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SULUKLERDE UREME

Shabnam FARZALI!
Naim SAGLAM?

1. GIRIS

Annelidler icerisinde nispeten kigik bir monofiletik grup
olusturan ve tatli sulardaki omurgasiz yirticilar gibi énemli rol
oynayabilen siilukler (Hirudinea), ektoparazit ve kan emici olarak
bilinirler. Tanimlanan 700°den fazla tlirlin yaklagik %15
denizlerde, biiyiik bir kismi tathi sularda yasadigi halde, az bir
kismut ise karasal hayata uyum saglamistir (Phillips, Govedich, &
Moser, 2020; Sket & Trontelj, 2008)

Siiliikler, parazit olduklar1 halde eski caglardan beri
insanlarda tedavi edici amagcla kullanilmasindan dolay1 dikkat
cekici canlilar olmuslardir. Tibbi alanda kullanilan siiliikler
arasinda Hirudo medicinalis en iyi bilinenidir. Latince olan
Hirudo kelimesi “bagli olmak, yapigsmak” anlamina gelen
“hoero” dankokenini almaktadir. Modern tipta H.medicinalis
plastik cerrahide kullanildig1 gibi salgiladig1 enzim ve hormonlar
ise insanlar1 tedavide degerlendirilmektedir.  Siiliiklerin
Osmanlilar tarafindan kullanildigr ve bu konu ile ilgili yazili
eserler hazirladiklart  bilinmektedir. Osmanlilarla beraber
Fransiz’lar da siiliikklerden yararlanmiglardir (Naim Saglam,
2011).
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Biitiin siiliikler sadece kan emici degildir, yirtict siiliikler
de var ki, ¢ogu omurgasizlari, Ozellikle halkali solucanlari,
salyangozlari ve bocek larvalarini yemekle geginirler. Kan
emenler balik, kurbaga, kaplumbaga, salyangoz, kabuklu su
canlilar1 ile omurgali hayvanlarda ve insanlarda ektoparazit
olarak yasar. Omurgalilarin hemen her grubu konakg¢i olmasina
karsin, baliklar en cok saldiriya ugrayan gruptur. Tropikal
bolgelerin yagish kisimlarinda, daha dogrusu ¢ok nemli yerlerde
karada yagayan Haemadipsidae familyasinin iiyeleri kus, memeli
gibi hayvanlarin agiz ve burunlarina yapisirlar. Bunlar bitkilerin
lizerine c¢ikarlar, alttan gecen hayvan ve insanlarin iizerine
kendilerini birakirlar. En kiguk deliklerden gecerek insan da
dahil sicakkanlilarin viicuduna ulasirlar. Bazilar1 6rnegin
baliklarda parazit olan Piscicolidae familyasinin iiyeleri devamli
olarak konakc¢i tlizerinde kalmalarina karsilik, bazilar1 belirli
periyortlarda kan emerler (Borda & Siddall, 2011; Ronald W
Davies & Fredric R Govedich, 2001; Fredric R Govedich et al.,
2010; Jimi et al., 2023).

Son yillarda yapilan molekiiler filogenetik analizler,
stiliiklerin geleneksel morfolojik siiflandirmasini
(hortumlu/hortumsuz ayrimi) parapiletik (evrimsel gegmisi tam
yansitmayan) oldugu i¢in gecersiz kilmistir. Giliniimiizde
stiliikler, genetik veriler ve biyolojik davranislar dikkate alinarak
evrimsel tarihle uyumlu ¢ yeni alttakima ayrilir:
Oceanobdelliformes, Glossiphoniiformes, Americobdelliformes.
Oceanobdelliformes: Cogunlukla deniz ve aci sularda yasayan
Ozobranchidae ve Piscicolidae familyalari1 kapsar. Diger
stiliiklerin kardes grubudur; hortumlu olmalarina ragmen ebeveyn
bakimi gostermezler. Glossiphoniiformes: Sadece tatli sularda
yasayan Glossiphoniidae familyasini igerir. Kokonlar1 karin
bolgesine yapistirarak veya kulugkaya yatarak ebeveyn bakimi
gostermeleriyle benzersizdirler. Americobdelliformes: Tek tipik
tird Americobdella valdiviana'dir. Erpobdelliformes ve
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Hirudiniformes gruplarinin kardes grubu oldugu igin ayr bir
alttakim olarak tanimlanmistir (Tessler et al., 2018).
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Sekil 1. Hirudinea'nin modern siniflandirilmasi (Tessler et al.,
2018).

2. SULUKLERDE UREME SiSTEMLERI

Tum sdlukler hermofrodittir, ancak kendi kendini
dolleyemez ve eseysiz olarak c¢ogalamazlar. Tim siiliiklerin
yasam donglisii yumurta, yavru ve olgun evrelerinden olusur.
Kokondan ¢ikan yavru 12-18 ay icinde yumurta Greten
yetigkinlere dontstirler. Yetiskin yirtici ve etc¢il siiliikk tiirleri
cogunlukla yasam siiresi boyunca sadece bir kez kokon verdikten
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(semelparit) sonra hayatin1 kaybederler. Kan emerek beslenen
stiliik tiirleri ise yasadiklar siire i¢inde birka¢ kez (iteroparit)
kokon verebilirler. Beslenme ve su sicakligi dahil olmak {izere
cesitli ¢evresel faktorler siiliiklerin iremesini etkileyen nedenler
olarak bilinmektedir (Fredric R Govedich, William E Moser, &
Ronald W Davies, 2004; Roy T Sawyer, 1986; Ugural & Serezli,
2020). Ureme sistemi siliik aileleri, cinsleri ve tirlerinin
teshisinde ¢ok 6nemlidir. Ureme organlari iginde bir erkek ve bir
disi gonopor tasirlar. Erkek ve disi organlar genellikle X-XII.
segmentte viicudun ventralinden median olarak arka arkaya disar1
acilirlar. Erkek genital delik her zaman disi genital deligin 6n
tarafinda bulunur ve genellikle tiirlere 6zgii bir sayiya gore bir
birlerinden halkalarla ayrilir (Sekil 2). Genellikle olgunlagmis
siiliiklerde erkek por disi pordan daha genis ve belirgindir .
Slluklerde gergek testis ve ovaryum yoktur, onun yerine testis
kesesi ve ovaryum kesesine sahiptirler (R.W. Davies & F.R.
Govedich, 2001; F.R. Govedich et al., 2010; F. R. Govedich, W.
E. Moser, & R. W. Davies, 2004; Moser, Govedich, & Klemm,
2009; Saglam, 2004; R.T. Sawyer, 1986).

ﬁhrr

Sekil 2. Erkek ve disi genital deliklerin ventral goriiniisii. a. Dina;
b. Trocheta subviridis (Lecaplain & Noél, 2015)

2.1. Siiliiklerde Erkek Ureme Sistemi

Erkek gonadlar yuvarlak kesecikler seklindedir. Testisler
XII veya XIII. segmentten baglayarak her segmentte birer ¢ift
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olmak (zere en az 4 ¢ift (Ozobranchus branchiatus) en ¢ok 17
cift (Semiscolex variabilis) olmaktadir (Ulvik, 1999). Tarif edilen
organin sayisi Glossiphoniidae’lerde 5-10 ¢ift, bu ailenin diger
bireylerinde 6¢ift, Icthyobdellidae’lerde ise 4 ve 5 cift
araligindadir. Hirudinidae’lerde bu say1 5 ile 10-12 arasinda
degisir. Erpobdellidae’lere ait olan bir tiirde testislerin say1 5-10
iken, diger tiirlerin bir ¢ogunda ise bu say1 90’a kadar yiikselir
(Sekil 3) (F.R. Govedich et al., 2010; Lukin, 1976; Nesemann &
Neubert, 1999).

&SF & & & & & & &

Sekil 3. Ureme organlar. a. Glossiphonia complanata, b. Piscicola
geometra, c. Hirudo medicinalis, d. Erpobdella octoculata. a,
atrium; ed, sperma kanali; ov, ovisak (ovaryum Kkesesi); t, testisler
(Nesemann & Neubert, 1999).

Testisler, viicudun orta kismindaki segmentlerde birer c¢ift
olmak tizere siralanirlar. Ancak genesiz siiliiklerde (Erpobdella
ve Trocheta) testisler dikkat ¢ekici derecede artmus, kii¢tilmiis ve
sperma kanalini ¢evrelemistir. Testis siralarinin dis taraflarinda
birer sperma kanali uzanir. Her testis ayr1 ayr1 kanalciklarla kendi
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taraflarina ait olan sperma kanalina agilirlar. Her iki biiyiik
sperma kanali 6ne dogru uzanir ve sperma keseleri olarak kabul
edilen birer genisleme yaptiktan sonra ortak bir atriyumda
sonuglanirlar (Sekil 4). Hirudinidae’nin sperma kanallarinin
miisterek olan u¢ kismi1 bir penis ihtiva eder. Atriyum ¢ok kisa,
kompleks ve duvarlari limen i¢ine agilan salgi hiicreleriyle
kusatilmistir. Proksimal salgi bezi prostat olarak isimlendirilir.
Spermatoforlar1 gelismemistir. Spermatogenesis stliklerde ilk
olarak testislerin limeninde yapilir. Rhynchobdellida ve
Pharyngobdellida’da kopulasyon organ1 bulunmaz (Caglar,
1973; Goneng, 2000; Lukin, 1976; Saglam, 2004).

Sekil 4. Helobdellasp.’nin iireme organlari. (A) Ureme organinin
viicuttaki pozisyonu. (B) Dorsal diseksiyon. (C) Sematik iireme
organlar1. a-atrium; ac-atrial korna; os-ovisak; od-ovaryum
kanali; sd- sperm kanali; t-testisak; vd- vasdeferens (Hill, Saglam,
& Shain, 2018).

2.2. Suliklerde Disi Ureme Sistemi

Disi iireme sistemi c¢ok basittir ve daima bir ¢ifttir.
Testisin anterior ¢ifti ile erkek atriyumu arasinda yerlesir (Sekil
5). Her bir yumurtalik germinal dokunun bir toplulugu olup,
icinde birka¢ kokon (yumurta kesesi) bulundurabilir. Kisa bir
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yumurta kanali (oviduct) anterior olarak uzanir ve vaginayla
birlesir. Disi genital delik (gonopor) siiliigiin ventral yuzeyinden
XI. segmentten disar1 agilir. Disi esey agikligi genellikle iki halka
arasindaki olukta yerlesir. Yumurtalar, olgunlagsmamis gamet
seklinde (oocyste) yumurtaliklara birakilir ve olgunlagmasini
kokon sivisi i¢inde tamamlar (Barnes, 1974; R.W. Davies & F.R.
Govedich, 2001; F.R. Govedich et al., 2010; Saglam, 2004).

Sekil 5. Ureme organimin dorsal goriiniisii Myzobdella lugubris. a-
atrium; ac: atrial korna; os-ovaryum kesesi; od-yumurta kanal;
sd-sperm kanali; t-testisak, vd- vasdeferens (Saglam, Saunders,

Lang, & Shain, 2018).
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2.3. Klitellum

Siiliikklerin - viicudunun  klitellum olarak adlandirilan
bolgesi, lireme organlarindan ve {i¢ segmentten (XI-XIII veya X-
XI1I) olusur. Birgok siiliiklerde klitellar bolge tireme zaman1 daha
belirgin goriindiigii halde, bir dizi tiirlerde ise viicudun diger
kisimlarindan fark edilmez (Sekil 6). Bazi siiliikklerde kemer
yavru bireylerde bile digsal isaretlerle ayirt edilebilir. Klitellum
bezlerle zengin olan, erkek ve disi genital deliklerin agildigi
bolgedir. Yukarida da belirtildigi gibi, erkek gonopor her zaman
disi gonoporun Oniinde bulunur ve fark edilecek sekilde disi
gonopordan daha biiyiiktiir. iki delik arasindaki mesafe ve onlari
ayiran halkalarin sayisi ayni cinsin veya daha buyuk sistematik
gruplarin teshisinde 6nemli rol oynar. Ornegin, E.nigricollis’de
gonoporlar arasindaki halkalarin  sayis1 dort veya bes,
E.octaculata’da U¢ veya daha fazla, E.lineata’da ise iki halkadir.
Genital deliklere nadiren halka tizerinde rastlanir, genellikle
halkalar arasindaki oluk i¢inde yerlesir ve bu o6zellik siilik
teshisinde biiyiik 6nem tasir. E.octaculata’nin erkek gonoporu
nerdeyse herzaman halkanin tam {izerinde yerlesir ve halka say1s1
da tcten daha az, genellikle iki buguk halkaya esittir (F.R.
Govedich et al., 2010; Lukin, 1976; Nesemann & Neubert, 1999;
R.T. Sawyer, 1986).

Sekil 6. Siskin klitellum Myzobdella lugubris (Saglam et al., 2018).



Su Uriinleri Alaninda Giincel Konular ve Akademik Degerlendirmeler

3. SULUKLERDE DOLLENME

Palearktik siiliiklerde ¢ogalma genellikle ilkbaharda
baslasa da, bazen istisnalar da goriiliir. Iklim ve beslenme
kosullarinin iireme tizerinde 6nemli bir etkisi vardir. Hatta ireme
donemi ayni cinsin farkli tlirlerinde bile degisim gdsterebilir.
Bdylece, Ureme donemi agirlikli olarak gegici sulak alanlarda
yasayan E.lineata’da ilkbaharda, cesitli kalici sulak alanlarda
genis yaygin olan E.octaculata’da ise ilkbahardan sonbahara
kadar sure biliyor (F.R. Govedich et al., 2010; Lukin, 1976; R.T.
Sawyer, 1986).

Siiliiklerde ¢iftlesme cinse ve tiire goére degisiyor.
Piscicola geometra giftlestigi zamani1 bireyler birbirine iyice
dolasir ve bu karsilikli eslesmede ¢ekmenler ¢ok Onemli rol
oynarlar (Sekil 7). Genital delikler arasindaki halka sayisi ii¢ olan
P.geometra tiiriinde ciftlesme kisin sonlarinda gergeklesir. Koyu
kahve renkli ve 1-1,5 mm uzunlukta olan kokonlara, Mart
ayindan Temmuz’a kadar biiyiik bir tas ylizeyindeki ¢atlaklarda
veya bazen kabuklu canlilarin kabuklari {izerinde ¢ok sayida
rastlanir. Bu siiliik tiirii 1,5-3 giin igerisinde sadece bir embriyon
tastyan 50-90 kokon birakabilir. Kokonun gelisimi su sicakligina
gore degisir. Bu siire ortalama 10-15" C sicaklikta yaklasik 7 -15
giin igerisinde gercgeklesir. Yavru siiliigiin 6lciisii 3,5-6,5 mm
uzunlukta olup ve 3 haftaya kadar beslenmeden yasayabilir.
Dollenme karsilikli ve tek tarafli olabilir. Bu farkliliklar ciftlesen
stiliiklerin pozisyonundan asilidir. Dollenme suresi tire gore
birka¢ dakikadan birka¢ saate kadar degise bilir. Protoclepsis
tessulata’da dollenme suresi ortalama iki hafta, maksimal (¢
hafta strebilir (Elliott & Mann, 1979; Lukin, 1976). Myzobdella
lugubris de P. geometra ile benzer lreme stratejisine sahiptir
(Saglam et al., 2018).

Yasadiklar siirece ektoparazit hayat tarzi siiren siiliikler
(Piscicolidae ve Glossiphoniidae) dollenme zamani konakgidan
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ayrilirlar. Buna neden olarak ise kokonlarin konak¢inin viicuduna
tutturulmasinda mukus salgilamasinin engellemesi
gosterilmektedir (Lukin, 1976).

Ceneli siiliiklerin (Gnathobdellida) bir kisminda déllenme
spermlerin  penis araciligiyla diger Dbireyin vajinasina
nakledilmesi seklinde olur. Digerlerinde sperma kanallarinin ug
kisminda kitinli bir kopulyasyon cihazi (spermatofor) meydana
getirilerek bunlar diger esin derisinden bir yere, ¢ogu zaman
sirtina  saplanirlar ~ (Rhynchobdellida,  Pharyngobdellida).
Spermatoforlarin sekli tiire gore degisir. Hortumlu siiliiklerde
spermatofor elastik oldugu halde, ¢enesiz siiliiklerde ise elastik
degildir (Lukin, 1976).

copulation

ecloparasites

Sekil 7. Piscicola geometra tiiriiniin morfolojisi, ciftlesme ve yasam
tarzi. Olgun siiliik (A), iKki birey ciftlesme sirasinda (B), tatlisu
(Cyprinuscarpio) bahginda ektoparazit yasayan P.geometra (C)

(Kearn, 2004; Kutschera, 2016; Nesemann & Neubert, 1999).
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Spermatoforlar deriye eritici bir tesir yaparlar. Kisa bir
zaman igerisinde spermalar s6lom bosluguna gecerek oradan da
ovaryumlara giderler (Barnes, 1974; Saglam, 2004). Genellikle
penis ile olan dollenme bir tarafli, spermatoforlarla yapilan
dollenme ise karsiliklidir. {lkbaharda sicakligin artisi ile siiliikler
uyarilmakta ve yumurtlama gerceklesmektedir. Ddéllenmeden
kisa bir siire sonra yumurtalar klitellum bezleri tarafindan
salgilanan besleyici albumin ile dolu bir kesenin i¢ine birakilirlar.
Boylece kokon besleyici albumin ile doludur. Bu zaman iginde
klitellum acik¢a belirginlesir (Barnes, 1974; Brown, 1967;
Demirsoy, 1982).

Bazi siiliik tiirlerinde ¢iftlesme ve klitellum tarafindan
salgilanan kokonun iiretimi arasinda dikkat cekecek derecede
gecikmeler vardir. H.stagnalis tiiriinde g¢iftlesme sonbaharda
olmasina ragmen kokon iiretimi ilkbaharda meydana gelir. Bir
siiliigiin kokon iirettigi klitellum bolgesinin siskinlesmesi ve
renginin agilmasiyla kolaylikla anlasila bilmektedir. Klitellum
Erpobdellidae’lerde  disaridan  bakilarak  daha  belirgin
gorunurken, Helobdella tiirlerinde {iretilmis olan kokonun
mikroskop altinda ovaryumda goriilmesi miimkiindiir (Brown,
1967).

4. KOKON OZELLIKLERI

Klitellar annelidler yumurtalarini kokon adi verilen
kesede biriktirirler. Kokonun duvarlar1 polisakkarit ve lifli
proteinden olusan bir mukus maddesi bi¢iminde klitellumdan
salgilanir. Dogal ortam kosullarina uygun olarak, igerisinde kati
koruyucu bir yumurta kapsuli olan bu madde birkag giine kadar
termal, kimyasal ve proteolitik bozulmaya kars1 sertlesebilir (N.
Saglam, 2011). Yumurta kesesi disi gonopordan ¢iktiktan sonra
verimli yumurtalar1 tasir. Piscicolidae’de bir kokon sadece bir
yumurta tasir ve bu sayi tiirlere gore degisir. Erpobdella obscura

11
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bir ireme déneminde 1-4 kokon birakir ve her bir kokonda da 1-
4 yumurta bulunur. H. verbana ise bir ddnemde 1-4 kokon Uretir
ve her kokon 25 embriyo icerebilir (Coleman & Shain, 2009;
Saglam, 2017).

Siiliikler arasinda yavru bakimi olan formalara
(Glossiphoniidae) da rastlanir. Bunlarda ana hayvan ya
yumurtalarii birlikte tasir ya da biraktig1 yere kokonun {izerine
gerilerek onu korudugu gibi, viicudunun dalgalanma hareketleri
ile de yumurtalara taze su gonderir. Sulikler metamorfoz
olmadan yavas yavas ergin hale gegerler (Barnes, 1974; Caglar,
1973; Goneng, 2000; R.T. Sawyer, 1986).

Siiliikler, jeloz, membranli ve siingerimsi olmak {izere {i¢
tip kokon yapisina sahiptir (Coleman & Shain, 2009; Hill et al.,
2018; M. E. Siddall & Burreson, 1996).

4.1. Jeloz Kokon

Yavrularini ve yumurtalarini viicudun ventralinde tagiyan
Glossiphonidae’ler jeloz kokon tiretirler (Sekil 8). Yumurta sarisi
bakimindan ¢ok zengin olan Glossiphonidae’lerin kokonlari ince
duvarli ve seffaf kesenin igerisinde bulunur. Bu tiir kokonlarda
besin maddesi bulunmaz ve kokonun goérevi embriyonu viicudun
ventralinde oldugu silirede onu sadece mekanik etkilerden
korumaktir. Kokondan ¢ikan yavru siiliikkler boylece beslenmeye
hazir olana kadar orada kalirlar. Theromyzon tesselatum
yavrularin1 bes ay siireyle ve T.trizonare ise bir ay kadar karin
tizerinde yapisik olarak tasir. Placobdella ve Helobdella trleri
ise 15-21 giin siireyle yavrularini karin altinda tasirlar (Brown,
1967; Coleman & Shain, 2009; Elliott & Mann, 1979).

Diger siiliik tiirlerinde ise kokonlarin duvari yeterince
kalin olup, besin maddesiyle ¢ok =zengindir. Kiiclik olan
embriyolar proteince zengin besin maddesi sayesinde gelisir ve
bir ay gibi siirede kokondan ¢ikacak duruma gelir. Bu nedenle
kokonun gérevi sadece embriyoyu korumak degil, ayn1 zamanda

12



Su Uriinleri Alaninda Giincel Konular ve Akademik Degerlendirmeler

embriyonunvkokon iginde gelisimini saglamaktir (Lukin, 1976;
R.T. Sawyer, 1986).

Sekil 8. Alboglossiphonia heteroclita’mn dorsal gorinimda (A) ve
karin altinda yavru siiliikler (B). Helobdella stagnalis’in karin
altinda yumurtalarimin goriiniisii (C)(Kaygorodova, 2012).

4.2. Membranh Kokon

Erpobdellidae vePiscicolidae tiirleri sert bir dis yiizeye
sahip membranli kokon iretirler. Piscicolidae tlrlerinde
membranli kokonlar kii¢iik, 1 mm uzunlugunda, bazilarinda hafif
tiiylii bir yapiya sahiptirler ve suda 6zellikle taglarin iizerinde
bulunur (Elliott & Mann, 1979; R.T. Sawyer, 1986). Myzobdella
lugubris kanal yaym baliklarinda parazit olup kokonlari
uzunlamasina c¢izgilere sahip, nispeten kiiciik, sert kabuklu ve
limon seklinde yapiya sahiptir. Bu siiliik tlirii diger baz1 stiliik
tiirlerinde oldugu gibi kokonlarinit uzun eksenin her iki ucunda
operkulum (kutup kapsiilii) icerir, yavrular kokondan ¢ikacagi
zaman bu operkulum kisimlar1 agilarak yavru siiliikler bu
kisimdan disar1 ¢ikarlar (Sekil 9). Bu siiliik bir kokonda sadece
bir yavru sulik dretir (Daniels & Sawyer, 1975; Saglam et al.,
2018).

Erpobdellidae “lerin urettiyi kokon 3 — 8 mm uzunlukta,
ilk basta limon sekilli ve yumusak olur, fakat siiliik onu substrat
tizerinde eliptik kese seklinde diizlestirir ve bdylece, kokonun
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sertleserek renginin de koyu kahve rengine degismesine sebep
olur. Orta dlgiilii ve eliptik sekilli kokonlarin duvart kalindir ve
icerisinde dikkat ¢ekecek derecede fazla embriyon barindirir.
Kokon membran1 seffaf bir yapida olup kokon igindeki
embriyonik gelisimi gbzlemlemek miimkiindiir. Dina lineata’ nin
kokonlar1 dar sekilli oldugu halde, Trocheta’larda kokonlarin
ol¢iisti biiyiik ve yaklasik olarak 5 — 8 mm —dir (Elliott & Mann,
1979; Lukin, 1976; R.T. Sawyer, 1986). Erpobdella obscura da
bu sekilde kokon iireten ve en ¢ok arastirilmis olan tiirlerdendir.
Bu siiliik tiirlintin de kokonlarinin her iki ucunda kutup kapsiilii
bulunmaktadir ve kokonlar1 1-11 kadar embriyo icerebilir
(Davies & Singhal, 1988; Sarieyyupoglu & Saglam, 1998).

Sekil 9. Myzobdella lugubris kokonun dorsal (A) ve lateral (B)
géranami (Saglam et al., 2018).

Myzobdella lugubris tiirii lizerinde yapilan arastirmalar
sonucunda 17- 22° C sicaklikta 67°den fazla kokon birakmasina
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ragmen her kokondan sadece bir embriyon yani bir yavru
cikmistir (Sekil 10) (Saglam et al., 2018).

Sekil 10. Yavru Myzobdella lugubris tiranin gorinima. A)
kokondan yavru ¢ikarken. B) Yavru. C) Yavru-anterior cekmen.
D) Yavru - posterior ¢cekmen. as, anterior cekmen; e, gozler; p,
proboskis; ps, posterior cekmen (Saglam et al., 2018).
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4.3. Siingerimsi Kokon

Hirudo ve Haemopis cinsine dahil olan sultk tarleri
stingerimsi kokona sahiptirler. Bu tiirler singerimsi kokonlarin
sudan ayrilarak cogunlukla nemli topraga, nadiren de nehir
kiyilarindaki tas, bitki ve otlarin {izerine birakirlar. Stingerimsi
kokonlar yaklasik olarak 10 mm uzunlugunda, kalin duvarli ve
oval sekillidir (Sekil 11). Kokon duvarinin i¢ tarafi diiz ve
yumusak, disardan ise silingerimsi tabakayla cevrilidir. Kokon
duvarinin  siingerimsi olmasi1 fazla su kaybin1 engeller.
Piscicola’dan farkli olarak Hirudo’larin kokonlarinda yumurta
sayisi daha fazladir (R.W. Davies & F.R. Govedich, 2001; Elliott
& Mann, 1979; Lukin, 1976; R.T. Sawyer, 1986).

Yar karasal siiliik tiirleri {i¢ tabakali slingerimsi kokon
yapisina sahiptirler. Hirudo ve ona akraba olan tirler (Haemopis,
Limnatis, Hirndinaria ve Macrobdella) salgiladiklar1 kokonlarin
dis kismin1 baslangicta kopiiklekaplar. Bu kopiik kisa bir zaman
icinde sudan ve topraktan aldigr mineral maddeyle birleserek
dallanmis silingerimsi dis tabakayi1 olusturur. Bu periferik yap1
muhtemelen, c¢esitli boyutlardaki kokonu ¢evreleyen orta
derecede viskoz, proteinli bir maddenin katilagmasi ve
dehidrasyonu ile olusur (Saidel, Saglam, Salas-de la Cruz,
Saunders, & Shain, 2018).
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Sekil 11. Kopiiklii madde ile kaplanan Hirudo kokonu (Saidel et
al., 2018).

5. EMBRIYONAL GELIiSIM

Embriyogenezis yumurtanin kokon icerisine birakildigi
andan itibaren baslar. Kokonlar klitellum tarafindan iiretilir.
Klitellum bazi tiirlerde belirgin, digerlerinde ise neredeyse
goriinmez. Klitellum somit zar1 veya sadece ventral kismindan
olusur. Bu da esasen kokon duvarmi ve embriyonik sivi
maddelerini salgilayan iki ile dort tip 6zel glandiilar hiicreler
tarafindan  karakterize edilir. Erpobdella octaculata tirtinde
kokon keratin proteininden olusur ve kitin icermez (Lang &
Shain, 2009; M.E. Siddall, Bely, & Borda, 2006).

Embriogenezis tiim siiliiklerde aynidir. Blastomerler,
modifiye edilmis bir spiral i¢erisinde ve yumurta sarist igerigiyle
ayirt edilebilir. Organogenezin sonunda, embriyon, yavru
stiliigiin genel sekil ve yapisinit kazanmis oluyor. Larva agsamasi
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olmadig1 icin sonraki gelisim diiziinedir. Baz: tiirlerde embriyon
yumurta saris1 yerine albumin sivisi ile beslenir. Bu embriyonlar
cryptolarva adlanir ve Rhynchobdellida’larda meydana gelir
(Lang & Shain, 2009; M.E. Siddall et al., 2006)

Siiliikler arasinda glossifonitlerin embriyonik gelisimi en
iyi ¢alisilmis olanidir.Helobdella, capraz ya da kendi kendine
dollenmeye maruz kalabilen kiiclik bir suda yasayan
hermafroditik siilik cinsidir. Ddllenmis yumurtalar, annenin
ventral yiizeyine tutunmus ince duvarli kokonlara birakilir ve
embriyonik  gelisimin  ¢ogu  burada  gergeklesir.Diger
glossiphoniid  tiirlerine  benzer  sekilde, Helobdella'nin
yumurtalart nispeten bliyliktiir (yaklasik 500 um) ve yumurta
sar1s1 bakimindan da zengindir.Erken embriyogenezde en belirgin
olay, membran6z organeller ve maternal mMRNA ile
zenginlestirilmis teloplazmanin olusumu ve ayrilmasidir. Ik iki
asama sirasinda, teloplazm, dort hiicreli embriyonun en biiyligi
olan D blastomere secgici olarak ayrilir (Sekil 12).ilerleyen
asamalarda, teloplazm ilk 6nce ikiye boliinilir, D’ makromere —
DNOPQ (ektoderm 6ncisl) ve DM (mesoderm 0Oncisl) ve en
sonunda bes teloblast ciftine ayrilir. Bes teloblast ¢ifti arasinda,
dordd (N, iki O / Ps ve Q) blastomer DNOPQ'dan tiretilir ve
ektodermal elementleri olusumuna baslangic verir (4b). N soyu
segmental ektodermin ventral kismini, O ve P soylar1 lateral
kismini, Q soyu ise dorsal kismin1 kaplar. M teloblast cifti,
blastomer DM'den iirer ve mezodermi olusturur.

Teloblast boltmleri surekli olarak yeni patlama hicreleri
eklerken, bandlet (teller) anterior uctaki en eski patlama htcresi
klonu ve posterior ugtaki en geng¢ patlama hiicresi ile daha da
uzar. Ayni tarafa ait olan teloblastlardan bes bantlet (tel,serit)
embriyonun arka ylizeyinde birlesir ve embriyonun sol ve sag
taraflarinda germinal bir bant halinde toplanir. Germinal bant
uzadikga dorsal bir pozisyondan ventral i¢ine dogru hareket eder,
sol ve sag germinal bantlar, germinal plakay1 olusturmak ig¢in
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potansiyel ventral orta hatta bulusmak {izere go¢ eder; germinal
plakanin olusumu bir fermuarlama hareketine benzer. Kirmizi
oklar, germinal bant gé¢ yOniinii gosterir (4c). Bu islem aym
zamanda siilik embriyosunun gastrulasyonunu da olusturur.
Germinal plaka olusumu tim viicut uzunlugu boyunca
tamamlandiktan sonra hiicre farklilasmasi devam eder (4d).
Mezodermde, progresyondan arkaya, germinal plakanin tamamen
olusmasindan sonra progresif olarak arkaya dogru gelisen
kolelomik bosluk olusur. Ventral sinir kordonunun ganglionlari
ve hortomun morfogenezi de ayni asamada gerceklesir. Bu
asamada  bir  Helobdella  embriyosunun  morfolojisi,
Helobdella’da gelisen bir hortomun varligindan baska, bir
Tubifex embriyonsununkine ¢ok benzer. Sonunda, hortum 10.
asamada (siyah ok) oral odaya geri ¢ekilir. Daha sonra, asama
11°de, organogenez meydana geldiginde, septa dejenere ve
mezenkimal biiyiimesi, sélomik boslugu doldurmaya baslar. On
va arka cekmenlerin  morfogenezinin  tamamlanmasi
Helobdella'da embriyonik gelisimin sona erdigini gosterir (Kuo
& Lai, 2018).

felorchl)

Clonal age
{nr}

Sekil 12. Siiliigiin Embriyonal gelisimi (Kuo & Lai, 2018).
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6. SONUC

Yer yiiziinde yasayan ¢ok sayida siilik tlirii vardir.
Bunlarin bir kism1 omurgalilarda, diger bir kismi da omurgasiz
canlilarda paraziter etki gostermektedir. Siiliikler sulara bagimli
olmakla beraber, karasal ve yar1 karasal formlarnn da
bulunmaktadir. Sularda saldirdiklar1 canlilarin basinda baliklar
gelmektedir. Siiliikkleren paraziter etkileri yaninda tibbi 6nemleri
de bulunmaktadir. Eski déonemlerde oldugu gibi, giiniimiizde de
tam kontrollii laboratuvarlarda steril sartlar altinda {iretilen
stiliikler modern tibda kullanilmaktadir. Modern tibta siiliik (H.
medicinalis) ya oldugu gibi canli olarak veya bunlardan elde
edilen ilaglardan yararlanilarak kullanilmaktadir. Siiliiklerin
iiretilmesi ¢ok zor oldugundan ve kiiltiir sartlarinda istenilen
diizeyde bol miktarda {iretilememeleri nedeniyle dogadan
toplanmalar1 tercih edilmektedir. Dogadan ticari amagla
siiliiklerin asir1 toplanmalar1 ise bunlarin neslini tehlikeye
diisiirmiistiir. Uluslararasi CITES so6zlesmesiyle de siiliikler
neslinin devami i¢in koruma altina alinmistir ve bu amagla stiliik
ithracat1 yapan tilkelere kota uygulamasi getirilmistir. Ancak bazi
stiliik tiiccarlar siiliik tiretimi ve yetistiriciligi yapiyoruz diyerek
dogadan topladiklar1 siiliikleri dogal siiliikk iireme alanlarina
stoklayip, bu kotayr delmenin yollarini aramaktadirlar. CITES
sozlesmesiyle sadece tibbi siiliik, Hirudo medicinalis 'in nesli
koruma altina alindigindan bazi firmalar yurt disina solucan ihrag
ediyoruz diyerek de kotayr delebilirler. Bu olumsuzluklari
Onleyebilmek, bu drinin neslini koruyabilmek ve yurdumuza
devamli bir gelir kaynag1 olusturabilmek i¢in hem siiliige dayali
ila¢ sanayinin lilkemizde kurulmasini saglamali, hemde yapilan
ihracatlarda ve siiliik yetistiriciliginde bilimsel anlamda siki bir
denetim ve kontrol mekanizmasi olusturulmalidir.

Sonug olarak, tibbi siiliiklerin bulunmasi agisindan sansh
olan yurdumuzun bu kiymetli kaynagmin daha iyi
degerlendirilmesi ve hirudoterapinin modern tip uygulamalarinda
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tedaviye destek olarak daha etkin bir sekilde kullanilmasi ¢ok
onemlidir. Ulkemizde yapilacak daha detayli arastirmalarla,
stiliiklerden ¢esitli hastaliklarin tedavisinde kullanilabilecek yeni
aktif biyolojik maddeler elde edilebilmesi ve hirudin gibi bilinen
cesitli maddelerin de yerli freticiler tarafindan tretiminin
yapilarak tilkemizde tip hizmetine sunulmasi gereklidir.
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PHOTOBACTERIOSIS IN MARINE FISH:
BIOLOGY, DIAGNOSIS, AND CONTROL

Cagatay NUHAY!
Oguzhan AYAR?
Deha Ali DENiZ?

1. INTRODUCTION

Photobacterium damselae subsp. piscicida (Phdp) is a
Gram-negative, non-motile coccobacillus responsible for
photobacteriosis, an economically significant bacterial disease
affecting various marine fish species. The pathogen was first
described from diseased white perch and striped bass populations
in the United States, and subsequently recognized as a major
threat to the aquaculture of Mediterranean species (Thune et al.,
1993; Magarifios et al., 1992). Photobacteriosis, also referred to
as pasteurellosis, is characterized by acute to chronic septicemia
accompanied by granulomatous lesions in internal organs, often
leading to substantial economic losses in intensive marine fish
farms (Romalde, 2002).

The disease primarily affects warm-water marine fish
including European sea bass (Dicentrarchus labrax), gilthead sea
bream (Sparus aurata), yellowtail, cobia, and other cultured

1 Dr., Bornova Veterinary Control Institute, Bacteriology Laboratory, ORCID: 0000-
0002-1475-3041.

2 Dr., Bornova Veterinary Control Institute, Poultry Diseases Laboratory, ORCID:
0000-0001-6230-9781.

3 Dr., Bornova Veterinary Control Institute, Bacteriology Laboratory, ORCID: 0000-
0002-7885-9523.
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species (Magarifos et al., 1992; Do Vale et al., 2005). Mortality
rates are particularly high at elevated temperatures during
summer and early autumn, when environmental stressors weaken
host immune responses. Clinical signs include lethargy, anorexia,
darkening of the skin, exophthalmia, and the formation of
granulomas in spleen and kidney tissues; infected fish often
exhibit chronic disease progression in cultured populations
(Bakopoulos et al., 2003; Magarifios et al., 2001).

The pathogenicity of Phdp is associated with various
virulence factors such as extracellular products, siderophore-
mediated iron uptake systems, and the antiphagocytic capsule,
which facilitate invasion and enable persistence within host
macrophages (Magarifios et al., 1992; Fouz et al., 2006). Its
ability to survive intracellularly is considered a major challenge,
as it hampers the effectiveness of both innate and adaptive
immune mechanisms. The bacterium is typically transmitted
through horizontal routes in seawater, and high stocking density,
handling stress, and temperature fluctuations increase disease
susceptibility (Bakopoulos et al., 2003).

Mediterranean aquaculture countries including Greece,
Turkiye, and Spain are major global producers of sea bream and
sea bass, both of which are highly susceptible to photobacteriosis
(FAO, 2022). Turkiye ranks among the leading producers,
particularly along the Aegean and Mediterranean coasts, where
sea bass and sea bream farming constitutes a significant portion
of the aquaculture industry (TUIK, 2019). In Tirkiye, outbreaks
caused by Phdp have been reported in sea bass and sea bream
farms, resulting in severe economic losses due to reduced growth,
increased mortality, and treatment costs (Timur & Timur, 2003;
Korun & Timur, G., 2009).

Frequent use of antimicrobial agents has led to variable
resistance  profiles, complicating treatment strategies.
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Vaccination has been attempted; however, variable protective
efficacy continues to restrict its effectiveness in commercial
settings (Fouz et al., 2006). Increasing water temperature,
intensive production systems, and environmental stress remain
the dominant contributing factors promoting disease occurrence
and transmission. Therefore, photobacteriosis remains a critical
challenge in Mediterranean mariculture, necessitating improved
disease management strategies, ongoing surveillance, and
development of effective vaccines to ensure sustainable
aquaculture production.

2. GENERAL INFORMATION ON
PHOTOBACTERIUM DAMSELAE SUBSP.
PISCICIDA

Phdp was first isolated in 1963 from diseased white perch
and striped bass in Chesapeake Bay, United States. The organism
was initially named Pasteurella piscicida; however, subsequent
taxonomic studies reclassified it as Photobacterium damselae
subsp. piscicida (Gauthier et al., 1995; Magarifios et al., 1992).
Although molecular studies have revealed genetic variation
among Photobacterium strains, Phdp is widely accepted as the
primary etiological agent of photobacteriosis in fish (Austin &
Austin, 1993).

Photobacteriosis was initially responsible for severe
economic losses in yellowtail aquaculture in Japan and was later
recognized as an epidemiologically important disease affecting
cultured marine fish species in the United States and Europe
(Thune et al., 1993; Toranzo et al., 2005). Outbreaks have since
been reported in various marine fish species, particularly
European sea bass (Dicentrarchus labrax) and gilthead sea bream
(Sparus aurata). The disease may manifest in acute or chronic
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forms and can result in high mortality rates (Bakopoulos et al.,
2003; Romalde, 2002).

Phdp is a Gram-negative, non-motile, small coccobacillus
that grows optimally at 20-28 °C (Magarifios et al., 1992).
Although primarily adapted to marine environments, it has been
reported to cause disease in susceptible hosts under reduced
salinity and stressful environmental conditions. The bacterium
can be readily isolated from infected tissues; however, diagnosis
may become more challenging in chronic infections due to
granuloma formation in internal organs and its ability to persist
intracellularly within macrophages (Fouz et al., 2006).

The disease is most commonly observed during summer
and early autumn when seawater temperatures are elevated. High
stocking density, handling stress, and environmental fluctuations
are additional factors that may increase susceptibility to infection
(Bakopoulos et al., 2003). Photobacterium infections have caused
substantial economic losses in aquaculture operations along
Mediterranean and Atlantic coasts, not only due to high mortality
but also due to reduced growth performance and increased
treatment costs (Romalde, 2002; Do Vale et al., 2005).

The broad geographic distribution of the pathogen, its
ability to infect multiple host species, and its propensity to cause
both acute and chronic disease make it a pathogen of significant
international concern in aquaculture. Photobacteriosis remains
one of the major challenges in Mediterranean fish farming, and
continued development of effective control strategies and
preventive measures is essential for sustainable aquaculture.
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3. EPIDEMIOLOGY, TRANSMISSION, AND
PATHOGENESIS

The precise onset and early infection dynamics of
photobacteriosis in fish are not fully understood; however, it is
generally accepted that Phdp initially enters through the gills,
skin, or gastrointestinal tract and subsequently disseminates
systemically via the bloodstream, ultimately colonizing internal
organs such as the spleen and kidney (Magarifios et al., 1992; Do
Vale et al., 2005). Phdp is capable of surviving and multiplying
intracellularly within macrophages, which facilitates chronic
infection and contributes to its pathogenicity (Magarifios et al.,
2001; Fouz et al., 2006).

Although several genotypes have been reported in Phdp
populations, their correlation with host specificity and virulence
remains unclear. Molecular typing studies suggest genetic
diversity among isolates recovered from sea bass, sea bream, and
yellowtail; however, further research is needed to determine the
clinical significance of these differences (Magarifios et al., 2000;
Thyssen et al., 2000).

Phdp has a wide geographical distribution and has been
reported in the Mediterranean, Atlantic, and Indo-Pacific regions,
with outbreaks occurring predominantly during the warmer
months when seawater temperatures rise above 18-20 °C
(Toranzo et al., 2005; Romalde, 2002). The organism can persist
in seawater and sediment and may also be maintained by
asymptomatic carrier fish, facilitating its persistence in
aquaculture environments (Thune et al., 1993; Magarifios et al.,
1992).

Larval and juvenile fish are particularly susceptible to
photobacteriosis. Rearing conditions, water quality, stocking
density, and the presence of the pathogen in the aquatic
environment may influence susceptibility to infection. The
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presence of Phdp in live feeds or environmental reservoirs may
facilitate exposure of young fish. Furthermore, the development
of granulomatous lesions in internal organs reflects chronic
disease progression and may be associated with persistent
mortality and reduced growth performance (Bakopoulos et al.,
2003; Do Vale et al., 2005).

Environmental, host, and pathogen-related factors are
strongly interdependent in determining disease outcome.
Stressors such as high stocking density, handling, sudden salinity
changes, poor water quality, and low dissolved oxygen may
increase susceptibility to infection (Thune et al., 1993; Toranzo
et al., 2005). Temperature also plays an important role in disease
development, and outbreaks are generally more frequent at
elevated seawater temperatures.

Phdp virulence is associated with several pathogenic
mechanisms, including antiphagocytic capsule formation,
extracellular products, siderophore-mediated iron acquisition,
lipopolysaccharide, and the ability to survive intracellularly
within host cells. An important virulence factor is AIP56
(apoptosis-inducing protein of 56 kDa), a secreted toxin that
induces apoptosis of macrophages and neutrophils and
contributes to impairment of the host immune response and tissue
damage (Fouz et al., 2006; Do Vale et al., 2005).

Transmission of photobacteriosis is primarily horizontal
and waterborne, with infection occurring through the skin, gills,
and gastrointestinal tract. Contaminated water, infected fish,
carrier fish, and potentially contaminated live feed may contribute
to the transmission and persistence of the pathogen in aquaculture
systems (Magarifios et al., 1992; Bakopoulos et al., 2003). Carrier
fish represent an important reservoir, allowing persistence and
recurrence of disease outbreaks in farms.
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Outbreaks typically arise during warm months when fish
are exposed to multiple stress factors. Poor hygiene, inadequate
water quality, crowding, and handling are important risk factors
facilitating disease spread. Interactions between Phdp, the host,
and other microorganisms present in the aquatic environment
may also influence infection dynamics and disease severity.

Overall, the high virulence, environmental persistence,
intracellular survival, and efficient horizontal transmission of
Phdp make it one of the most significant bacterial pathogens in
Mediterranean marine aquaculture.

4. CLINICAL SIGNS AND PATHOLOGY

Photobacteriosis in cultured and wild marine fish is often
associated with environmental and physiological stressors,
including overcrowding, elevated water temperature, temperature
fluctuations, and handling procedures (Magarifios et al., 1992;
Bakopoulos et al., 2003). Peracute cases, particularly in juvenile
fish, may result in sudden high mortality with few obvious
external signs. In acute infections, affected fish commonly exhibit
lethargy, anorexia, darkening of the body surface, exophthalmia,
and petechial hemorrhages. Necropsy findings may include
hyperemia, splenomegaly, and congestion of internal organs
(Romalde, 2002).

Chronic photobacteriosis is characterized by progressive
infection and the development of granulomatous lesions in
visceral organs. Affected fish may show pale gills associated with
anemia, reduced feeding, weakness, and abnormal swimming
behavior. In some cases, necrotic lesions and skin ulceration may
also occur. Fibrinous adhesions within the peritoneal cavity may
be observed in advanced cases (Do Vale et al., 2005; Fouz et al.,
2006).
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Gross pathological findings commonly include
enlargement of the spleen and kidney, hemorrhagic foci, and
characteristic whitish granulomatous nodules in internal organs.
Abdominal distention and accumulation of fluid in the body
cavity may also occur. Exophthalmia and ocular lesions can be
observed in some affected fish. Skin ulceration is generally less
prominent than in some other bacterial diseases of marine fish
(Magarifios et al., 1992; Bakopoulos et al., 2003).

Histopathologically, photobacteriosis is characterized by
bacteremia, tissue necrosis, and granulomatous inflammation.
Lesions are most commonly observed in the spleen, kidney, and
liver. Granulomas consist predominantly of macrophages and
other inflammatory cells surrounding bacterial aggregates and
necrotic material. Nodular granulomatous lesions in the spleen
and kidney are considered characteristic findings of chronic Phdp
infection (Do Vale et al., 2005; Fouz et al., 2006).

The severity and appearance of the disease may vary
according to fish species, age, environmental conditions, and
stage of infection. In European sea bass (Dicentrarchus labrax)
and gilthead sea bream (Sparus aurata), photobacteriosis is
commonly associated with septicemia and granulomatous lesions
in internal organs. In yellowtail, historically important outbreaks
of Phdp infection have also been characterized by septicemia,
hemorrhagic lesions, and granuloma formation (Thune et al.,
1993; Toranzo et al., 2005).

Overall, the most characteristic pathological findings of
photobacteriosis include splenomegaly, anemia, hemorrhagic
lesions, and whitish granulomatous nodules in the spleen, kidney,
and liver. In chronic cases, granuloma formation is one of the
most important diagnostic features of the disease (Magarifios et
al., 1992; Romalde, 2002).
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5. ISOLATION AND PHENOTYPIC
CHARACTERIZATION

Phdp is typically isolated from the internal organs of
infected fish, particularly the spleen and kidney. Samples are
commonly cultured on Tryptic Soy Agar (TSA), Brain Heart
Infusion Agar (BHIA), or Marine Agar supplemented with 1-2%
NaCl and incubated at approximately 20-25 °C for 48—72 hours
(Magarifios et al., 1992; Toranzo et al., 2005). Because Phdp
grows relatively slowly compared with many other marine
bacteria, extended incubation may improve recovery. Colonies
are generally small, smooth, round, opaque, and whitish to cream-
colored (Austin & Austin, 1993).

Phdp is a Gram-negative, non-motile, small coccobacillus
that is adapted to saline environments and grows optimally at
approximately 20-28 °C (Magarifios et al., 1992). The organism
is oxidase positive and catalase positive and produces acid from
glucose without gas. It is generally non-hemolytic on blood agar.
Its relatively weak biochemical activity may complicate
preliminary identification (Romalde, 2002; Do Vale et al., 2005).

Biochemically, Phdp is typically negative for indole
production, urease activity, H>S production, gelatin hydrolysis,
and nitrate reduction. It also shows limited growth at high
temperatures and generally does not grow at 37 °C. These
characteristics, together with its non-motility and lack of
hemolysis, are useful for differentiation from P. damselae subsp.
damselae.

Phdp strains are considered relatively homogeneous in
their major biochemical and serological characteristics, although
some phenotypic and genetic variation among isolates has been
reported. Commercial biochemical systems such as API1 20E may
support presumptive identification; however, atypical reactions
can occasionally occur.
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Molecular methods are useful for confirmation because
phenotypic identification alone may not always clearly
differentiate closely related marine bacteria. PCR assays targeting
the 16S rRNA gene can be used for identification of P. damselae,
while additional molecular or phenotypic tests are necessary to
differentiate its two subspecies. The ureC gene is typically
present in P. damselae subsp. damselae but absent in Phdp,
making it useful for subspecies differentiation (Gauthier et al.,
1995; Osorio et al., 2000).

On TCBS agar, Phdp generally exhibits poor or no
growth, which provides a useful phenotypic characteristic for
differentiation from several other marine Vibrionaceae, including
P. damselae subsp. damselae and many Vibrio species. Phdp is
also non-motile and lacks functional flagellar motility,
distinguishing it from many motile marine Gram-negative
bacteria (Austin & Austin, 1993).

Phdp is generally susceptible to the vibriostatic agent
0/129, although susceptibility patterns may vary among isolates.
Because of its relatively slow growth, weak biochemical
reactivity, and phenotypic similarity to other members of the
Vibrionaceae, definitive identification is best achieved by
combining culture, biochemical characteristics, and molecular
methods.

6. MOLECULAR IDENTIFICATION AND
GENOTYPING

Genomic DNA isolation is an essential step in the
molecular identification of bacterial pathogens. DNA extraction
generally involves cell lysis, removal of proteins and other
cellular components, and purification of DNA using conventional
organic extraction methods or commercial DNA extraction Kits.
Purified DNA can subsequently be used for PCR amplification,
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sequencing, and other molecular analyses (Newton & Graham,
1994; Kornberg & Baker, 2005; Temizkan & Arda, 2008).

Polymerase chain reaction (PCR) is widely used for the
rapid detection and identification of bacterial fish pathogens. The
method involves repeated cycles of DNA denaturation, primer
annealing, and DNA extension using a thermostable DNA
polymerase. Molecular techniques including conventional PCR,
PCR-RFLP, RAPD-PCR, AFLP, ERIC-PCR, and real-time PCR
have been used for the detection, identification, and genotyping
of Phdp isolates (Newton & Graham, 1994; McPherson & Mgller,
2006; Pelt-Verkuil et al., 2008).

Agarose gel electrophoresis is commonly used to separate
PCR products according to fragment size. Amplified DNA
fragments migrate through an agarose matrix under an electric
field and can be visualized using nucleic acid stains under UV or
blue-light illumination. Fragment sizes are estimated by
comparison with an appropriate DNA molecular weight marker
(Temizkan & Arda, 2008).

Amplification and sequencing of the 16S rRNA gene are
widely used for bacterial identification and phylogenetic analysis.
The presence of conserved and variable regions within the 16S
rRNA gene makes it useful for identifying bacterial taxa and
comparing sequences with reference databases such as GenBank.
However, 16S rRNA sequence analysis alone may not provide
sufficient discrimination between very closely related bacterial
taxa.

This  limitation is  particularly  important  for
Photobacterium damselae subsp. piscicida (Phdp) and P.
damselae subsp. damselae (Phdd), which have highly similar 16S
rRNA sequences. Therefore, additional molecular and
biochemical characteristics are required for subspecies
differentiation. Urease activity and the ureC gene provide useful

38



Su Uriinleri Alaninda Giincel Konular ve Akademik Degerlendirmeler

discriminatory markers. Phdd is generally urease-positive and
carries the ureC gene, whereas Phdp is urease-negative and lacks
ureC. A multiplex PCR combining 16S rRNA and ureC targets
can therefore be used to differentiate the two subspecies (Thyssen
et al., 1998; Osorio et al., 2000; Fouz et al., 2006).

Real-time PCR assays have also been developed for rapid
and sensitive detection of P. damselae and differentiation of its
subspecies. Depending on the assay design, specific genomic
targets and sequence differences can be used for detection and
discrimination. Molecular methods provide important advantages
for detecting the pathogen directly in infected tissues, particularly
when bacterial numbers are low or conventional culture is
difficult.

For epidemiological investigations and  strain
differentiation, several DNA-based fingerprinting methods have
been applied to Phdp. RAPD-PCR, ERIC-PCR, REP-PCR,
AFLP, and PCR-RFLP have demonstrated varying
discriminatory ability among isolates from different hosts and
geographical regions. AFLP and other fingerprinting approaches
have been particularly useful for demonstrating genetic
differences between Mediterranean and Japanese Phdp isolates.

When greater discriminatory power is required, sequence-
based approaches such as multilocus sequence analysis and
whole-genome sequencing can provide more detailed information
on genetic relationships, epidemiology, and virulence-associated
characteristics of Phdp isolates.

7. TREATMENT, ANTIMICROBIAL
RESISTANCE, AND VACCINATION

Effective control of photobacteriosis depends primarily on
maintaining good water quality, appropriate feeding, suitable
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stocking densities, and reducing environmental and handling
stress. Poor husbandry conditions can increase susceptibility to
infection and contribute to disease outbreaks (Magarifios et al.,
1992; Romalde, 2002).

Antimicrobial agents have traditionally been used for the
treatment of  photobacteriosis. Compounds such as
oxytetracycline, florfenicol, quinolones, and potentiated
sulfonamides have been used against Phdp infections. However,
treatment success may be limited in severely affected fish because
anorexia reduces the intake of medicated feed and because Phdp
can survive intracellularly within host cells (Do Vale et al., 2005;
Fouz et al., 2006).

Antimicrobial resistance is an important concern in Phdp.
Resistance to  tetracyclines, sulfonamides, ampicillin,
chloramphenicol, florfenicol, and other antimicrobial agents has
been reported in different geographical regions. Several
resistance determinants may be carried on transferable genetic
elements, contributing to the spread of antimicrobial resistance
among bacterial populations. Therefore, antimicrobial treatment
should preferably be based on susceptibility testing rather than
empirical selection of antibiotics (Fouz et al., 2006; Thyssen &
Ollevier, 2001; Kim et al., 2008).

Studies from different countries, including Trkiye, have
demonstrated  considerable  variation in  antimicrobial
susceptibility profiles among P. damselae isolates. This
geographical and strain-dependent variation highlights the
importance of regular antimicrobial susceptibility testing and
prudent antimicrobial use in aquaculture (Korun & Timur, G.,
2009).

In addition to antimicrobial treatment, disease control
should include improved husbandry, reduction of stocking stress,
removal of diseased or dead fish, appropriate disinfection of
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equipment and facilities, and maintenance of good water quality.
These measures help reduce environmental bacterial loads and
limit transmission within aquaculture facilities.

Vaccination is one of the most important preventive
strategies against photobacteriosis. Various inactivated bacterins,
attenuated vaccines, and recombinant or subunit vaccine
candidates have been investigated. Commercial and experimental
vaccines have provided variable levels of protection depending
on fish species, vaccine formulation, administration route, and
environmental conditions (Magarifios et al., 1992; Toranzo et al.,
2005).

Vaccines can be administered by immersion, injection, or
oral routes. Immersion vaccination is practical for large numbers
of small fish and causes relatively little handling stress, whereas
injection vaccination generally provides stronger and longer-
lasting protection but requires more labor and handling. Oral
vaccination is convenient but may provide more variable
protection.

Despite considerable progress, complete and long-lasting
protection against Phdp remains difficult to achieve under all
farming conditions. Therefore, vaccination should be combined
with good husbandry practices, biosecurity measures, disease
surveillance, and responsible antimicrobial use as part of an
integrated photobacteriosis control program.

8. CONCLUSION

Photobacteriosis caused by Photobacterium damselae
subsp. piscicida remains an important bacterial disease of marine
fish, particularly in intensive aquaculture systems. The disease
can cause acute or chronic infections, high mortality, reduced
growth performance, and considerable economic losses.
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Environmental stress, high stocking density, elevated water
temperature, and poor husbandry conditions may increase the risk
and severity of outbreaks.

Although antimicrobial agents can be used for treatment,
the emergence of antimicrobial resistance and reduced feed intake
in diseased fish may limit treatment success. Therefore,
antimicrobial therapy should be based on susceptibility testing
whenever possible, and unnecessary or inappropriate
antimicrobial use should be avoided.

Effective control of photobacteriosis requires an
integrated approach combining early diagnosis, good water
quality, appropriate stocking densities, biosecurity, regular health
monitoring, vaccination, and responsible antimicrobial use.
Continued research on improved vaccines, rapid diagnostic
methods, antimicrobial resistance, and disease prevention
strategies will contribute to more effective control of
photobacteriosis and the sustainability of marine aquaculture.
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