water temperature and pH affect sperm and egg
quality. Stress factors and age can negatively affect sperm and egg quality. Strategies such
as genetic selection, appropriate nutrition, environmental optimization, and hormonal
regulations are recommended to improve the quality of sperm and egg in trout. In future
studies, more factors affecting sperm and egg quality need to be examined and
improvement methods need to be tested.

Keywords: Trout, sperm, egg, genetic, nutrition

0z

Bu derleme, alabaliklarda (Oncorhynchus mykiss) sperm ve yumurta kalitesini etkileyen
faktorleri incelemeyi ve bu faktorlerin Greme basarisina olan etkilerini degerlendirmeyi
amaclamaktadir. Ozellikle genetik, beslenme, cevresel kosullar, stres ve yas gibi
etkenlerin sperm ve yumurta kalitesine olan etkileri arastiriimistir. Alabalklarda sperm
ve yumurta kalitesini etkileyen gesitli faktorler belirli bir dizen iginde derlenmistir.
Genetik faktorler, beslenme, cevresel kosullar, stres ve yas gibi parametrelerin sperm ve
yumurta kalitesi Uzerindeki etkileri, iyilestiriimesine yonelik stratejiler ve yontemler
degerlendirilmistir. Sperm ve yumurta kalitesinin asil belirleyicisi genetik faktorilerdir.
Bu nedenle genetik iyilestirme programlari, sperm ve yumurta kalitesini artirabilir.
Bunun yaninda beslenme ve diyet, sperm motilitesi ve yumurta saghgi Gizerinde énemli
bir etkiye sahiptir; omega-3 yag asitleri ve vitaminler gibi besin maddeleri kaliteyi
iyilestirebilir. Cevresel kosullar, su sicakhgl ve pH gibi faktorler, sperm ve yumurta
kalitesini etkiler. Stres faktorleri ve yas, sperm ve yumurta kalitesini olumsuz yonde
etkileyebilir. Alabaliklarda sperm ve yumurta kalitesini artirmak icin genetik seleksiyon,
uygun beslenme, cevresel optimizasyon ve hormonal diizenlemeler gibi stratejiler
onerilmektedir. Sonraki yapilacak arastirmalarda, sperm ve yumurta kalitesini etkileyen
daha fazla faktoriin incelenmesi ve iyilestirme yontemlerinin test edilmesi
gerekmektedir.

Anahtar Kelimeler: Alabalik, sperm, yumurta, genetik, beslenme
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1. Introduction

Trout is an economically and ecologically important
freshwater fish species. Trout farming plays a critical role in
both the management of freshwater ecosystems and
commercial fish production. However, for successful trout
(Oncorhynchus mykiss) breeding, Trout is an economically
and ecologically important freshwater fish species, many
biotic and abiotic factors that affect the health of fry and
larger fish are effective in the production process of fish.
The most important of these factors are environmental,
genetic, and physiological factors that affect sperm and egg
quality (Sirkecioglu et al., 2023). Determining sperm and
egg quality is a factor that directly affects reproductive
success, and many factors play a role in this quality. Water
quality, nutrition, genetic factors, and environmental
conditions can significantly affect the quality of these two
reproductive materials (Maral Beslioglu, 2023).

Water quality is important at all times of the year, and it
plays a critical role during the trout breeding season. Water
temperature, pH level, amount of oxygen and other water
parameters are the main factors affecting sperm and egg
quality. Water quality is important at all times of the year,
and it plays a critical role during the trout breeding season.
Water temperature can affect the trout's reproductive
cycle and sperm production and quality. High temperatures
can reduce sperm quality and reduce egg fertilization rates
(Jones & Lee, 2018). Likewise, low pH levels and low oxygen
concentrations can negatively impact sperm motility and
egg development (Harris, 2021). Regular monitoring and
control of water quality is important to reduce these
negative effects.

Nutrition is another principal factor affecting sperm and
egg quality. The diets of trout directly affect their
reproductive health and gamete quality. Adequate and
balanced nutrition can increase sperm production and
ensure the healthy development of eggs. Especially omega-
3 fatty acids and vitamins are among the nutrients that
support sperm and egg quality (Miller & Adams, 2019;
Miller, 2020). Nutritional adjustments can help improve
sperm and egg quality and improve reproductive
performance.

Genetic factors are also crucial factors affecting sperm
and egg quality. Genetic diversity and genetic disorders can
determine sperm and egg quality. The genetic structure of
the breeding material directly affects the reproductive
success and offspring health of the fish. Genetic selection
and breeding programs are among the strategies used to
improve sperm and egg quality (Mobley et al., 2021). These
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strategies contribute to the cultivation of healthy and
productive fish.

As a result, there are several factors that affect sperm
and egg quality in trout, and effective management of these
factors is critical for successful trout farming. This article
aims to compile the current knowledge on this subject and
make recommendations for future research by examining
in detail the environmental, nutritional, and genetic factors
affecting sperm and egg quality in trout.

1.1. Trout Farming

Trout is one of the most cultivated species today and has
an important economic value. It is produced in cold and
clean waters, especially far from the settlements of the
countries where it is cultivated (Liu et al., 2020). Trout is
cultivated in different water sources (dams, streams, and
artificial lakes) for both commercial and sport purposes.
Cultivation makes trout more attractive with its high
productivity and short production period (Smith & Jones,
2018). However, environmental effects in trout farming;
factors such as water quality, seasonal changes, ecosystem
balance and use of source waters play a critical role in these
interactions (Miller & Adams, 2019; Smith, 2021). Rainbow
trout is a species adapted to cold water conditions. Factors
such as water temperature, oxygen level and ammonia
should be carefully controlled during the cultivation of this
species. The optimal temperature range is between 12-
16°C, and if this level is exceeded, metabolic stress
increases and growth rate decreases (Brett, 1956).

Biotechnology has provided significant developments in
trout farming in recent years. Genetic improvement
programs increase disease resistance, while selective
breeding strategies optimize growth rate. In addition,
sperm and egg cryopreservation allows the preservation of
genetic material and its worldwide trade (Cabrita et al.,
2010). Therefore, an effective farming strategy requires
balancing environmental and economic factors.

Bacterial, viral, and parasitic infections are a major
problem in closed-circuit systems where rainbow trout are
reared. These infections, especially those caused by
Flavobacterium species, lead to serious production losses
(Nematollahi et al., 2003). In addition, fungal infections are
particularly problematic during the egg incubation process
(Timmons et al., 2010).

1.2. Reproductive Biology and the Concept of Quality

The reproductive biology of trout is important to ensure
the sustainability of the species. The reproductive period
involves mating and fertilizing of female and male fish
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under suitable conditions after reaching puberty (Brown et
al., 2021). Sperm and egg production can be achieved by
photoperiod application in all year seasons in enterprises
where intensive production is conducted. Sperm and egg
quality are critical factors that determine reproductive
success and efficiency. While sperm quality is measured by
the morphology, motility, and concentration of sperm cells,
egg quality is evaluated by the size, shape, and maturity
levels of the eggs (Johnson, 2018; Johnson & Lee, 2022).
These factors will determine the health and growth rate of
the fry by affecting fertilization rates and embryo
development.

In  previous studies, the effects of genetic,
environmental, nutritional, and health factors on
reproductive success have been examined and evaluated
(Taylor et al., 2022; Williams et al., 2023). This review aims
to comprehensively examine the factors affecting sperm
and egg quality in trout. In addition, detailed information
about how these factors affect sperm and egg quality will
be presented and existing improvement methods will be
evaluated.

2. Factors Affecting Sperm Quality
2.1. Genetic Factors

Genetic factors are among the determining factors of
sperm quality. The genetic structure of trout affects the
morphological characteristics and functional competence
of sperm cells (Anderson & Brown, 2020). Genetic variation
can lead to significant differences in sperm quality and
quantity. While high quality sperm is produced in some
individuals, this quality may decrease in others (White et
al., 2019; Dogan, 2023). Selective breeding and genetic
improvement programs play a vital role in improving sperm
quality. Selecting and crossing genetically superior
individuals can improve sperm quality (Davis et al., 2022).
Such improvement efforts can increase the overall
reproductive success and sustainability of the population.

2.2. Nutrition and Diet

The feeding habits of fish directly affect sperm quality
(Jones & Lee, 2018). An adequate and balanced diet
ensures the preservation of sperm production and quality.
Omega-3 fatty acids, vitamins and minerals show positive
effects on sperm motility, fertilization ability and
morphology (Miller, 2020). For example, it has been found
that omega-3 fatty acids increase sperm quality and
quantity by supporting the membrane structure and energy
metabolism of sperm cells (Smith, 2021). Additionally,

antioxidants such as vitamins A and E can improve the
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quality of sperm cells by protecting them from the damage
of free radicals (Williams & Brown, 2019; White et al, 2019).

2.3. Environmental Conditions

Environmental conditions that affect sperm quality
include water temperature, pH, and oxygen levels (Clark et
al., 2019). Water temperature has a significant impact on
sperm production and motility; Extreme temperatures can
deteriorate sperm quality, which negatively affects the
morphological and genetic structure and motility of sperm
(Roberts et al., 2020). Maintaining water pH and oxygen
levels within optimum ranges supports the maintenance of
sperm quality (Evans & Miller, 2021). Water pollution and
other environmental stressors can also negatively affect
sperm quality.

2.4. Stress Factors

In fish, stress can significantly affect sperm quality
(Williams & Brown, 2019). Stress factors include excessive
stocking density, water temperature, other chemical
parameters of the water, diseases, and environmental
changes. Stress can reduce reproductive success by
reducing sperm production and quality (Taylor et al., 2022).
Stress management strategies can improve fish quality of
life and preserve sperm quality. For example, stress-
reducing measures (stocking density, nutrition, vitamin
supplementation) can help reduce fish stress levels and
improve reproductive performance (Harris, 2021).

2.5. Age and Health Status

The age and general health of the fish are crucial factors
affecting sperm quality (Johnson, 2018). While young fish
generally produce fewer but higher quality sperm, older
fish may experience a decrease in sperm quality (Adams &
Clark, 2020). In addition, the good health of the fish
positively affects sperm quality. Diseases and nutritional
deficiencies can negatively impact sperm quality (Green &
Taylor, 2021). Therefore, it is important to monitor and
manage the health of fish.

3. Factors Affecting Egg Quality
3.1. Genetic Factors

Egg quality is greatly influenced by genetic factors
(Brown et al.,, 2021). Genetic structure affects the size,
development, and fertilization ability of eggs (White et al.,
2019). Genetic improvement programs can help improve



egg quality. Selective breeding and genetic modifications
can produce higher quality eggs (Johnson & Lee, 2018).
Selecting genetically superior female fish can be effective in
increasing egg quality and number.

3.2. Nutrition and Diet

Nutritional factors affecting egg quality are elements
such as vitamins, minerals, and fatty acids in the fish's diet
(Jones & Lee, 2018). Adequate nutrition positively affects
the nutritional value and development process of eggs
(Miller, 2020). Omega-3 fatty acids, vitamin A, vitamin E,
Selenium and vitamin C are critical in improving egg quality
(Smith, 2021). Nutritional supplements increase the egg
production capacity of female fish, providing healthier eggs.

3.3. Environmental Conditions

Environmental conditions are one of the key factors
affecting egg quality. Water temperature, pH, and oxygen
levels directly affect the health and development of eggs
(Clark et al.,, 2019). Optimal environmental conditions
ensure proper development of eggs and maintain their
quality (Evans & Miller, 2021). Water pollution and other
environmental stress factors can lead to a decrease in egg
quality and may also inhibit egg production.

3.4. Hormonal Regulations

Hormonal balances are another important factor
affecting egg quality. Hormone levels of female fish
determine egg production and quality (Roberts et al., 2020).
Hormone treatments and adjustments can be effective in
improving egg quality. Hormonal irregularities can affect
the maturation and fertilization ability of eggs (Williams &
Brown, 2019). Therefore, maintaining and managing
hormonal balance can improve egg quality.

3.5. Stock Density

Stocking density is an environmental factor that affects
egg quality. High stocking density can increase stress levels
of female fish, resulting in a decrease in egg quality and
guantity (Harris, 2021). Managing stock density according
to the volume of the area where the fish are located, the
amount of water entering, and the quality of the water can
help to preserve egg quality. Proper arrangement of fish
habitats and prevention of overcrowding can improve egg
quality (Taylor et al., 2022).

4. Methods to Improve Egg and Sperm Quality

4.1. Genetic Selection
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In production enterprises, genetic selection is an
effective method to increase sperm and egg quality.
Selecting genetically superior individuals can increase the
reproductive success of fish and improve sperm and egg
quality (Anderson & Brown, 2020). Intensive farming
practices can cause a decrease in genetic diversity. When
the genetic diversity of rainbow trout obtained through
farming was compared with natural populations, it was
observed that genetic deterioration and productivity losses
occurred (Christie et al., 2012). Genetic improvement
programs increase reproductive potential and enable the
breeding of healthier and more productive individuals
(Davis et al., 2022). Genetic selection is of critical
importance for long-term sustainability.

4.2. Nutritional Supplements

Nutritional supplements contain vitamins, minerals and
fatty acids added to the fish's diet. These supplements may
be effective in improving sperm and egg quality (Jones &
Lee, 2018). Omega-3 fatty acids and vitamin A can be used
to improve quality (Smith, 2021). Regular administration of
nutritional supplements supports the reproductive health
of fish and improves quality.

4.3. Environmental Optimization

Optimizing environmental conditions can improve
sperm and egg quality. Maintaining water temperature, pH,
and oxygen levels within ideal ranges is essential to
maintain quality (Clark et al.,, 2019). Environmental
improvements can increase reproductive success and
support the overall health of fish (Evans & Miller, 2021).
Environmental management strategies are important for
sustainable fish farming. Water quality issues such as high
temperature, low oxygen levels, and pollution are
significant constraints to trout farming. Global climate
change also complicates this issue, as trout are cold-water
species and increasing temperatures are pushing their
physiological limits, directly affecting egg and sperm quality
(Ficke et al., 2007).

5. Evaluation of Quality
5.1. Laboratory Techniques

Various laboratory techniques are used to evaluate
sperm and egg quality. Parameters such as sperm motility,
morphology, and concentration are used to determine
sperm quality (Davis et al., 2022). Sperm motility measures
the mobility of sperm cells, while morphology evaluates the
shape and structure of sperm cells. Quality evaluation of
eggs is done according to size, shape, and developmental
stages (Green & Taylor, 2021). These evaluations show that
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it positively affects the fertilization potential of eggs and
embryo development.

5.2. Reproductive Success and Productivity

Assessing sperm and egg quality is critical to
determining reproductive success and fertility. High-quality
sperm and eggs can increase fertilization rates and promote
reproductive success (Williams et al., 2023). Productivity
indicates reproductive performance and results in fish
farming. Efficiency analysis can help optimize reproductive
processes and increase economic returns (Johnson & Lee,
2022).

6. Conclusion and Recommendations

This study comprehensively examined various factors
affecting sperm and egg quality in trout. The effects of
factors such as genetics, nutrition, environmental
conditions, stress, and age on sperm and egg quality were
highlighted (Williams et al.,, 2023). Understanding the
effects of these factors is important to improve the gamet
quality and increase reproductive success.

Several suggestions have been made for trout farmers
to improve sperm and egg quality. Strategies such as
genetic selection, appropriate nutrition, and environmental
optimization can effectively improve gamete quality
(Johnson & Lee, 2022; Taylor, 2021). Implementing these
suggestions can improve reproductive success and enhance
fish farming production.

Genetic engineering and selective breeding techniques
enable the breeding of disease-resistant species. For
example, gene editing techniques enable the editing of
genes that increase immune responses in fish (Wargelius et
al., 2016).

Closed-loop systems such as recirculating aquaculture
systems (RAS) allow for more efficient use of water and
reduced waste discharge. These systems are an important
production model to increase the sustainability of trout
farming in regions where water resources are limited
(Badiola et al., 2012).

The sustainability of feed used in farming is also a
prominent issue. Since fish meal and oils are limited
resources, alternative feeding methods such as plant-based
proteins and oils have been developed (Kaushik et al.,
2004).

In future studies, it is recommended to examine more
factors affecting sperm and egg quality and test
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improvement methods (Davis et al., 2022). In addition,
evaluating recent technologies and methods will reveal the
potential to increase quality in fish farming, increase
production, and contribute to achieving healthy
generations. In addition, evaluating recent technologies
and methods will reveal the potential to increase quality in
fish farming, increase production, and contribute to
achieving healthy generations. In addition, evaluating
recent technologies and methods will reveal the potential
to increase quality in fish farming, increase production, and
contribute to achieving healthy generations.
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ABSTRACT

Genetic enhancement plays a crucial role in product development in the shift from wild
harvesting to agricultural production. The initial phase typically involves domestication,
followed by further genetic modifications to improve production traits. Aquaculturists, like
their terrestrial counterparts, prioritize traits such as rapid growth, increased efficiency,
disease resistance, and high quality. Various tools are utilized to achieve these genetic
enhancements. This article seeks to assess the present state and obstacles concerning the
administration of farmed aquatic genetic resources while offering suggestions for
enhancement.
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1. Introduction

Genetic advancements in aquaculture aim to enhance
specific traits in aquatic species like fish, shellfish, and
crustaceans. These traits include growth rate, disease
resistance, feed efficiency, and tolerance to environmental
stressors. These improvements play a crucial role in
sustainable aquaculture practices, as they help meet the
growing global demand for seafood while minimizing the
negative impact on the environment (Abdelrahman et al
2017).

The correlation between cultivated variants of cultured
species and their wild counterparts will significantly impact
the conservation, sustainable utilization, and advancement
of Aquatic Genetic Resources. These interactions must be
effectively managed, including proper management and
conservation of wild resources, considering their current
and potential future contributions to aquaculture and their
preservation in their natural habitats (Allen et al. 2002)

When dealing with cultured genetic resources, whether
they are from non-native species or farmed varieties of
native Aquatic Genetic Resources that have the potential to
become invasive, it is crucial to assess the possible harm
they may cause to native wild genetic resources before any
introduction or utilization in aquaculture. The competition
for resources between the development of new species for
aquaculture and the cultivation of existing species is a
significant factor to consider. The costs involved in
developing aquaculture for new species are not easily
quantifiable, as it requires substantial research and
development efforts and the establishment of a value chain
and market for the product. Therefore, it is crucial to
establish procedures for pre-evaluating new species before
investing in their adaptation for aquaculture. In some cases,
it may be more cost-effective to achieve the objectives of
developing a new species by implementing a targeted
breeding program for an existing cultured species, rather
than introducing a completely new species. It's crucial to
find an equilibrium between fostering species diversity and
refining the cultivation and adaptation of existing species
when devising aquaculture production plans. The
increasing temperatures driven by climate change can
impact the tolerance limits of currently farmed species. This
challenge can be addressed by either identifying new
species that are better suited for cultivation in such
environments or by implementing breeding programs
aimed at improving the heat tolerance and resilience to
temperature fluctuations in existing aquaculture species
(Yadav et al. 2024). It is crucial to evaluate the costs and

benefits of both approaches. Therefore, countries need to
adopt a strategic approach that considers specific target
objectives and takes into account the existing and projected
market demand for associated products.

While genetic technologies such as single nucleotide
polymorphism (SNP) panels, including genotyping-in-
Thousands by sequencing (GT-seq), are available, their
accessibility and cost may be prohibitive for low-value
aquaculture species in developing countries. Consequently,
there is an urgent need to develop and promote affordable
genetic tools that can be integrated across the seed
production and supply chain to support sustainable
aquaculture practices (Campbell et al. 2016). These tools
are essential for monitoring the genetic status of key
genetic resources within major species and production
systems, thereby preserving genetic diversity and reducing
the risk of inbreeding. To achieve this goal, several
strategies can be implemented, including the creation of
customized marker systems tailored to specific species and
enhancing the infrastructure and capacities of developing
and transitional economies. Strengthening technical
expertise and improving access to relevant technologies
will be vital for the effective execution of these genetic
management strategies across different regions (Rasal et al.
2024). One potential approach could involve establishing
national or regional mechanisms for quantitatively
assessing genetic diversity within seed supply systems. This
evaluation could be based on the analysis of environmental
DNA (eDNA) samples, which contain aggregated DNA from
various sources, using specifically designed marker systems
to ensure accurate detection and monitoring.

Genetic advancements in aquaculture play a crucial role
in increasing productivity, reducing production costs, and
minimizing the environmental impact. However, it is
important to carefully consider the potential ethical,
environmental, and regulatory implications associated with
these techniques. Effective management of the roughly 700
aquatic species cultivated globally is vital for aquaculture to
meaningfully contribute to the United Nations' Sustainable
Development Goals. However, the implementation of
genetic improvement programs in aquaculture faces
various constraints, including technological, economic, and
infrastructural challenges. Addressing these issues is critical
to optimizing genetic enhancement efforts and ensuring
the sector's sustainability and growth. A significant
challenge in the aquaculture sector is the insufficient
knowledge regarding the genetic status of numerous
farmed species. Characterizing these genetic resources and
developing information systems to monitor both the
cultivated varieties and their wild relatives is crucial. In
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recent years, advancements in genetics have become a
major focus within the industry. However, aquaculture
practices in developing countries largely depend on
unimproved fish strains. Evidence supports the viability of
genetic enhancement initiatives, with various selection
methodologies available to improve these strains
(Abdelrahman et al. 2017).

1.1. Domestication

Many of the aquatic species commonly cultivated have
been partially domesticated, with some undergoing
additional genetic enhancements. Just as terrestrial
livestock and crops are bred for productivity and proximity
to humans, aquatic organisms are now facing similar
selection pressures. While the domestication of aquatic
species may be in its early stages compared to terrestrial
species, advancements in technology and tools are
accelerating the process of domestication and genetic
improvement Genetic diversity serves as a vast reserve that
can be harnessed for the initiation of selective breeding
programs, which are highly effective in enhancing the
performance of the aquaculture industry. The transfer of
training and technology between different sectors of
aquaculture can have a significant impact, particularly for
lower-value species (Abdelrahman et al. 2017).

1.2. Selective breeding

Selective breeding is a primary technique employed for
genetic improvement in aquaculture. This process involves
the strategic selection of individuals with the highest
genetic merit to act as breeders for subsequent
generations. To assess genetic value accurately,
populations are cultivated in a controlled environment,
allowing for any observed differences to be attributed
solely to genetic factors, rather than environmental
influences. This method enhances the effectiveness of
breeding programs by ensuring that the traits being
selected are indeed hereditary and not impacted by
external conditions.

However, this process of selective breeding can be quite
costly due to the need for specialized facilities to maintain
a standardized environment, ensure consistent rearing
practices, and measure numerous groups of animals. Only
the top-performing individuals are chosen for breeding to
produce subsequent generations with improved genetic
traits (Alemu et al. 2024).

While the practice of selective breeding has been
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established since the early 20th century, it is important to
recognize that the field has evolved significantly. Recent
advancements in  experimental design, tagging
technologies for identifying specific individuals and groups,
and the development of computational tools have greatly
improved the precision and effectiveness of traditional
selective breeding methods. These innovations have
facilitated substantial genetic enhancements across various
species, optimizing breeding outcomes and increasing
overall productivity in aquaculture.

1.3. Genetic markers

Genetic markers are classified into various types, with
amplification fragment length polymorphisms (AFLPs) and
microsatellite markers being frequently employed in
aquaculture. These markers serve as indicators of specific
DNA regions, facilitating the identification of genomic
locations. They are distributed throughout an organism's
genome and are passed down from parents to offspring,
making them valuable tools for studying genetic variation
and improving breeding programs.

Genetic markers play a crucial role in determining
parentage by sharing markers between offspring and their
parents. Additionally, they hold promise in pinpointing DNA
regions that offer performance advantages. Marker-
assisted selection, where breeding decisions are based on
the presence of specific markers, can streamline the
process by eliminating the need for challenge trials in
controlled environments. This approach proves particularly
beneficial when direct trait measurements are costly or
when elite performers in disease challenges cannot be used
for breeding due to disease transmission concerns (Bishaw,
and Turner, 2008).

1.4. Genetic engineering

Genetic engineering encompasses various techniques
such as chromosome set manipulations and transgenesis.
Chromosome set manipulation involves modifying sets of
chromosomes in organisms, altering the typical two sets of
chromosomes found in normal organisms.

Chromosome set manipulation can be used to create
triploids, organisms with three sets of chromosomes, which
are often sterile. This characteristic can be advantageous in
scenarios where reproduction is undesirable. For example,
in the United States, this technology has been employed to
manage nonindigenous weed populations by inhibiting the
reproduction of grass carp. Similarly, oysters have also been
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subjected to chromosomal manipulation to mitigate quality
degradation during the spawning season (Alemu et al.
2024).

1.5. Transgenesis

Transgenesis is a biotechnological approach that
involves the integration of genes into organisms, moving
beyond traditional breeding methods. A notable example of
transgenic crops is soybean plants engineered for herbicide
resistance. By transferring a bacterial gene into these
plants, the reliance on labor-intensive cultivation and
weeding is significantly decreased. Another example is
golden rice, which has been genetically modified to include
three foreign genes from bacteria and daffodils, enabling
the rice to synthesize vitamin A. These innovations illustrate
the potential of transgenic technology in enhancing
agricultural efficiency and nutritional content.

The introduction of transgenic organisms extends
beyond crops to include aquatic organisms as well. The
Glofish, a fluorescent zebrafish, was the first transgenic
aquatic organism to be commercially available in the United
States in 2004. The ability of these fish to fluoresce is due
to transgenes derived from jellyfish and coral. It is
important to note that the Glofish is not intended for
consumption as food (Boudry et al. 2021).

The United States Food and Drug Administration (FDA)
is currently evaluating genetically modified Atlantic salmon
that has been engineered with a growth hormone gene
from Chinook salmon and a promoter from the ocean pout.
These salmon are under consideration for approval as a
food source. Concurrently, research efforts are underway
globally to develop additional aquatic transgenic organisms
that could offer benefits such as enhanced disease
resistance, improved nutritional profiles, and other
desirable traits.

Genetic diversity represents a substantial resource that
can be utilized to initiate selective breeding programs,
which are proven to significantly improve the performance
of the aquaculture sector. Facilitating the transfer of
training and technology across different aquaculture
sectors can greatly benefit lower-value species, enhancing
their productivity and sustainability.

This review aims to evaluate the current status and
challenges in managing genetic resources in farmed aquatic
species by synthesizing information from a wide range of
published studies. Additionally, it seeks to offer
recommendations for enhancing genetic diversity within

aquaculture  practices moving forward. Genetic

advancements in aquaculture.
2. Genetic Applications in Aquaculture

2.1. Selective Breeding: This method involves
selecting individuals with desirable traits to be the parents
of the next generation. Over time, this can lead to
populations with improved traits. For example, by choosing
fish with faster growth rates or higher disease resistance as
parents, stocks with these traits can be developed.

Selective breeding in fish involves intentionally choosing
individuals with desirable characteristics, such as rapid
growth, strong disease resistance, and enhanced feed
conversion efficiency, to act as parents for the next
generation. This method is aimed at enhancing the overall
performance and productivity of fish populations in
aquaculture settings. Here is an overview of how selective
breeding is implemented in fish (Boudry et al. 2021;
Budhlakoti, 2022).

a. Trait lIdentification: The initial step in selective
breeding is pinpointing the traits that hold the most
significance for the specific aquaculture operation. These
traits can vary based on factors like market demand,
environmental conditions, and production objectives.
Common traits focused on in fish selective breeding
programs include growth rate, fillet quality, disease
resistance, feed efficiency, and resilience to environmental
stressors such as temperature fluctuations or low oxygen
levels.

b. Establishment of Breeding Population: Once the
desired traits are identified, a breeding population is
established using individuals that display these traits. These
founding individuals may be sourced from wild populations,
commercial stocks, or existing breeding initiatives. It is
essential to uphold genetic diversity within the breeding
population to prevent inbreeding depression and ensure
the sustained success of the breeding program (Budhlakoti,
2022).

c. Family Selection: Fish are typically bred in controlled
settings like hatcheries, where parentage can be accurately
traced. Families are created by mating chosen individuals
based on their genetic suitability for the target traits. The
offspring resulting from these pairings are then assessed for
their performance in the traits of interest.

d. Performance Testing: The offspring from selected
families are reared under standardized conditions, and

their performance in target traits is assessed through
The Trout Journal of Atatiirk University
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regular measurements and observations. This process may
involve monitoring growth rates, survival rates, disease
resistance, and other pertinent parameters (Campbell et al.
2016).

e. Selection of Breeders: The breeders for the next
generation are chosen based on the performance testing
results, with a focus on individuals who possess the highest
genetic merit for the desired traits. To identify the most
genetically superior individuals, statistical methods are
employed to estimate breeding values during the selection
process.

f. Iterative Breeding Cycles: Selective reproductionis a
repetitive procedure that includes multiple rounds of
mating, performance evaluation, and selection across
various generations. The goal of each reproduction cycle is
to enhance the genetic quality of the population for specific
traits. As time passes, the collective genetic advancements
result in populations displaying notably improved
performance and productivity (Doublet et al. 2020).

g. Record Keeping and Data Analysis: Maintaining
precise records and conducting thorough data analysis are
crucial aspects of selective breeding initiatives.
Comprehensive documentation of breeding choices,
performance test outcomes, pedigree details, and genetic
evaluations is upheld to monitor genetic advancements and
inform future breeding strategies.

Selective breeding has proven to be effective in
enhancing various fish species in aquaculture, such as
salmon, tilapia, trout, catfish, and shrimp. This has led to
notable enhancements in traits like growth rate, disease
resistance, and feed efficiency. These genetic
improvements play a significant role in bolstering the
profitability, sustainability, and competitiveness of
aquaculture operations.

2.2. Marker-Assisted Selection (MAS): Marker-
assisted selection (MAS) involves the identification of
genetic markers associated with desirable traits, allowing
for more efficient selection of individuals exhibiting those
traits. This method accelerates the breeding process by
enabling early selection based on genetic markers instead
of waiting for the physical expression of traits.
Consequently, MAS enhances the effectiveness of breeding
programs, leading to improved genetic outcomes in various
species.

Marker-assisted selection (MAS) is a breeding method
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that leverages genetic markers to effectively choose
individuals exhibiting desired traits. Unlike traditional
selective breeding, which depends on phenotypic
assessments, MAS allows for the direct selection of
individuals based on their genetic makeup. This approach
enhances the efficiency and accuracy of breeding
programs, facilitating the development of improved traits
in various species here is how MAS operates:

a. ldentification of Genetic Markers: The first step in
Marker-Assisted Selection (MAS) is to identify genetic
markers associated with the traits of interest. These
markers may include DNA sequences like single nucleotide
polymorphisms (SNPs), microsatellites, or other genetic
variations linked to specific traits, typically established
through genetic mapping studies or association analyses.
By pinpointing these markers, breeders can more
effectively select individuals that exhibit the desired
characteristics.

b. Genotyping: Once the genetic markers associated
with the target traits are identified, individuals in the
breeding population undergo genotyping to determine
their genotype at these marker loci. This process can be
carried out using various molecular biology techniques,
such as polymerase chain reaction (PCR) followed by DNA
sequencing or high-throughput genotyping arrays (Dunham
et al. 2000).

c. Association Analysis: Following genotyping,
statistical analyses are conducted to evaluate the
relationship between marker genotypes and phenotypic
traits. This enables researchers to pinpoint which markers
are closely linked to the target traits and possess the
highest predictive capability.

d. Marker-Assisted Selection: Based on the outcomes
of the association analysis, individuals with favorable
marker genotypes linked to the desired traits are chosen as
breeding candidates. These individuals may not necessarily
display the trait phenotype themselves but are anticipated
to pass on the desired alleles to their offspring.

e. Validation and Selection Efficiency: The
effectiveness of Marker-Assisted Selection (MAS) is
contingent upon the accuracy of the marker-trait
associations and the heritability of the traits being targeted.
To ensure the reliability of the selected markers, validation
studies are performed to assess their predictive capabilities
across diverse genetic backgrounds and environmental
conditions. This validation process is crucial for confirming
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that the markers will consistently identify individuals with
the desired traits in various contexts Continuous validation
and improvement of marker panels enhance the efficiency
and dependability of MAS over time (Gamage et al. 2023).

f. Integration with Traditional Breeding: MAS is
frequently integrated with conventional selective breeding
methods to enhance breeding efficiency and expedite
genetic advancement. By combining genetic information
obtained from markers with phenotypic evaluations,
breeders can make more informed decisions and achieve
faster genetic progress in target traits.

g. Application in Aquaculture: MAS has been applied in
aquaculture species such as salmon, tilapia, shrimp, and
catfish to enhance traits like growth rate, disease
resistance, fillet quality, and stress tolerance. The
utilization of MAS in aquaculture breeding programs has
resulted in a more precise selection of breeding candidates,
reduced generation intervals, and increased genetic gain
per unit of time and resources.

MAS offers several advantages over traditional breeding
methods, including the ability to select individuals at an
early age before phenotypic traits are fully expressed,
improved selection accuracy, and the potential to
simultaneously select multiple traits. However, MAS also
requires specialized infrastructure for genotyping and data
analysis, as well as ongoing research to identify and validate
informative genetic markers for target traits (Gjedrem and
Baranski, 2010).

2.3. Genomic Selection

Genomic selection employs genomic data to enhance the
accuracy of predicting individuals' breeding values. By
examining the entire genome, which includes both marker
and non-marker loci, this approach captures genetic
variation more comprehensively. As a result, genomic
selection facilitates more precise decision-making in the
selection process, improving the overall effectiveness of
breeding programs

Genomic Selection (GS) is a breeding approach that
leverages genomic data to improve the accuracy of
predicting an individual's breeding value. Unlike traditional
breeding methods, which typically depend on phenotypic
evaluations and pedigree information, GS utilizes data from
the entire genome to assess the genetic potential of
individuals for specific traits. This comprehensive analysis
allows for a more precise estimation of genetic merit,
enhancing the efficiency of breeding programs (. Gjedrem

et al., 2012; Hallerman 2021). Here's an overview of how
genomic selection works

a. Genotyping: The initial step in genomic selection
involves genotyping individuals in the breeding population
using advanced genotyping techniques like SNP arrays or
next-generation sequencing. This process generates a
comprehensive set of genetic markers spread across the
genome (Hasan et al. 2021).

b. Phenotypic Data Collection: Simultaneously,
phenotypic data is collected for the target traits of interest
from the individuals in the breeding population. These
traits may include growth rate, disease resistance, feed
efficiency, and other economically significant traits relevant
to the breeding objectives.

¢. Genomic Prediction Model: A genomic prediction
model is then developed using statistical methods to
estimate the genetic relationship between marker
genotypes and phenotypic traits. This model utilizes the
information from the genetic markers to predict the
breeding value of individuals for the target traits (Hely et al.
2013; Houston et al. 2020).

d. Training Population: The accuracy of the genomic
prediction model depends on the availability of a training
population comprising individuals with both genotypic and
phenotypic data. This dataset is used to train the model and
establish the relationship between marker genotypes and
trait phenotypes.

e. Prediction of Breeding Values: Once the genomic
prediction model is trained, it can be applied to individuals
in the breeding population who have been genotyped but
lack phenotypic data. The model predicts the breeding
values of these individuals solely based on their marker
genotypes (Jannink et al. 2010)

f. Breeding Candidate Selection: Breeding candidates
for the next generation are chosen based on their high
predicted breeding values for the desired traits. By utilizing
genomic estimated breeding values (GEBVs), breeders can
make more informed decisions and achieve faster genetic
progress compared to traditional selection methods.

g. Validation and Enhancement: To ensure the
accuracy and reliability of genomic prediction models in
predicting breeding values in independent populations,
validation is necessary. Continuous research and validation
studies contribute to improving the models, enhancing
their predictive capabilities, and making them applicable

across various genetic backgrounds and environments
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(Abdelrahman et al.2017).

Genomic selection offers several advantages over
traditional breeding methods. It allows for the selection of
individuals at a young age before phenotypic traits are fully
expressed. It also increases the accuracy of selection and
enables the simultaneous selection of multiple traits.
Additionally, it helps capture genetic variation that may not
be evident from pedigree information alone and
accelerates the rate of genetic improvement in breeding
programs. However, implementing genomic selection
requires significant investment in genotyping and data
analysis infrastructure. It also necessitates expertise in
statistical genetics and bioinformatics (Lorenzen et al.
2012).

2. 4. Triploidy

Triploidy involves inducing an extra set of chromosomes
in an organism, resulting in sterility. This can be
advantageous in aquaculture as it prevents unintended
breeding in cultured populations, reducing the risk of
genetic pollution from escaped individuals. These various
approaches to genetic improvements in aquaculture
contribute to the development of sustainable practices that
meet the increasing demand for seafood while minimizing
environmental impact.

a. Genetic Engineering: Although genetic engineering
techniques like transgenesis are not extensively used in
aquaculture compared to other fields, they have the
potential to introduce new traits into aquatic species. For
instance, scientists have investigated the enhancement of
disease resistance or improvement of growth rates through
genetic modification (Manzoor et al.2024; Rasal et al. 2024)

b. Hybridization: The process of hybridization involves
crossing individuals from different strains or species to
create hybrids that possess desirable traits, such as disease
resistance or tolerance to specific environmental
conditions. Offspring resulting from hybrid vigor or
heterosis may exhibit superior traits when compared to the
parental lines.

c. Cryopreservation of Germplasm: Cryopreservation
techniques allow for the long-term storage of genetic
material, including sperm, eggs, or embryos. This preserves
valuable genetic diversity for future breeding programs and
research purposes (Rasal et al. 2024).
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2. 5. Ongoing Challenges

Ongoing challenges persist in the realm of genetic
improvement, with classical breeding techniques serving as
the fundamental basis for future advancements. The
continuous refinement of these techniques aims to
enhance the rate of performance improvement. However,
the integration of marker information into selective
breeding poses a significant challenge, requiring the
identification of marker-trait associations and the
development of strategies to effectively incorporate this
information (Regan et al. 2021).

A significant challenge in the aquaculture industry is the
simultaneous enhancement of multiple traits in aquatic
species, such as rapid growth, disease resistance, and
product quality. The complex interactions among these
traits are not well understood, largely due to the unclear
definition of genetic values and the fact that multiple traits
are often not assessed in the same individuals. While some
genetic correlations between specific traits have been
established, such as the observed negative relationship
between growth rates and resistance to viral hemorrhagic
septicemia in rainbow trout, further research is essential to
address these complexities and refine genetic
improvement strategies

The foundation of genetic improvement in the
foreseeable future will continue to rely on classical
breeding techniques. These techniques will be further
refined to enhance the rate of improvement in
performance. However, the integration of marker
information into selective breeding presents several
challenges, including the practical aspects of identifying
associations between markers and traits, as well as
determining the most effective ways to leverage this
information in breeding programs. These challenges
highlight the need for comprehensive strategies that
ensure reliable marker-trait associations can be established
and utilized effectively to enhance breeding outcomes
(Shikuku et al. 2021).

In such scenarios, understanding the markers linked to
disease resistance and obtaining more accurate estimates
of genetic value for multiple traits can offer viable solutions.
Recent advancements in genetic improvement techniques
enable the identification and selection of relatively rare
individuals that demonstrate superior performance across
several traits of interest for breeding applications. These
developments pave the way for enhanced breeding
strategies that can address the complexities of trait
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interactions in aquaculture (Sinha et al. 2023; Sonesson et
al. 2023).

3. Today's Challenges and Needs

The lack of information regarding the genetic resources
in the majority of the world's aquaculture sectors highlights
the urgent need for the development of information
systems. By establishing robust information systems for
these genetic resources and implementing targeted
conservation and utilization strategies, we can effectively
safeguard the future of our genetic resources. It is
important to acknowledge that our current understanding
of genetic management issues in aquaculture is still limited
compared to the knowledge accumulated during the
domestication of terrestrial species for agriculture.
Therefore, the key to enhancing the conservation and
sustainable use of genetic resources in aquaculture lies in
gaining a comprehensive understanding and
characterization of these resources, as well as
implementing accessible information systems to facilitate
their utilization (Abdelrahman et al. 2017; Varshney et al.
2021).

Sustainable use focuses on the cultivation of aquatic
species that are currently under domestication. It is
essential to recognize the opportunity for effective
management and sustainable utilization of these resources,
as well as the conservation of their genetic diversity before
it is lost. Various strategies can be employed to manage
genetic diversity throughout the domestication process of
species intended for aquaculture, ensuring their resilience
and long-term viability. The initial emphasis is often placed
on resolving technical challenges in artificial breeding
before expanding breeding systems to satisfy commercial
seed production demands. However, genetic diversity is
frequently overlooked during these early phases, as the
primary focus tends to be on fulfilling quantity
requirements rather than prioritizing quality. This oversight
can have long-term implications for the sustainability and
resilience of aquaculture species. A prevalent concern is the
insufficient attention given to the genetic quality of base
populations, which are essential as the genetic foundation
for the initial domestication efforts. Moreover, these base
populations often exist at inadequate sizes, both in terms
of census and effective population sizes. This limitation can
hinder the potential for long-term genetic improvement
and resilience in aquaculture species (Xu et al. 2017; Wang
et al. 2023).

Effective population size is a crucial factor in maintaining
genetic variation within a population. It reflects the

population's ability to preserve genetic diversity, which is
influenced by the relationships among individuals and the
number of breeding individuals contributing to the next
generation. Both the overall population size and the
number of breeding individuals play significant roles in
determining effective population size. Effective population
size is a crucial factor in maintaining genetic variation within
a population. It reflects the population's ability to preserve
genetic diversity, which is influenced by the relationships
among individuals and the

Number of breeding individuals contributing to the next
generation. Both the overall population size and the
number of breeding individuals play significant roles in
determining effective population size however, if not
controlled, hybridization can result in species introgression,
causing the loss of distinct species. Examples of this can be
seen in Clarias catfishes Clarias macrocephalus and C.
gariepinus, as well as in Chinese carp Hypophthalmichthys
molitrix and Aristichthys nobilis (Yafiez et al. 2015).

In the conservation of wild relative genetic resources, it
is essential to prioritize in situ conservation methods, such
as habitat protection, restoration, effective management of
aquatic protected areas, and sustainable fisheries
management for species that are actively harvested. The
genetic consequences of these conservation strategies are
often not well understood, making it crucial to assess the
genetic status of species conserved in situ and the size of
the populations being fished. If in situ conservation is not
feasible or could be complemented by ex-situ conservation
efforts, this option should be considered, especially as new
farmed varieties continue to emerge.

In situ conservation necessitates continuous monitoring
and management of genetic diversity within the protected
populations. It also requires long-term funding to be
effective, which can make widespread implementation
challenging. One significant obstacle in conserving aquatic
genetic resources is the limited options available for ex-situ
conservation, particularly for fish species. Currently, the
primary method employed is the cryopreservation of male
gametes, while attempts to cryopreserve fish oocytes or
embryos have largely been unsuccessful. As a result, the
potential role of ex-situ in vitro conservation remains
limited until effective methods are developed for a broader
range of aquatic species (Yanez et al. 2015).

The sustainable use of Aquatic Genetic Resources
revolves around implementing established knowledge and
best practices to effectively manage genetic diversity and
prevent inbreeding. Raising awareness about the
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implications of seed supply systems, particularly regarding
the renewal of broodstock across generations, is essential.
Both emerging and established aquaculture sectors must
undergo a mindset shift to understand that the genetic
quality of seed is as crucial as the quantity produced.
Prioritizing genetic quality can lead to more sustainable
aquaculture practices, ensuring that production systems
are robust and resilient in the face of environmental
challenges (Zhu et al., 2024).

When developing an aquaculture sector for a particular
species, it is essential to prioritize genetic management
from the initial implementation of seed supply systems,
including the careful selection of source base populations.
The management of effective population size should be
adjusted based on the species' fecundity and generation
time. Unfortunately, many aquaculture species globally
have not received sufficient focus on broodstock genetic
management, which jeopardizes the genetic integrity of
farmed varieties. There is a considerable opportunity to
design or adapt breeding and seed supply systems to meet
not only the demand for seed quantity but also to safeguard
genetic diversity (Hallerman et al. 2021).

Numerous successful aquaculture breeding programs
effectively manage inbreeding using low-tech methods.
These programs typically involve identifying families and
tracking lineage through physical tagging and separate
rearing of individuals until tagging is completed. While such
practices improve production performance, they require
careful management and appropriate infrastructure to
ensure effective family management. However, this level of
genetic diversity oversight is often lacking in aquaculture
operations that do not have organized breeding programs
in place.

To effectively enhance genetic management within
current seed supply systems, it is essential to develop a
cost-efficient method for assessing the genetic status of
farmed varieties about their wild relatives, particularly the
wild populations from which the cultivated types are
derived. This approach would facilitate better monitoring
and comparison of genetic diversity, aiding in the
preservation of essential traits and overall genetic integrity
(Gjedrem et al. 2012; Yafiez et al. 2015).
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