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2. WYKAZ SKROTOW

B. ballerus — Ballerus ballerus L. — rozpior, siniec

CPH - homogenat przysadki karpia

GnRH - analog hormonu uwalniajgcego gonadotroping u ssakow

HCG - ludzka gonadotropina kosméwkowa

GSI - wspotczynnik gonadosomatyczny

DPH — (ang. days post hatching) - dni po wykluciu

ITL/TLI - wspotczynnik przyrostu dlugosci catkowitej na jednostke czasu
SGR - wzgledne tempo wzrostu masy ciata

SBR - wzgledne tempo wzrostu biomasy

RGR - relatywne tempo przyrostow masy osobnika

RBR - relatywne tempo przyrostow biomasy

RFL - wzgledny sredni wzrost koncowy

RFW - wzgledna $rednia masa koncowa

RFB - wzgledna srednia biomasa koncowa

ppt — (ang. parts per thousand) - liczba czeSci na tysigc, stosowane przy wyrazaniu st¢zen
Artemia sp. — solowiec (skorupiak planktonowy)

SD — (ang. standard deviation) - odchylenie standardowe

NacCl - chlorek sodu

CacCl; - chlorek wapnia

MgCl: - chlorek magnezu

CaCOs.- weglan wapnia

MgCOz3 - weglan magnezu

pH - miara kwasowosci lub zasadowosci, ktora wskazuje ilo$¢ jonow wodorowych
obecnych w roztworze lub substancji

NH3 — amoniak



3. WPROWADZENIE

Akwakultura jest najszybciej rozwijajaca si¢ galezia gospodarki ludzkiej na §wiecie.
Glowna jej rola jest hodowla zwierzat wodnych jako zrodta wartosciowej
i zdrowej zywnos$ci. Dzigki opracowanym protokolom hodowlanym mozliwa stata si¢
produkcja w warunkach kontrolowanych ryb nalezacych do nadgromady bezzuchwowcow
(Agnatha) oraz do gromad ryb chrzestnoszkieletowych (Chondrichthyes), mig$nioptetwych
(Sarcopterygii) 1 promienioptetwych (Actinopterygii), jak rowniez migczakow wodnych
nalezacych do typu Mollusca oraz skorupiakow wodnych z podtypu Crustacea. Ponadto
mozliwo$ci produkcyjne i zdobyta wiedza wykorzystywane sa do ochrony ryb
1 bezkregowcoOw - zaréwno poszczegolnych gatunkow jak 1 konkretnych populacji.
W zwigzku z tym opracowywane lub rozwijane sg technologie rozrodu oraz podchowu nie
tylko gatunkow ryb, ktore sg lub potencjalnie moga sta¢ si¢ cennym surowcem
do produkcji zywnosci, ale rowniez gatunkow, ktorych liczebnos¢ w wodach otwartych
spada lub zmniejszyta si¢ tak, ze sa zagrozone wyginieciem (Kujawa i in. 2019, Lepi¢ i in.
2020, Kujawa, Piech 2021, Nowosad i in. 2021a, Szmyt i in. 2021). Gatunki ryb, ktore nie
maja znaczenia gospodarczego, stanowig jednak cenny sktadnik ekosystemow wodnych
wplywajgcy na ich bior6znorodnos¢. Byto tak w przypadku kilku gatunkéw reofilnych ryb
karpiowatych, ktére nie majg znaczenia gospodarczego, lub/ani wysokiego statusu
ochronnego np.: bolenia Leuciscus aspius (Kujawa i in. 1997; Targonska i in. 2010), jazia
Leuciscus idus (Cejko i in. 2010; Kupren i in. 2011; Targonska i in. 201la, 2012;
Kucharczyk i in. 2020), jelca Leuciscus leuciscus (Cejko i in. 2012; Nowosad i in. 2014;
Targonska i in. 2015; Kucharczyk i in. 2019), klenia Squalius cephalus (Krejszeff i in. 2008,
2010; Kupren i in. 2011), brzany Barbus barbus (Targofiska i in. 2011b; Zarski i in. 2011,
Nowosad i in. 2016, 2020, 2021b; Prusinska i in. 2020) oraz wzdregi Scardinius
erythtrophthalmus (Kucharczyk i in. 1997a).

Stan jakosci srodowiska, a przede wszystkim wod $rodladowych, z roku na rok ulega
degradacji. Zmiany te s3 na tyle powazne, ze zagrazaja wielu organizmom (Molenda 2018).
Istnieje wiele czynnikow, ktore wpltywaja na taki stan rzeczy. Moga to by¢ czynniki
naturalne lub antropopresja. Zmiany klimatu, ktore poniekad sa czynnikiem naturalnym,
moga wywolywac susze (niskie stany wod), jak rowniez intensywne opady powodujace
katastrofalne wezbrania wody (Portner i Peck 2010; Aldous i in. 2011). Poza naturalnymi

przyczynami negatywnych procesow zachodzacych w $srodowisku ladowym, jak réwniez



w ekosystemach wodnych, sa takze i te wywotlane irracjonalng oraz nieprzemyslang
dziatalnoscig cztowieka. Pod ogromna presja znajdujg si¢ rzeki ze wzgledu na sztuczne
modyfikacje przeplywu, doptyw $ciekéw z gospodarstw domowych 1 przemyshu
oraz zmiany w uzytkowaniu gruntow zlewni (np. rolnictwo i gérnictwo) (Malmqvist
i Rundle 2002; Nel i in. 2007; Vorosmarty i in. 2010). Czynniki te w rézny sposob
przyczyniajg si¢ do zmian fizyko-chemicznych wody, w tym rowniez do jej zasolenia.
Najczesciej sg to substancje niespotykane w takich ilosciach w ciekach, nawet strefy
przyuj$ciowej. Ich oddzialywanie na organizmy zamieszkujace dany odcinek cieku jest
niejednoznaczne. Nie zawsze od razu widoczne sg negatywne skutki inwestycji ingerujacych
w Srodowisko. Wszelkie kopalnie, zarowno odkrywkowe jak 1 te podziemne, zajmujace si¢
wydobyciem réznych surowcoéw, zanieczyszczajg srodowisko wodami pokopalnianymi
(Hiibner 2007; Sauer i in. 2016). Wody pokopalniane wystepuja w kazdej kopalni, a ich
zrodlem s3 warstwy wodonosne. Roznig si¢ one zawartoscig jonoéw chlorkowych,
siarczanowych jak rowniez zwigzkami metali ciezkich. Wody te, zawierajgce duze ilo$ci soli
oraz metali ciezkich trafiajg do rzek, a nastgpnie do morz. Doptyw wod pokopalnianych
do rzek powoduje ich zasolenie, co nie jest bez znaczenia dla organizméw W nich
wystepujacych. Warto w tym miejscu zaznaczy¢, iz wody zasolone pochodza nie tylko
z kopalni. Okresowym, wystepujagcym tylko w okresie zimowym, zrodtem wod silnie
zasolonych sg sptywy z drog (Cafiedo-Argiielles i in. 2013). Zwigzane jest to ze stosowaniem
soli jako $rodka zmniejszajacego zlodzenie nawierzchni. Najpopularniejszymi $rodkami
przeciwoblodzeniowymi sg nieorganiczne sole na bazie chlorkow, tj. chlorek sodu (NaCl),
chlorek magnezu (MgCl2) i chlorek wapnia (CaCl;). Po zastosowaniu sole drogowe
rozpuszczaja si¢ 1 przedostajg do ekosystemow stodkowodnych poprzez stony przeptyw
ladowy generowany przez topniejacy $nieg lub deszcz oraz poprzez zrodta wod gruntowych
(Evans i Frick 2001; Hintz i Relyea 2019). Zasolenie wod s$rodladowych wptywa
na biocenoze wod Srodladowych, a przede wszystkim na zachowania behawioralne
organizméw wodnych, w tym rowniez ryb. Zanieczyszczenia solankowe prowadza
do trwalego oddziatywania chemicznego na wodne biocenozy (Braukmann i Béhme 2011).
Dotyczy to zwlaszcza organizmow o malej mobilno$ci oraz wrazliwych na zmiany
zasolenia. Szczegblnie wrazliwe na zmiany w $rodowisku wodnym sg stadia mtodociane
ryb, migczaki, skorupiaki denne i larwy owadow. Sptywy do ciekdw solanki o nieobojetnym
dla srodowiska sktadzie moze by¢ przyczyna procesu wymierania wrazliwych gatunkow ryb
i innych organizméw zamieszkujacych dany odcinek rzeki (Hinz i Relyea 2017).

Permanentne sptywy wod zasolonych oraz brak mozliwosci przemieszczania si¢
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organizméw wodnych w celu uniknigcia negatywnego wpltywu wody o znacznym stopniu
zasolenia nie tylko prowadza do wymierania stabszych i mniej odpornych gatunkow, lecz
réwniez ograniczaja rozwdj gatunkow mniej wrazliwych. Dotyczy to szczegdlnie
wczesnych stadidéw rozwojowych stenohalinowych ryb karpiowatych, ktére sa mato odporne
na zmiany zasolenia (Swanson 1998). Do ryb, ktére nie unikajg wod stonawych, nalezg ryby
tzw. wod przejsciowych. Zamieszkujg one ujscia rzek oraz zatoki przymorskie. Wsrod
gatunkow wystepujacych w takich wodach mozna wymieni¢ sandacze Sander lucioperca,
okonie Perca fluviatilis, sieje Coregonus lavaretus, ptocie Rutilus rutilus, migtusy Lota lota,
leszcze Abramis brama, bolenie, szczupaki Esox lucius, cierniki Gasterosteus aculeatus oraz
tososiowate Salmonidae. Ryby te korzystaja z bogatych w pokarm wod morskich, gdzie
zerujg oraz odpowiednich do rozrodu wéd stodkowodnych, gdzie przystepuja do rozrodu.
Weczesne stadia rozwojowe wymienionych gatunkow ryb sg znacznie bardziej tolerancyjne
na zasolenie niz ryby stenohalinowe. W strefach przyujsciowych wystepuja réwniez gatunki,
ktore bardzo rzadko wptywaja do wod zasolonych 1 wigkszo$¢ cze$¢ zycia spedzajg w

wodach stodkich.

Ochrona biordznorodnosci ichtiofauny stata si¢ kluczowym elementem zapewniania
poglowia ryb w wodach srodladowych, zarowno tych stojacych jak i ptynacych. Zachowanie
bior6éznorodnos$ci nie jest mozliwe bez skutecznej ochrony srodowiska. Poprzez ochrong
srodowiska rozumie si¢ ograniczenie postepujgcej antropopresji (zanieczyszczanie wod,
nadmierna melioracja, wydobycie kruszywa z koryt rzecznych etc.) (Goryczko i Witkowski
2009). Istotnymi elementami ochrony gatunkoéw sg rowniez metody in situ i ex situ. Dotyczy
to glownie ryb zagrozonych wyginieciem, waznych z konsumpcyjnego punktu widzenia
lub istotnych dla szeroko pojetej turystyki wedkarskiej (Szmyt i in. 2021). Odpowiedni stan
populacji ryb w wodach $§rédladowych wspomagany jest poprzez produkcj¢ materiatu
zarybieniowego pochodzacego z akwakultury (akwakultura zachowawcza) (Sliwinski i in.
2016; Zakes i in. 2016).

Rozw¢j akwakultury pozwolit na opracowanie wielu mechanizméw (protokoty
rozrodcze, protokoty hodowlane, stada rozrodcze) stuzacych ochronie nie tylko gatunkow
cennych gospodarczo, jak roéwniez tych, ktore wptywaja na bior6znorodnos¢ zbiornikow, w
tym  gatunkow  wskaznikowych  oraz  zagrozonych  wyginigciem  (Gorzel
i Kornijow 2004; Kujawa i Piech 2021). Wysokie koszty produkcji zwigzane migdzy innymi
z optatami za wode, energi¢ oraz wynagrodzenia pracownikoéw sg czesto przeszkoda do

rozpoczecia hodowli/chowu nowych gatunkéw. Mimo tego globalna rosnaca §wiadomos$¢



cztowieka 1 jego troska o ekosystemy stwarza okazje dla hodowcow
na wprowadzanie nowych gatunkéw do akwakultury w celu opracowania ich protokotow
podchowowych w celach zarybieniowych, wspomagajacych naturalne populacje. Do takich
ryb mozemy zaliczy¢ rozpiora Ballerus ballerus (L.), gatunek ryby z rodziny Cyprinidae,

ktory jest jedynym z dwodch przedstawicieli rodzaju Ballerus wystepujacych w wodach

srédladowych Polski.

Fot. 1. Rozpidr, siniec - Ballerus ballerus (Linneusz, 1758) fot. R. Kujawa

Gatunek ten zamieszkuje gtownie jeziora i dolny bieg wigkszych rzek zlewisk Morza
Potnocnego 1 Baltyku (Wezery, Elby, Odry, Wisty, az do basenu Newy, potudniowe;j
Szwecji 1 potudniowej Finlandii), w dorzeczu Dunaju (od gornej Austrii, jeziora Neusiedler
i Platten), w potnocnych doptywach Morza Czarnego i Morza Azowskiego (Dniestr, Dniepr,
Don), az do Wotgi i Uralu (Hesse i Witkowski 1996, Tadajewska 2000).

Rozpioér ksztaltem ciata przypomina krapia Blicca bjoerkna oraz sape Ballerus sapa.
W odréznieniu od wymienionych gatunkow posiada najwigcej tusek w linii bocznej 62-77
(sapa - 47-52, a krap 50-58) (Levin i Levina 2014). Zywi sie planktonem - wio$larkami
i widlonogami oraz bentosem. Ryby te osiagaja dojrzatos¢ ptciowa w wieku 3-5 lat (Chasem

1969). Dojrzate samice maja co najmniej 24,1 cm dlugosci, a dojrzate samce 20,6 cm



(Karabanowicz i Kompowski 1994). Do rozrodu przystepuja Wiosna, zwykle od kwietnia
do potowy maja, gdy temperatura wody przekroczy 12°C (Kompowski 1992, 1997).
Na miejsce tarta wybierajg plytkie, silnie zarosnigte roslinnoscig przybrzezne odcinki rzeki.
Jego ikra przed uwodnieniem ma $rednicg 1,5 mm. Po uwodnieniu zwigksza swoja $rednice

i staje si¢ kleista. Najczesciej samica sktada od 4000 - 25 000 ziaren ikry.

W ostatnim okresie areal wystepowania tego gatunku, gtownie na terenie Europy, ulegt
drastycznemu zmniejszeniu. Taka sytuacja jest wynikiem szeregu czynnikow
oddziatywujacych przez wiele lat na bior6znorodno$¢ ekosysteméw wodnych. Wsrod nich
mozna wymieni¢: dlugotrwatg rabunkowa eksploatacje rybacka, antropogeniczne zmiany
1 zanieczyszczenia $rodowiska wodnego oraz introdukcj¢ nowych gatunkéw. Obecnie
jeszcze dos¢ liczna 1 stabilna populacja rozpiora wystepuje wylacznie w Zalewie
Szczecinskim 1 jeziorze Dabie, cho¢ jej liczebnos¢ ulega znacznym wahaniom.
Mimo do$¢ sporej populacji tego gatunku w wymienionych wodach $rédladowych,
obserwuje si¢ tendencje spadkowa ,»CZystych genetycznie  populacji”
na skutek krzyzowek miedzygatunkowych (Rolik 1967). NajczeSciej obserwuje si¢
krzyzowki rozpiora z krgpiem. Do krzyzowek tych najczesciej dochodzi w miejscach, gdzie
naktadajg si¢ ich terminy i miejsca tarta. W pozostatych przylegtych wodach gatunek ten

traktowany jest jako osobliwo$¢ faunistyczna.
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3.1. HIPOTEZY BADAWCZE ORAZ CEL PRACY

Na podstawie analizy problemu badawczego oraz aktualnego stanu wiedzy dotyczacego
biotechniki rozrodu rozpiora oraz wplywu réznych czynnikéw na wzrost i przezywalnosc¢
larw tego gatunku w warunkach kontrolowanych, postawiono nast¢pujgce hipotezy
badawcze (H):

H1: Efektywnos$¢ rozrodu rozpiora zalezy od stymulacji srodkami hormonalnymi.
H2: Wzrost i przezywalnos$¢ larw zalezna jest od temperatury wody.
H3: Wzrost i przezywalnos$¢ larw zalezna jest od zageszczenia obsady.

H4: Wzrost i przezywalno$¢ larw zalezna jest od momentu zastgpienia zywego pokarmu

pasza komercyjna.
H5: Wzrost i przezywalnos¢ larw zalezna jest od zasolenia wody.

Powyzsze hipotezy byly podstawg do sformutowania gldéwnego celu rozprawy
doktorskiej, ktorym jest opracowanie biotechniki rozrodu rozpiéra oraz wptyw wybranych
czynnikéw biotycznych i1 abiotycznych na wzrost oraz przezywalnos¢ larw w warunkach
kontrolowanych. Powyzszy cel =zostal zrealizowany poprzez realizacj¢ celow

szczegotowych (C), przedstawionych ponizej:

C1: Opracowanie metody rozrodu rozpiéra z uwzglednieniem stymulacji $rodkami

hormonalnymi.
C2: Okreslenie wplywu temperatury wody na wzrost 1 przezywalnos$¢ larw rozpiora.
C3: Okreslenie wptywu zageszczenia obsady na wzrost i przezywalno$¢ larw rozpidra.

C4: Okreslenie optymalnego momentu zastgpienia zywego pokarmu pasza komercyjng oraz

jego wptywu na wzrost i przezywalno$¢ larw rozpiora.

C5: Okreslenie wptywu zasolenia wody na wzrost 1 przezywalno$¢ larw rozpiora.
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4. MATERIALY I METODY

W pracy przedstawiono wyniki badan przeprowadzonych w czasie pigciu etapow
badawczych, ktorych rezultaty zostaly opublikowane w nastepujacych publikacjach
naukowych (rys. 1):

* Etap I: rozréd rozpidra w warunkach kontrolowanych

Artificial reproduction of blue bream (Ballerus ballerus L.) as a conservative method under
controlled conditions. Animals, 11 (5), 1326.

» Etap II i 111: wptyw temperatury oraz zaggszczenia obsady na wzrost i przezywalno$é

larw rozpiora

Influence of temperature and stocking density during rearing on larval blue bream, Ballerus
ballerus (L.). Fisheries & Aquatic Life, 31, 31-43.

» Etap IV: wplyw zastgpowania pokarmu na wzrost 1 przezywalno$¢ larw rozpiora

Impact of replacing natural food with commercial feed on the growth and survival of blue
bream larvae (Ballerus ballerus) under controlled conditions. Fisheries & Aquatic Life, 30,
192-201.

* Etap V: wptyw zasolenia wody na wzrost 1 przezywalnos$¢ larw rozpiora

Effect of different water salinities on the larvae of the blue bream Ballerus ballerus
(Linnaeus, 1758) during rearing. Animals, 13(7), 1245.
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Rysunek 1. Schemat przedstawiajacy etapy badan wykonanych w ramach rozprawy
doktorskiej

4.1. PROCEDURY BADAWCZE

Wszystkie procedury na zwierzetach byly przeprowadzone zgodnie z przepisami
opisanymi w polskim kodeksie postepowania dotyczacym opieki 1 wykorzystywania

zwierzat do celow naukowych (Dz.U. 2015 poz. 266).

4.2. POCHODZENIE | PRZETRZYMYWANIE RYB

Tarlaki rozpiora podchodzity z jeziora Dabie (pétnocno-zachodnia Polska). Tarlaki
pozyskiwano w okresie ich naturalnego tarta (potowa maja) przy pomocy sprzgtu stawnego
— zaki oraz wontony. Po ostroznym uwolnieniu ryb ze sprz¢tu potowowego, umieszczono je
w pojemnikach z intensywnie natleniong woda (Kujawa i in. 2011). Nastgpnie przewieziono
je do basenow podchowowych znajdujacych sie¢ w Centrum Akwakultury
1 Inzynierii Ekologicznej na Wydziale BioinZzynierii Zwierzat Uniwersytetu Warminsko-

-Mazurskiego w Olsztynie (pétnocno-wschodnia Polska).
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4.3. MANIPULACJE Z RYBAMI

Wszystkie manipulacje z rybami przeprowadzano wprowadzajac je uprzednio w stan
anestezji w roztworze wodnym MS-222 (ARGENT Chemical Laboratories, Inc., Redmond,
WA, USA) w dawce:

- 50 mg MS-222 na 1 dm®wody - dla larw rozpiora,

- 100 mg MS-222 na 1 dm*wody - dla tarlakow rozpidra.

4.4. OPIS EKSPERYMENTOW
4.4.1. Rozrod w warunkach kontrolowanych

Tarlaki rozpidra zostaly podzielone wedtug pici 1 umieszczone w oddzielnych
basenach tarlakowych (Kujawa i in. 1999). Baseny o pojemnosci 1000 dm® wykonane byty
z tworzywa sztucznego. Posiadaly one niezalezne systemy: natleniania, ptynnej regulacji
temperatury wody, filtry zewne¢trzne EHEIM 2260 ze ztozem biologicznym oraz lampy UV.
Temperatura wody w basenach wynosita 14,5°C i nie roznifa si¢ od aktualnie panujace] w
jeziorze Dabie podczas odlowu ryb.

Rozroznienie pici tarlakow rozpiodra nie bylto ktopotliwe. Samice w okresie tarta majg
sliskg lub lekko chropowatg tuskg. Zauwazy¢ mozna nabrzmialg brzuszng parti¢ ciata
z wyraznie wystajacg brodawka piciowa. Samce w tym czasie majg pysk, glowe oraz pletwy
piersiowe zabarwione na lekko zéttawy kolor. Spod ciata majg ciemny. Za ptetwa odbytowas,
a przed ogonowa majg na ciele powierzchni¢ szorstkiej tuski (dobrze wyczuwalng
pod palcami) o lekko zéttawym kolorze. Poza okresem rozrodczym dymorfizm pltciowy jest
stabo zaznaczony. Gotowo$¢ samic do rozrodu okreSlono na podstawie wygladu
zewngetrznego oraz pobierajac przyzyciowo probki oocytow wedlug metodyki opisanej
przez Kujawe i Kucharczyka (1996). Pobrane oocyty byly nastepnie prze$§wietlane w ptynie
Serra. Oocyty samic byly w 3 stadium rozwojowym (Brzuska i Bieniarz 1977). Jest
to optymalne stadium, w ktorym nalezy stymulowa¢ ryby karpiowate podczas
kontrolowanego rozrodu (Kujawa i in., 1998; Brzuska 2000). Do badan wykorzystano 40
samic i 10 samcow (tab. 1). Masa ciata ikrzyc rozpiora wykorzystanych do rozrodu zawierata

si¢ w przedziale od 404-995 g.
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Tabela 1. Charakterystyka tarlakow rozpiora uzytych w doswiadczeniu.

min.—max.  404-995 34-48 208-443 33-39
() 501,6 37,8 387,8 35,8
(+ SD) 138,7 3,0 40,3 1,9

Po 24 godzinach od wpuszczenia tarlakow rozpidéra w basenach podwyzszono
temperature wody do 16°C i przystapiono do stymulacji substancjami hormonalnymi.
Zastosowano trzy preparaty:

e Ovopel, zwierajacy analog ssaczego GnRH (D-Ala®, Pro®-Net-mGnRH)
oraz metoklopramid jako antagoniste¢ receptorow dopaminowych (Unic-trade,
Budapest, Hungary) (Horvath i in. 1997);

e CPH - homogenat przysadki mozgowej karpia (Argent, Redmont, WA, USA);

e Ovaprim, zawierajacy analog lososiowego GnRH (D-Arg® Pro°-Net-sGnRH)
oraz domperidon jako antagoniste receptorow dopaminowych (Syndel, Nanaimo,
Canada) (Peter i in. 1993).

Stymulowano tylko samice, gdyz samce oddawaty nasienie po lekkim ucisku partii
brzusznej w okolicy otworu plciowego. Przed iniekcjami samice byly wazone na wadze
elektronicznej KERN z doktadnoscia do 0,1 g. Sproszkowany homogenat przysadki
mozgowej karpia CPH oraz Ovopel rozcierano w szklanym homogenizatorze, a nastepnie
rozpuszczono w 0,9% roztworze NaCl. Wszystkie iniekcje hormonalne dokonywano
dootrzewnowo, pod nasad¢ lewej pletwy brzusznej. Wielkos¢ dawek poszczegdlnych
preparatow przedstawiono w tabeli 2.

Tabela 2. Srodki hormonalne i ich dawki uzyte w kontrolowanym rozrodzie samic rozpiéra

Grupa I I Il Kontrola
0,2 po 24
Iniekcje 0,4 po 24 godzinach 3,6 godzinach 1,2 0,5 2
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Ikrzyce z poszczegélnych grup doswiadczalnych zostaly poznakowane przy uzyciu
znaczkow typu floy-tag (Basavaraju i in. 1998; Rikardsen i in. 2002). Grup¢ kontrolng
stanowily samice iniekowane tylko plynem fizjologicznym.

Po zaaplikowaniu ikrzycom catkowitej dawki substancji hormonalnej temperaturg
wody w basenie podniesiono do 19°C (£ 0,5°C). Przeglad ikrzyc rozpoczeto po 12 godzinach
od wykonania Il iniekcji. Po tym czasie pozostate samice przegladano juz co godzing.
Wszystkie manipulacje z rybami przeprowadzano po ich anestezji w roztworze MS 222.

Ikre uzyskang od samic z poszczegdlnych grup kolekcjonowano oddzielnie
w plastikowych naczyniach, a nast¢pnie zaptodniono mleczem od kilku samcow. Nastepnie
ikre pochodzaca od kazdej samicy przed umieszczeniem w aparatach inkubacyjnych
pozbawiano kleistosci. Poczatkowo ptukano ja w roztworze mocznika z solg (40 g mocznika,
30 g NaCl - 10 dm® wody), a nastepnie przez kilka sekund w roztworze taniny (7 g taniny -
10 dm® wody). Po pozbawieniu ikry kleistosci umieszczono ja w mini aparatach
inkubacyjnych Weissa o objetosci 1,8 dm®pracujacych w obiegu zamknietym (Kujawa i in.,
2000). W trakcie trwania inkubacji ikry prowadzono obserwacje rozwoju embrionalnego
rozpidra oraz z kazdego stoja pobierano losowo proby w celu okreslenia ilosci zywych
zarodkow w fazie zaoczkowania, w stosunku do catkowitej liczby ziaren ikry uzytych
do obserwacji [%]. Nastepnie pobierano rowniez proby aktywnie pltywajacego wylegu, aby

obliczy¢ % wylegu w stosunku do catkowitej liczby ziaren ikry uzytych do obserwac;i.

W trakcie doswiadczenia rejestrowano rOwniez nastepujgce parametry:

e mase ikry uzyskanej od kazdej z owulujacych samic — okreslano przy uzyciu wagi
elektronicznej z doktadnoscig do 0,1g,

e czas latencji — okres pomiedzy zastosowaniem preparatu stymulujacego a
wystapieniem owulacji [h],

e liczbe samic owulujacych, w stosunku do samic stymulowanych [%],

e Smiertelno$¢ ikrzyc z poszczegolnych grup doswiadczalnych [%],

Nastepnie wyliczono GSI w nastepujacy sposob:

GSI =100 Wg x Wy, !

gdzie: Wy - to masa pozyskanej ikry (g), W» - calkowita masa ryby (g)

przed pozyskaniem ikry.
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4.4.2. Wplyw temperatury na wzrost i przezywalnos$¢ larw

Larwy rozpiora po napehieniu drugiej komory pecherza ptawnego i rozpoczgciu
aktywnego plywania w poszukiwaniu pokarmu, co miato miejsce w piatej dobie od wyklucia

(5 DPH), zostaty umieszczone w akwariach podchowowych.

Fot. 2. Larwy rozpidra rozpoczynajace zerowanie.

Pojedynczy system doswiadczalny, w ktorym badano wptyw danej temperatury na
wzrost 1 przezywalnos$¢ larw sktadat si¢ z 3 akwariow. Kazde akwarium mialo objetos¢
robocza 25 dm®. Larwy zostaly policzone i umieszczane we wszystkich akwariach
podchowowych w zageszczeniu 40 osobn. dm™. Obsada pojedynczego akwarium wynosita
1000 larw. Temperatura wody w badanych wariantach wynosita: 15,0+ 0,1°C, 20,0 + 0,1°C,
25,0 £0,1°C130,0£0,1°C.

Kazdy uklad doswiadczalny uzyty do badania wplywu temperatury na wzrost
oraz przezywalno$¢ larw zawierat rowniez akwarium , filtracyjne” o pojemnoéci 200 dm?®ze
ztozem biologiczne w postaci ptywajacego medium - bactoballi stosowanych w filtrach
denitryfikacyjnych. W celu zapewnienia odpowiednich warunkow tlenowych zastosowano
dodatkowo dmuchawe¢ membranowa RESUN LP 100. Powietrze w akwariach filtracyjnych

rozprowadzane byto za pomoca dyfuzoréw z rurkami silikonowymi. Dodatkowo w kazdym
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akwarium podchowowym umieszczono kostke napowietrzajaca, przez ktorg rowniez
ttoczono powietrze z dmuchawy. State dostarczanie napowietrzonej i oczyszczonej wody do
akwariow odbywato si¢ poprzez system zraszaczy.

Larwy rozpidora karmiono ad libitum cztery razy dziennie w odstgpach
trzygodzinnych (8.00, 11.00, 14.00, 17.00) (Piech i Kujawa 2022). Pokarm sktadal si¢

z zywych naupliuséw solowca Artemia sp.

4.4.3. Wplyw zageszczenia obsady na wzrost i przezywalno$é larw

Rozpoczynajace zZerowanie larwy rozpiora byly podchowywane w obiegu
hodowlanym RAS, sktadajacym si¢ z 12 akwariow (po 3 akwaria dla kazdego wariantu
doswiadczenia) przeptywowych przeznaczonych do podchowu larw. Kazde akwarium miato
objetos¢ robocza 25 dm® Larwy zostaly policzone i umieszczane w akwariach w
zageszczeniu 20, 40, 80 i 120 osobn.-dm™. Obsada pojedynczego akwarium wynosita
odpowiednio 500, 1000, 2000 i 3000 larw. Temperatura wody podczas podchowu larw
wynosita 25,0 = 0,1°C. Testowane w niniejszej pracy zaggszczenia obsad zostaly ustalone
na podstawie wczesniejszych badan dotyczacych reofilnych ryb karpiowatych

przeprowadzonych przez Kujawe (2004).

4.4.4. Wplyw zastepowania pokarmu na wzrost i przezywalnos$¢ larw

Larwy rozpiéra w momencie rozpoczecia aktywnego zerowania, umieszczono w 15
akwariach o pojemno$ci roboczej 25 dm?® kazde (po 3 akwaria dla kazdego wariantu
doswiadczenia). Akwaria umieszczono w systemie z cyrkulowanym obiegiem wody o
temperaturze 25°C (£0,2°C). Zestaw akwaridéw wyposazony byt w wydajny system filtrac;ji
wody, sktadajacy si¢ ze ztoza biologicznego i zewnetrznego filtra kanistrowego. Nat¢zenie
przeptywu wody przez akwaria ustalono na poziomie 0,20 dmi-min®. Woda byla
dostarczana do zbiornikow z larwami przez zraszacze. Fotoperiod ustalono na 12 godzin
Swiatla dziennego 1 12 godzin nocy. W kazdym akwarium umieszczono 1000 larw rozpiora.
Pierwszym pokarmem podawanym larwom byt solowiec (Artemia sp.) (A). Po okreslonym
czasie pokarm naturalny zastagpiono pasza Perla Larva Proactive (P). Jest to specjalna
komercyjna pasza dla larw ryb o wielkosci 0,1 - 0,3 mm, skladajaca si¢ z maczki rybne;j,
maczki krewetkowej, oleju rybnego, pszenicy, drozdzy, lecytyny, mikroelementéw oraz
suplementu Protect®. Wyrdznia si¢ bardzo wysoka zawarto$cig bialek o najwyzszej
strawnosci, nienasyconych kwasow tluszczowych i fosfolipidow. Perla jest bardzo stabilng

pasza wykazujaca doskonate parametry fizyczne. Pokarm, zarowno zywe naupliusy
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solowca, jak i pasza Perla Larvae Proactive, podawany byt recznie, 3 razy dziennie, o godz.
8.00, 12.00 1 16.00. Dawki pokarmowe byly dostosowane do biomasy hodowanych ryb
i korygowane dzien po kazdym pobraniu probek. Eksperyment trwat 21 dni

Doswiadczenie obejmowato pigé wariantow zywienia: grupa A21 - tylko pokarm
naturalny; grupa A4P17 - pokarm naturalny przez 4 dni, a nast¢pnie pasza komercyjna
przez 17 dni; grupa A8P13 - pokarm naturalny przez 8, a nastgpnie pasza przez 13 dni; grupa
A12P9 - pokarm naturalny przez 12 dni, a nastgpnie pasza przez 9 dni oraz grupa P21 - larwy
karmione pasza przez caty okres odchowu. Pokarm naturalny przygotowywano wedtug
procedury opisanej przez Sorgeloosa (Sorgeloos i in. 1977). Wielko$¢ naupliusow solowca
wynosita 430 mikronow. Codziennie przed pierwszym karmieniem usuwano niezjedzone
resztki pokarmu 1 inne zanieczyszczenia w celu utrzymania odpowiednich warunkow
sanitarnych. Usuwano réwniez martwe larwy, a nastepnie liczono je w celu obliczenia

wskaznika Smiertelno$ci.

4.45. Wplyw zasolenia wody na wzrost i przezywalnos¢ larw

Podchow rozpoczynajgcych zerowanie larw rozpidra prowadzony byt w czterech
oddzielnych systemach recyrkulacyjnych (RAS) przystosowanych do podchowu larw
w wodzie o roznym stopniu zasolenia (rys. 2). Larwy rozpiora byly hodowane w wodzie
o zasoleniu 3, 5 lub 7 ppt. Probe kontrolng stanowity larwy hodowane w wodzie stodkiej
(0 ppt), wolnej od zasolenia. Do uzyskania odpowiedniego zasolenia wody uzyto soli
morskiej Pro-Reef, ktora zostata rozpuszczona w wodzie o temperaturze 20°C. Pojedynczy
obwdd doswiadczalny sktadat sie¢ z 3 akwaridow przeznaczonych do podchowu larw w
wodzie o danym zasoleniu. Kazde akwarium miato objetoéé robocza 25 dm?. Kazdy obieg
doswiadczalny zawierat rowniez akwarium "filtracyjne" o pojemnoéci 200 dm? zawierajace
odpieniacz biatek oraz zloze biologiczne w postaci ptywajacego medium. Medium

filtracyjne stanowity bactoballs stosowane w filtrach denitryfikacyjnych.

Larwy rozpidra o $redniej dtugosci ciata 7,5 mm, zostaly policzone i umieszczone
we wszystkich akwariach podchowowych w zageszczeniu 40 osobn. dm™. Obsada
pojedynczego akwarium wynosita 1000 larw. Temperatura wody we wszystkich grupach
testowych wynosita poczatkowo 20°C i byla stopniowo (1°C na godzing) zwigkszana do

25,0 £ 0,2°C, czyli docelowej temperatury podchowu.

19



Larwy rozpiora byly karmione ad libitum trzy razy dziennie w odstgpach
czterogodzinnych (8.00, 12.00, 16.00). Pokarm stanowily zywe naupliusy solowca

Artemia sp. przygotowane wedtug Scisle okreslonej receptury.

l[ 5 ]l
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Rysunek 2. Schemat pogladowy jednego z czterech ukladéw doswiadczalnych
wykorzystanych w eksperymencie: 1 - odpieniacz biatek, 2 - dyfuzor rurowy, 3 - bactoballs,
4 - pompa, 5 - fluorescencyjne lampy, 6 - akwarium z rybami, 7 - kamien napowietrzajacy,
8 - akwarium ze ztozem filtracyjnym.

4.5. POBIERANIE PROB I ANALIZA STATYSTYCZNA

W okresie odchowu larwy rozpidra pochodzace z kazdego wariantu podchowowego
byly sze$ciokrotnie mierzone i wazone. Pierwszy, tzw. zerowy pomiar mial miejsce
bezposrednio po zarybieniu akwariéw w kazdym z wariantow podchowowych, a kolejne
pomiary przeprowadzono w 5, 9, 13 1 17 dniu oraz w dniu zakonczenia eksperymentu, tj. 21
dniu. W tym celu odtowiono rano (przed rozpoczg¢ciem karmienia) po 30 osobnikéw z
kazdego zbiornika. Przed wykonaniem pomiaréw odlowione larwy usypiano w roztworze
MS-222 (50 mg I wody). Nastepnie wazono je na wadze analitycznej KERN ALJ 220-5

DNM o doktadnosci do 0,1 mg. Larwy jeszcze znieczulone umieszczano z pewng iloscig
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wody na plytkach Petriego i obserwowano pod mikroskopem stereoskopowym LEICA
MZ16Z. Dokumentacj¢ fotograficzng larw wykonano przy uzyciu kamery mikroskopowe;j
DFC 420. Wielko$¢ larw analizowano w oprogramowaniu LAS V 3.1.0. Catkowita dtugo$¢
ciala larwy (longitudo totalis - 1. t.) byta mierzona z doktadnoscig do 0,1 mm. Po tych
zabiegach larwy umieszczano w pojemniku wypelionym dobrze natleniong woda. Po
rozpoczeciu aktywnego ptywania larwy przenoszono do akwariéw, z ktorych zostaty
pobrane. Na podstawie uzyskanych danych obliczono wspotczynnik przyrostu dhugosci

catkowitej na jednostke czasu (ITL) wedlug wzoru (Penaz i in. 1989):

_TL (ny) —TL (n4)
B At ’

ITL

gdzie: TL - $rednia dtugos$¢ osobnika (longitudo totalis), ni - poczatek okresu,

N2 - koniec okresu, At - czas trwania podchowu (dni).

Wzgledne tempo wzrostu masy ciata (SGR) 1 wzgledne tempo wzrostu biomasy

(SBR) od poczatku karmienia do konca doswiadczenia wyprowadzono ze wzorow (Brown
1957):

In W —In W In(nz+Wp)—In(ny+Wy)

At

SGR =100 = and, SBR = 100 =

Nastegpnie na ich podstawie wyliczono relatywne tempo przyrostow masy osobnika
(RGR) oraz relatywne tempo przyrostow biomasy (RBR) od momentu rozpoczgcia

odzywiania do zakonczenia eksperymentu wedtug wzoru (Myszkowski 1997):

SGR SER
RGR =100  (ei00 — 1) and RBR = 100 « (€m0 — 1),

gdzie: W: - érednia masa poczatkowa osobnika (mg) w okresie odchowu,

W: - érednia masa koncowa osobnika (mg) w okresie odchowu, n1 - liczba ryb (osobnikow)

na poczatku okresu odchowu, nz - liczba ryb (osobnikow) na koncu okresu odchowu, At -

czas trwania podchowu (dni).

Analogicznie obliczono RGR dla dtugosci ciala. Biomasg ryb w kazdym akwarium
okreslono jako iloczyn $redniej masy osobnika i liczby zywych osobnikéw. Otrzymang
warto$¢ dzielono przez pojemnos$¢ akwarium otrzymujac w ten sposdb biomas¢ wyrazano

w g-dm™,

W trakcie eksperymentu codziennie liczono martwe larwy i obliczano ostateczny

wskaznik przezywalnosci w %. Wyrazono go jako stosunek liczby larw na koncu podchowu
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do liczby larw na poczatku do§wiadczenia. Rejestrowana kazdego dnia liczba martwych ryb
postuzyta do wykreslenia krzywych skumulowanej $miertelnos$ci dla kazdego wariantu
podchowu ryb. Sredni przyrost masy ciata larw PM (mg) obliczono dla larw z kazdej badanej
grupy doswiadczalnej pod koniec trzytygodniowego okresu odchowu (Imanpoor

i in. 2012).
PM=mk —mp
gdzie: mk - srednia masa koncowa, a mp - §rednia masa poczatkowa larw

W celu poréwnania wynikow obliczono wzgledna srednig koncowa dlugos¢ (RFL),
wzgledng $rednig koncowa mase (RFW) 1 wzgledng $rednig koncowa biomasg (RFB) ryb
doswiadczalnych, przy zatozeniu, ze dtugos¢, masa i biomasa ryb z grupy kontrolnej na

koniec doswiadczenia byta réwna 100%.

Eksperyment 1: Ocene normalnosci rozktadu danych, wyrazong jako $rednia + SD,
przeprowadzono przy uzyciu oprogramowania Statistica w wersji 13.1 (StatSoft Inc. 2016,
Tulsa, OK, USA). Dane mialy rozktad normalny (test Shapiro-Wilka), a wariancje byty
jednorodne (test Levena). Roznice miedzy $rednimi grup dla kazdej zmiennej oceniono
za pomocg ANOVA 1 testow wielokrotnego zakresu Duncana dla poréwnan grupowych

(p < 0,05 uznano za znaczace).

Eksperyment 2, 3, 4, 5: W celu okre$lenia, czy rdznice w S$redniej dhugosci
1 S$redniej masie ryb w grupach doswiadczalnych byly istotne, zastosowano test
wielokrotnego zakresu Duncana (P < 0,05) (Duncan 1955). Procenty przezywalnosci zostaty
znormalizowane, a rdznice uznano za istotne przy o = 0,05 (Sokal, Rohl 1981). Wyniki

opracowano statystycznie w programie Excel 16.0 i Statistica 13.0 dla Windows.
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5. WYNIKI

5.1. ROZROD W WARUNKACH KONTROLOWANYCH

Od ryb z grupy kontrolnej nie pozyskano gamet (Piech i Kujawa 2021). Najmniejsza
liczbe owulujacych samic (cztery ryby) stwierdzono w grupie I, stymulowanej
Ovaprimem. W pozostatych grupach byto od 6 do 9 owulujacych samic, co stanowito 60-
90% samic w poszczegolnych grupach. Czas latencji byt najkrotszy u samic otrzymujacych
iniekcje z Ovopelu (grupa II). Ryby z tej grupy miaty owulacj¢ 12 h po iniekcji hormonalne;j
(tab. 3).

Tabela 3. Wptyw roznych srodkéw hormonalnych na owulacj¢ samic rozpiora Ballerus

ballerus (L.) podczas kontrolowanego rozrodu.

Liczba samic poddanych iniekcji 10 10 10 10
Masa samic (min-max) (g) 404-964 416-995 475-846 462-836
Przezywalno$¢ samic po iniekcji (%) 70 90 80 90
Liczba owulujacych samic (%) 6/60 9/90 4/40 -
Okres latencji (h) 15-18 12 13-20 -

W pozostatych grupach czas pomigdzy podaniem srodka hormonalnego a owulacjg byt
dhuzszy, $rednio o 3-6 h. W grupie Ill, w ktorej samice stymulowanej byty Ovaprimem,
owulacja byla znacznie wydluzona w czasie. Pomiedzy owulacja pierwszej i ostatniej
samicy wystepowal nawet siedmiogodzinny odstep. Stwierdzono niewielkie roéznice w
przezywalnos$ci ryb w zaleznos$ci od zastosowanych hormonalnych stymulatoréw rozrodu.
Najwigksze straty wsrdd samic az 30% samic odnotowano w grupie gdzie byt zastopowany
CPH. W grupie gdzie samice stymulowano Ovopelem straty wyniosty tylko 10%. Ikre 0
najwyzszej Sredniej masie na rybe (75,4 g) uzyskano od samic z grupy II, stymulowanych
Ovopelem (tab. 4), natomiast jaja o najnizszej sredniej masie na rybe (49,5 g) pochodzity od
ryb z grupy III. Ogolna skutecznos¢ zaptodnienia wyrazona procentem zywych zarodkow

byta stosunkowo wysoka - od 73,8% w grupie 111 do 88,8% w grupie Il, przy czym réznice
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byly statystycznie istotne. Wysoki byt rowniez procent ptywajacych larw. Byt on najwyzszy
w grupie II (82,5%), a najnizszy w grupie III (66,4%). Roznice te byly statystycznie istotne.

Tabela 4. Wplyw réznych czynnikéw hormonalnych na ilo$¢ i jakos$¢ ikry podczas

sztucznego rozmnazania Ballerus ballerus (L.).

Masa samic (g osobn.™) 494,5 (£22,4) 489,3 (+21,7) 467,4 (48,0) 479,5 (£26,7)
: 60,8 75,42 49,5"
Mesa kry (9) ©108) (86 (9.3) °
GSI (%) 12,3 (*1,7) 154 (£2,1) 10,6 (22,1)
Przezywalnosc(;:) zaoczkowania 81,2520.6) 888%+0.5) 73.8%+1.2) 0
Plywajace larwy (%) 7435+0,8)  825%+0,4) 66,4 (+0,7) 0

Ponizej przedstawiono zdjecia kilku etapéw rozwoju embrionalnego i larwalnego

rozpiora (fot. 3-9).

Fot. 3. Zdjecie ikry ukazujace blastulge wielkokomérkowa.
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Fot. 5. Zarodki na etapie organogenezy.
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Fot. 6. Zarodki z pigmentem w oczach (zaoczkowanie).

Fot. 7. Zarodek w momencie opuszczania ostonki jajowe;.
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Fot. 8. Larwy w trakcie resorpcji zapasoéw woreczka zottkowego.

T T
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Fot. 9. Larwy tuz przed napelnieniem pgcherza ptawnego powietrzem.
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5.2. 'WPLYW TEMPERATURY NA WZROST I PRZEZYWALNOSC
LARW

Najmniejsze larwy uzyskano w wodzie o temperaturze 15°C (Piech i in. 2023).
W ostatnim dniu podchowu ich srednia masa wynosita 34,2 (= 3,1 mg), przy Sredniej
dhugosci 16,8 (+ 1,14 mm). Larwy rozpiéra podchowywane w wodzie o temperaturze 25°C
uzyskaly $rednig mase 65,8 (£ 0,1 mg), przy sredniej dtugosci 25,3 (+ 0,95 mm). Najszybciej
rosty larwy rozpiéra w wodzie o temperaturze 30°C. Osiggngly one S$rednig mase
80,1 (£ 0,1 mg) przy sredniej dtugosci 28,4 (+ 1,4 mm). Najwyzszg biomase larw rozpiora
wynoszacg 76,26 (3,05 g-dm) uzyskano réwniez w wodzie o temperaturze 30°C. Byly to
wartosci ponad 2x wigksze niz wyliczone dla larw podchowywanych w wodzie o najnizszej
temperaturze wody (tab. 5). Najwyzsza przezywalno$¢ larw - 97,6%, odnotowano w
akwariach z woda o temperaturze 15°C. Nieco nizsze, ale nieistotne statystycznie, wskazniki
przezywalno$ci zaobserwowano w wodzie o temperaturze 25 1 30°C, odpowiednio 95,4% 1
95,2%. Najnizszy wskaznik przezywalnos$ci larw zaobserwowano w wodzie o temperaturze

20°C, gdzie 94,9% larw ze stada poczatkowego przezyto podchow.

5.3. WPLYW ZAGESZCZENIA NA WZROST I PRZEZYWALNOSC
LARW

Najmniejsze larwy rozpiora uzyskano podchowujac je w zageszczeniu 120 osobn.-dm™
(Piech i in. 2023). W ostatnim dniu podchowu uzyskaty one $rednig mase 49,5 (+ 3,1 mg),
przy sredniej dtugosci 20,1 (= 1,2 mm) (tab. 6). Przy gestoéci obsady 80 osobn.-dm™,
uzyskaty $rednig mase 56,1 (+ 3,2 mg), przy sredniej dlugosci 22,4 (= 0,9 mm). Przy
zageszczeniu 40 osobn.-dm™, larwy osiggnety mase 64,2 (£ 3,5 mg), przy $redniej dtugosci
24,6 (= 0,73 mm). Najwicksze larwy osiagnety mase 69,4 (+ 3,2 mg) i $rednig dlugos¢ 26,8
(£ 0,9 mm) przy zageszczeniu 20 osobn.-dm™. Najwyzsza biomase larw rozpiéra wynoszaca
135,78 g (8,5 g-dm) uzyskano przy zageszczeniu 120 osobn.-dm. Podczas 21-dniowego
okresu podchowu najwyzsza przezywalno$¢ larw zaobserwowano przy zageszczeniu 20
osobn.-dm™. Prawie 94,6% osobn. ze stada poczatkowego przezylo eksperyment. Nieco
gorszy, ale nieistotny statystycznie, procent przezywalnosci odnotowano przy zaggszczeniu
40 i 80 osobn. - odpowiednio 94,2% i 93,1%. Najnizszy wskaznik przezywalnosci larw
zaobserwowano przy zageszczeniu 120 osobn.-dm3, gdzie 91,4% larw z obsady

poczatkowej przezyto podchow.
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Tabela 5. Wyniki podchowu larw rozpiora Ballerus ballerus (L.) w temperaturach wody 15, 20, 25 1 30°C + 0,2°C. Wartos¢ $rednia = SD. Wyniki

w wierszach z tym samym indeksem literowym nie r6znig si¢ istotnie statystycznie (o = 0,05).

Parametr Wariant podchowowy
15 20 25 30

Poczatkowa $rednia dlugosc¢ ciata (mm) 7,6+0,12 7,6+0,12 7,6+0,12 7,6+0,12
Poczatkowa $rednia masa ciata (mg) 2,240,128 2,240,128 2,2+0,12 2,2+0,12
Koncowa $rednia dtugo$¢ ciata (mm) 16,8+1,144 21,1+0,73¢ 25,340,95° 28,4+1,42
Koncowa $rednia masa ciata (mg) 34,2+3,1¢ 51,3+0,1¢ 65,8+0,1° 80,1+0,12
Obsada poczatkowa (osobn.) 1000 1000 1000 1000
Obsada koncowa (osobn.) 976,0+5,6 949,0+7,5 954,0+9,5 952,0+4,6
Przezywalno$¢ (%) 97,6+0,56° 94,9+0,75° 95,4+0,95° 95,2+0,46°
Wzrost catkowitej dlugosci (ITL) (mm-d™?) 0,44+0,05¢ 0,64+0,03°¢ 0,84+0,05" 0,99+0,072
Relatywny wspdtczynnik wzrostu (RGR) dla masy (%-d*) 13,96+0,49¢ 16,18+0,38° 17,56+0,27° 18,67+0,242
Relatywny wspdtczynnik wzrostu (RGR) dla dhugoécei (%-d™?) 3,85+0,344 4,98+0,17° 5,89+0,19" 6,48+0,25%
Relatywny wspdtczynnik wzrostu (RBR) dla biomasy (%-d™?) 13,830,494 15,89+0,38° 17,30+0,27° 18,39+0,242
Biomasa () 33,38+3,03¢ 48,68+3,32° 62,77+3,05° 76,26+3,242

1,34+0,12¢ 1,95+0,13°¢ 2,51+0,12° 3,05+0,132

Biomasa (g-dm™)
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Tabela 6. Wyniki podchowu larw rozpiéra Ballerus ballerus (L.) przy zageszczeniu 20, 40, 80 i 120 osobn. dm™. Warto$¢ $rednia + SD. Wyniki

w wierszach z tym samym indeksem literowym nie r6znig si¢ statystycznie istotnie (o = 0,05).

Parametr Wariant podchowowy

20 40 80 120
Poczatkowa $rednia dlugosc¢ ciata (mm) 7,6+0,12 7,6+0,12 7,6+0,12 7,6+0,12
Poczatkowa $rednia masa ciata (mg) 2,240,128 2,240,128 2,2+0,12 2,2+0,12
Koncowa $rednia dtugo$¢ ciata (mm) 26,8+0,9? 24,6+0,72 22,4+0,9° 20,1+1,2°
Koncowa $rednia masa ciata (mg) 69,4+3,22 64,2+3,52 56,1+3,2° 49,5+3,1¢
Obsada poczatkowa (osobn.) 500 1000 1500 3000
Obsada koncowa (osobn.) 473,0+10,97 942,0+14,11 1397,0+£37,0 2743,0+£57,0
Przezywalno$¢ (%) 94,6+1,12 94,2+1,42 93,1+3,72 91,4+5,72
Wzrost catkowitej dlugosci (ITL) (mm-d™?) 0,91+0,042 0,81+0,032 0,70+0,04° 0,60+0,06°
Relatywny wspdtczynnik wzrostu (RGR) dla masy (%-d*) 17,86+0,26% 17,43+0,312 16,68+0,32° 15,98+0,35°¢
Relatywny wspotczynnik wzrostu (RGR) dla dhugoéei (%-d™?) 6,18+0,18? 5,75+0,152 5,28+0,20P 4,7440,30°
Relatywny wspotczynnik wzrostu (RBR) dla biomasy (%-d™) 17,55+0,26% 17,09+0,31° 16,28+0,32°¢ 15,49+0,344
Biomasa () 32,83+1,51¢ 60,48+3,30° 78,37+4,47° 135,78+8,502
Biomasa (g-dm'3) 1,31+0,06¢ 2,42+0,13°¢ 3,13+0,18" 5,43+0,342
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5.4. WPLYW ZASTEPOWANIA POKARMU NA WZROST
I PRZEZYWALNOSC LARW

Statystycznie istotne roznice w $rednich masach i dtugosciach larw z poszczegdlnych
wariantow zywienia pojawity si¢ w 13 dniu okresu podchowu i utrzymywaty si¢ do konca
do$wiadczenia (Piech i Kujawa 2022). Srednia masa osobnicza larw rozpiora z wariantu,
w ktorym dostarczano tylko naturalny pokarm (A21), wynosita 62,1 mg. Wzrost ten byt 1,6-
I 2-krotnie wyzszy niz w dwoch wariantach, ktore byly najgorsze pod tym wzgledem,
a mianowicie larwy karmionych naupliusami przez pierwsze cztery dni (A4P17) i tych
karmione wylacznie pasza Perla (P21). W poréwnaniu z innymi wariantami, wzrost ten byt
1,3-krotnie wyzszy niz w przypadku larw z wariantu A8P13, ktore byly karmione zywymi
naupliusami solowca przez osiem dni, i 1,1-krotnie wyzszy niz w przypadku larw z wariantu
A12P9, ktore byly karmione naupliusami solowca przez pierwsze 12 dni zycia. Najwyzsze
tempo wzrostu larw rozpidra z badanych wariantow odnotowano w grupie A12P9, gdzie
larwy osiaggnety Srednig mase ciata 56,1 mg przy sredniej dlugosci catkowitej 21,1 mm.
Wartosci te byty tylko nieznacznie gorsze niz te uzyskane w probie kontrolnej A21.
Koncowa przezywalnos¢ larw w  kazdej grupie zywieniowej wahala si¢
od 67% (A4P17) do 93% (A12P9) (tab.7). Nie odnotowano statystycznie istotnych rdznic
miedzy osobnikami z tych samych wariantow zywieniowych. Najwyzszy wskaznik
przezywalnosci larw na poziomie 96%, odnotowano w grupie karmionej wytacznie zywym
pokarmem naturalnym (A21). Dla porownania wskazniku przezywalnos$ci larw z grupy

gdzie podawana byta wytgcznie pasza (P21) — wynidst zaledwie 38%.
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Tabela 7. Wyniki podchowu larw rozpiora Ballerus ballerus (L.) karmionych naupliusami solowca Artemia sp., zastgpowanymi po 4, 8 lub 12

dniach pasza komercyjng Perla. Warto$¢ srednia = SD. Wyniki w wierszach z tym samym indeksem literowym nie r6znig si¢ statystycznie istotnie

(0= 0,05).

Poczatkowa $rednia dtugos¢ ciata (mm)
Poczatkowa $rednia masa ciata (mg)
Koncowa $rednia dlugosc¢ ciata (mm)
Koncowa $rednia masa ciata (mg)

Obsada poczatkowa (osobn.)

Obsada koncowa (osobn.)

Przezywalno$¢ (%)

Wazrost catkowitej dtugosci (ITL) (mm-d™?)

Relatywny wspotczynnik wzrostu (RGR) dla masy (%-d*)

Relatywny wspotczynnik wzrostu (RGR) dla dlugosci

(%-d?)

Relatywny wspotczynnik wzrostu (RBR) dla biomasy

(%d?)
Biomasa ()

Biomasa (g-dm™)

7,50+0,152
2,1+0,12
22,60+0,9%
62,10£3,2%
1000
960,00+172
96,00+1,72
0,72+0,042

17,50+0,29°

5,39+0,192

17,27+0,28%

59,62+3,8%
2,3840,08%

7,50+0,152
2,1+0,12
21,10+1,0%°
56,10+3,5%
1000
930,00:£25%
93,00+2,5%
0,65+0,042°

16,93+0,51%

5,05+0,24%

16,53+0,48%

52,17+4,2%
2,09+0,19%

7,50+0,152
2,1+0,12
19,80+1,1°
49,70+4,1°
1000
887,00+36°
88,70+3,6°
0,59+0,05"

16,26+0,49°

4,73+0,28°

15,60+0,49°

44.08+3,9°
1,76+0,16"

7,50+0,152
2,1+0,1%
17,40+1,1°
37,40+5,5¢
1000
670,00+60°
67,00+6,0°
0,47+0,05°¢

14,70+0,73°¢

4,09+0,31°¢

12,53+0,71¢

25,06+3,32°
1,00+0,13°¢

7,50+0,152
2,1+0,12
15,40+1,3%
30,50+6,1¢
1000
380,00+74¢
38,00+7,49
0,38+0,06%

13,59+1,11°%

3,49+0,42%

8,47+1,05¢

11,59+2,3¢
0,46+0,09¢
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55. WPLYW ZASOLENIA WODY NA WZROST
I PRZEZYWALNOSC LARW

Po dostosowaniu zasolenia wody w poszczegdlnych akwariach do pozadanego poziomu,
pierwsze martwe larwy pojawily si¢ drugiego dnia w wodzie o zasoleniu 7 ppt (Piech
i Kujawa 2023). W wodzie o zasoleniu 3, 5 ppt pierwsze martwe larwy obserwowano
trzeciego dnia. Podczas 21-dniowego okresu odchowu najnizszg $miertelnos¢ obserwowano
w wodzie pozbawionej zasolenia (0 ppt). Doswiadczenie przezyto blisko 98,6% osobnikow
z wyjsciowej obsady. Bardzo podobng przezywalnos$¢ larw uzyskano, gdy hodowano je w
wodzie o zasoleniu 3 ppt. W tym wariancie 97% larw przezylo caty okres podchowu.
Najnizsza przezywalnos¢ larw zaobserwowano w wodzie o zasoleniu 7 ppt, gdzie 83,2%
larw z wyjsciowe] obsady przezylo podchow (tab. 8). Podczas wszystkich pomiaréw
kontrolnych, srednie dtugosci larw hodowanych w wodzie stodkiej 1 w wodzie o zasoleniu
3 ppt byty podobne. W ostatnim dniu podchowu larwy rozpiora hodowane w wodzie 0
zasoleniu 3 ppt uzyskaly $rednig mase ciata 64,1 mg (+ 4,2 mg) przy Sredniej dtugosci 22,6
mm (+ 0,9 mm). Najmniejsze larwy uzyskano podchowujac je w wodzie o zasoleniu 7 ppt.
W ostatnim dniu podchowu uzyskaty one $rednig mas¢ 48,6 mg (+ 6,2 mg), przy $redniej
dhugosci 18,9 mm (= 1,5 mm), natomiast w wodzie 0 zasoleniu 5 ppt uzyskaly $rednig mase
52,4 mg (= 4,8 mg), przy $redniej dtugosci 19,3 mm (+ 1,3 mm). Nie odnotowano
statystycznie istotnych rdznic pomig¢dzy $rednig masg osobnikow hodowanych w wodzie
stodkiej i w wodzie o zasoleniu 3 ppt. Podobnie nie odnotowano statystycznie istotnych
rdéznic pomiedzy $rednig masg 0sobnikow podchowywanych w wodzie o zasoleniu 5 7 ppt.
Najwicksza biomase larw rozpidra wynoszacg 62,2 g (+ 4,1 g) uzyskano w wodzie o

zasoleniu 3 ppt.
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Tabela 8. Wyniki podchowu larw rozpiora Ballerus ballerus (L.) w wodzie stodkiej i wodzie o zasoleniu 3, 5, 7 ppt. Warto$¢ srednia + SD. Wyniki

w wierszach z tym samym indeksem literowym nie r6znig si¢ statystycznie istotnie (o = 0,05).

Parametr Wariant podchowowy

0 3 ppt 5 ppt 7 ppt
Poczatkowa $rednia dlugos¢ ciata (mm) 75+0,12 7,5+0,1? 7,5+0,12 7,5+0,18
Poczatkowa $rednia masa ciata (mg) 2,2 +0,1° 2,2 +0,1° 2,2+0,1° 2,2+0,18
Koncowa $rednia dhugoéé ciata (mm) 21,9+ 0,9 22,6 +0,9? 19,3+ 1,3° 18,9 + 1,5°
Koncowa $rednia masa ciata (mg) 62,5 + 3,42 64,1 + 4,22 52,4 +4,8° 48,6 + 6,2°
Obsada poczatkowa (0sobn.) 1000 1000 1000 1000
Obsada koncowa (0sobn.) 986 + 1,0? 970 £ 2,02 946 + 7,2° 832 +15,4°
Przezywalno$¢ (%) 98,6 £ 0,12 97 £ 0,22 94,6 £0,7° 83,2 +1,5°
Wzrost catkowitej dlugoéci (ITL) (mm-d™?) 0,7 + 0,02 0,6 +0,12 0,6 +0,01° 0,5+ 0,1°
Relatywny wspdtczynnik wzrostu (RGR) dla masy (%-d') 17,3+0,32 17,4 + 0,42 16,3 +0,5° 15,9+ 0,7°
Relatywny wspétczynnik wzrostu (RGR) dla dhugoécei (%-d™?) 54 +0,22 5,4 +0,32 4,6 +0,3° 4,5+ 0,4°
Relatywny wspdtczynnik wzrostu (RBR) dla biomasy (%-d™) 17,2 + 0,32 17,3+ 0,42 16,0 £ 0,5° 14,9 £0,7°
Biomasa () 61,6 + 3,4° 62,2 + 4,12 49,6 + 4,5° 40,4 +52°
Biomasa (g-dm™) 2,5+0,12 2,5+0,22 2,0+0,2° 1,6 +0,2°
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6. DYSKUSJA

W przypadku wiekszosci dziko zyjacych gatunkéw ryb, w celu pozyskania od nich
produktow ptciowych, nalezy dokona¢ stymulacji hormonalnej (Donaldson, 1996). Dotyczy
to zwlaszcza reofilnych ryb karpiowatych, ktérych rozréd w warunkach kontrolowanych,
bez zastosowania iniekcji hormonalnych, czgsto jest niemozliwy. Jedynie odtowienie ryb
na tarliskach w trakcie tarta umozliwia pozyskanie od nich produktow piciowych
bez stymulacji hormonalnych (Slyn’ko i Slyn’ko 2010). Badania w zakresie kontrolowanego
rozrodu rozpidra z wykorzystaniem substancji hormonalnych oparto na badaniach
dotyczacych rozrodu leszcza Abramis brama (Kucharczyk i in. 1997ab) oraz reofilnych ryb
karpiowatych (Kucharczyk i in. 1998; Kujawa i in. 1998; Targonska i in. 2010; Kupren i in.
2011; Kucharczyk i in. 2016; Kucharczyk i in. 2019). Ryby te podobnie jak rozpior
przed rozrodem w warunkach kontrolowanych muszg zosta¢ odtowione ze Srodowiska
naturalnego. Wigze si¢ to z ich duzym stresem 1 moze skutkowa¢ zmniejszeniem ich
przezywalnos$ci po umieszczeniu w basenach. Wywolanie owulacji u samic 1 zwigkszenie
ilosci pozyskiwanego nasienia od samcéw przy pomocy iniekcji zawiesing
zhomogenizowanych przysadek mozgowych CPH jest obecnie czgSciowo wypierane
przez stosowanie innych $rodkow hormonalnych takich jak Ovaprim czy tez Ovopel
(Horvath i in. 1997; Brzuska i Adamek 1999; Brzuska 2000; Jamréz i in. 2008; Zarski i in.
2009; Ciesla 1 in. 2014). W celu opracowania biotechniki rozrodu sprawdza si¢ dzialanie
roznych $rodkéw hormonalnych stosowanych w réznych dawkach. Ma to szczegdlne
znaczenie dla ryb karpiowatych niejednorodnych pod wzglgdem rozrodu. Ryby
0 jednorazowym tarle w sezonie musza otrzymac $rodki hormonalne, nierzadko wraz
z antagonistami dopaminy (Horvath i in. 1997; Brzuska i Grzywaczewski 1999; Brzuska
1999, 2000, 2001). Natomiast ryby o tarle porcyjnym powinny otrzymywa¢ inne hormony
lub w innych dawkach (Kucharczyk i in. 1996, 1997). Czgsto stosowanym stymulatorem
rozrodu ryb jest ludzka gonadotropina kosméwkowa — HCG. Gonadotropina kosméwkowa
— HCG jest szczegblnie polecana podczas rozrodu ryb okoniowatych (Dabrowski i in. 1994;
Kucharczyk 1 in. 1996). W przypadku reofilnych ryb karpiowatych jej skutecznos$¢ jest
niewielka, a ponadto procedura stosowania wymaga 2-4 iniekcji, co wptywa stresujaco na
ryby i moze by¢ powodem ich zwigkszonej $miertelnosci. Nie wskazane jest stosowanie
HCG w przypadku ryb dzikich, odtowionych ze $rodowiska naturalnego - szczegolnie
wrazliwych na wszelkie manipulacje. Ostatnie badania pokazuja jednak, ze HCG moze by¢

stosowane podczas rozrodu jazia i jelca, jednak czas latencji jest ponad dwukrotnie dtuzszy
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niz przy innych $rodkach hormonalnych (Kucharczyk i in. 2019, 2020). Wspomniany juz
powyzej Ovaprim firmy Syndel wedlug producenta skraca i synchronizuje czas tarla,
zmniejsza stres ryb, zwicksza produkcje mlecza i przedtuza jego aktywno$¢ oraz podnosi
efektywnos$¢ tarta. W praktyce wyglada to jednak nieco inaczej. W wielu przypadkach,
szczegOlnie u ryb karpiowatych, nie uzyskuje si¢ po zastosowaniu Ovaprimu
zadawalajacych efektow rozrodczych, zwlaszcza jesli chodzi o procent owulujgcych samic
jak 1 jako$¢ biologiczng ikry (Ahmad Tajuddin i in. 1986; Thalathiah i in. 1988).
Potwierdzajg to rowniez wyniki rozrodu rozpidra w warunkach kontrolowanych, kiedy to po
zastosowaniu Ovaprimu liczba owulujgcych samic i masa pozyskanej ikry byta najnizsza.

W prezentowanych badaniach dotyczacych rozrodu rozpidra zastosowano Ovaprim,
Ovopel oraz ekstrakt z przysadek mozgowych karpia — CPH. Wymienione S$rodki
hormonalne sg bardzo czesto stosowane w kontrolowanym rozrodzie karpia 1 innych ryb
karpiowatych (Drori i in. 1994; Yaron 1995; Kulikovsky i in. 1996; Brzuska 2000). Pomimo
podobnych efektow koncowych rozrodu, $rodki te odmiennie oddzialuja
na organizm ryby. CPH wplywa bezposrednio na dojrzewanie gamet, natomiast GnRH
posrednio - oddziatuje na gruczoly dokrewne ryby, ktore z kolei produkuja wtasne
gonadoliberyny doprowadzajac do dojrzewania gamet (Yaron 1995; Targonska i in. 2010).
Przeprowadzone badania wykazaly, ze do wywotania owulacji u ikrzyc rozpiora
odlowionych ze $rodowiska naturalnego mozna stosowa¢ zarowno CPH, Ovopel, jak
rowniez Ovaprim. Jednak w przypadku tego ostatniego preparatu skutecznos$¢ byta
najnizsza. Najbardziej skutecznym preparatem okazat si¢ Ovopel. Jego dzialanie w postaci
liczby owulujacych samic, synchronizacji tarta oraz ilosci pozyskanej ikry bylo
korzystniejsze niz w przypadku innych stymulatorow rozrodu. Zaobserwowano rowniez
wyzszg przezywalno$¢ zarodkow, w fazie zaoczkowania, pochodzacych od ikrzyc rozpidra
stymulowanych Ovopelem w stosunku do zarodkéw pochodzacych od samic
stymulowanych pozostalymi preparatami. Niezmiernie wazne jest rOwniez i to, ze samice
z tej grupy bardzo dobrze zniosty wszelkie manipulacje zwigzane z rozrodem w warunkach
kontrolowanych. Ich przezywalno$¢ do momentu pozyskania produktow piciowych
wyniosta 90%. Ponadto Ovopel jest stosunkowo tanim preparatem, a jego przygotowanie
jest mato pracochtonne (Horvath i in. 1997).

Uzyskane w powyzszym badaniu wyniki potwierdzajg skutecznos$¢ stosowania Ovopelu,
jako stymulatora rozrodu ryb pozyskanych ze srodowiska naturalnego. Podczas rozrodu ryb
dzikich w warunkach kontrolowanych szczegdlnie istotne jest uzyskanie jak najwickszej

liczby owulujacych samic. Niewytarte samice, jezeli przezyja nie nadajg si¢ juz do dalszej
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hodowli. Ponadto generuja koszty zwigzane z pozyskaniem ich ze srodowiska naturalnego.
Biorac pod uwage naktad pracy zwigzany z pozyskaniem tarlakdw, to straty materialne moga
by¢ wymierne. Obecnie prowadzone s3 prace majagce na celu uzyskanie
w warunkach kontrolowanych tarlakow rozpiora. Przypuszcza sig¢, iz ryby czg¢sciowo
udomowione beda mniej podatne na stres i znacznie lepiej zniosa wszelkie manipulacje
zwigzane z rozrodem (Kucharczyk i in. 1999).

Na wzrost 1 przezywalno$¢ larw ryb podczas podchowu w warunkach
kontrolowanych ma wplyw bardzo wiele czynnikéw (Matthias i in. 2018). Jednym z nich
jest temperatura wody. Temperatura, w ktorej podchowywane sg larwy ryb, powinna
zapewni¢ wysoki wskaznik przezywalnosci oraz roéwnomierny wzrost wszystkich
osobnikéw. Badania nad okres§leniem zakresu optymalnych temperatur dla rozwoju
embrionalnego 1 larwalnego ryb byly i1 nadal sg prowadzone. Jest to bowiem jeden z
najwazniejszych czynnikoOw abiotycznych wplywajacych na tempo wzrostu, rozwoj i
przezywalnos¢ larw podczas intensywnego chowu w warunkach kontrolowanych. Badania
przeprowadzone na larwach ryb karpiowatych, takich jak bolen, ciosa (Pelecus cultratus) i
leszcz pospolity (Abramis brama) wykazaty, ze w wielu przypadkach optymalny zakres
temperatur podczas ich podchowu w warunkach kontrolowanych wynosi od 25°C do nawet
30°C (Kucharczyk iin. 1997a, 1998; Kujawa i in. 1997, 2015). Sa to cze¢sto znacznie wyzsze
temperatury niz te wystepujace podczas rozwoju embrionalnego i1 larwalnego w srodowisku
naturalnym (Kujawa i in. 1997; Kupren i in. 2011). Poznanie aspektow wplywu temperatury
wody na rozwoj, przezywalnos¢ czy mozliwo$¢ wystgpienia deformacji rozwojowych jest
niezwykle istotne dla efektywnos$ci chowu i jako$ci materiatu zarybieniowego (Kupren i in.
2010, 2011; L.aczynska i in. 2016; Nowosad i in. 2021b).

W niniejszym badaniu, dotyczacym podchowu larw rozpidra, podobnie jak w
przypadku wigkszosci badanych ryb karpiowatych, temperatury w zakresie 25-30°C mozna
uzna¢ za optymalne. Sa to warto$ci bardzo zblizone do wynikéw uzyskanych podczas
podchowu larw ciosy (Kujawa i in. 2015) czy leszcza pospolitego (Kucharczyk i in. 1997b,
1998) i minimalnie wyzsze jak w przypadku bolenia (Kujawa i in. 1997) czy jazia, jelca i
klenia (Kupreniin. 2010, 2011). Podobng zalezno$¢ mozna zaobserwowaé rowniez podczas
podchowu larw rozpiora - optymalne temperatury dla larw hodowanych w kontrolowanych
warunkach sg wyzsze niz te wystepujace w naturze. Wskazuje to, niezaleznie od badanego
gatunku, na niezwykle wysoka tolerancj¢ larw ryb karpiowatych na warunki termiczne. W
obiegach zamknietych, zaréwno dla rozrodu, rozwoju embrionalnego, jak i1 larwalnego,

stosuje si¢ na ogél optymalne warunki termiczne np.: dla jazia i jelca 12-14°C (Targonska i
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in. 2011; Cejko i in. 2012; Nowosad i in. 2014; Kucharczyk i in. 2019, 2020). W warunkach
naturalnych, zwlaszcza w okresie wiosennym wystepuja znaczne wahania temperatury
wody. Wystepuja one zazwyczaj w wodach ptynacych i plytkich czesciach jezior, ktore sg
przeciez zwykle miejscami rozrodu i wzrostu narybku. Badania prowadzone zaréwno
w warunkach kontrolowanych, jak i w srodowisku naturalnym wykazaty, ze duze wahania
temperatury wody, nawet w zakresie temperatur optymalnych, moga powodowac zaburzenie
tarta, obnizenie plodnosci i jakosci gamet, wysoka Smiertelnos¢ zarodkow i larw
oraz wystepowanie deformacji rozwojowych (Kupren i in. 2010, 2011; Nowosad i in. 2014;
Targonska 1 in. 2014). Dla producentow materiatu zarybieniowego daje to jednak bardzo
wazng wskazowke - temperatura odchowu larw nie musi by¢ idealnie (najbardziej

optymalnie) trafiona, ale powinna by¢ w miare stata.

Oproécz okreslenia optymalnej temperatury wody podczas podchowu larw, wazne jest
rowniez odpowiednie ich zaggszczenie. Istotny wplyw na wielko$¢ obsady ma poczatkowa
wielko$¢ larw, ich tempo wzrostu, rodzaj podawanego pokarmu i sposob karmienia,
temperatura wody oraz odporno$¢ na obnizony poziom tlenu 1 wzrost zwigzkow azotowych.
Jest to szczegoOlnie istotne podczas intensywnego podchowu larw w warunkach
kontrolowanych (Karakatsouli i in. 2007, 2015).W badaniu przeprowadzonym na larwach
rozpidra stwierdzono, ze rosty one najszybciej przy najnizszym zageszczeniu
(20 osobn.-dm™). W tej grupie miaty one najwyzsze statystycznie istotne wzgledne tempo
wzrostu (RGR) dla masy i wzgledne tempo wzrostu (RGR) dla dtugosci (%-d™?), a takze
najwyzszg $rednig dtugos$¢ i mase¢ na koniec podchowu. Podobne obserwacje odnotowali
inni naukowcy w przypadku bolenia, klenia i jazia, ktorych larwy rowniez osiagnely
najwyzsza mas¢ 1 dlugo$¢ catkowita przy najnizszym testowanym zaggszczeniu -
50 osobn.-dm™ (Zarski i in. 2008; Kupren i in. 2011). Przezywalno$¢ larw rozpiora po
zakonczeniu podchowu we wszystkich wariantach zageszczenia byta wysoka 1 wynosita od
91,4% do 94,6%, a pomigdzy badanymi grupami nie stwierdzono roznic istotnych
statystycznie. Podobng przezywalno$¢ larw bolenia, klenia i1 jazia uzyskano réwniez w
badaniach przeprowadzonych przez Kuprena i in. (2011). Nie zaobserwowano w nich
istotnego wptywu zageszczenia larw na ich $miertelnos¢. Wykazano natomiast, ze nawet
maksymalne testowane zageszczenie na poziomie 400 osobn.-dm= w przypadku larw
ogranicza tempo ich wzrostu, lecz nie wptywa negatywnie na ich przezywalno$¢. Znacznie
wicksze zageszczenie larw bo az 1000 osobnikéw-dm™ bylo z sukcesem zastosowane

podczas podchowu larw mietusa (Lota lota) (Zarski i in. 2009). W przypadku innych
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gatunkow ryb zageszczenie obsad jest znacznie mniejsze. Przykladem moga by¢ badania
wplywu zageszczenia larw suma afrykanskiego (Clarias gariepinus) na ich wzrost i
przezywalnos¢ podczas podchowu w RAS (Aste i in. 2009). Podchowywali oni larwy suma
afrykanskiego w zageszczeniu od 1 do 25 osobn.-dm=. Na koniec badan, stwierdzili, ze
optymalny poziom zageszczenia larw wyniést 15 osobn.-dm=. Podobne badania, lecz
dotyczace larw paku czarnopletwego (Colossoma macropomum), wykazaty, ze sposrod
testowanych obsad na poziomie 10, 30 i 50 osobn. dm™ najwyzsze parametry podchowu
uzyskano w najwigkszej obsadzie (Santos 1 in. 2020). Analiz¢ wptywu gestosci obsady larw
sandacza (Sander lucioperca) na ich wzrost i przezywalnos$¢ przeprowadzili Szkudlarek i
Zakes (2007). Dla larw miedzy 4 a 18 dniem po wylegu najkorzystniejsze sposrod
testowanych zageszczen (od 25 do 100-osobn.-dm™) okazalo si¢ najwicksze. Miato ono
wyraznie przelozenie na maksymalny wzrost i przezywalno$¢ larw z tego wariantu
podchowowego. W przypadku dalszego podchowu larw sandacza w zageszczeniach od 6 do
15 osobn.-dm, najwyzsze wskazniki przezywalnoéci i wzrostu uzyskano réwniez przy

najwyzszym zageszczeniu.

Jednym z najpowazniejszych problemow napotykanych podczas hodowli larw ryb
w warunkach kontrolowanych jest zapewnienie im odpowiedniej jakosci i ilosci pokarmu.
Istnieje ogromna réznorodnos$¢ komercyjnych pasz do hodowli larw ryb odpowiednich
dla danego gatunku ryb. Dla wigkszo$ci gatunkéw ryb hodowanych w celach
konsumpcyjnych opracowano juz pasze dla kazdego etapu rozwoju (Belal 2007; Barbu i in.
2008; Molnar i in. 2009; Sara i in. 2010; Sverinciuc i in. 2017). Odpowiedni sktad pasz
komercyjnych zapewnia szybki wzrost larw przy jednoczesnym zachowaniu ich wysokiej
przezywalnosci. Akwakultura wykracza jednak poza hodowle komercyjnych ryb
przeznaczonych do spozycia. Zajmuje si¢ rowniez produkcjg materiatu zarybieniowego dla
ryb zagrozonych wyginigciem (Kujawa 1 Piech 2022). Sg to gldwnie gatunki dzikie, jeszcze
nieudomowione, dla ktéorych nie opracowano odpowiednich pasz komercyjnych.
Przyktadem sa reofilne ryby karpiowate, ktorych larwy zaczynaja pobiera¢ pokarm
na koncowym etapie resorpcji zawartosci woreczka zoéitkowego po napetnieniu pecherza
ptawnego (Kupren iin. 2015; Nowosad i in. 2021). Analiza dostgpnej literatury poswieconej
temu zagadnieniu (Hofer i Uddin 1985; Wolnicki i Korwin-Kossakowski 1993; Wolnicki
1995abc) oraz przeprowadzony na potrzeby niniejszej pracy eksperyment podchowowy
dowiodly, ze larwy rozpidra, podobnie jak innych reofilnych ryb karpiowatych, powinny

by¢ poczatkowo karmione pokarmem naturalnym, a dopiero po pewnym czasie sa w stanie
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efektywnie przyswaja¢ sktadniki odzywcze zawarte w paszach komercyjnych. Dostepna
literatura dostarcza informacji, ze pierwszym pokarmem egzogennym moga by¢ wrotki
Brachionus calyciflorus, ktore z powodzeniem byly podawane podczas pierwszego etapu
podchowu klenia Leuciscus cephalus (Shiri Harzevili i in. 2003). Jednak najczgsciej
stosowanym zywym pokarmem, ze wzglgdu na jego wysoka przyswajalno$¢ przez
wigkszos¢ ryb, jest stodkowodny zooplankton lub naupliusy solowca Artemia sp. (Bryant i
Matty 1980; Bengtson i in. 2018). Niemniej jednak te dwa rodzaje pokarmu staty si¢ ostatnio
mniej dostgpne, a w konsekwencji ich cena znacznie wzrosta. Wymagaja one rowniez
pracochtonnego przygotowania przed podaniem larwom ryb. Alternatywa moga by¢ pasze
komponowane. Przyswajanie przez larwy ryb sktadnikow zawartych w paszy komercyjnej
moze odbywac si¢ tylko przy pomocy egzogennych enzymdw zawartych w zooplanktonie,
gdyz ich uktad pokarmowy jest jeszcze w trakcie rozwoju 1 brak jest odpowiednich enzyméw
(Dabrowski 1984; Wiggins i in. 1986). Niektorzy naukowcy donosza, ze karmienie larw
karpiowatych komercyjng paszg jest jednoznacznie zwigzane z ich indywidualng masg ciata.
Wedlug Bryanta i Matty'ego (1981) minimalna masa larw umozliwiajgca zastgpienie
pokarmu naturalnego pasza waha si¢ od 5 do 15 mg, natomiast wedtug Stanny'ego 10-12 mg
(1984). Inni autorzy sugerujg jednak, ze larwy potrzebujg zywego pokarmu nawet przez
kilkanascie dni. Jeszcze inni twierdza, ze przejscie z zywego pokarmu na karme¢ komercyjna
powinno odbywac si¢ stopniowo (Kwiatkowski i1 in. 2008). Wszyscy jednak wskazuja, ze
zywy pokarm powinien by¢ stosowany w poczatkowej fazie karmienia. Pozwala to larwom
na osiggnigcie szybkiego przyrostu masy ciata i osiggni¢cie kolejnych etapow rozwojowych.
Moze to wyjasniaé, przynajmniej w pewnym stopniu, dlaczego zaobserwowano w
poczatkowym okresie podchowu larw rozpiora z grupy P21 nizsze przyrosty masy i
dlugosci. Podobne obserwacje poczynili inni badacze, ktérzy hodowali larwy ryb
karpiowatych na paszach starterowych (Wolnicki 1996; Mookerji i Ramakrishan 1999).
Potwierdzaja to rowniez badania nad hodowla larw ryb karpiowatych przy uzyciu pasz
starterowych (Wolnicki 1 Myszkowski 1999ab). Doniesienia te potwierdzaja, ze larwy wielu
gatunkow ryb karpiowatych wymagaja kilkudniowego karmienia naturalnym pokarmem na
poczatku okresu podchowu. Jedynie larwy takich reofilnych ryb karpiowatych, jak brzana
Barbus barbus i $winka Chondrostoma nasus, o $redniej poczatkowej masie ciata 10 mg,
moga by¢ od poczatku karmione komercyjnymi paszami starterowymi (Kujawa i in. 2010).
Stosowanie komercyjnych pasz po krétkim czasie podawania larwom naturalnego pokarmu
jest powszechnym rozwigzaniem, przynoszacym zadowalajace efekty. Warunkiem

wstepnym jest wybor paszy komercyjnej odpowiedniej dla danego gatunku ryb. Podchow
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larw rozpiora na pokarmie naturalnym zastgpionym po okreslonym czasie komercyjng pasza
Perla, pozwolito okresli¢, jak dtugo larwy powinny otrzymywac¢ pokarm naturalny, aby byty
w stanie przyswoi¢ sktadniki odzywcze z pasz. Wyniki badan potwierdzaja wczesniejsze
obserwacje innych badaczy, ze w pierwszym etapie zycia - trwajacym réznie dlugo
w zaleznos$ci od gatunku ryb karpiowatych - larwy musza otrzymywac¢ pokarm naturalny
(Skrzypczak i in. 1998; Mamcarz i in. 1998; Kujawa 2004). Wykazali oni, ze od 5 do 13
dnia podchowu (w zaleznosci od gatunku ryb i testowanej paszy) mozliwe jest zastgpienie
pokarmu naturalnego paszami, przy jednoczesnym unikni¢ciu znacznych strat wsrod larw.
Niemniej jednak, tempo wzrostu larw, ktore poczatkowo otrzymywaty naupliusy solowca
Artemia sp., a nastgpnie pasz¢ komercyjng, byto nizsze niz w przypadku larw ryb
otrzymujacych wytacznie pokarm naturalny. Analiza wynikow podchowu larw rozpiora
ujawnia wyrazng zaleznos$¢ ich wzrostu i przezywalno$ci od rodzaju pokarmu. Im dhuzej
larwy byly karmione pokarmem naturalnym (Artemia sp.), tym lepsze byly przyrosty
zaroOwno Sredniej masy, jak 1 dlugosci catkowitej. Najwigksze larwy uzyskano w wariantach,
w ktorych wspomniany okres byt najdtuzszy. Larwy z wariantu A21, karmione wytacznie
naupliusami solowca, byly ponad dwukrotnie ci¢zsze niz larwy otrzymujace wylacznie
pasze Perla (P21). Wynik ten wyraznie wskazuje, ze czas po jakim mozna zastgpi¢ pokarm

naturalny paszg uzalezniony jest od masy ciata podchowywanych larw.

Zasolenie jest jednym =z wielu czynnikow s$rodowiskowych hamujacych
rozprzestrzenianie si¢  hydrobiontow. Wplywa na przezywalno$¢, metabolizm
1 wystepowanie wielu gatunkéw ryb, ktore jako najliczniejsza obecnie grupa kregowcow
opanowaty zarowno wody o niskiej zawartosci jonéw - wody stodkie, jak 1 te o wysokiej
zawartosci jonow - wody slone. Stanowi czynnik ograniczajacy dla siedlisk lub obszarow,
w ktorych mozliwy jest sukces reprodukcji gatunku. Wptywa na wszystkie rodzaje
ekosysteméw stodkowodnych - jeziora, rzeki, strumienie i tereny podmokte. (James i in.
2003; Lind i in. 2018). Zrédtem zasolenia w ciekach wodnych moze byé¢ sptyw z poél
uprawnych, podnoszenie si¢ poziomu morz, regulacja hydrologii rzek, goérnictwo
i stosowanie soli do odladzania drog (Castillo i in. 2018; Herbert i in. 2015). Badania
nad wplywem roznego zasolenia na poszczegdlne etapy zycia ryb stodkowodnych
prowadzone s3a od dawna. Wigkszo$¢ badan dotyczyla ryb hodowanych w celach
konsumpcyjnych, w ktoérych okreslono optymalny poziom zasolenia w celu zwigkszenia
wydajnosci chowu w recyrkulacyjnych systemach RAS (Jackson 1981; Wang i in. 1997; Al-
Faiz i in. 2009; Kang'ombe i Brown 2010; Jun i in. 2012; Al-Khshali i Al Hilali 2019).
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Pilotazowe badania dotyczace wplywu zasolonej wody na larwy ryb stodkowodnych
podczas podchowu w celach restytucyjnych przeprowadzone byly na ciosie Pelecus
cultratus (Kujawa i in. 2017) oraz boleniu Leuciscus aspius (Kujawa i Piech 2022).
Powyzsze badania umozliwity hodowle wigkszej liczby ryb przy mniejszym naktadzie pracy

I energii.

Obecne prowadzone badania w wielu osrodkach naukowych koncentrujg si¢
na okresleniu zdolnosci réznych taksondw do przezycia w wodzie o réznym stopniu
zasolenia, a nie na zwigkszeniu efektow podchowu przy uzyciu zasolonej wody. Opisany
eksperyment na larwach rozpiora doskonale wpisuje si¢ w to zagadnienie, poniewaz
rozwijajace si¢ zarodki i wczesne stadia larw ryb sa szczegdlnie wrazliwe na zmiany
zasolenia wody (James i in. 2003; Fridman i in. 2012; Mardaneh Khatooni i in. 2012; Kiiltz
2015; Kujawa i Piech 2022; Kujawa i in. 2017; Lawson i Alake 2011). Ryby stodkowodne
sa narazone na dziatanie stonej wody nie tylko wtedy, gdy znajduja si¢ w strefie
migdzyplywowej lub podczas migracji z wod stodkich do stonych, ale takze w ich
naturalnym $rodowisku. Nie sg to jednak miejsca na granicy wod stodkich i stonych, ale
odcinki rzek silnie zanieczyszczone solami (Cafiedo-Argiielles i in. 2013). Punktowe lub
odcinkowe zasolenie wody spowodowane dzialalno$cig antropogeniczng, taka jak
gornictwo, hutnictwo, przemyst chemiczny nie pozostaje bez wpltywu na biocenozy
lokalnych zbiornikéw wodnych, w tym na ichtiofaune (James i in. 2003; Molenda 2018;
Cafiedo-Argiielles 1 in. 2013).

W  przeprowadzonym eksperymencie zaobserwowano, ze stopniowy wzrost
zasolenia nie wptynal negatywnie na larwy rozpiéra. R6éznice we wzroscie larw rozpiora
w wodzie o roznych poziomach zasolenia potwierdzajg dane literaturowe, ktore pokazuja,
ze zmiany zasolenia powoduja wigksze zuzycie energii na regulacj¢ osmotyczng i jonowa,
CO 0znacza, ze mniej energii pozostaje na wzrost i rozwoj (Brown 1957; Febry i Lutz 1987;
Alderdice 1988; Beeuf i Payan 2001). Larwy ryb stodkowodnych umieszczone w stonej
wodzie (roztwor hipertoniczny w stosunku do ptyndéw ustrojowych) traca wode znajdujaca
si¢ w tkankach, co powoduje wzrost stezenia soli w organizmie. Rownowaga kwasowo-
zasadowa krwi zostaje wowczas naruszona. Hemoglobina nie jest w stanie prawidlowo
wigza¢ tlenu znajdujacego si¢ we krwi, co moze prowadzi¢ do uposledzenia metabolizmu
tlenu w organizmie, a ostatecznie do $mierci (Varsamos i in. 2005). Powyzsze zmiany

dotycza nie tylko larw, ale takze starszych osobnikow. Pomyslne przeniesienie ryb
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stodkowodnych do wody o wysokim zasoleniu wigze si¢ z tolerancjg tkanek na zmiany ich
uwodnienia lub zdolnoscig do regulacji ciSnienia osmotycznego, np. przez nerki i skrzela.

Badania potwierdzaja, ze larwy rozpiéra, podobnie jak larwy bolenia zamieszkujgce
podobne $rodowiska, rowniez toleruja wody o zasoleniu 3-7 ppt (Kujawa i Piech 2022).
Starsze osobniki reofilnych ryb karpiowatych sa w stanie tolerowaé znacznie wyzsze
zasolenie wody. Przyktadem jest blisko spokrewniony jaz, ktory toleruje wodg
o zasoleniu 15 ppt. Najprawdopodobniej organizmy stenohalinowe, ktére wykazuja
zachowania anadromiczne, ktore zamieszkujg glownie rzeki i sg czgsto obserwowane w
wodach o zasoleniu kilku promili, b¢da najlepiej przystosowane do tych zmian (Skovrind i
in. 2016).

Zbyt wysoki poziom zasolenia zabija gatunki stodkowodne z powodu toksycznych
poziomdéw jonoéw sodu i chlorkow w ich komorkach oraz zmniejszonej zdolnosci
do pobierania niezbednych jonéw i wody. Omawiajagc wptyw stonej wody na organizmy
stodkowodne, warto wspomnie¢ o pierwiastkach 1 zwigzkach chemicznych, ktére moga
potegowac negatywny wptyw chlorkow i siarczanéw na organizmy. Takimi pierwiastkami
sa wapn Ca, magnez Mg i potas K. Zrodtem Ca i Mg moga by¢ sole drogowe, takie jak CaClz
i MgCla, ktére sg uzywane nie tylko zimg, ale takze latem do wigzania pylu na drogach
zwirowych (Hintz i Relyea 2019). Pierwsze dwa czesto tworzg zwigzki CaCO3 i MgCO3
odpowiedzialne za twardo$¢ wody. Im wigcej jest tych zwigzkow, tym twardsza jest woda,
a wplyw jondéw chlorkowych na organizmy jest mniejszy (Elphick i in. 2011).
W opisywanym do$wiadczeniu jako rozcienczalnik dla soli morskiej zostala uzyta woda
wodociggowa (o twardosci 24°n). Przypuszczalnie mogto to wptynaé na tak wysoka
przezywalno$¢ larw rozpidra we wszystkich testowanych zasoleniach. Negatywny wptyw
chlorkow i siarczan6w na organizmy stodkowodne poteguje podwyzszona obecnos$¢ potasu
(Schulz 1 Cafiedo-Argiielles 2019). W zwiagzku z tym wskazane jest aby podczas hodowli
larw ryb stodkowodnych w wodzie o réznych poziomach zasolenia, a takze podczas
przewidywania ekologicznych skutkéw wprowadzenia solanki do wod $roédladowych
uwzgledniony zostat sktad chemiczny wody (Moffett i in. 2020).

Wedlug badan Laxa i Petersona (2009) na larwy ryb stodkowodnych negatywnie
wptywa dhugotrwata ekspozycja stezenia chlorkéw powyzej 25 mg-dm™. Wysoka tolerancja
larw rozpidra na wode o zasoleniu 3 ppt (3000 mg-dm) wskazuje, ze istniejg duze roznice
miedzygatunkowe nawet ws$rdd ryb stenohalinowych w zakresie wrazliwosci na sol
(Imanpoor 1 in 2012). Zdolno$¢ adaptacyjna ryb do stonej wody moze zaleze¢

od wczesniejszej ekspozycji na ten czynnik. Co wigcej, mechanizmy stojace za mozliwg
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aklimatyzacjg lub adaptacja do zasolenia przez organizmy stodkowodne sg nadal niezbadane
(Coldsnow i in. 2017) i nie wiadomo, dlaczego niektore osobniki tego samego gatunku

lepiej, a inne bardzo stabo tolerujg stong wode (Van Dam i in. 2017; Scheibener 2017).
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7. WNIOSKI

o Zaobserwowano zadawalajaca odpornos¢ tarlakow rozpiéra na manipulacje
zwigzane z rozrodem w warunkach kontrolowanych. Najlepszym stymulatorem owulacji
rozpiora w warunkach kontrolowanych okazat si¢ Ovopel. Po zastosowaniu Ovopelu
rowniez przezywalno$s¢ samic do momentu pozyskania produktow piciowych byta
najwyzsza. Najmniejszg przezywalnos¢ samic zaobserwowano po zastosowaniu CPH.
Wysoki procent zaptodnienia oraz przezywalnos¢ larw uzyskano od samic stymulowanych
Ovopelem lub CPH.

. Przeprowadzone badania potwierdzity wysoka tolerancje larw rozpiora na wysoka
temperature - optymalng dla reofilnych ryb karpiowatych oraz duze zaggszczenie obsady.
Najlepsze wyniki podchowu 1 najnizsza S$miertelno$¢ larw rozpidra uzyskano przy
najnizszym zageszczeniu obsady wynoszacym 20 osobn.-dm=. Jesli chodzi o wptyw
temperatury, podchow w najwyzszej testowanej temperaturze (30°C) okazat si¢ najlepsza
opcja, z najwyzszymi wskaznikami przezywalnosci i wzrostu. W przypadku masowej
produkcji materiatu zarybieniowego rozpiora zaleca si¢ stosowanie temperatury 25°C |

8w celu uzyskania optymalnych

zageszezenia obsady na poziomie 40-80 osobn.-dm”
wynikoéw podchowu, zarowno pod wzgledem biologicznym, jak i ze wzgledu na nizsze
koszty zwigzane z podgrzewaniem wody w obiegach podchowowych.

o Podchow larw rozpiora w warunkach kontrolowanych wymaga zapewnienia im w
poczatkowym okresie podchowu dostepu do zywego pokarmu. Najwyzsze tempo wzrostu
larw rozpioéra z badanych wariantow odnotowano w grupie A12P9. Zbyt wczesne
zastgpienie zywego pokarmu pasza komercyjng obniza parametry wzrostu i zwigksza
$miertelno$¢ larw. Przyswajanie przez larwy rozpiora sktadnikow zawartych w paszy
komercyjnej moze odbywac si¢ tylko przy pomocy egzogennych enzyméw zawartych w
zooplanktonie, dlatego konieczne jest zapewnienie im zywego pokarmu w poczatkowej fazie
Zerowania.

o W powyzszym doswiadczeniu najlepsze parametry wzrostu uzyskano podchowujac
larwy rozpidora w wodzie o zasoleniu 3 ppt. Wyzsze poziomy zasolenia byly rowniez
akceptowane przez larwy, o czym $wiadczg wyliczone parametry podchowu. Wskazniki
przezywalnosci larw rozpiora we wszystkich testowanych poziomach zasolenia byty bardzo
wysokie 1 wynosily od 83,2% do 97,0%. Tolerancja larw rozpidra na wode¢ o zasoleniu
3-7 ppt sugeruje, ze sa one w stanie przetrwaé i rozwija¢ si¢ w wodach naturalnych

zanieczyszczonych solankami pochodzacymi ze zrzutu wod pokopalnianych.
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STRESZCZENIE

Biotechnika rozrodu rozpiora (Ballerus ballerus L.) oraz wplyw wybranych czynnikow
biotycznych i abiotycznych na wzrost oraz przezywalnos¢ larw w warunkach
kontrolowanych

mgr inz. Przemystaw Piech

Akwakultura jest rodzajem dzialalno$ci gospodarczej, ktéra z roku na rok notuje
dynamiczny wzrost produkcji. Jej gtéwng rolg jest produkcja wysokiej jakosci zywnosci.
Oprécz tego wspiera ona czynng 1 bierng ochrone gatunkow jak i calych populacji. W
zwigzku z powyzszym opracowywane, a takze rozwijane sg technologie produkcji materiatu
zarybieniowego w celu utrzymania liczebnosci gatunkowej wod otwartych, ktora ulega
statemu spadkowi. Gatunki ryb, ktore mimo iz nie majg znaczenia gospodarczego, stanowig
cenny sktadnik ekosystemow wodnych 1 wplywaja na ich bior6znorodnos¢. Przyktadem
moga by¢ reofilne ryby karpiowate, ktére nie maja znaczenia gospodarczego, lub/ani
wysokiego statusu ochronnego, ale posiadajg funkcje regulacyjng w wodach stodkich np.
bolen Leuciscus aspius. Do innych gatunkéw wystepujacych juz tylko na ograniczonym
obszarze mozna zaliczy¢ rozpiora Ballerus ballerus. Jest on jednym z dwdch (obok sapy
Ballerus sapa) gatunkow ryb z rodzaju Ballerus wystepujacych w Polsce. Opracowanie
metody rozrodu, a nastepnie podchowu larw rozpidéra w warunkach kontrolowanych stato

si¢ gtbwnym celem rozprawy doktorskie;j.

Dla osiggniecia postawionego celu rozprawy doktorskiej podj¢to zadania badawcze
opublikowane w czterech autorskich artykutach naukowych. W artykule 1 (Piech i Kujawa
2021) skupiono si¢ na opracowaniu techniki rozrodu rozpiéra w warunkach
kontrolowanych. W oparciu o przeprowadzone badania opisano wpltyw réznych §rodkow
hormonalnych i efekty rozrodu w warunkach kontrolowanych. Zaobserwowano
zadawalajaca odporno$¢ tarlakow rozpidra na manipulacje zwigzane z rozrodem w
warunkach kontrolowanych. Najlepszym stymulatorem owulacji rozpidora w warunkach
kontrolowanych okazat si¢ Ovopel. Po zastosowaniu Ovopelu réwniez przezywalnos$¢ samic
do momentu pozyskania produktow plciowych byta najwyzsza. Najmniejsza przezywalno$é
samic zaobserwowano po zastosowaniu CPH. Wysoki procent zaptodnienia oraz

przezywalnos¢ larw uzyskano w grupach samic stymulowanych Ovopelem lub CPH.
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Materiat pochodzacy z kontrolowanego rozrodu (larwy) postuzyt do kolejnych badan i

postawienia kolejnych celéw szczegdtowych.

W artykule 2 (Piech i in. 2023a) analizowano wptyw temperatury oraz zaggszczenia
obsady podczas podchowu na wzrost i przezywalnos¢ larw. W trakcie 21-dniowego
podchowu oceniono parametry hodowlane uzyskane podczas réznych wariantow
podchowowych. Wytypowane zostaly optymalne temperatury i zageszczenia obsady, ktore
cechowaly najwyzsze wspotczynniki wzrostu oraz przezywalno$¢ larw. Przeprowadzone
badania potwierdzily wysoka tolerancje larw rozpidra na wysoka temperature - optymalng
dla ryb reofilnych oraz duze zagegszczenie obsady. Najlepsze wyniki podchowu i najnizsza
Smiertelnos¢ larw rozpidra uzyskano przy najnizszym zageszczeniu obsady wynoszacym
20 osobn.-dm™. Jesli chodzi o wptyw temperatury, podchow larw w najwyzszej testowanej
temperaturze (30°C) jest najlepsza opcja, z najwyzszymi wskaznikami przezywalnosci
1 wzrostu. W przypadku masowej produkcji materiatu zarybieniowego rozpiéra zaleca si¢
stosowanie temperatury 25°C i zageszczenia obsad na poziomie 40-80 osobn.-dm=, w celu
uzyskania optymalnych wynikow hodowli, zard6wno pod wzgledem biologicznym, jak 1 pod
wzgledem stosunkowo nizszych kosztow zwigzanych z podgrzewaniem wody w obiegach

hodowlanych.

W artykule 3 (Piech i Kujawa 2022) skupiono si¢ na jednej z wazniejszych kwestii
podczas intensywnego podchowu, czyli ustaleniu optymalnego momentu zastgpienia
pokarmu zywego, ktorym byt solowiec Artemia sp.(A) pokarmem komercyjnym (pasza-P).
Wykazano, ze podchow larw rozpiéra w kontrolowanych warunkach wymaga zapewnienia
im dostepu do zywego pokarmu w poczatkowym okresie podchowu. Najwyzsze tempo
wzrostu larw rozpidra z badanych wariantow odnotowano w grupie A12P9 (pokarm
naturalny przez 12 dni, a nastgpnie pasza przez 9 dni). Zbyt wczesne zastagpienie Zywego
pokarmu pasza komercyjng obniza parametry wzrostu i zwigksza $miertelnos¢ larw.
Przyswajanie przez larwy ryb sktadnikéw zawartych w paszy komercyjnej moze odbywac
si¢ tylko przy pomocy egzogennych enzymoéw zawartych w zooplanktonie, gdyz ich uktad
pokarmowy jest jeszcze w trakcie rozwoju i brak jest odpowiednich enzyméw. Ustalenie
minimalnego okresu karmienia pokarmem naturalnym bez wigkszego spadku wskaznikow
wzrostowych przyczyni si¢ do ograniczenia kosztoéw podchowu materialu zarybieniowego

rozpidra w warunkach kontrolowanych.
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W artykule 4 (Piech i Kujawa 2023b) zbadano jaki wptyw na wzrost i przezywalno$¢
larw rozpiora ma zasolenie wody. Na podstawie danych literatury i wczes$niejszych badan
wytypowano warianty podchowowe o $cisle okreslonych poziomach zasolenia wody. W
powyzszym dos$wiadczeniu najlepsze parametry wzrostu uzyskano podchowujac larwy
rozpidra w wodzie o zasoleniu 3 ppt. Wyzsze poziomy zasolenia byly roéwniez akceptowane
przez larwy, o czym $wiadczg wyliczone parametry podchowu. Wskazniki przezywalno$ci
larw rozpiora we wszystkich testowanych poziomach zasolenia byly bardzo wysokie i
wynosity od 83,2% do 97,0%. Tolerancja larw rozpidéra na wode o zasoleniu 3-7 ppt
sugeruje, ze s3 one w stanie przetrwa¢ 1 rozwija¢ si¢ w wodach naturalnych

zanieczyszczonych solankami pochodzacymi ze zrzutu wod pokopalnianych.

Powyzsze wyniki stanowig uzupetnienie branzowe;j literatury dotyczacej rozpiora.
Moga mie¢ wplyw na optymalizacj¢ procesu hodowlanego, tym samym obnizenie kosztow

podchowu tego gatunku.

Stowa Kkluczowe: rozpior, larwy, przezywalno$¢, wspotczynnik wzrostu, stymulacja

hormonalna, warunki kontrolowane
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SUMMARY

Reproductive biotechnique of the blue bream (Ballerus ballerus L.) and the influence
of selected biotic and abiotic factors on larval growth and survival under controlled
conditions

Msc. Eng. Przemystaw Piech

Aquaculture is a type of economic activity that has seen rapid growth in production
year after year. Its main role is to produce high-quality food. In addition, it supports the
active and passive protection of species as well as entire populations. Accordingly,
technologies for the production of stocking material are being developed, as well as
developed, to maintain the species abundance of open waters, which is in steady decline.
Fish species, which, although not economically important, are a valuable component of
aquatic ecosystems and affect their biodiversity. Examples include rheophilic cyprinid fish,
which do not have economic importance and/or high conservation status, but have a
regulatory function in freshwater, such as the asp Leuciscus aspius. Other species that are
already present only in a limited area include the blue bream Ballerus ballerus. It is one of
two (along with white-eye bream Ballerus sapa) species of fish of the genus Ballerus found
in Poland. The development of a method of reproduction and subsequent rearing of blue

bream larvae under controlled conditions became the main objective of the dissertation.

To achieve the set goal of the dissertation, research tasks published in four original
scientific articles were undertaken. In Article 1 (Piech and Kujawa 2021), the focus was on
the development of the breeding technique of the blue bream under controlled conditions.
Based on the research conducted, the effect of various hormonal agents and the effects of
reproduction under controlled conditions were described. Satisfactory resistance of blue
bream spawners to reproductive manipulations under controlled conditions was observed.
Ovopel proved to be the best stimulator of blue bream ovulation under controlled conditions.
After the application of Ovopel, the survival rate of females to the acquisition of sexual
products was also the highest. The lowest survival rate of females was observed after the
application of CPH. High fertilization percentages and larval survival rates were obtained in
groups of females stimulated with Ovopel or CPH. Material from controlled reproduction

(larvae) was used to further study and set further specific goals.
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Article 2 (Piech et al. 2023a) analyzed the effects of temperature and stocking
density during rearing on larval growth and survival. During 21-day rearing, the breeding
parameters obtained during different rearing variants were evaluated. Optimal temperatures
and stocking densities were selected, which were characterized by the highest growth rates
and larval survival. The study confirmed the high tolerance of blue bream larvae to high
temperatures - the optimal temperature for rheophilic fish and high stocking density. The
best rearing results and the lowest mortality of blue bream larvae were obtained at the lowest
stocking density of 20 indiv.-dm=. As for the effect of temperature, rearing larvae at the
highest temperature tested (30°C) is the best option, with the highest survival rates and
growth rates. For mass production of blue bream stocking material, it is recommended to use
a temperature of 25°C and a stocking density of 40-80 individuals-dm, to obtain optimal
rearing results, both biologically and in terms of relatively lower costs associated with

heating water in rearing circuits.

Article 3 (Piech and Kujawa 2022) focused on one of the most important issues
during intensive rearing, i.e. determining the optimal moment to replace live food, which
was the brine shrimp Artemia sp.(A), with commercial food (feed-P). It has been shown that
rearing blue bream larvae under controlled conditions requires providing them with access
to live food during the initial rearing period. The highest growth rate of the blue bream larvae
of the tested variants was recorded in the A12P9 group (natural food for 12 days, followed
by feed for 9 days). Replacing live food too early with commercial feed decreases growth
parameters and increases larval mortality. The assimilation by fish larvae of the ingredients
contained in commercial feed can only take place with the help of exogenous enzymes
contained in zooplankton since their digestive system is still in the process of development
and lacks the appropriate enzymes. Setting a minimum feeding period with natural food
without a major decrease in growth rates will help reduce the cost of rearing blue bream

stocking material under controlled conditions.

Article 4 (Piech and Kujawa 2023b) investigated how water salinity affects the
growth and survival of blue bream larvae. Based on literature data and previous studies,
rearing variants with strictly defined water salinity levels were selected. The above
experiment obtained the best growth parameters by rearing the blue bream larvae in water
with a salinity of 3 ppt. The larvae also accepted higher salinity levels, as evidenced by the
calculated rearing parameters. Survival rates of blue bream larvae at all salinity levels tested

were very high, ranging from 83.2% to 97.0%. The tolerance of the blue bream larvae to
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water with a salinity of 3-7 ppt suggests that they can survive and thrive in natural waters

contaminated with brine from post-mining water discharges.

The above results add to the industry literature on blue bream. They may have
implications for optimizing the breeding process, thereby reducing the cost of rearing this

species.

Keywords: blue bream, larvae, survival rate, growth rate, hormonal stimulation, controlled
conditions
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Simple Summary: Quite severe biological imbalances have been caused by the often ill-conceived
and destructive actions of humans. The natural environment, with its flora and fauna, has been
subjected to a strong, direct or indirect, anthropogenic impact. In consequence, the total population
of wild animals has been considerably reduced, despite efforts to compensate for these errors and
expand the scope of animal legal protection to include endangered species. Many animal populations
on the verge of extinction have been saved. These actions are ongoing and embrace endangered
species as well as those which may be threatened with extinction in the near future as a result of
climate change. The changes affect economically valuable species and those of low value, whose
populations are still relatively strong and stable. Pre-emptive protective actions and developing
methods for the reproduction and rearing of rare species may ensure their survival when the
ecological balance is upset. The blue bream is one such species which should be protected while
there is still time.

Abstract: The blue bream Ballerus ballerus (L.) is one of two species of the Ballerus genus occurring in
Europe. The biotechnology for its reproduction under controlled conditions needs to be developed to
conserve its local populations. Therefore, a range of experiments were performed to obtain valuable
gametes from blue bream following hormonal stimulation with carp pituitary homogenate (CPH),
Ovopel and Ovaprim. CPH and Ovopel were injected twice and Ovaprim—once, under a pectoral
fin. The spawners were inspected 12 h after the last injection, and the gametes were collected. Eggs
were collected from spawning females and fertilized with sperm from three males. The smallest
number of ovulating blue bream (four females) was obtained from individuals stimulated with
Ovaprim. There were six to nine ovulating females in the other groups, accounting for 60-90% of the
females in the respective groups. The latency period was the shortest in the spawners stimulated
with Ovopel. The fish in this group ovulated 14 h after the hormonal injection. Spawning was
synchronized and all females spawned simultaneously. The highest average weight of eggs per fish
(75.4 g) was obtained from the females stimulated with Ovopel, whereas the individuals stimulated
with Ovaprim provided the smallest average amount of eggs (49.5 g). The study showed that blue
bream spawners are not very sensitive to reproduction-related handling under controlled conditions.

Keywords: rheophilic fish; controlled conditions; artificial reproduction; hormonal stimulation

1. Introduction

There are many fish species of high or low economic value inhabiting inland waters in
Poland. Fish of both types are often caught together. Although the economic importance of
some fish is low, they are an essential component of the ichthyofauna, affecting the aquatic
environment biodiversity. One such species is the blue bream Ballerus ballerus (L.)—one
of two representatives of the genus Ballerus occurring in Europe [1]. It is a phytophilous
rheophilic cyprinid fish, inhabiting large, slow lowland rivers, flow-through swamps and
eutrophic lakes with lush vegetation. The blue bream mainly inhabits the pelagic zone in
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lakes and the benthopelagic zone in rivers [2]. It is often found in salty and brackish waters
in river estuaries of the North and Baltic Seas, and of the European parts of the Black Sea,
the Sea of Azov and the Caspian Sea river basins [3].

The fish reach sexual maturity at the age of 3-5 years [4]. Mature females are at least
24.1 cm long and mature males are 20.6 cm in length [5,6]. This fish produces eggs once
a season, usually between early April and early May, in water above 12 °C [6,7]. The
spawning period can shift to late May if the water does not become warm enough due to
low spring air temperatures [5]. The blue bream’s annual reproductive cycle description is
based on gonad morphology, GSI fluctuations [5] and the gonad histology in fish of both
sexes in the annual development cycle [8,9].

This species’ reproduction under controlled conditions has not yet been conducted.
The issue is very important given the fact that the procedure would help to maintain
or restore its population should such a need arise in the future. Unlike other cyprinids,
the blue bream is sensitive to thermal water pollution. The forecast water temperature
increase due to climate change could have a considerable impact on the species’ range in the
wild [10]. The water temperature has a great impact on the seasonal spawning effectiveness
and, consequently, on the condition of ichthyofauna in inland waters [11]. Climate change
and extreme weather conditions may upset natural fish reproduction [12]. Disruption of
natural reproductive functions may, in extreme situations, lead to the total disappearance of
individual fish species populations. Developing methods for reproduction under controlled
conditions for fish species of low economic value and larvae rearing in recirculation
aquaculture systems may considerably boost these species” stocking material production.
Production intensification in Recirculating Aquaculture Systems (RAS) provides a great
opportunity for the development of conservative aquaculture. The research conducted thus
far has facilitated the implementation of the developed technologies in fishing practice. This
has increased stocking with such biologically valuable species as the asp Leuciscus aspius,
the ide Leuciscus idus, the common rudd Scardinius erythrophthalmus, the dace Leuciscus
leuciscus, the common bream Abramis brama and the burbot Lota lota [12-20]. Maintaining
the population sizes of low-economic value fish at an appropriate level ensures sufficient
feed for such fish as the pike Esox lucius and the European catfish Silurus glanis. Stocking
with fish species of low economic value also increases the biodiversity in water bodies
and watercourses.

Fish reproduction under controlled conditions is a common method for supporting
fish populations. There are many methods for aiding fish reproduction. Oogenesis and
spermatogenesis are induced with chemical preparations. Without hormonal stimulation,
it is impossible to obtain mature oocytes from female fish of most cyprinid species under
controlled conditions [17,21,22]. Hormonal agent application to male fish increases the
amount of sperm obtained from them and improves its quality [23]. Hormonal stimula-
tion combined with a proper thermal regime is the most effective method. Maintaining
the appropriate temperature together with hormone application is a guarantee of obtain-
ing valuable gametes [24]. The thermal requirements are adjusted on a species-specific
basis. Maintaining the assumed temperature-related regime has a huge impact on the
development of maturing oocytes and successful spawning. Even small temperature fluc-
tuations often lead to gonad resorption [11]. The method for fish reproduction under the
controlled conditions described above is usually applied together with an appropriate
photoperiod [25-29].

The professional literature provides descriptions of many hormonal agents with a
beneficial impact on fish reproduction. The effectiveness of these agents varies. The most
common agents administered to fish include carp pituitary homogenate (CPH), human
chorionic gonadotropin (hCG), Ovopel containing a mammalian gonadotropin-releasing
hormone (GnRH) analogue and metoclopramide as a dopamine receptor antagonist and
Ovaprim containing an analogue of salmon GnRH and domperidone as a dopamine
receptor antagonist [12,17,30,31]. Most hormonal agents require proper preparation—
they must be dissolved or homogenized in a 0.9% NaCl solution [32-34]. Among the
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hormonal agents mentioned above, only Ovaprim is immediately ready for use. The other
reproduction stimulators must be homogenized and dissolved in physiological saline. The
injections are given intraperitoneally or intramuscularly [27].

In this study, blue bream reproduction under controlled conditions was performed
following stimulation with the three preparations most commonly used in cyprinid fish. The
study aimed to develop a procedure for blue bream reproduction under controlled conditions.

2. Materials and Methods

The blue bream reproductive study was conducted at the Centre for Aquaculture
and Ecological Engineering in the Department of Ichthyology and Aquaculture of the
University of Warmia and Mazury in Olsztyn (Poland). The species’ spawners were caught
in Lake Dabie in mid-May, i.e., during the natural spawning period. The fish were caught
with fish traps and gillnets. They were carefully removed from the nets and put into
containers with intensively aerated water [35].

The fish are very fidgety when being removed from the nets, which makes them
susceptible to scale loss. This facilitates bacterial and fungal invasions, which can kill the
fish within a short time. Therefore, all the fish handling was performed very gently. On
the coast, the fish were put into transport bags with water and supplied with oxygen. The
transport between the fish loading and release into the tanks lasted eight hours. Afterwards,
the spawners were separated according to sex and put into two separate tanks working
in one RAS system [36]. During fish collection in the wild, the water temperature was
14.0-14.5 °C.

It was easy to distinguish between the blue bream spawner sexes. The females’ scales
during the spawning period are smooth or slightly rough. The abdominal section is swollen
with a distinctly protruding papilla. The males’ snout, head and pectoral fins are yellowish
and the bottom of their body is dark. There is a yellowish area of rough scales (easily
felt with fingertips) between the anal fin and the caudal fin. Sexual dimorphism is poorly
marked outside the reproductive period. The females’ readiness for reproduction was
determined based on their appearance and by collecting oocyte samples according to the
methodology described by Kujawa and Kucharczyk [37]. The oocytes were subsequently
cleared in Serra’s liquid. They were in the third stage [17], which is the optimum stage for
cyprinid fish stimulation for artificial reproduction [22,38]. Forty females and ten males
were used in the experiment (Table 1).

Table 1. Characteristics of the examined blue bream Ballerus ballerus (L.).

Weight (g) Length (cm) Weight (g) Length (cm)
Females (1 = 40) Males (n = 10)
min—-max 404-995 3448 298-443 33-39
mean 501.6 37.8 387.8 35.8
(£SD) 138.7 3.0 40.3 19

The blue bream spawners’ body weight ranged from 404 to 995 g. The differences in
the average body weight of females in different groups were relatively small.

The 1000 L tanks were made of plastic. They had independent systems for aeration,
stepless regulation of the water temperature, EHEIM CLASSIC 2260 (EHEIM GmbH & Co.KG,
Deizisau, Germany) external filters with a biological bed, EHEIM 1262 pumps with a flow of
3400 dm?3/h and EHEIM (EHEIM GmbH & Co.KG, Deizisau, Germany) UV lamps for water
treatment. Maintaining the set water temperature was ensured by a chilled water system
and 2.5 kW heaters. Continuous water temperature monitoring and control were performed
using the OXYGuard Pacific (OxyGuard International A/S, Farum, Denmark). The water
temperature in the tanks was 14.5 °C (£0.1 °C) and it was not much different from that in
Lake Dabie at the time of fish catching.

Three preparations were used:
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e  Ovopel, containing a mammalian GnRH analogue (D-Ala6, Pro9-Net-mGnRH) and meto-
clopramide as a dopamine receptor antagonist (Unic-trade, Budapest, Hungary) [29].
CPH—carp pituitary homogenate (Argent, Redmont, WA, USA).

Ovaprim, containing a salmon GnRH analogue (D-Arg6, Pro9-Net-sGnRH) and dom-
peridone as a dopamine receptor antagonist (Syndel, Nanaimo, Canada) [30].

Only the females were stimulated as the males released sperm when their abdominal
area near the sexual orifice was pressed slightly. The females were weighed on a KERN
electronic balance with an accuracy of 0.1 g. Powdered carp pituitary homogenate (CPH)
and Ovopel were pounded up in a mortar and dissolved in a 0.9% solution of NaCl
All hormonal injections were given intraperitoneally, under the left pelvic fin base. The
volumes of the preparation doses are shown in Table 2.

Table 2. Treatments and their doses used for blue bream Ballerus ballerus (L.) female artificial reproduction.

_ Ovopel Ovaprim 0.9% NaCl
1
Parameter CPH (mg kg—1) (Pellets kg—1) (mL kg—1) (mL kg—1)
Group I I I Control
Injection 0.4 after24h3.6 0.2after24h1.2 0.5 2

The spawners in each experimental group were labeled with Floy Tags [39,40]. Fe-
males from all groups were kept together to minimize the impact of abiotic conditions on
the final maturation process of females [11,13,15,20]. The control group included female
fish receiving only physiological saline. The statistical analysis did not show any signifi-
cant differences between females in the groups. After one day of acclimation, the water
temperature in the tanks was increased to 16 °C (0.1 °C) and the hormonal stimulation
was started 24 h after the spawners were released to the tanks.

Later, the water temperature in the tank was increased to 19 °C (£0.1 °C) after the
spawners were given the final (resolving) dose of the hormonal treatment. The spawner
inspection was started 12 h after the final injection. After that time, the females were
inspected every hour. All the fish handling was performed after they were anesthetized in
an MS 222 solution (100 mg L3 of water).

The eggs obtained from females were collected by gentle pressure on the abdominal
wall from the head towards the tail and then placed separately into plastic vessels. Then,
they were fertilized with semen from several males [34,41]. The same weight portions of
eggs (10 g of eggs) from each female were fertilized with 100 puL of semen. The gametes
were activated with water and then removed in the stickiness procedure before putting
them into incubators. First, they were washed in a solution of urea with salt (40 of urea, 30 g
of NaCl—10 L of water) and then for a few seconds in a tannin solution (7 g of tannin—10 L
of water). Non-sticky eggs were placed in Weiss closed-circuit mini incubators (jar) with a
capacity of 1.8 L [42]. For each of the females, such egg samples were produced in triplicate.

During the egg incubation, samples were taken randomly from each jar to determine
the number of live eyed-egg embryos/total number of egg grains used for the observation
ratio (%) and the number of swimming larvae/total number of egg grains used for the
observation ratio (%).

The following parameters were also recorded during the experiment:

e The weight of eggs obtained from each ovulating female—determined with an elec-
tronic balance with an accuracy of 0.1 g;
The latency time—the time between the application of a stimulating agent and ovulation (h);
The number of ovulating/stimulated females ratio (%);
Spawner mortality rate in each experimental group (%).

The GSI was calculated in the following manner:

GSI =100 Wg x Wb ~!



Animals 2021, 11, 1326

50f 10

where: Wg—weight of the obtained eggs (g), Wb—total weight of the fish (g) before the
eggs were collected.

The assessment of the normality of the data distribution, expressed as mean +SD,
was ascertained using Statistica software version 13.1 (StatSoft Inc. 2016, Tulsa, OK, USA).
Data were normally distributed (Shapiro-Wilk test) and the variances were homogenous
(Leven’s test). Differences between the means of the groups for each variable were evalu-
ated using ANOVA and Duncan’s multiple range tests for group comparisons (p < 0.05
was considered to be significant).

3. Results

Gametes were not acquired from the fish in the control group. The lowest number of
ovulating blue bream females (four fish) was found in group IlI, stimulated with Ovaprim
(Table 3). There were six to nine ovulating females in the other groups, accounting for
60-90% of the females in the respective groups.

Table 3. Effects of different hormonal agents on blue bream Ballerus ballerus (L.) female ovulation
during controlled reproduction.

Group I II III Control

Number of stimulated 10 10 10 10
females

Female body (min-max) (g) 404-964 416-995 475-846 462-836

Femfﬂ(? su.rv1vi11 after 70 90 80 90
injection (%)

No. of ovulated females/ (%) 6/60 9/90 4/40 -
Latency time (h) 15-18 12 13-20 -

The latency time was the shortest in the spawners receiving Ovopel injections (group
IT). The fish in this group ovulated 12 h after the hormonal injection. Spawning was synchro-
nized and all females spawned simultaneously (Table 3). The time between administration
of the hormonal agent and ovulation was longer in the other groups, by 3-6 h, on average.
The ovulation was considerably extended in time in group III, stimulated with Ovaprim.
There was up to a seven-hour span between the ovulation of the first and the last female.

The fish survival rate was found to differ slightly depending on the hormonal prepara-
tions used to induce ovulation. The loss of females was the highest (30%—Table 3) among
those stimulated with CPH. The survival rate was 90% in the group of spawners stimulated
with Ovopel and 80% in the group in which Ovaprim was used.

Eggs with the highest average weight per fish (75.4 g) were obtained from the females
in group II, stimulated with Ovopel (Table 4), while eggs with the lowest average weight
per fish (49.5 g) originated from fish in group III. However, the differences were not
statistically significant.

Table 4. Influence of different hormonal agents on egg quantity and quality during Ballerus ballerus
(L.) artificial reproduction. The data in row with the same letter superscript are not differ statistically
(p > 0.05).

I II III Control
Group
Mean (+SD)
Female body
(g ind~) 494.5 (£22.4) 489.3 (£21.7) 467 .4 (+£48.0) 479.5 (£26.7)
Mass of eggs (g) 60.8 2P (+£10.8) 7542 (+8.6) 49.5b (+9.3) 0
GSI (%) 12.3 (£1.7) 15.4 (£2.1) 10.6 (£2.1)
Survival to eyed-egg stage (%) 81.2"° (£0.6) 88.8 % (£0.5) 73.8 € (£1.2) 0

Swimming larvae (%) 74.3 (40.8) 82.52 (£0.4) 66.4 € (£0.7) 0
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There was also no significant variation in the individual experimental groups in terms
of the survival of the embryos to the eyed-egg stage (Table 4). The overall fertilization
effectiveness expressed as the percent of live eyed-egg embryos was relatively high—from
73.8% in group III to 88.8% in group II, with the differences being statistically significant.
The percent of swimming larvae was also high. It was the highest in group II (82.5%) and
the lowest in group III (66.4%). The differences were statistically significant (Table 4).

4. Discussion

Hormonal stimulation is necessary to obtain gametes from most fish species living
in the wild [43]. This especially applies to rheophilic cyprinids, whose reproduction
under controlled conditions is often impossible without hormonal injections. Gametes
can be obtained from them without such stimulation only when they are caught at a
spawning site during the spawning [44]. Research into blue bream reproduction under
controlled conditions following hormonal stimulation was based on studies of the bream
Abramis brama [13,14] and rheophilic cyprinids [12,16-20]. Similarly to blue bream, these
fish must be caught in the wild before their reproduction under controlled conditions. This
results in high stress for the fish, with a possible decreased survival rate when they are put
into tanks. Inducing ovulation in females and increasing the sperm amount by injection of
CPH suspension has now been partly replaced with the use of other hormonal agents, e.g.,
Ovaprim or Ovopel [45-50]. Hormones are increasingly often combined with CPH injec-
tions. Developing a reproduction biotechnique involves testing various hormonal agents
at different doses. It is of particular importance in cyprinids with diverse reproduction
procedures. Fish producing eggs once per season must receive hormonal agents, often
in combination with dopamine antagonists [45,46,50,51]. However, multiple-spawners
should receive different hormones in different doses [13,52] than single-spawners [13-15].
Such stimulating agents include human chorionic gonadotropin (HCG), which is used as
a supporting hormone in conventional methods of controlled reproduction. It is partic-
ularly recommended for use in percid reproduction [52,53]. This agent’s effectiveness in
out-of-season reproduction of rheophilic cyprinids is very low. Moreover, the application
procedure requires two to four injections, which is stressful for the fish and may result
in their increased mortality [54,55]. According to Syndel, the Ovaprim manufacturer, the
product shortens and synchronizes spawning, reduces fish stress, increases egg production,
extends its activity and improves spawning effectiveness. However, the results are different
in practice. Ovaprim use does not often give satisfactory results in reproduction, especially
for cyprinid fish, particularly with respect to the percent of ovulating females and the
biological quality of the eggs [56,57]. This was confirmed by the outcome of blue bream
reproduction under controlled conditions in which both the number of ovulating fish and
the egg weight were the lowest following the application of Ovaprim.

The hormonal agents used in this study included Ovaprim, Ovopel and carp pituitary
homogenate (CPH). These agents are very often used in controlled reproduction of the
carp and other cyprinids [22,25,58,59]. The ultimate effects of their use are similar, but
their impact on the fish organism varies. CPH affects gamete maturation directly, whereas
GnRH affects it indirectly—it influences the fish endocrine glands, which produce their
own gonadotropin-releasing hormones and induce gamete maturation [17,25].

According to the study findings, ovulation in blue bream females caught in the wild
can be stimulated with CPH, Ovopel or Ovaprim. Ovopel proved to be the most effective
and Ovaprim the least. The use of Ovopel produced better results (number of ovulating
females, spawning synchronization and the amount of eggs obtained) than the other
reproduction stimulators. The survival rate for embryos in the eyed-egg stage for the
blue bream females stimulated with Ovopel was higher than females receiving the other
preparations. Importantly, the females in this group very well tolerated all reproduction-
related handling under controlled conditions. Their survival rate until releasing the gametes
was 90% (Table 3). Moreover, Ovopel is relatively cheap and easy to prepare [45].
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CPH and Ovaprim were less effective than Ovopel. The female survival rate following
stimulation with Ovopel was surprisingly high given the fact that they were acquired in
the fishing process. CPH injection resulted in ovulation in 60% of the spawners (Table 2).
The embryo survival rate in this group was only slightly lower than the rate for embryos
hatched from the eggs from Ovopel-injected females. A similar observation was made
for common dace L. leuciscus [11,20], asp L. aspius [12], ruffe Gymnocephalus cernua [31],
common barbel Barbus barbus [32], river lamprey Lampetra fluviatilis [34], European catfish
S. glanis [46], ide L. idus [48,54] and burbot L. lota [55]. The present study clearly shows that
Ovopel is the best reproduction stimulator for blue bream caught in the wild. It proved
to be highly effective and safe for the stimulated females. Their survival rate following
Ovopel application was the same as in the control group. The Ovaprim effectiveness
was low.

In many fish species, it has been found that the influence of abiotic factors such as
dissolved oxygen (DO), pH, ammonium levels and temperature are important for the
maturation of gonads and gametes. For example, even minimal temperature fluctuations
in the range of optimal temperatures can have a very negative impact on the effectiveness
of artificial reproduction [11]. For this reason, in our study, females from all groups were
kept together to minimize the impact of factors other than the administered hormonal
agents on reproductive efficiency [60]. Of course, when planning your research, it is
important to take into account the issue of steroid hormones and the possibility of their
excretion into the water by females. The most important is DHP (17,203-dihydroxy-4-
pregnen-3-one). However, for example, studies by Acharjee et al. on Asian stinging catfish
(Heteropneustes fossilis) showed that the accumulation of DPH in the blood does not appear
until many hours after ovulation [61]. Thus, the possibility of its excretion by some females
and the impact on other breeders in our experiment was imperceptible, as evidenced by the
results from the control group (ovulation—0%). Determination of the optimal stimulation
conditions, including simultaneous environmental conditions and hormonal agents, is
necessary for the effective artificial reproduction of cyprinids [32]. The studies conducted
thus far on cyprinids have shown that off-season breeding, although more difficult to
carry out, requires the use of thermal conditions that are the same as those used in the
season [11,13,14,32]. The results of the reproduction of fish of the genus Abramis, which are
related to the genus Ballerus, reported thus far have shown that the reproduction of fish in
the season and in the off-season is very similar in terms of the reproductive protocol [62-67].
The research published by Kucharczyk et al. [13-15,65] showed that during off-season
reproduction, the thermal conditions are identical to those during spawning in the breeding
season, and only sometimes is the hormonal stimulation slightly different: slightly higher
doses of hormonal agents or more injections are used. On this basis, it should be concluded
that the given conditions of blue bream stimulation in the breeding season and outside the
breeding season should be very similar.

The findings of this study confirm the effectiveness of Ovopel as a reproduction
stimulator for fish caught in the natural environment. It is essential to have as many
ovulating females as possible in the reproduction of wild fish under controlled conditions.
Surviving females that fail to produce eggs are useless for further breeding. They also
generate costs for their acquisition in the wild. Given the amount of work necessary to
catch the spawners, the financial loss can be considerable. Currently, work is underway
aimed at rearing blue bream spawners under controlled conditions. It is believed that partly
domesticated fish will be less susceptible to stress and will better tolerate all reproduction-
related handling [68].

5. Conclusions

Blue bream spawners were found to tolerate reproduction-related handling well under
controlled conditions. Ovopel proved to be the best blue bream ovulation stimulator under
such conditions. The rate of female survival until releasing the gametes following the use
of Ovopel was the highest. The lowest female survival rate was observed following the use
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of CPH. High fertilization and larvae survival rates were observed in the groups of females
stimulated with Ovopel or CPH.
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Abstract. This study determined the effects of stocking
density and water temperature on the rearing parameters and
survival of larval blue bream under controlled conditions.
Two experimental larval blue bream rearing variants were
conducted. In the first experiment, larval blue bream were
reared at different stocking densities of 20, 40, 80, and 120
indiv. dm™ at 25°C. In the second experiment, larvae were
reared in water at 15, 20, 25, and 30°C at a stocking density of
40 individuals per dm®. The larval blue bream achieved the
highest growth rate at the lowest density tested (20 indiv.
dm™; 69.4 mg at an average length of 26.8 mm) and at the
highest temperature tested (30°C; 80.1 mg at an average
length of 28.4 mm). The final larval survival rate during
rearing at different temperatures ranged from 95.2 to 97.6%,
while the final larval survival rate at different stocking
densities ranged from 91.4 to 94.6%. The lowest growth and
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survival rates were recorded for larvae reared in water at 15°C
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Introduction

Protecting the biodiversity of fish fauna has become
a key element in preserving fish stocks in lentic and
lotic inland waters. Biodiversity conservation is not
possible without effective environmental protection,
which refers to reducing progressive anthropogenic
pressure such as water pollution, excessive land rec-
lamation, riverbed aggregate extraction, etc.
(Goryczko and Witkowski 2009). In situ and ex situ
methods, from designating conservation sizes to es-
tablishing broodstocks, are also important elements
of species conservation. This applies mainly to fishes
that are threatened with extinction, commercially im-
portant for human consumption, or important to rec-
reational fisheries (Szmyt et al. 2021). Maintaining
fish populations at adequate levels in inland waters is
supported by the production of stocking material in
aquaculture (conservation aquaculture; Sliwinski et
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al. 2016, Zakes et al. 2016). As a rapidly growing in-
dustry, aquaculture has become an essential tool in
combatting the deteriorating state of the environ-
ment. As a result of the development of aquaculture,
many mechanisms, including artificial spawning
protocols, breeding protocols, and indoor cultured
stock, have been developed to protect not only eco-
nomically valuable species, but also species impor-
tant for the biodiversity of reservoirs, including
indicator species and endangered species (Radwan et
al. 2002, Gorzel and Kornijow 2004, Kujawa et al.,
2019, Kucharczyk et al. 2021, Kujawa and Piech,
2021). High costs of water, production, and staff sal-
aries are often barriers to starting to farm/rear new
species (Haku¢-Btazowska et al. 2010). Despite this,
growing global awareness and concern for ecosys-
tems provides an opportunity for farmers to intro-
duce new species into aquaculture and to develop
their rearing protocols for stocking purposes and
supporting natural populations.

One such species is blue bream, Ballerus ballerus
(L.), a rheophilous cyprinid that inhabits the lakes and
lower reaches of the larger rivers of the North Sea and
Baltic Sea catchments (Weser, Elbe, Oder, Vistula, up to
the Neva Basin, southern Sweden and southern Fin-
land), the Danube basin (from upper Austria, Lake
Neusiedler and Platten), the northern tributaries of the
Black Sea and the Sea of Azov (Dniester, Dnieper, Don),
up to the Volga and the Urals (Hesse and Witkowski
1996, Tadajewska 2000). The body shape of blue bream
resembles those of white bream, Blicca bjoerkna (L.),
and white-eye bream, Ballerus sapa (Pallas), but unlike
these species, it has a relatively high number of scales on
the lateral line 62-77 (white bream 50-58; white-eye
bream 47-52; Levin and Levina 2014). It feeds on
cladocera and copepod zooplankton and benthos. De-
spite its negligible economic value, it is an important spe-
cies in the food pyramid of aquatic habitat reservoirs,
especially in the Oder River catchment.

Developing efficient protocols for the production
of stocking material under controlled conditions re-
quires intensive, wide-ranging research on important
aspects of breeding. Good examples are recent stud-
ies on the effects of temperature, stocking density,
and feeding regime on larval maraena whitefish

(Coregonus maraena (Bloch) (Sebesta et al. 2018,
Stejskal et al. 2021a, 2021b), which facilitated devel-
oping a complete protocol for producing stocking
material of this species. A suitable reproduction
method under controlled conditions using hormonal
agents has already been successfully developed for
blue bream, Ballerus ballerus (L.) (Piech and Kujawa
2021). A feeding model for this species has also been
developed (Piech and Kujawa 2022), and the effects
of different levels of water salinity on the breeding
parameters of the larvae of this species have been in-
vestigated (Piech and Kujawa 2023).

The aim of this study was to investigate the ef-
fects of stocking density and water temperature on
the growth and survival of larval blue bream, B.
ballerus, under controlled conditions.

Materials and Methods

The blue bream spawners were caught with gill-nets
in mid-May during their natural spawning period in
Lake Dabie (northwest Poland). The larval blue
bream originated from reproduction carried out un-
der controlled conditions (Piech and Kujawa 2021).

Stocking density

Larval blue bream were reared in a RAS comprising
12 flow-through tanks designed for rearing larvae.
Each tank had a working volume of 25 dm®. The lar-
val blue bream (5 days post hatch (DPH); 7.6 mm av-
erage body length) were counted and placed in the
tanks at densities of 20, 40, 80, and 120 indiv. dm,
The stocking densities of single tanks were 500,
1,000, 2,000, and 3,000 larvae. The water tempera-
ture during rearing was 25.0 = 0.2°C. The stocking
densities tested in this study were chosen based on
Kujawa (2004).

Temperature

Each experimental system consisted of three rearing
tanks, each of which had a working volume of 25
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dm®. Larval blue bream, 5 DPH with an average body
length of 7.6 mm, were counted and placed in each of
the rearing tanks at a density of 40 indiv. dm™. The
stocking density of a single tank was 1,000 larvae.
The water temperatures in the variants were 15.0,
20.0, 25.0, and 30.0 = 0.2°C. The temperatures
tested in this study were chosen based on Kujawa et
al. (2015).

Each of the experimental systems used to test the
effects of temperature on the growth and survival of
larval blue bream included a 200 dm? filter tank with
a floating medium biological bed. The filter medium
was bactoballs used in denitrification filters (AB
Aqua Medic GmbH, Bissendorf, Germany). In the
mini circuit, in which the effects of stocking density
on larval blue bream growth and survival were
tested, the filter tank had a capacity of 800 dm?>. To
ensure adequate oxygen conditions, a RESUN LP
100 membrane blower (Shenzhen XingRisheng In-
dustrial Co. Ltd., Shenzhen, China) was also used.
Air was distributed in the filter tanks using silicon
tube diffusers (Akwatech Systemy Sp. K., Poznan,
Poland). Aeration cubes were installed in each of the
rearing tanks through which air from the blower was
also pumped. A sprinkler system provided a continu-
ous supply of oxygenated, purified water to the tanks.

The water oxygen content was measured with
a YSI multiparameter meter (YSI Incorporated
Brannum Lane Yellow Springs, Ohio, USA) and was
within 6.5-7.8 mg Op dm>, the water pH range was
7.1-7.3. The ammonia and nitrite contents were
measured in the morning with a HANNA INS HI
83200 with reagents (Hanna Instruments,
Woonsocket, RI, USA), and neither was detected in
the water during the experiment (Nowosad et al.
2013).

Sample collection

Monitoring measurements of larval weight and total
length were done every 4 d (on days 1, 5, 9, 13, 17,
and 21 of rearing). Each sample comprised thirty in-
dividuals (n=30) caught randomly from each tank.
These were collected in the morning before feeding.

The fish were weighed to the nearest 0.1 mg and
measured to the nearest 0.1 mm.

During the experiment, the number of dead lar-
vae was counted daily and the final survival rate per-
centage was calculated. This was expressed as the
ratio of the number of larvae at the end of rearing to
the number of larvae at the start of the experiment.
Cumulative mortality curves were plotted for each
rearing variant based on daily counts of dead larvae.
Average larval weight gain (mg) was calculated for
larvae from each experimental group at the end of the
three-week rearing period (Imanpoor et al. 2012).
Measurements were used to calculate survival, the
index of total length gain per unit time (ITL), specific
growth rate (SGR), survival, and larval biomass
(SBR) (Brown 1957, Penaz et al. 1989). These values
were used to calculate the relative growth rate (RGR)
and the relative biomass growth rate (RBR) from the
beginning of feeding to the end of the experiment
(Myszkowski 1997). Growth rates (SGR and RGR)
for body length were calculated in the same way.

Fish feeding

The larval blue bream were fed manually ad libitum
four times daily at three-hour intervals (08:00,
11:00, 14:00, 17:00; Piech and Kujawa 2022). The
food was live brine shrimp, Artemia sp., nauplii
Belgium)

(Ocean Nutrition Europe, Essen,

(Sorgeloos et al. 1977).

Data Analysis

The number of dead fish recorded daily were used to
plot cumulative mortality curves for each fish rearing
variant. To compare results, the relative final mean
length (RFL), the relative final mean weight (RFW),
and the relative final mean biomass (RFB) of the ex-
perimental fish were calculated, assuming that the
length, weight, and biomass of the control fish (21 d
feeding regime with live brine shrimp nauplii) at the
end of the experiment was 100%. Duncan’s multiple
range test (P < 0.05; Duncan 1955) was used to de-
termine the significance of differences in mean
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Table 1

Results of rearing larval blue bream (B. ballerus) at stocking densities of 20,40, 80, and 120 indiv. dm™. Mean value * SD. Results
in rows with the same letter index are not statistically significantly different (o = 0.05)

Experimental groups

Parameter 20 40 80 120

Initial mean body length (mm) 7.6+0.1% 7.6+0.1% 7.6+0.1% 7.6+0.1%
Initial mean body weight (mg) 2.2+0.1% 2.2+0.1% 2.2+0.1% 2.2+0.1%
Final mean body length (mm) 26.8+0.9° 24.60.7° 22.4+0.9" 20.1+1.2°
Final mean body weight (mg) 69.4+3.2° 64.2+3.5% 56.1+3.2" 49.5+3.1¢
Initial stock (indiv.) 500 1000 1500 3000

Final stock (indiv.) 473.0+10.97 942.0+14.11 1397.0+37.0 2743.0+57.0
Survival (%) 94.6+1.1° 94.2+1.4° 93.1+3.7% 91.4+5.7%
Increase in total length (ITL) (mm d_l) 0.91+0.04° 0.81+0.03* 0.70+0.04" 0.60+0.06°
Relative growth rate (RGR) for weight (% d™')  17.86+0.26° 17.43+0.31% 16.68+0.32" 15.98+0.35°
Relative growth rate (RGR) for length (% d!)  6.18+0.187 5.75+0.15% 5.28+0.20" 4.74+0.30"
Relative growth rate (RBR) for biomass (% d!) 17.55+0.26° 17.09+0.31" 16.28+0.32° 15.49+0.34%
Biomass (g) 1.31+0.064 2.42+0.13° 3.13+0.18" 5.43+0.34%
Biomass (g dm™) 32.83+1.51¢ 60.48+3.30° 78.37+4.47 135.78+8.50°

lengths and weights among the fish from different ex-
perimental groups. Survival percentages were nor-
malized (angular transformation), and differences
were significant at o = 0.05 (Sokal and Rohl 1981).
The results were processed statistically in Excel 16.0
(Microsoft, Redmond, WA, USA) and Statistica 13.0
for Windows (StatSoft, Inc., Tulsa, OH, USA).

Results

The smallest larvae obtained were reared at a stock-
ing density of 120 indiv. dm™. On the last day of rear-
ing, their average weight was 49.5 = 3.1 mg at an
average length of 20.1 = 1.2 mm. At a stocking den-
sity of 80 indiv. dm, the average weight was 56.1 +
3.2 mg at an average length of 22.4 * 0.9 mm. At
a stocking density of 40 indiv. dm’, the average
weight of the larvae was 64.2 + 3.5 mg at an average
length of 24.6 = 0.73 mm. The average weight of the
largest larvae was 69.4 + 3.2 mg at an average length
of 26.8 = 0.94 mm at a stocking density of 20 indiv.
dm™ (Figs. 1-2).

The highest larval blue bream biomass of
135.78g (8.5 g dm™) was obtained at the stocking
density of 120 indiv. dm™. The lowest larval biomass

was obtained at the stocking density of 20 indiv. dm™
atjust32.83g(1.51g dm>). Table 1 presents the re-
sults of other breeding indicators studied such as
RGR and ITL (Table 1).

During the 21-day rearing period, the lowest
mortality was observed at the stocking density of 20
indiv. dm™ (Fig. 3). Nearly 94.6% of the individuals
from the initial stock survived the experiment. The
survival percentages at the stocking densities of 40
and 80 indiv. dm™ were slightly worse, but statisti-
cally insignificant, at 94.2 and 93.1%, respectively.
The lowest larval survival rate was observed at the
stocking density of 120 indiv. dm’® with 91.4% of lar-
vae from the initial stock surviving (Figure 3). The
larvae reared at a water temperature of 15°C were
the smallest (Figs. 4-5).

On the last day of rearing, the average weight of
larvae from the water temperature of 15°C was 34.2
+ 3.1 mg at an average length of 16.8 + 1.14 mm. At
a water of temperature 20°C, the average weight was
51.3 £ 0.1 mg at an average length of 21.1 + 0.73
mm. At the water temperature of 25°C, the average
larval weight was 65.8 + 0.1 mg at an average length
0f 25.3 + 0.95 mm. The highest average larval weight
was 80.1 = 0.1 mg at an average length of 28.4 + 1.4
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Figure 1. Increases in total lengths of larval blue bream (B. ballerus) reared at stocking densities of 20, 40, 80, and 120 indiv. dm?.
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Figure 2. Increases in the body weights of larval blue bream (B. ballerus) reared at stocking densities of 20, 40, 80, and 120 indiv. dm™,
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Table 2

Results of rearing larval blue bream (B. ballerus) at water temperatures of 15, 20, 25, and 30°C = 0.2°C. Mean value + SD.

Results in rows with the same letter index are not statistically significantly different (o = 0.05)

Experimental groups

Parameter 15 20 25 30

Initial mean body length (mm) 7.6+0.1% 7.6+0.1% 7.6+0.1% 7.6+0.1%
Initial mean body weight (mg) 2.2+0.1% 2.2+0.1% 2.2+0.1% 2.2+0.1%
Final mean body length (mm) 16.8+1.144 21.1+0.73° 25.3+0.95" 28.4+1.4°
Final mean body weight (mg) 34.2+3.1¢ 51.3+0.1° 65.8+0.1 80.1+0.1°
Initial stock (indiv.) 1000 1000 1000 1000

Final stock (indiv.) 976.0%5.6 949.0+7.5 954.0+9.5 952.0+4.6
Survival (%) 97.620.56° 94.9+0.75" 95.4+0.95" 95.2+0.46"
Increase in total length (ITL) (mm d'}) 0.44+0.05% 0.64+0.03° 0.84+0.05" 0.99+0.07*
Relative growth rate (RGR) for weight (% d ') 13.96+0.49%  16.18+0.38°  17.5620.27°  18.67+0.24%
Relative growth rate (RGR) for length (% d ') 3.85+0.34% 4.98+0.17° 5.89+0.19" 6.48+0.25°
Relative growth rate (RBR) for biomass (% d ™) 13.83+0.497  15.89+0.38°  17.30+0.27°  18.39+0.24
Biomass (g) 1.34+0.12¢ 1.95+0.13° 2.51+0.12" 3.050.13
Biomass (g dm™) 33.38+3.03¢  48.68+3.32°  62.77+3.05°  76.26+3.24%

mm at a water temperature of 30°C. The highest lar-

val blue bream biomass of 76.26 (3.24 g dm's) was
obtained at a water temperature of 30°C, while the
lowest of just 33.38 g (3.03 g dm'3) was obtained at
a water temperature of 15°C (Table 2).
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040

- 380

The lowest mortality observed was at a water
temperature of 15°C during the 21-day rearing pe-
riod (Figure 6), and almost 97.6% of the individuals
from the initial stock survived. Slightly lower, but sta-
tistically insignificant, survival rates were observed at
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Figure 3. Cumulative mortality of larval blue bream (B. ballerus) reared at stocking densities of 20, 40, 80, and 120 indiv. dm™.
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Figure 4. Increases in total lengths of larval blue bream (B. ballerus) reared in water temperatures of 15, 20, 25, and 30 + 0.2°C.
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Figure 5. Increase in total weight of larval blue bream (B. ballerus) reared in water temperatures of 15, 20, 25, and 30 + 0.2°C.
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Figure 6. Cumulative mortality of larval blue bream (B. ballerus) reared in water temperatures of 15, 20, 25, and 30 = 0.2°C.

water temperatures of 25 and 30°C at 95.4 and
95.2%, respectively. The lowest larval survival rate
was observed at a water temperature of 20°C, in
which 94.9% of the larvae from the initial stock sur-
vived (Table 2).

Discussion

The main role of aquaculture is to produce fish and
aquatic invertebrates as sources of valuable, healthy
food. Additionally, it is a conservation tool for species
and specific populations. Consequently, breeding
and rearing technologies have been or are being de-
veloped not only for fish species that are, or poten-
tially could become, valuable raw materials for food
production, but also for species the abundance of
which in open waters is declining to the extent that
they are threatened with extinction (Kujawa et al.

2019, Lepi¢ et al. 2020, Kujawa and Piech 2021,
Nowosad et al. 2021b, Szmyt et al. 2021). Re-
searchers in this field are also interested in fish spe-
cies that are of no economic importance, but are
valuable components of aquatic ecosystems and their
biodiversity. This was the case for several species of
rheophilous cyprinid fishes that are of no economic
importance and/or do not have a high conservation
status, including: ide, Leuciscus idus (L.) (Cejko et al.
2010, Kupren et al. 2011, Targonska et al. 2011a,
2012, Kucharczyk et al. 2020); chub, Squalius
cephalus (L.) (Krejszeff et al. 2008, Krejszeff et al.
2010, Kupren et al. 2011); common dace, Leuciscus
leuciscus (L.) (Cejko et al, 2012, Nowosad et al.
2014, Targonska et al. 2015, Kucharczyk et al.
2019); barbel, Barbus barbus (L.) (Targonska et al.
2011b, Zarski et al. 2011, Nowosad et al. 2016,
2020, 2021, Prusinska et al. 2020); rudd, Scardinius
erythrophthalmus (L.) (Kucharczyk et al. 1997a);
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and asp, Leuciscus aspius (L.) (Kujawa et al. 1997,
Targonska et al. 2010).

For many fish species, variation in individual
growth can lead to changes in population productiv-
ity since size affects survival, fecundity, and repro-
duction. Variation in growth results from a number
of aspects that are dependent and independent of
stocking density (Matthias et al. 2018). This is impor-
tant for intensive rearing under controlled conditions
(Karakatsouli et al. 2007, 2015), and particularly so
for larvae. Aste et al. (2009) investigated the effects
catfish  (Clarias
(Burchell)) stocking density in RAS on rearing pa-

on larval African gariepinus
rameters ranging from 1 to 25 individuals per I, and
they report that the optimum density level was 15 lar-
vae per L. Santos et al. (2020) reared larval cachama
(Colossoma macropomum (Cuvier)) in a RAS and an-
alyzed the effect of initial stocking densities of 10, 30,
and 50 indiv. dm™ on rearing parameters. They
found it was possible to rear this species successfully
at the highest stocking density. Szkudlarek and
Zakes (2007) analyzed the effects of stocking density
on larval pikeperch, Sander lucioperca (L.), growth
and survival and found that increasing maximum
larval density (100 indiv. dm™>, range 25-100) be-
tween 4 and 18 DPH had a favorable effect on sur-
vival. In further larval pikeperch rearing at densities
of 6 to 15 indiv. dm™, the highest survival and growth
rates were obtained at the highest density. However,
the proper density depends on the species, initial lar-
val size, feeding regime, food type, and water temper-
ature. One example is the mass rearing of larval
burbot (Lota lota (L.)) at a density of 1,000 indiv.
dm™ (Zarski et al. 2009).

In the present study on larval blue bream, the lar-
vae grew fastest at the lowest density (20 indiv. dm'B).
In this group, they had the highest, statistically signif-
icant RGR values for weight and length (%—d'l) and
the highest mean length and weight at the end of
rearing. Similar observations were recorded for asp,
chub, and ide, which also had the highest weights
and total lengths at the lowest stocking densities
tested (Zarski et al. 2008, Kupren et al. 2011). Statis-
tically significant differences in the mean weights of
larvae from different test groups appeared on 17 d of

rearing, while differences in length were noted
slightly earlier on 13 d of rearing. However, Kupren
et al. (2011) reported differences in larval lengths in
the first (asp) or third (ide, chub) weeks of rearing.
The survival rate of larval blue bream after the end of
rearing in all density variants was high and ranged
from 91.4 to 94.6%, and no statistical differences
were found among the experimental groups. Kupren
et al. (2011) reported similar results and found that
stocking density had no significant effect on larval
asp, chub, or ide mortality, and they demonstrated
that the larvae of all three species could be reared at
densities of up to 400 indiv. dm> witha slight reduc-
tion in growth rates and no negative effects on sur-
vival or development.

In addition to determining the correct stocking
density and food for larval fish, determining opti-
mum rearing temperature is important. This temper-
ature should be one at which the larvae have a high
survival rate while they simultaneously grow to simi-
lar individual sizes. Research continues to be con-
ducted on determining the ranges of optimum
temperatures for embryonic and larval development
in fishes. This is because it is one of the most impor-
tant abiotic factors influencing larval growth rates,
growth, and survival during intensive rearing under
controlled conditions. Studies conducted on cyprinid
fish such as asp, sichel (Pelecus cultratus (L.)), and
common bream (Abramis brama (L.) have shown
that, in many cases, the optimal temperature range
for their rearing under controlled conditions is be-
tween 25°C and sometimes even 30°C (Kucharczyk
etal. 1997a, 1998, Kujawa et al. 1997, 2015). These
temperatures are often significantly higher than
those occurring during embryonic and larval devel-
opment in the wild (Kujawa et al. 1997, Kupren et al.
2011). Learning about the aspects of temperature ef-
fects on development, survival, and the possibility of
developmental deformities is extremely important
for rearing efficiency and the quality of stocking ma-
terial (e.g., Kupren et al. 2010, 2011, Laczynska et al.
2016, Nowosad et al. 2021b).

In the present study, as for most of cyprinid
fishes studied, temperatures in the range of 25-30 °C
can be considered optimal. These are very similar to
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the results obtained during the rearing of larval
sichel (Kujawa et al. 2015) and common bream
(Kucharczyk et al. 1997b, 1998) and marginally
higher, although they overlap, with those for asp
(Kujawa et al. 1997), ide, dace, and chub (Kupren et
al. 2010, 2011). For other freshwater fish species
that often live in the same area as blue bream, such
as European whitefish, the optimum temperatures
for larval development are much lower in the
15-19°C range (Sebesta et al. 2018). However,
a similar pattern is also observed here in that the op-
timum temperatures for larvae reared under con-
trolled conditions are higher than those found in the
wild. Regardless of the species studied, this indicates
that larvae exhibit extremely high plasticity with re-
gard to thermal conditions. It is clear, however, that
these conditions cannot be compared indiscrimi-
nately. Optimal thermal conditions are generally ap-
plied in RAS during fish reproduction and embryonic
and larval development (e.g., for ide and dace
12-14°C - Targonska et al. 2011, Cejko et al. 2012,
Nowosad et al. 2014, Kucharczyk et al. 2019, 2020).
However, temperature fluctuations do occur in the
wild, especially in lotic waters and in lake shallows,
which are, after all, the usual spawning grounds of
these fishes and the rearing sites of their juveniles.
Studies conducted under controlled conditions and
in the natural environment indicate that large tem-
perature fluctuations, even within the range of opti-
mum temperatures, can disrupt spawning, reduce
fecundity and gamete quality, cause high embryo
and larval mortality, and the occurrence of develop-
mental deformities (Kupren et al. 2010, 2011,
Nowosad et al. 2014, Targonska et al. 2014). How-
ever, this provides very important information for
producers of stocking material; namely, that while
larval rearing temperatures do not have to hit the op-
timal point precisely, they should be fairly constant.

The present study confirmed that larval blue
bream are highly tolerant of high stocking densities
and high temperatures that are optimal for rheophilic
fish. The best larval blue bream rearing results and
the lowest mortality rates were obtained when this
species was reared at the lowest stocking density of
20 indiv. dm™>. The highest temperature tested

(30°C) was optimal and produced the highest larval
blue bream survival and growth rates. For large-scale
blue bream stocking material production, it is recom-
mended to apply lower densities and a temperature
of 25° to obtain optimal rearing results both biologi-
cally and to lower costs of heating water in the RAS.
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Abstract. The effect of replacing natural food with
commercial feed on the growth and survival of blue bream,
Ballerus ballerus (L.), larvae reared under controlled
conditions was investigated. Live food, brine shrimp, Artemia
sp. (A), nauplii, was replaced after four (A4P17), eight
(A8P13), and 12 (A12P9) days with commercial feed (P). The
control groups were larvae fed nauplii (A21) or feed (P21)
exclusively for throughout the experiment. The density of
larvae was 40 ind. dm™, and the rearing temperature was 25
+ 0.5°C. The highest blue bream larval growth rate in the
groups fed the commercial feed tested was in group A12P9, in
which larvae reached an average body weight of 56.1 mg with
an average total length of 21.1 mm. These values were only
slightly lower than those obtained in the A21 control sample.
Final larval survival in each of the feeding groups ranged from
67% (A4P17) to 93% (A12P9). The larval lowest survival and
growth parameters were recorded in control group P21, in
which larvae received only commercial feed; this indicated the
necessity of using natural food when rearing blue bream
larvae.
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Introduction

Blue bream, Ballerus ballerus (L.), is one of the two
representatives of the genus Ballerus inhabiting Eu-
ropean inland waters and coastal lagoons. Its silhou-
ette resembles that of bream, Abramis brama (L.),
although the blue bream body is more elongated with
a less steep dorsal profile. Its anal fin is much longer
than that of bream (Szlachciak 2005). Blue bream is
most often confused with white-eye bream, Ballerus
sapa (Pall.), but unlike this species, blue bream has
an upturned mouth and not an inferior one. Its distri-
bution range is quite vast expanding over the systems
of large rivers in the basin of the Caspian Sea (Ural
and Volga rivers), the Baltic Sea (from the Oder to the
Neva rivers), and the Black Sea (from the Kuban to
the Danube rivers) (Tadajewska 2000). Recently, this
range of occurrence has been shrinking dramatically,
especially in Europe. This stems from a series of fac-
tors that have been affecting the biodiversity of
aquatic ecosystems for many years. These include
the persistently exploiting fish resources,
anthropogenic transformations, polluting of aquatic
environments, and introducing new species. Cur-
rently, relatively large, stable blue bream populations
in Poland occur exclusively in the Szczecin Lagoon
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and Lake Dabie, although the number of specimens
(Szlachciak 2005,
Tadajewska 2000). In other waters, this species is

fluctuates  considerably
seen as a faunistic peculiarity. Implementation of
passive protection (size and protective periods) or
simple active protection measures (protection of nat-
ural spawning areas, construction of artificial spawn-
ing sites) is successful only in slightly modified,
slightly polluted water bodies.

A chance to prevent the blue bream from vanish-
ing from Polish waters lies in aquaculture, which no
longer functions as just a source of commercial fish
for consumption, but which is playing an increas-
ingly important role in saving endangered species
(Kujawa and Piech 2021) and even those threatened
with extinction (Kujawa et al. 2022). Stocking mate-
rial obtained under controlled conditions is a form of
the active protection of fishes (Zakes and
Demska-Zake$ 2011, Kujawa et al. 2019). Before
launching efforts to culture blue bream stocking ma-
terial, a method for its reproduction under controlled
conditions was developed (Kujawa and Piech 2021).
Afterward, the focus shifted to rearing blue bream
larvae under controlled conditions. The rationale for
this research was the lack of any data in the literature
pertaining to the culture of blue bream larvae in arti-
ficial conditions. The development and then optimi-
zation of these stages of fish rearing can provide
a safeguard in the event blue bream natural popula-
tions collapse and must be restored to sustain the bi-
ological diversity of waters. The aim of the current
study was to determine how natural feed substituted
with commercial diets affected the growth rates and
survival of larval blue bream (Ballerus ballerus) un-
der controlled conditions.

Materials and Methods

The blue bream larvae used in the present study were
obtained from eggs incubated in Weiss jars at the
hatchery of the Centre of Aquaculture and Ecological
Engineering, at the University of Warmia and
Mazury in Olsztyn. The blue bream spawners

originated from Lake Dabie (Poland). Sex products
were obtained under controlled conditions following
hormonal stimulation (Piech and Kujawa 2021). The
water temperature during egg incubation was 19°C
= 0.5. During the experiment, after the yolk sacs
were resorbed and the posterior chambers of swim
bladders were filled, which occurred in water at
a temperature of 20°C, blue bream larvae started
swimming actively in search of food. When blue
bream larvae started foraging actively, which oc-
curred at five days post hatching (5 DPH), they were
placed in 15 tanks with working capacities of 25 dm®
each (three tanks for each experimental variant). The
tanks were part of a recirculating aquaculture system
(RAS) with a water temperature of 25°C (= 0.5).
Each of the tanks was stocked with 1,000 blue bream
larvae. The RAS was fitted with an efficient water fil-
tration system composed of a biological bed and an
external EHEIM Classic 1500 XL canister filter cou-
pled with an EHEIM Universal 1262 pump with
a maximum capacity of 3400 1 h™* (EHEIM GmbH &
Co.KG, Deizisau, Germany). The water flow rate
through the tanks was 0.20 dm® min'. Water was
supplied to the tanks by sprinklers. The photoperiod
was 12 h daylight and 12 h darkness. The first food
fed to the larvae was live brine shrimp nauplii
(Artemia sp.) (A) (Ocean Nutrition Europe, Essen,
Belgium). This natural food was replaced after a set
time with Perla Larva Proactive feed (P) (Skretting Al
& Central Operations, Stavanger, Norway). This
commercial feed is specifically formulated for fish
larvae and has a particle size of 0.1-0.3 mm. Its in-
gredients include fish meal, shrimp meal, fish oil,
wheat, yeast, lecithin, micronutrients, and the Pro-
tect® supplement. It has a very high protein content
of the highest digestibility, unsaturated fatty acids,
and phospholipids. Perla is a very stable feed that has
excellent physical parameters. The food, both live
brine shrimp nauplii and Perla Larvae Proactive feed,
were supplied manually three times daily at 08:00,
12:00, and 16:00. Feed rations were adjusted to fish
biomass the day after each sampling (days 6, 10, 14,
18). Fish in the different feeding variants were fed ad
libitum.
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The experiment comprised five feed variants:
group A21 - only natural food; group A4P17 - natu-
ral food for four days followed by commercial feed for
17 days; group A8P13 - natural food for eight days
followed by commercial feed for 13 days; group
A12P9 - natural food for 12 days followed by com-
mercial feed for nine days; group P21 - only com-
mercial feed throughout the rearing period. The
natural food was prepared according to the proce-
dure described by Sorgeloos (Sorgeloos et al. 1977).
The size of brine shrimp nauplii (instar I) was 430
microns. Every day, prior to the first feeding, uncon-
sumed food and other debris were removed to main-
tain appropriate sanitary conditions. Dead larvae
were also removed and counted to calculate mortality
rates. The experiment ran for 21 days. The dissolved
oxygen and the content of nitrogen compounds in the
water were measured daily throughout the rearing
period. The water oxygen content was measured with
a YSI multiparameter meter (YSI Incorporated
Brannum Lane Yellow Springs, Ohio, USA) and was
within 7.1-7.4 mg Oy dm3, the water pH ranged was
7.1-7.3. The ammonia and nitrite contents were
measured in the morning (Nowosad et al. 2013) with
a HANNA INS HI 83200 with reagents (Hanna In-
struments, Woonsocket, RI, USA), and neither was
detected in the water during the experiment.

During the rearing period, the blue bream larvae
were measured and weighed six times. The first, the
zero measurement, was immediately after the tanks
were stocked for every feeding variant, and subse-
quent measurements were performed on days 5, 9,
13, and 17 and at the end of the experiment on day
21. Thirty individuals from each tank were caught in
the morning (before feeding). Before the measure-
ments the larvae were sedated in a solution of
MS-222 (tricaine methanesulphonate) (50 mg 1! of
water) and then weighed on an KERN ALJ 220-5
DNM analytical balance to the nearest 0.1 mg (KERN
& Sohn GmbH, Ballingen, Germany). The larvae,
which were still anaesthetised, were then placed on
Petri plates with some water and observed under
a LEICA MZ16Z stereoscopic microscope (Leica
Microsystems GmbH, Wetzlar, Germany). Photo-
graphic documentation of larvae was taken with

a DFC 420 microscope camera (Leica Microsystems
GmbH, Wetzlar, Germany). Larval size was analyzed
with LAS V 3.1.0 software (Leica Microsystems
GmbH, Wetzlar, Germany). Total length was mea-
sured to the nearest 0.1 mm. Following manipula-
tions, the larvae were placed in a container with
well-oxygenated water for recovery. After they had
recovered from the anaesthesia and had started to
swim actively, the larvae were returned to the tanks
from which they had been taken. Using the data ob-
tained, the coefficient of total length increase per
time unit (TLI) was computed with the following for-
mula (Periaz et al. 1989):

_ TL(n,)— TL(n,)
B At

TLI

where: TL - mean length of an individual
(longitudo totalis), nj - start of the period, nz - end of
the period, At - duration of rearing (in days).

The specific growth rate (SGR) for body weight
and relative biomass growth rate (SBR) from the be-
ginning of feeding until the end of the experiment
were determined with the following formulas (Brown
1957):

InW, —InW
2 7™ nd, SBR = 100

SGR =100 X%
Relative growth rate for body weight (RGR) and
relative growth rate for biomass (RBR) from the be-
ginning of feeding until the end of the experiment

were determined with the following formulas
(Myszkowski 1997):

SGR

SBR
RGR =100 X (e 100 — IJ,and RBR =100 X (e 100 — 1)

where: W1 — mean initial weight of an individual (mg)
during the rearing period, W2 — mean final weight of
an individual (mg) during the rearing period, n1 -
number of stocked fish (individuals) at the beginning
of the rearing period, ny —- number of stocked fish (in-
dividuals) at the end of the rearing period, At - dura-
tion of rearing (days).

The RGR for body length was calculated analo-
gously. The biomass of the fish in each tank was de-
termined as the product of the average individual
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weight and the number of live individuals. The re-
sulting value was divided by the capacity of the tank.
The biomass calculated was expressed in g dm>.

Data analysis

The number of dead fish recorded every day served to
plot cumulative mortality curves for each fish feeding
variant. To compare the results, the relative final
mean length (RFL), the relative final mean weight
(RFW), and the relative final mean biomass (RFB) of
the experimental fish were calculated, assuming that
the length, weight, and biomass of the control fish
A21 (21 day feeding regime with live brine shrimp
nauplii) at the end of the experiment was 100%. To
determine whether the differences in the mean fish
length and the mean fish weight in the experimental
groups were significant, Duncan’s multiple range
test (P < 0.05) was used (Duncan 1955). Survival
percentages were normalized (angular transforma-
tion) and differences were considered significant at P
< 0.05 (Sokal and Rohl 1981). The results were pro-
cessed statistically in Excel 16.0 and Statistica 13.0
for Windows.
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Results

The first statistically significant differences in aver-
age larval weights and lengths from the different
feeding variants emerged on day 13 of the rearing pe-
riod and persisted until the end of the experiment
(Figs. 1 and 2). The mean individual weights of blue
bream larvae from the variant in which only natural
food was supplied (A21) was 62.1 mg. This increase
was 1.6 and two-fold higher than that in the two vari-
ants that were the worst in this respect, namely larvae
fed nauplii for the first four days (A4P17) and those
fed only Perla feed (P21). In comparison with the
other variants, this increase was 1.3-fold higher than
that of larvae from variant A8P13, which were fed
live brine shrimp nauplii for eight days, and 1.1-fold
higher than that noted for larvae from variant A12P9,
which were fed nauplii for the first 12 days of life.
The highest growth rate of blue bream larvae from
the food substitute variants tested was recorded in
the A12P9 group, where larvae reached an average
body weight of 56.1 mg with an average total length
of 21.1 mm. These values were only slightly worse
than those obtained in the A21 control sample. Final
survival of larvae in each feeding group ranged from
67% (A4P17) to 93% (A12P9). Likewise, the RGR for
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Figure 1. Increase in the total length of blue bream (B. ballerus) larvae reared on natural (A) and commercial food (P). The change to com-

mercial food was after four, eight, or 12 days.
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Figure 2. Increase in body weights of blue bream (B. ballerus) larvae reared on natural (A) and commercial food (P). The change to com-
mercial food was after four, eight, or 12 days.

the weight of individual larvae was the highest in
variant A21 (17.5% d'l) (Table 1). Larvae from vari-
ant P21 had a daily relative growth of individual
weight of 13.6% d!. The analysis of the growth in the
length of larvae proved that the longest larvae (22.6

mm) were from the variant where the diet was com-
posed of only live brine shrimp nauplii (A21). For
comparison, larvae from group P21 had an average
body length of 15.4 mm. The TLI for larvae from vari-
ant A21 was 0.72 mm d ™. The lowest TLI was noted

Table 1

Results of rearing blue bream (B. ballerus) larvae fed with natural food (A) that was changed to Perla commercial feed after four
(A4P17), eight (A8P13), or 12 days (A12P9). Mean value = SD. Results in rows with the same letter index are not statistically
significantly different (o = 0.05)

Experimental groups

Parameter A21 A12P9 A8P13 A4P17 P21

Initial mean body length (mm) 7.50 £0.15* 7.50+0.15* 7.50+0.15* 7.50+0.15" 7.50+0.15%
Initial mean body weight (mg) 2.1+0.1% 2.1+0.1% 2.1+0.1% 2.1+0.1% 2.1+0.1%
Final mean body length (mm) 22.60+0.9° 21.10+1.0°" 19.80+1.1> 17.40+1.1° 1540+1.3
Final mean body weight (mg) 62.10+3.2° 56.10+3.5° 49.70+4.1> 37.40+55° 30.50+6.1%¢
Initial stock (ind.) 1000.00 1000.00 1000.00 1000.00 1000.00
Final stock (ind.) 960.00+17%  930.00+25% 887.00+36" 670.00£60° 380.00+74%
Survival (%) 96.00+1.7*  93.00+2.5 88.70+3.6° 67.00+6.0° 38.00+7.4%
Total length increase (TLI) (mm d_l) 0.72+0.04>  0.6520.04°> 0.59+0.05>7 047+0.05° 0.38+0.06°
Relative growth rate (RGR) for weight (% d})  17.50+0.29° 16.93+0.51° 16.26+0.49> 14.70+0.73° 13.59+1.11%
Relative growth rate (RGR) for length (% d™})  5.39+0.19%  5.05+0.24% 4.73+0.28"  4.0920.31°  3.49+0.42°¢
Relative growth rate (RGR) for biomass (% d!) 17.27+0.28" 16.53+0.48° 15.60+0.49” 12.53+0.71° 8.47+1.05¢
Biomass (g) 59.62+3.8% 52.17+4.2°" 44.08+3.9° 25.06+3.32° 11.59+2.3¢
Biomass (g dm™) 2.38+0.08° 2.09+0.19°> 1.76+0.16° 1.00+0.13°  0.46+0.09"
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Table 2

Final relative mean lengths, weights, and biomasses of blue bream (B. ballerus) larvae reared on natural food (A) and commercial
feed (P) (water temperature 25.0 + 0.5°C (+ SD), 21 day rearing period). The relative mean final weights (RFW), relative mean
final lengths (RFL), and relative mean final biomasses (RFB) of the experimental fish were calculated assuming that the final
lengths, weights, and biomasses of the control fish (fed Artemia nauplii for 21 days — A21) were 100%

Feeding period with commercial feed (days) RFW (%) RFL (%) RFB (%)
0-21 (P21) 77.66 64.75 49.04
5-21 (A4P17) 84.00 75.88 72.55
9-21 (A8P13) 92.91 87.76 90.33
13-21 (A12P9) 96.74 93.69 95.72

in larvae from variant P21 at 0.38 mm d . No statis-
tically significant differences were noted among indi-
viduals from the same feeding variants.

The biomass of the blue bream larvae reared on
natural food (A21) was 2.38 g dm™ and was nearly
2.4-fold higher than that of the group of larvae fed
brine shrimp nauplii for only four days (A4P17) and
over five-fold higher than that of the group of larvae
fed only Perla feed (P21). The highest larval survival
rate was in the group fed only live natural food (A21)
at 96%, which was much higher than in the other
groups. The group with the lowest survival rate (38%)
at the end of the rearing period was in group P21 that

was fed only Perla commercial feed. The average
701

60

—— A21 - A12P9

—®— A8P13

Cumulative mortality (%)

cumulative mortality of bream larvae from each feed-
ing variant during rearing is presented in Fig. 3. No
statistically significant differences were observed in
larval mortality within any of the feeding variants
tested.

Similar results were also obtained when natural
food was replaced on day 13 with Perla feed
(A12P9), which was confirmed by the mean relative
final lengths, weights, and biomasses (Table 2). Con-
sidering the mean relative final weight (RFW), this
index for the larvae fed with Perla feed from day 13
was 96.74% relative to the weight of larvae from the
control group (A21). The mean relative final length
(RFL) calculated for larvae receiving Perla feed from

—— A4P17 —o— P21

Time rearing (days)
Figure 3. Cumulative mortality of blue bream (B. ballerus) larvae fed with natural food (A) that was changed to Perla commercial food af-

ter four, eight, or 12 days.
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day 13 was 93.69% relative to the length of larvae
from the control group. The final values of the rela-
tive average biomass (RFB) were analogous to the
values given above.

Discussion

One of the greatest challenges of rearing fish larvae
under controlled conditions is providing them with the
right quality and quantity of food. There is a huge vari-
ety of commercial fish larvae rearing feeds suitable for
the fish species in question. For most fish species
reared for consumption, feeds have already been de-
veloped for specific stages of development (Belal
2007, Barbu et al. 2008, Molnar et al. 2010, Sara et al.
2010, Sverinciuc et al. 2017). Appropriate commer-
cial feed compositions ensure rapid growth of larvae
and fingerlings while maintaining high survival rates.
Aquaculture, however, goes beyond raising commer-
cial fish for consumption; it also produces stocking
material of endangered fish species (Kujawa and
Piech 2022). These are mostly wild species, not yet
domesticated, for which no suitable commercial feeds
have been developed. One example is rheophilic cy-
prinid fishes, the larvae of which begin to take exoge-
nous food at the final stage of yolk sac resorption after
the swim bladder has filled (Kupren et al. 2015,
Nowosad et al. 2021). The literature available pro-
vides information that the first exogenous food can be
rotifers, Brachionus calyciflorus, which were success-
fully administered in the first stage of rearing chub,
Squalius cephalus (L.) (Shiri Harzevili et al. 2003).
However, the most frequently used live food, thanks to
its ready availability and assimilation by most fishes, is
the freshwater zooplankton, or nauplii, of brine
shrimp, Artemia sp. (Bryant and Matty 1980,
Bengtson et al. 2018). Nevertheless, these two types of
food have recently become less widely available, and
consequently their prices have increased significantly.
They also require labor-intensive preparation before
being fed to fish larvae.

Compound feeds have become an alternative,
but their use requires knowledge of the structure and
functioning of the fish larva digestive tract. According

to the classification by Dabrowski (1984), larval cy-
prinid fish belong to the third group of species that is
characterized by a short, weakly developed digestive
tract with a poor enzyme composition. The contact
time between food and digestive enzymes in such
young fish is very short (Kaushik 1986, Szlaminiska
1987, Wolnicki 2005). Fish larvae compensate for
digestive enzyme deficiency during digestive tract de-
velopment by consuming live food, from which larvae
digest and assimilate the nutrients necessary for
proper growth and body function (Dabrowski 1984,
Wiggins et al. 1986). Determining the right time to
replace natural food with feed is a key issue when
rearing larvae under controlled conditions.

Scientists investigating this issue suggest that
larvae need live food for up to 12 days. Reviewing the
literature available on this issue (Hofer and Uddin
1985, Wolnicki and Korwin-Kossakowski 1993,
Wolnicki and Gérny 1995a, 1995b, 1995¢) and the
rearing experiment discussed in this paper proved
like those of other
rheophilous cyprinid fishes, should be fed natural

that blue bream larvae,

food initially, and only after some time are they able
to assimilate effectively the nutrients contained in
commercial foods. Some scientists report that feed-
ing cyprinidae larvae commercial feed is clearly re-
lated to their individual body weight (Bryant and
Matty 1981, Stanny 1984). According to Bryant and
Matty (1981), the body weight of an individual fish
ranges from 5-15 mg, while according to Stanny
(1984) it is 10-12 mg. However, both suggest that
live food should be used in the initial feeding stage.
This allows the larvae to achieve rapid weight gain
and reach subsequent developmental stages. This
might explain, at least to some extent, why lower
weight and length gains were observed during the
initial rearing period of the much lighter blue bream
larvae. Similar observations have been made by other
researchers who have reared cyprinid fish larvae on
starter feeds (Wolnicki 1996, Mookerji and
Ramakrishan 1999). This is also confirmed by stud-
ies on rearing cyprinid fish larvae using starter feeds
(Wolnicki and Myszkowski 1999). These reports
confirm that the larvae of many species of cyprinid
fishes require several days of feeding with natural
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food at the beginning of the rearing period. Only the
larvae of rheophilic cyprinid fishes such as barbel,
barbus (L., and
Chondrostoma nasus (L.), with average initial body

Barbus common  nase,
weights of 10 mg, can be fed commercial starter
feeds from the beginning of life (Kujawa et al. 2010).
Using commercial feeds after a short time of
feeding larvae with natural food is a common solu-
tion that leads to satisfactory outcomes. The prereq-
uisite is to select a commercial feed that is suitable
for a given fish species. In our experiment rearing
blue bream larvae, brine shrimp nauplii was changed
to Perla commercial feed, and this enabled us to de-
termine how long the larvae should receive natural
food so that they are able to absorb the nutrients from
commercial feed. The research results confirmed the
observations of other authors that in the first stage of
life, which lasts for different lengths of time depend-
ing on the cyprinid species, larvae must receive natu-
ral food (Skrzypczak et al. 1998, Mamcarz et al.
1998). These authors demonstrated that from days
five to 13 of rearing (depending on the fish species
and feeds tested), it was possible to replace natural
food with feeds while avoiding any considerable
losses of larvae. Nonetheless, the growth rates of lar-
vae that received brine shrimp nauplii initially fol-
lowed by commercial feed tended to be lower than
those of fish larvae that received only natural food.
The analysis of the results of rearing blue bream
larvae in our experiment revealed that their growth
and survival clearly depended on feeding them natu-
ral food. The longer the larvae were fed brine shrimp
nauplii (Artemia sp.), the better the growth gains
were in both average weight and total length. The
largest larvae were obtained in the variants in which
the natural food period was the longest. Larvae from
variant A21 fed only brine shrimp nauplii were more
than twice as heavy as the larvae fed only Perla feed
(P21). This result clearly indicated that there was
a relationship between larva mass and food type. The
indices of RGR for length, weight, and biomass cal-
culated for the larvae from these variants were also
significantly higher than the others. The largest lar-
vae (after control group A21) were in group A12P9,
in which natural food was fed for the longest and feed

for the shortest period of time. Larvae in group
A12P9 were more than 1.5 times heavier than larvae
fed natural food for only four days (A4P17). This re-
sult clearly suggests that there is a relationship be-
tween the body weight of larvae and the period for
which they were fed brine shrimp nauplii. This is also
clearly confirmed by the final larval biomass from
group A12P9 of 2.09, which was more than two
times higher than that of the larvae from group
A4P17.

The results of rearing blue bream larvae pre-
sented in this paper confirm observations of other
species of rheophilic cyprinid fished reported by
other authors who have studied replacing natural
food with commercial feed (Wolnicki and Goérny
1995¢, Kujawa et al. 1998). Rearing blue bream lar-
vae under controlled conditions requires providing
them with access to live food during the initial nurs-
ery period. Blue bream larvae, like other rheophilic
cyprinid fishes, can be fed commercial feed only after
an initial period of feeding them natural food. Re-
placing live food with commercial feed too early de-
creases growth parameters and increases larval
mortality. The current study showed that replacing
natural food with commercial feed after 12 days
(A12P9) resulted in high blue bream larva survival
rates and satisfactory weight and length gains. It
might be possible to shorten this period if a domesti-
cated population of blue bream larvae was main-
tained. Similar associations were observed when
raising domesticated populations in fish of the genus
Leuciscus (Kwiatkowski et. al. 2008). Increasing the
efficiency of rearing blue bream, Ballerus ballerus,
larvae, as well as that of other rheophilic fishes of the
cyprinid family, will be possible after developing
commercial feeds with suitable compositions that are
enriched with the appropriate exogenous enzymes.
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Simple Summary: Climate change and negative anthropogenic pressures are becoming huge chal-
lenges for quite a number of populations of both terrestrial and aquatic animals. To a significant
degree, fish —the most numerous representatives of vertebrates in the world —are exposed to chang-
ing temperature conditions but also to the physical and chemical conditions of inland waters. Any
biotic or abiotic factor, to a greater or lesser extent, affects the adaptability of individual fish species
to the prevailing conditions in the waters in a given area.

Abstract: The influence of water salinities of 3, 5, and 7 ppt on the growth and survival of Ballerus
ballerus (L.) larvae was studied. The control group was fish reared in freshwater (0 ppt). The larvae
showed high tolerance to water salinities of 5-7 ppt. The mean final weight of the larvae ranged
from 48.6 to 64.1 mg, with corresponding mean total lengths from 18.9 to 22.6 mm, depending on
the water salinity level. The best larval length increments were recorded in water with salinity of 3
ppt. They were only slightly lower in 0 ppt water, and there were no statistically significant differ-
ences between the breeding rates calculated for larvae reared in 3 ppt water. Depending on the
salinity level of the water, the final survival rate of the blue bream larvae ranged from 83.5 to 98.6%.
The blue bream larvae reared in water with salinity levels of 5 and 7 ppt were statistically smaller
than the others, but the results obtained were equally satisfactory.

Keywords: blue bream; rheophilic fish; salinity; larvae; survivability; growth rate

1. Introduction

The quality of the environment, and especially of inland waters, is deteriorating con-
tinuously. These changes are so severe that they threaten many organisms [1]. There are
many natural and anthropogenic factors that contribute to this state of affairs. Climate
change, which in a way is a natural factor, can cause droughts (low water levels), as well
as intense rainfall, resulting in catastrophic water surges [2,3]. In addition to the natural
causes of negative processes in the terrestrial environment and in aquatic ecosystems,
there are also those caused by irrational and ill-considered human activity. Rivers are un-
der tremendous pressure due to artificial modifications of their flow, the discharge of do-
mestic and industrial wastewater, and changes in catchment land use (such as agriculture
and mining) [4-6]. These factors contribute in various ways to physical and chemical
changes in water, including its salinity. Most often, chemical changes are due to the pres-
ence of substances that are not normally found in such quantities in watercourses, even
in estuarine zones. Their impact on the organisms inhabiting a particular section of the
watercourse is ambiguous. The negative effects of human-made developments interfering
with the environment are not always immediately apparent. All mines, both open-pit and
underground ones, developed for the extraction of various raw materials, pollute the en-
vironment with post-mining waters [7,8]. Post-mining waters originating from aquifers
occur in every mine. They vary in their content of chloride and sulphide ions as well as
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heavy metal compounds. These waters, which contain large amounts of salts and heavy
metals, end up in rivers and then in the seas. The inflow of post-mining waters into rivers
causes their salinization, which is not without significance for river-dwelling organisms.
It is worth noting at this point that saline waters originate from other sources as well. A
periodic source of highly saline waters, occurring only in winter, is runoffs from roads [9].
This is associated with the use of salt as a means of reducing ice on roads. The most com-
mon anti-icing agents are inorganic-chloride-based salts, i.e., sodium chloride (NaCl),
magnesium chloride (MgClz), and calcium chloride (CaClz). Once applied, road salts dis-
solve and enter freshwater ecosystems through saline overland flow generated by melting
snow or rain and through groundwater sources [10,11].

The salinity of inland waters affects the biocenosis of inland waters, and especially
the behaviour of aquatic organisms, including fish. Saline pollution creates a permanent
chemical impact on aquatic biocenosis [12]. This is especially true for organisms with low
mobility and those that are sensitive to changes in water salinity, such as juvenile stages
of fish, molluscs, benthic crustaceans, and insect larvae [13-16]. The runoff of saline water
with an inert composition into watercourses can lead to the extinction of sensitive popu-
lations of fish and other organisms living in a particular section of a river [17]. The per-
manent runoff of saline water and the inability of aquatic organisms to move to avoid the
negative impact of water with a significant degree of salinity not only annihilates weaker
and less resistant species, but also limits the development of less sensitive species. This is
especially true for the early developmental stages of stenohaline cyprinid fish, which are
hardly resistant to salinity changes [18].

Among the fish that do not avoid brackish waters are those in the so-called transi-
tional waters. These fish benefit from food-rich marine waters, where they feed, and re-
productively suitable freshwater, where they breed [19-22]. The early life stages of the
listed fish species are much more tolerant to salinity than stenohaline fish. In estuarine
zones, there are also species that very rarely enter saline waters and spend most of their
lives in freshwater. An example is the blue bream Ballerus ballerus [23]. The blue bream is
a rheophilic, social species of fish from the Cyprinidae family, occurring naturally in the
Szczecin Lagoon, as well as Dabie Lake, a delta lake in the Lower Odra River Valley. De-
spite the rather sizable population of this species in the aforementioned inland waters,
there is a declining trend of “genetically pure populations” due to interspecies crossings.
The most frequently observed are crossbreedings of the spud with the bream. These cross-
ings most often occur in places where their spawning dates overlap [24]. Despite the fact
that the blue bream is of minor economic importance, it is a component of the ichthy-
ofauna that defines the biodiversity of rivers and lakes. In order to preserve biodiversity
in inland waters, active and passive protection is extended to fish species of minor eco-
nomic importance. A serious contribution to the active protection of species is provided
by aquaculture. It is becoming commonplace to develop mechanisms to naturally support
many economically valuable species. They range from species acclimation and reproduc-
tive biotechnology to the development of rearing protocols and rearing itself.

In the case of the blue bream, an effective method for its reproduction and optimal
feeding during rearing under controlled conditions has already been developed [25,26].
Research on the effects of various factors on the growth and survival of blue bream larvae
has been launched due to the lack of relevant data in the literature. A study was begun by
determining the effect of salinity on the growth and survival of larvae. This is an issue of
great interest in the context of the increasingly reported elevated salt levels in water-
courses where this fish species still occurs [27].

In this study, a study of the effect of different degrees of water salinity was con-
ducted. The study aimed to determine the appropriate level of water salinity at which fish
achieve satisfactory growth rates and larval survival.
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2. Materials and Methods

Blue bream spawners were caught in mid-May during their natural reproduction pe-
riod from Lake Dabie. The fish were caught using pond equipment—fyke nets and
wontons. The blue bream larvae were from reproduction carried out under controlled
conditions [25].

Larval rearing was carried out in four separate recirculating aquaculture systems
(RASs) adapted to rearing larvae in water with different salinities. Blue bream larvae were
reared in water with a salinity of 3, 5, or 7 ppt. The control sample consisted of larvae
reared in freshwater (0 ppt), free of salinity. Pro-Reef sea salt (TROPIC MARIN, Warten-
berg, Germany), which was dissolved in water at 20 °C, was used to achieve adequate
water salinity. A single experimental circuit consisted of 3 aquaria designed for rearing
larvae in water of a given salinity. Each aquarium had a working volume of 25 dm?. Each
experimental circuit also included a 200 dm? ‘filter’ aquarium containing a protein skim-
mer (EHEIM GmbH & Co.KG, Deizisau, Germany) and a biological bed in the form of a
floating medium. The filter medium consisted of bactoballs used in denitrification filters
(AB Aqua Medic GmbH, Bissendorf, Germany). The water circulation in each circuit and
the water supply to the individual aquaria were identical to the methodology described
by Kujawa and Piech when studying the effects of salinity on asp larvae (Figure 1) [28].

1
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Figure 1. An overview diagram of one of the four prepared experimental systems used in the ex-
periment: 1—protein skimmer, 2—tubular diffuser, 3—bactoballs, 4 —pump, 5—fluorescent lamps,
6—aquariums with fishes, 7 —aeration stone, 8 —aquarium with filter bed.

The blue bream larvae at the age of 5 DPH (days post hatching), with an average
body length of 7.5 mm, were counted and placed in all rearing aquaria at a density of 40
indiv.-dm=. The stocking density of a single aquarium was 1000 larvae. The water tem-
perature in all the test groups was initially 20 °C and was gradually (1 °C per hour) in-
creased to 25.0 + 0.5 °C, which was the target rearing temperature. Measurements in each
experimental group (salinity) were carried out in triplicate.
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Control measurements of the weight and total length of the larvae were carried out
every four days (day 1, 5,9, 13, 17, and 21 of rearing). Each time, the samples consisted of
thirty individuals (n = 30) randomly caught from each aquarium. They were caught in the
morning (before feeding began). Fish were weighed to the nearest 0.1 milligram and meas-
ured to the nearest 0.1 mm [28].

The blue bream larvae were fed ad libitum three times a day at four-hour intervals (8
a.m., 12 p.m., and 4 p.m.). The food consisted of live nauplius of the brine shrimp Artemia
sp. (Ocean Nutrition Europe, Essen, Belgium) [29].

The water oxygen content was measured with a YSI multiparameter meter (YSI In-
corporated Brannum Lane Yellow Springs, OH, USA) and was within 7.1-7.4 mg O> dm-3,
and the water pH range was 7.1-7.3. The ammonia and nitrite contents were measured in
the morning with a HANNA INS HI 83200 with reagents (Hanna Instruments, Woon-
socket, RI, USA), and neither were detected in the water during the experiment [30].

During the experiment, the number of dead larvae was counted daily, and the final
survival rate was calculated in %. This was expressed as the ratio of the number of fish at
the end of rearing to the number of larvae at the start of the experiment. Cumulative mor-
tality curves were plotted for each rearing mode based on daily counts of dead larvae. The
average PM larval weight gain (mg) was calculated for larvae from each experimental
group studied at the end of the three-week rearing period [31]. Measurements were used
to calculate the survival, the index of total length gain per unit time (ITL), the relative
body growth rate (SGR), and the survival and larval biomass (SBR) [32,33]. Based on the
above, the relative growth rate (RGR) and relative biomass growth rate (RBR) from the
beginning of feeding to the end of the experiment were calculated [34]. Growth rates (SGR
and RGR) for body length were calculated in the same way.

The biomass of fish in the tanks was determined as the product of the average weight
of individuals and the number of live individuals. The obtained value was divided by the
working volume of the tanks, obtaining the biomass of larvae expressed in g-dm-3. In or-
der to compare the results obtained, the relative final average length, weight, and biomass
of the experimental fish were calculated assuming that the length, weight, and biomass of
fish from the control sample (from 0 ppt water) at the end of the experiment were equal
to 100%. The assessment of the normality of the data distribution and the statistical pro-
cessing of the results were carried out using the Excel 2016 and Statistica 13.0 for Windows
(StatSoft, Inc., USA) computer programs. Statistical differences between the experimental
groups were determined using Duncan’s test at a significance level of a = 0.05 [35].

3. Results

After adjusting the salinity of the water in the individual aquaria to the desired level,
the first dead larvae were observed on the second day in water with a salinity of 7 ppt. In
water with a salinity of 3 and 5 ppt, the first dead larvae were observed on the third day.
During the 21-day rearing period, the lowest mortality was observed in the control water

(0 ppt) (Figure 2).
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Figure 2. Cumulative mortality of blue bream Ballerus ballerus (L.) larvae reared in freshwater and
water with salinity of 3, 5, and 7 ppt.

Nearly 98.6% of individuals from the initial stock survived the experiment. A very
similar survival rate of larvae was obtained when they were reared in water with salinity
of 3 ppt. In this variant, 97% of the larvae survived the entire rearing period. The lowest
survival rate of larvae was observed in water with salinity of 7 ppt, where 83.2% of larvae
from the initial stock survived rearing (Table 1).

Table 1. Results of rearing the blue bream Ballerus ballerus (L.) larvae in freshwater and in water
with salinity of 3, 5, and 7 ppt. Mean value + SD. Results in rows with the same letter index are not
statistically significantly different (a = 0.05).
0 3 5 7
Initial mean body length (mm) 75%0.1>2 75%0.1>2 75x0.1>2 75%0.12
Initial mean body weight (mg) 22+0.1= 22+0.1= 22+0.1= 22+0.1
Final mean body length (mm) 21.9+£09a 22.6+09a 193+1.3"% 189+1.5%
Final mean body weight (mg) 62.5+3.4° 64142 524 +48"? 48.6+6.2"
Initial stock (indiv.) 1000 1000 1000 1000
Final stock (indiv.) 986 +1.0° 970+2,02 946 +7.2° 832+154¢
Survival (%) 98.6+£0.14 97+0.22 94.6+£0.7" 83.2+15¢
Average weight gain of larvae (PM) (mg) 603+342 61.9+422 50.2+48"? 46.4+6.2°
Increase in total length (ITL) (mm-d-') 0.7+0.02 0.6+0.12 0.6+0.1" 0.5+0.1"
Relative growth rate (RGR) for weight (%-d1) 17.3+0.3 2 17.4+04- 163+05°% 159+0.7"
Relative growth rate (RGR) for length (%-d") 54+0.2a 54+032 46+03"P 45+04"0
Relative growth ratfff_? for biomass (RBK) 172£03+  173+04* 16005  149:07"
-
Biomass (g-dm=) 25+0.12 25+0.22 20£0.2°0 1.6+0.2°b
Biomass (g) 61.6+34> 622+4.1> 49.6+4.5°b 404520

During all the control measurements, the average lengths of larvae reared in fresh-
water and in water with salinity of 3 ppt were similar (Figure 3).
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Figure 3. Increase in the body length of the blue bream Ballerus ballerus (L.) larvae reared in fresh-
water and in water with salinity of 3, 5, and 7 ppt. The same letter indexes above the columns in a
given sample mean that the values are not statistically significantly different (ot = 0.05).

On the last day of rearing, the blue bream larvae reared in 3 ppt water gained an
average body weight of 64.1 mg with an average length of 22.6 mm (Figures 3 and 4).
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Figure 4. Increase in the body weight of blue bream Ballerus ballerus (L.) larvae reared in freshwater
and in water with salinity of 3, 5, and 7 ppt. The same letter indexes above the columns in a given
sample mean that the values are not statistically significantly different (a = 0.05).

The smallest larvae were obtained by rearing them in water with salinity of 7 ppt. On
the last day of rearing, they obtained an average weight of 48.6 mg, with an average length
of 19.0 mm, while in water with salinity of 5 ppt, they obtained an average weight of 52.4
mg, with an average length of 19.2 mm. No statistically significant differences were noted
between the average weight of individuals raised in salinity-free water and in water with
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salinity of 3 ppt. Similarly, no statistically significant differences were noted between the
average weight of individuals reared in water with salinity of 5 and 7 ppt. The highest
biomass of the blue bream larvae of 62.2 g (2.5 g-dm) was obtained in water with salinity
of 3 ppt. The biomass of the blue bream larvae calculated for larvae from freshwater was
only slightly lower, at 61.6 g (2.5 g-dm™3). These differences were not statistically signifi-
cant. The lowest biomass of larvae was obtained in water with salinity of 7 ppt, in which
it was only 40.4 g (1.6 g-dm=). Table 1 also shows the results of the other studied breeding
indicators such RGR and ITL.

The calculations in Table 2 also confirm that the best rearing conditions for blue
bream larvae were recorded in water with salinity of 3 ppt.

Table 2. Relative mean final length (RFL), weight (RFW), and biomass (RFB) of experimental fish
were calculated assuming that final length, weight, and biomass of the control 0 ppt were 100%.

Salinity (ppt) RFL (%) RFW (%) RFB (%)
0 100.00 100.00 100.00
3 103.4 102.6 101.0
5 88.2 83.9 80.5
7 86.7 77.7 65.6

4. Discussion

Salinity is the total amount of dissolved mineral salts in water. It is determined by
the absolute sum of salt concentrations in mg-dm= or in per mille. It can range from
2 t0 390 mg-dm-=3. Sources of salinity in watercourses can be runoff from agricultural fields,
rising sea levels, the regulation of river hydrology, mining, and the use of salt to de-ice
roads [36,37]. It affects all types of freshwater ecosystems —lakes, rivers, streams, and wet-
lands. It is one of many environmental factors inhibiting the establishment and spread of
hydrobionts. It is a limiting factor for habitats or areas in which the success of a species’
reproduction is possible [13,38]. It affects the survival, metabolism, and occurrence of
many fish species, which, as the most abundant group of hydrobionts vertebrates today,
have mastered both low-ion-content waters —freshwaters —as well as those with high ion
content—saline waters.

Research on the effects of different salinities on different life stages of freshwater fish
has been conducted for a long time. Most of the studies have been on fish reared for con-
sumption, in which the optimum salinity level to increase rearing efficiency in recirculat-
ing RAS systems has been determined [39-44]. Examples include studies on the rearing of
larvae of sichel Pelecus cultratus [45] and asp Leuciscus aspius [28]. The above studies made
it possible to raise more fish with less labour and energy.

Current investigations in many research centres focus on determining the ability of
various taxa to survive in water where salinity has occurred rather than on increasing the
effects of rearing using saline water. The described experiment on blue bream larvae fits
perfectly into this issue, as developing embryos and early-stage fish larvae, in addition to
fish gametes, are particularly sensitive to changes in water salinity [13-16,28,45,46]. Fresh-
water fish are exposed to saline water not only when they are in the intertidal zone or
when migrating from fresh to saline waters, but also while in their natural habitat. These
are not, however, places on the borderline between fresh and saline waters, but sections
of rivers heavily polluted with salts [10]. In fact, for several decades, there has been an
increasing level of salinity in large sections of inland waters created by anthropogenic
activities, such as mining, metallurgy, and chemical industries, and as a result of the run-
off of highly saline water from stormwater networks during the winter [1,47,48]. Point or
sectional salinity is not without influence on the biocoenoses of local water bodies, includ-
ing the resident ichthyofauna [1,10,13]. This study confirms that blue bream larvae, like
asp larvae inhabiting similar environments, also tolerate waters with salinity levels of 3—-
7 ppt [28]. Older individuals of rheophilic cyprinid fish are able to tolerate much higher
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water salinities. An example is the closely related asp Leuciscus idus, which tolerates water
even with salinity of 15 ppt. Most likely, stenohaline organisms, which exhibit anadro-
mous behaviour, inhabit mainly rivers and are often observed in waters with salinities of
several per mille, will be the best adapted to these changes [49].

Differences in the growth of blue bream larvae in water with different salinity levels
are confirmed by literature data, which show that changes in salinity result in greater en-
ergy consumption for osmotic and ionic regulation, meaning that less energy remains for
growth and development [33,50-52]. Freshwater fish larvae placed in salt water (a hyper-
tonic solution relative to body fluids) lose the water found in the tissues, resulting in an
increase in salt concentration in the body. The acid-base balance of the blood is then vio-
lated. Haemoglobin is unable to properly bind oxygen found in the blood, which can lead
to impaired oxygen metabolism in the body, and ultimately, death [53]. The above
changes apply not only to larvae, but also to later life stages. The successful transfer of
freshwater fish to high-salinity water involves the tolerance of tissues to changes in their
hydration or the ability to regulate osmotic pressure, such as through the kidneys and
gills. In the experiment conducted, it was observed that a gradual increase in salinity did
not adversely affect the larvae of the blue bream. Small losses of larvae in the first days of
the experiment were recorded in all aquaria with both salted and salt-free water.

The blue bream larvae had high survival and growth rates in water with salinity of 3
ppt, or 3 g-dm=. According to a study by Lax and Peterson, sustained exposure to chloride
concentrations above 25 mg-dm- can negatively affect freshwater fish [54]. The high tol-
erance of blue bream larvae to water with a salinity of 3 ppt indicates that there are large
interspecies differences even among stenohaline carp in salt sensitivity [31]. The adapta-
bility of fish to saline water may depend on previous salt exposure. Moreover, the mech-
anisms behind the possible acclimation or adaptation to salinity by freshwater organisms
are still unexplored [55], and it is not known why some individuals of the same species
better tolerate and others very poorly tolerate saline water [56,57].

The biological effects of salinity include the continued replacement of salt-intolerant
organisms with those that can withstand elevated salt concentrations [58]. Increased sa-
linity kills freshwater species due to toxic levels of sodium and chloride ions in their cells
and the reduced ability to take up essential ions and water. These effects can reduce spe-
cies diversity and significantly alter trophic systems by reducing food sources for con-
sumers [59].

When discussing the effects of saline water on freshwater organisms, worth mention-
ing are the elements and chemical compounds that can potentiate the negative effects of
chlorides and sulphides on organisms. Such elements are calcium, Ca, magnesium, Mg,
and potassium, K. Sources of Ca and Mg can be road salts, such as CaCl2 and MgClz, which
are not only used in winter, but also in summer to bind dust on gravel roads [12]. The first
two often form CaCOs and MgCOs compounds responsible for water hardness. The more
of these compounds there are, the harder the water is, and the impact of chloride ions on
organisms is lower [60]. In the described experiment, tap water (with a hardness of 24°n)
was used as a diluent for sea salt. Presumably, this could have influenced such a high
survival rate of blue bream larvae in all the salinities tested. The negative effects of chlo-
rides and sulphides on freshwater organisms are compounded by the elevated presence
of K [48]. Therefore, when rearing freshwater fish larvae in water of different salinity lev-
els, as well as when predicting the ecological effects of introducing brine into inland wa-
ters, it is very important to consider the local water chemistry and the characteristics of
the local species assemblage [61].

5. Conclusions

In the above experiment, the best growth parameters were obtained by rearing blue
bream larvae in water with a salinity of 3 ppt. The higher salinity levels tested were also
accepted by the blue bream larvae, as evidenced by the calculated rearing parameters. The
survival rates of blue bream larvae in all salinities tested were very high, ranging from
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83.2% to 97.0%. The tolerance of blue bream larvae to water with salinities of 3-7 ppt sug-
gests that they are able to survive and thrive in natural waters with negligible salinities

(up to 7 ppt).
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