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IEVADS
Darba aktualitate

Taiminu (Salmo trutta L.) dabigo resursu atrazo$anas mérkis Latvija ir
lasveidigo zivju resursu papildinasana, galvenokart, lai kompensétu Daugavas
hidroelektrostaciju kaskades un citu antropogéno faktoru - upju gultnes
iztaisnoSanas, narsta vietu zudumu saimnieciskas darbibas rezultata, ka ari
piesarnojuma radito negativo ietekmi uz zivju krajumiem. Taiminu atraZoSana
tiek Tstenota, papildinot Latvijas tidenskratuves ar zivju audzgtavas izaudzetiem
dazada vecuma taiminu mazuliem.

Taiminu ataudzESanai vaislas materials tiek ieglits no upju grivas
nozvejotiem taiminu vaisliniekiem, kas no Baltijas jiras atgriezas dzimtajas upes
uz narstu. Ikri tiek inkub&ti optimalos apstaklos, 11dz no tiem nakamaja pavasari
iz8kilas kapuri. Talak mazuli tiek audzgti specialos baseinos, Iidz beidzot 1 - 2
gadu vecuma mazie taimini tiek izlaisti up@s un upju grivas, lai migrétu un
turpmak dzivotu jiira, bet, sasniegusi briedumu, atkal atgrieztos dzimtaja upe uz
narstu.

Lai sasniegtu péc iespgjas augstaku taiminu resursu atrazos$anas
efektivitati, ir svarigi, lai p&c izlaiSanas up@s izdzivotu un briedumu sasniegtu
pec iespgjas vairak audzeto taiminu. Taiminu izdzivos$anas sp&ja péc izlaiSanas
ir atkariga no daudziem faktoriem, bet ka galvenais faktors ir jamin taimina
attistibas pakape. Izlaizot taiminu kapurus, jarékinas, ka izdzivos tikai maza dala
no visiem izlaistajiem taiminiem. Attiecigi, jo attistitaka zivs biis izlaiSanas bridf,
jo lielaka iespgja, ka ta izdzivos un atrazoSanas merkis tiks sasniegts.
Visaugstako atrazoSanas efektivitati var sasniegt dabigajos @idenos izlaizot
taiminu smoltus.

Smolti ir la§u dzimtas zivju mazuli, kas ir fiziologiski gatavi migracijai
uz juru un pielagojusies dzivei sala tdeni. Savukart smoltifikacija ir fiziologisks
process, kura laika jauno lasu dzimtas zivju organisma notiek fiziologiskas,
morfologiskas un uzvedibas parmainas, lai nodro$inatu zivju spgju izdzivot
salaja juras Gdeni. Daudzam zivju sugam smoltifikacija notiek pavasarT un to
regulé fotoperiods un tidens temperatiira, bet, lai ta saktos, zivim ir jasasniedz
noteikts izmérs un attistibas pakape (McCormick, 2013).

Latvija tiek pienemts, ka audz€tie taimini smoltific€jas viena gada
vecuma un ka smoltu izlaiSanas kriterijs tiek izmantots taiminu svars. Jaatzist, ka
taiminu smoltifikacijas pétijumi Latvija nav dokumenteti, turklat zivju svars ka
smoltifikacijas kriterijs citas valstis netiek pielietots un zinatniskas publikacijas
netiek minéts pie smoltifikacijai biitiskiem parametriem. Tas rada Saubas par §1
krit€rija noztmibu un praktisko pielietojamibu smoltu noteiksana. Dati liecina,
ka arvien samazinas Latvijas up€s narstojoso taiminu skaits, kas liek apSaubit
taiminu resursu atrazoSanas efektivitati.



Darba hipoteze

Vienu gadu veci audzeti taimini nesasniedz smolta stadiju un nav gatavi
lejupmigracijai audz&$anas apstaklu un parazita Gyrodactilus spp. invazijas del.

AizstaveSanai izvirzitas tézes

Audzgsanas apstakli ietekme taiminu smoltifikacijas procesu.

Tikai neliela dala audz&tu taiminu gada vecuma sasniedz smolta
stadiju.

Svars nav izmantojams ka smoltu izlaiSanas kriterijs.

Darba merkis

Promocijas darba mérkis ir noteikt audz&to vienu gadu vecu taiminu
smoltifikacijas raditajus, parazitu invaziju ietekmi uz smoltifikacijas procesu un
izstradat ieteikumus taiminu izlaiSanai zivju resursu atrazoSanas plana
IstenoSanai.

Darba uzdevumi

Merka sasnieg8anai izvirziti sekojosi darba uzdevumi:

1.

2.

o~

Noteikt taiminu morfologiskas izmainas pirmaja dzives gada,
atkariba no audz&sanas biotehnologijas.

Noteikt asins morfologiskos un biokimiskos raditaju dinamiku
pedgjos meénesos pirms taiminu ielaiSanas dabiskos fidenos.
Novertet taiminu hipo-osmoregulacijas sp&ju pirmssmoltifikacijas un
smoltifikacijas laika.

Noteikt parazitu klatbiitni un ietekmi uz smoltifikacijas raditajiem.
Izstradat ieteikumus taiminu mazulu izlaiSanai zivju resursu
atrazoSanas plana TstenoSanai.

Darba zinatniska aktualitate
Pirmo reizi Latvija veikti petijumi par taiminu smoltifikacijas norisi.

Noskaidrots aptuvenais taiminu daudzums, kas smoltific€jas viena
gada vecuma.



N =

oa s

Izanaliz&ta taiminu smoltifikacijas norise caurteces un recirkulacijas
audzgSanas sisteémas.

Izstradati ieteikumi taiminu izlaiSanai Latvijas valsts zivju resursu
atrazoSanas plana TstenoSanai.

Izstradats pamats turpmakiem pétfjumiem par taiminu smoltifikaciju
Latvijas klimatiskajos apstaklos.

Personigais ieguldijums

Paraugu nemsanas plana sastadiSana.

P&tTjuma izmantoto taiminu atlase.

Taiminu  morfologiska  noveértéSana  (m&riSana,  sverSana,
sudrabosanas limena noteikSana), dal€jas sekcijas veikSana,
somatisko indeksu aprékinasana.

Taiminu asins paraugu iegiiSana.

Hematologisko raditaju (eritrocitu skaita, hemoglobina limena,
hematokrita, leikocitaras formulas) noteikSana taiminu asins
paraugos, eritrocttu indeksu aprékinasana.

Salstidens tolerances testa veikSana, taiminu hipo-osmoregulacijas
sp€jas novertésana.

Morfologiskas, hematologiskas un hormonalas izmekl€Sanas
rezultatu apkoposana, analize un statistiska apstrade.

Pétijuma rezultatu aprobacija/ Approbation of the research

results

Zinatniskas publikacijas un tézes/ Scientific publications and theses:

1.

Rutkovska, 1., Medne, R. (2012). Hematological parameters of one
year old Sea Trout (Salmo trutta) in spring. Starptautiskas
konferences “Veterinarmedicinas zinatnes un prakses aktualitates”
Raksti, Jelgava, 131. -135. Ipp.

Rutkovska, 1., Medne, R. (2015). Morphological changes in
artificially reared one year old sea trout (Salmo trutta L.) during
spring. Annual 21st International Scientific Conference Proceedings.
Research for Rural Development, Jelgava, 89. -193. Ipp.
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Rutkovska, 1., Medne, R. (2018). Triiodothyronine and thyroxine
changes in yearling sea trout (Salmo trutta L.) during spring.
Fisheries and Aquatic Life, 26, 101-1009.

Rutkovska, I., Medne, R., Purvina, S. (2019). Seawater tolerance and
morphological assessment of yearling sea trout (Salmo trutta L.).
International Aquatic Research, 11(3), 295-302.

Petijuma rezultati zinoti Sadas starptautiskas zinatniskas
konferences/ The results of the research have been presented at the following
international scientific conferences:

1.

Starptautiska veterinarmedicinas studentu zinatniska konference.
Jelgava, Latvija 11.04.2012. Rutkovska I. Hematological parameters
of sea trout (Salmo trutta) (mutisks zinojums).

Starptautiska zinatniska konference “Veterinarmedicinas zinatnes un
prakses aktualitates”. Jelgava, Latvija. 22.-23.11.2012. Rutkovska I.,
Medne R. Hematological parameters of one year old Sea Trout
(Salmo trutta) in spring (stenda zinojums).

Starptautiska zinatniska konference "Zinatne lauku attistibai 2015”.
Jelgava, Latvija. 13.-15.05.2015. Rutkovska 1., Medne R.
Morphological changes in artificially reared one year old sea trout
(Salmo trutta L.) during spring (mutisks zinojums).

Starptautiska zinatniska konference “ICES Annual Science
Conference”, Riga, Latvija. 19.09.2016.-23.09.2016. Rutkovska 1.,
Medne R. Sea trout (Salmo trutta L.) restocking in Latvia (stenda
zinojums).

Starptautiska zinatniska konference “ICES Annual Science
Conference”, Riga, Latvija. 19.09.2016.-23.09.2016. Medne R.,
Rutkovska 1. Smoltification hormone level changes in Salmons
subjected for restocking in Latvia (stenda zinojums).



Promocijas darba apjoms un struktiira

Promocijas darbs noforméts uz 107 lappusém ar 38 attéliem un 20
tabulam. Promocijas darbs izkartots astonas nodalas: ievads, literatiiras apskats,
materials un metodes, rezultati, diskusija, secindjumi, aizstavéSanai izvirzitas
tezes, ieteikumi praksei, informacijas avotu saraksts (168 informacijas avoti).
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MATERIALS UN METODES

Pétijuma vietas, laika un objekta raksturojums

Darba pétijuma dala izstradata no 2012. Iidz 2015. gadam Latvijas
Lauksaimniecibas universitates Veterinarmedicinas fakultates Partikas un vides
higienas institita un Partikas dro§ibas, dzivnieku veselibas un vides zinatniska
institfita “BIOR” laboratorijas un specializ&tajas taiminu audzg&tavas.

Petljuma izmantotie taiminu mazuli tika ieglti no tris valsts zivju
audzeétavam - Partikas droSibas, dzivnieku veselibas un vides zinatniska instittita
“BIOR” zivju audzetavas ,,Tome” (Daugavas baseins), filiales ,,Pel¢i” (Ventas
baseins) un filiales ,,Brasla” (Gaujas baseins). Tas ir zivju audz&tavas, kuras
saskana ar Zivju resursu maksligas atrazoSanas planu 2017.-2020. gadam tiek
audzgti taimini dabigo resursu papildinasanai.

P&tijuma prieksizpétes gada, papildus audzetajiem taiminiem tika pétiti
ar1 dabiskie taiminu smolti Salacas upé€, lai noskaidrotu to smoltifikacijas
pazimes.

Ikri, no kuriem iz8kilas petijjuma izmantotie audzetie taimini, tika iegtti
no savvalas vaisliniekiem, kas tika nozvejoti katrai audzetavai atbilstoSaja upe.
Visas tris zivju audz€tavas taimini tika audz€ti caurteces sist€mas, bet zivju
audzetava “Tome” papildus arT recirkulacijas sisteéma. Zivis tika audzgetas argjas
vides temperatiiras upes fident, baseinos ar 1.5 m diametru dabiga apgaismojuma.
Udens straumes atrums bija 0.16 — 0.18 m secl. AudzeSanas blivums visas
audzetavas pétijuma laika bija aptuveni 30 kg m. Zivis tika barotas ar atbilstosa
izméra komercialo granuléto bartbu “Aller Futura” atbilsto$i razotaja
rekomendacijam (www.aller-aqua.com). Skabekla ITmenis Gdeni un tdens
temperatiira tika meriti tris reizes diena (plkst. 8:00, 14:00, 20:00), izmantojot
audzgtavas pieejamos oksimetrus un termometrus. Skabekla [imenis GidenT visu
audzesanas laiku tika uzturgts 7-10 mg L™, nepiecieSamibas gadijuma veicot
maksligo aeraciju vai oksigenaciju.

Udens temperatiiras dati tika ieglti no audzetavas veiktajiem
mérijumiem, ko katru dienu veica audzétavu darbinieki.

Kopuma pétfjuma izmantoti 1850 vienu gadu veci taiminu mazuli, no
tiem 90 taimini pétiti priekSizpetes gada, 1560 taimini izmantoti detalizEtaja
pétijuma petijuma otraja gada, bet pétijuma tre$aja gada morfologiski novertéti
200 taimini.

Asins paraugi hematologisko raditaju un vairogdziedzera hormonu
noteikSanai tika nemti uz vietas audze€tava, ievietoti portativaja ledusskapi un
nekavégjoties nogadati izmekleSanai laboratorija. Lai varétu veikt taiminu sekciju,
pEc asins paraugu panemsanas taimini tika nonaveti izdarot sitienu ar trulu
priekSmetu pa zivs galvu un pec tam trauméjot mugurkaulu, izdarot griezienu ar
skalpeli kaudali no zivs galvas.
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Asins paraugu hematologiska izmekl&Sana un zivju dalg&ja sekcija tika
veikta Partikas droSibas, dzivnieku veselibas un vides zinatniska institiita
“BIOR” Zivju resursu pétniecibas departamenta Ieksgjo fidenu un zivju resursu
atraZoSanas nodala, vairogdziedzera hormonu Iimenis asins plazma tika noteikts
SIA "E. Gulbja Laboratorija", savukart salstidens tolerances tests tika veikts zivju
audz€tavas “Tome” Akvakultiiras p&tniecibas un izglitibas centra un hlora jonu
koncentracija asins plazma noteikta Partikas dro§ibas, dzivnieku veselibas un
vides zinatniska institita “BIOR” Dzivnieku slimibu diagnostikas laboratorijas
Patologijas nodala.

Rezultatu analize un interpretacija veikta Partikas droSibas, dzivnieku
veselibas un vides zinatniska institita “BIOR” Zivju resursu pétniecibas
departamenta Ieksgjo Gidenu un zivju resursu atrazoSanas nodala.

Pétijuma shéma

Pettjums tika veikts tris posmos:

1.posms (1. petijuma gads) — prieksizpéete, kuras laika tika iegiits vispargjs
prieksstats par vienu gadu vecu taiminu fiziologiskajiem raditajiem;

2.posms (2. pétijjuma gads) — detalizéts pétijjums, kura veikta
morfologiska taiminu noveérté$ana, parazitologiska taiminu izmekl&Sana,
hematologisko, hormonalo un biokimisko raditaju analize;

3.posms (3. pétijuma gads) — taiminu morfologiska novértesana.

Pirmais pétijjuma gads

Lai ieglitu priek$statu par vienu gadu vecu taiminu hematologiskajiem un
vairogdziedzera hormonu raditajiem, veicam pétjjuma prieksizpéti. Analizém
taimini tika izvEl&ti no visam trijam audz&tavam — zivju audz&tavam “Tome”,
“Pel¢i” un “Brasla”. Gan aprili, gan maija no katras audz&tavas tika nejausi
atlasiti 10 vienu gadu veci taimini, no kuriem tika panemti asins paraugi
hematologiskai un hormonalai izmekleSanai, ka ari veikts taimigu
morfologiskais novertéjums. Tapat ari prieksizpetes gada tika iegati 10 migr&josi
taiminu smolti Salacas upes lejtecg, lai giitu priekSstatu par dabigo taiminu
smoltu hematologiskajiem un hormonalajiem raditajiem migracijas laika.
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Dabigo taiminu smoltu vecums netika noteikts. P&tljuma beigas veikta datu
analize, lai saplanotu detaliz&tu p&tijumu nakamajam periodam.

Otrais petijuma gads

Lai varétu salidzinat morfologisko raditaju, hematologisko raditaju,
vairogdziedzera hormonu un hlora jonu koncentracijas dinamiku pavasara laika,
kad taiminiem parasti notiek smoltifikacija, laika posma no janvara sakuma lidz
februara beigam, reizi divas nedg€las un laika posma no marta sakuma lidz maija
vidum reizi nedgla tika apmekl&tas audzetavas un atlasiti taimini petijjumam.

Nemot véra to, ka gadu veci taimini ir salidzinosi neliela izméra, no viena
individa nav iespg&jams panemt vairakus asins paraugus, lai varétu veikt dazada
veida analizes. Tadg] taimini tika iedaliti trTs petijuma grupas:

1) hematologisko raditaju noteikSanai un salidzinasanai;

2) vairogdziedzera hormonu limena noteik$anai un salidzinasanai,

3) salstdens tolerances testa veikSanai.

Katra audzetavu apmekl&juma reiz€ katrai petfjuma grupai tika nejausi
izveleti 10 dazada izméra (4.9 — 43.6 g) gadu veci taimini. Apzinati tika izvEletas
loti atSkiriga izm@ra zivis, jo tas visas attieciga gada aprila beigas vai maija
sakuma tika izlaistas dabigajos Udenos. Zivju audz€tava “Tome” pétijumu
grupam zivis tika nemtas gan no caurteces sisteémas, gan recirkulacijas sist€mas.
Visas zivis tika morfologiski noveértétas.

Tresais pétijjuma gads

Lai var€tu parliecinaties par taiminu morfologisko raditaju nemainibu
gadu gaita, treSaja pétijuma gada tika veikta neinvaziva taiminu morfologiska
novertésana, kuras laika tika noteikts taiminu svars, garums, sudraboSanas
limenis un aprékinats kondicijas faktors.

Taiminu morfologiska novertésana
Visi taimini vispirms tika morfologiski noverteti. M&s novertejam taiminu

sudrabosanas Itmeni skala no 0 Iidz 4 (Birt & Green, 1986, (modificéts ar
Rutkovska & Medne, 2015) (1. tabula).
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1. tabula/ Table 1
Sudrabo$anas limena novertéjums/ Assessment of silvering level

Sudrabo$anas Apraksts/ Description
limenis/

Silvering level

0 Mazulis. Nav sudraboSanas pazimju, skaidri izteiktas mazula
pazimes./
Parr. No silvering signs, clearly visible parr marks.

1 Mazulis. Viegli sudrabaina krasa. Redzamas mazula pazimes./
Parr. Slightly silvering color. Visible parr marks.

2 Smoltam I1dzigs mazulis. (50% sudrabojums). Sudrabaina krasa,

bet redzamas mazula pazimes./

Smolt like parr. (50% silvering). Silvery color, but still visible parr
marks.

3 Smoltam lidzigs mazulis. (75% sudrabojums). Sudrabaina krasa un
redzamas neizteiktas mazula pazimes./

Smolt like parr. (75% silvering). Silvery color and slightly visible
parr marks.

4 Smolts. Sudrabaina krasa, melnas spuru malas. Nav redzamas
mazula pazimes./

Smolt. Silvery color, dark fin margins. No visible parr signs.

Katrs taimin$ tika nosverts un nomerits taimina kermena garumu (Ls)
(garums no zivs purna Iidz astes spuras vidus dalai).

Peéc meérfjumu veikSanas, tika izrékinats kondicijas faktors (KF),
izmantojot sekojoso formulu (Formula 1) (Berrill, Porter & Bromage, 2006):

w
KF =~ %100 (1),
kur
KF - kondicijas faktors;
W - zivs svars, g;
Ls - zivs garums, cm.

Sudrabosanas indeksi tika aprékinati péc sekojosas formulas (Formula 2)
(Medne, 2011):

Is=N"'35 on-S ),
kur
Is - zivju grupas sudraboSanas indekss;
N - kopgjais petamo zivju skaits;
n - zivju skaits katra grupa;
S - sudrabosanas Iimenis saskana ar skalu (1. tabula).
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Asins paraugu iegiiSana

Asins paraugs tika nonemts uzreiz péc zivs nokerSanas uz vietas
audzgtava, jo asins ainu var izmainit stress, ka arT zivs Tslaiciga turéSana tidenTt ar
zemu skabekla daudzumu (Noga, 1996). Asinis tika iegiitas no astes vénas,
izmantojot ventralo pieeju.

Hematologisko analizu veik$anai asinis tika ievaditas stobrinos ar
stabilizatoru (EDTA), bet biokimiskajai izmekl&Sanai asinis tika ievaditas
stobrinos bez stabilizatora. No katras zivs tika panemts < 200 pL asinu. Asins
paraugus ievietoja portativaja ledusskapi 4 °C temperatiira un nogadaja
laboratorija 1-2 stundu laika. Asins paraugi vairogdziedzera hormonu limena
noteikSanai tika nogadati SIA "E. Gulbja Laboratorija", bet asins paraugi
hematologiskai izmeklé$anai tikai nogadati Partikas drosibas, dzivnieku
veselibas un vides zinatniska institita “BIOR” Zivju resursu pétniecibas
departamenta Ieks$gjo tidenu un zivju resursu atrazoSanas nodala.

Taiminu sekcijas veikSana un somatisko indeksu
aprékinasana

Pétljuma izmantotie taimini tika nogalinati, izdarot sitienu ar trulu
priekSmetu pa galvu, péc tam ar skalpeli tika izdarits grieziens aiz zivs galvas ar
merki izraistt mugurkaula bojajumu. Taiminiem tika veikta dalgja sekcija.

Lai vargtu aprékinat aknu un liesas indeksus, nosvéram taiminu aknas un
liesu. Aknu indekss (Al) tika aprékinats péc sekojosas formulas (Formula 3)
(Nikolsky, 1963):

Al =YL 100 A3),
w

kur

Al - aknu indekss;
W, - aknu masa, g;
W - zivs masa, g.

Liesas indekss (LI) tika aprékinats péc sekojosas formulas (Formula 4)
(Nikolsky, 1963):

LI =25.100 4),
WF

kur
LI - liesas indekss;
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W5 - liesas masa, g;
Wk - zivs masa, g.

Eritrocitu skaita noteikSana

Eritrocitu skaits tika noteikts, izmantojot fotoelektrokolorimetru (FEK)
MP+ 25. Kivete tika ielieti 2.5 mL Govera Skiduma (DR LANGE), tam
pievienoti 5 pL asinu. Kivetes saturs ripigi samaisits. Ka etalons tika izmantots
tirs Govera skidums bez asins piejaukuma. Refrakcijas skaitlis tika noteikts,
izmantojot vilna garumu 546 nm.

Lai noskaidrotu eritrocitu skaitu, vairaki paraugi tika izmekléti gan ar
FEK, gan izmantojot Gorjajeva skaitiSanas kameru. Tika aprékinata sakariba
starp abiem raditajiem un izteikta formulas veida, kuru izmantojam eritrocitu
skaita aprékinasanai (Formula 5):

RBC = 2.3409 x RS — 0.1519 (5),
kur
RBC - eritrocttu skaits, milj. mm"
RS - refrakcijas skaitlis pec FEK.

3.
l

Hemoglobina koncentracijas noteikSana

Lai noteiktu hemoglobina koncentraciju asinis, tika izmantota
cianmethemoglobina metode. Tira un sausa kiveté tika ielieti 2.5 mL
transformacijas $kiduma LCN 043, kam tika pievienoti 5 pL asinu, kivetes saturs
ripigi samaisits un atstats uz 10 mintitém. Izmantojot FEK MP+ 25, tika noteikts
optiskais blivums pie vilpa garuma 546 nm, par etalonu izmantojot
transformacijas skidumu.

Salidzinajumam tika veikti izmekl&umi, izmantojot Sali hemometru. P&c
tam aprékinata sakariba starp abiem raditajiem un izteikta formulas veida, kuru
izmantojam hemoglobina koncentracijas aprékinasanai (Formula 6):

Hgb = (1.058 X RS + 3.391) x 10 (6),
kur

Hgb - hemoglobina koncentracija, g L;
RS - refrakcijas skaitlis.
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Hematokrita noteik§ana

Hematokrits tika noteikts, izmantojot mikrohematokrita metodi. Aptuveni
2/3 no mikrohematokrita stobrina tika piepilditas ar stabilizé&tam asinim, viens
gals stobrinam tika cie$i noslégts ar maliem. Stobrini tika centrifug@ti 5 miniites
pie 6000 apgriezieniem, izmantojot centrifigu NF 048. Eritrocttu procentualais
daudzums tika noteikts, izmantojot centrifigai pievienoto linealu, vai gadijumos,
ja asinu daudzums bija ierobeZots, un stobrins tika piepildits manak neka lidz
2/3, izmérot stobrina dalu, ko aizpildija eritrociti un izdalot ar kopgjo asinim
pilditas stobrina dalas garumu.

Aprekinajam eritrocitu indeksus (Formula 7, Formula 8, Formula 9):

Mcv =22 x 10 @),
RBC
MCH = 9% (8),
RBC
MCHC =222 x 100 9),
PCV

kur

MCYV - vidgjais eritroctta tilpums, fL;

PCV - hematokrits, %;

RBC - eritrocitu skaits, 1012 L

MCH - vidgjais hemoglobina saturs eritrocita, pg;

Hgb - hemoglobina saturs, g L™?;

MCHC - vidgja hemoglobina koncentracija eritrocitos, g L™ (Jemeljanovs,
Manevi¢s & Diritis, 2007).

Leikocitaras formulas noteik§ana

Lai noteiktu leikocitaro formulu, tika pagatavota asins uztriepe. Asins
uztriepes nozavejam gaisa un krasojam ar JorVet krasu komplektu DipQuick
Stain Kit. KrasoSanu veicam, 5-6 reizes iemércot uztriepi fiks€josa skiduma, péc
tam 5 - 6 reizes krasojosa Skiduma Nr. 1 un Nr. 2. Leikocitaro formulu noteicam,
asins uztriepes mikroskopé&jot gaismas mikroskopa Leica DME 400 (10x40)
reizu palielinajuma un saskaitot 100 leikocTtus (Stoskopf, 1993).
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Vairogdziedzera hormonu limena noteikSana asins plazma

Vairogdziedzera hormonu, tiroksina un trijodtironina koncentracija asins
plazma tika noteikta SIA “E.Gulbja Laboratorija” laboratorija, izmantojot
imunokimisko luminiscences metodi. Tika izmantots analizators ADVIA
Centaur XP Siemens Healthcare Diagnostics Immunoassay System (reagenti —
ADVIA Centaur T4, T3/T4/VB12 Ancillary Reagent, T4 Diluent and ADVIA
Centaur T3, T3/T4/VB12 Ancillary Reagent, T3 Diluent).

Salsuidens tolerances tests

Zivis no audzetavam “Brasla” un “Pel¢i” uz zivju audzetavas “Tome”
Akvakultiiras pétniecibas un izglitibas centru tika transportStas plastmasas
maisos, kur 1/3 bija pildita ar audzétavas tdeni, bet 2/3 ar skabekli, maisi tika
novietoti uz ledus. P&c 2 — 3 h ilga brauciena taimini Akvakultiras p&tniecibas
un izglitibas centra tika ievietoti baseinos ar tilpumu 50 L, kuros tdens
temperatiira tika uzturéta atbilstosi Gdens temperatiirai audz&tava, nodroSinot
dabigu fotoperiodu. Zivis pirms salstidens tolerance testa veikSanas 48 h tika
aklimatiz&tas. Eksperimenta laika taiminu grupa netika barota.

Salstidens tolerance tika parbaudita, izmantojot 24 h salstidens tolerances
testu (salums = 30 ppt). PE&c 24 h asins paraugs tika panemts no zivs kaudalas
vénas un ievietots portativaja ledusskapi 4°C temperatiira un nekavéjoties
nogadats Partikas dro§ibas, dzivnieku veselibas un vides zinatniska instittta
“BIOR” Dzivnieku slimibu diagnostikas laboratorijas Patologijas nodala, lai
noteiktu hlora jonu koncentraciju, izmantojot kolorimetrisko metodi ar
analizatoru Daytona Randox (reagents — Chloride (Thyocyanate Reagent)).
Salstdens tolerances tests tika veikts atbilstosi Blackburn & Clarke (1987)
izstradatajai metodikai.

Parazitologiska izmekléSana

Visiem pétljuma izmantotajiem taiminiem tika veikta kermena glotu
uztriepes izmekl€$ana, lai noskaidrotu parazitu, galvenokart Gyrodactilus spp.
klatbiitni. Uztriepes tika mikroskop@tas ar gaismas mikroskopu Leica DME.
Invazijas ekstensitate (IE) tika aprékinata p&c sekojosas formulas (Formula 10):

Xi
IE = (E) x 100 (10),
kur
IE - invazijas ekstensitate;
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Xi - invad@to taiminu skaits;
XK - kopgjais izmekl&to taiminu skaits.

Invazijas intensitate tika aprékinata p&c sekojosas formulas (Formula 11):

1= (1),

n
N
kur

Il - invazijas intensitate;

n - parazitu skaits viena parauga,

N — pozitivo paraugu skaits.

Datu statistiska apstrade

Visiem iegiitajiem kvantitativajiem datiem veikta apraksto$as statistikas
aprekinasana — vidgja vertiba, minimala un maksimala vertiba, standartnovirze.
Pétijuma iegiita daudzdimensiju statistiska kopa, kuras kvantitativas pazimes
analiz&tas, izmantojot korelacijas analizi, lai noteiktu dazadu parametru sakaribu
vienam ar otru (Sokal & Rohlf, 2000).

Lai noteiktu, vai starp divu izlasu aritmétiskajiem vidgjiem lielumiem
pastav statistiski batiskas atSkiribas, izmantojam Stjiidenta testu (t-tests). T-testu
pielietojam, lai noteiktu morfologisko raditaju un aprékinato indeksu (kondicijas
faktors, sudrabosanas limenis, Al, LI), hematologisko raditaju un aprékinato
indeksu (eritrocitu skaits, hemoglobina koncentracija asinis, hematokrits,
leikocitara formula, MCV, MCH, MCHC), hormonalo raditaju (T3 un T4) un
hlora koncentracijas asinis statistiskas atSkiribas starp pé€tfjuma meéneSiem,
audz€tavam, audzeSanas sisttmam. Atskiribas uzskatitas par butiskam, ja
bitiskuma limenis bija mazaks par 0.05 un 0.01 (p<0.05 un p<0.01) (Sokal &
Rohlf, 2000).
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PETIJUMA REZULTATI UN DISKUSIJA

Taiminu morfologiskais noveértéjums

Audzgtu gadu vecu taiminu svars un garums ir loti variabls. Ir redzamas
butiskas atSkiribas taiminu morfologiskajos raditajos taiminiem no caurteces un
recirkulacijas sistémas.

Analizgjot rezultatus, ko ieguvam aprekinot taiminu kondicijas faktoru,
konstatgjam, ka KF atSkiras starp zivju audz€tavam un méneSiem (1. attéls).
Sakot ar janvari visu pétljuma izmantoto taiminu vidgjais KF pakapeniski
samazinajas, zemako Iimeni sasniedzot marta, un tad atkal saka palielinaties. Tas
bija nov€rojams visas zivju audzetavas.

1,6

14

1,2

1,0

KF/ CF

0.8

0,6

04

Pel¢i Brasla Tome C Tome R

m Janvaris ®Februaris = Marts = Aprilis ® Maijs
January February  March  April May

1. att. Gadu vecu taiminu kondicijas faktors (KF) pavasari (n = 1560)/

Fig 1. Yearling sea trout condition factor (CF) in spring (n = 1560)

Tome C — Tome caurteces sistéma; Tome R — Tome recirkulacijas sisteéma/

Tome C — Tome flow-through system; Tome R — Tome recirculating system
2 bitiska atSkirtba p<0.01 salidzinot ar iepriek3gjo ménesi; ° bitiska atkiriba p<0.05
salidzinot ar iepriek$€jo ménesi; ¢ bitiska atskiriba p<0.01 starp zivju audzétavas “Tome”
audze$anas sistemam/
a significant difference p<0.01 compared to the previous month; ° significant difference
p<0.05 compared to the previous month; ¢ significant difference p<0.01 between fish
farm’s “Tome” rearing systems
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Zivim, kas bija audzgetas recirkulacijas sisttma, KF visu pétijuma laiku
bija butiski augstaks neka zivim no caurteces sisteémas. Ja caurteces sisteéma
zivim janvari vidgjais KF bija no 1.08 Iidz 1.17, tad recirkulacijas sisteéma tas
bija 1.24. Tome@r ar1 recirkulacijas sisttma augusajam zivim vargja novérot KF
nelielu samazinasanos 11dz pat aprilim, kad vid&jais KF samazinajas lidz 1.16,
kam sekoja strauj$§ pieaugums maija, vidéjam KF palielinoties Iidz pat 1.32.

Analizgjot KF raditajus miisu petijjuma laika, vargja noverot, ka KF laika
no janvara lidz martam visas audzEtavas un abas audz€Sanas sist€émas
samazinajas. Tas ir izskaidrojams ar tidens temperattiras izmainam ziema. Vasara
un rudeni, kad tidens temperatiira audz&tavas ir augsta (caurteces sist€émas
atbilstosi idens temperatiirai attiecigaja up€ vai recirkulacijas sistéma atbilstosi
apkartgjas vides temperatiirai) zivis labi barojas, aug un uzkraj tauku rezerves,
kas izpauzas ar KF picaugumu.

Ta ka musu pétijuma KF taiminiem pavasari pieauga nevis samazinajas,
neanalizgjot citus raditajus, ir griti spriest, vai $is pieaugums bija mazuliem
raksturigais pavasara KF pieaugums vai ar1 taiminu smoltiem raksturigais KF
piecaugums. Ir janem vera ari citi parametri, lai varétu izdarit kadus secinajumus
par Latvijas zivju audzetavas audzeto taiminu KF izmainam pétijuma laika. Taja
pasa laika pétijuma izmantotiem savvalas smoltiem KF bija biitiski zemaks
(p<0.05) neka audzeto taiminu KF.

Recirkulacijas sistéma augus$o taiminu svars, garums un kondicijas
faktors visu pétfjuma laiku bija bitiski lielaks neka taiminiem no caurteces
sisttmam (p<0.01). Tas ir izskaidrojams ar ievérojami augstaku tdens
temperatiiru recirkulacijas sisttma ziemas un pavasara méneSos. Caurteces
sistémas tidens temperatiira sasniedza recirkulacijas sistémas tidens temperatiiras
limeni tikai maija sakuma. Lidz ar to var teikt, ka visu pétjjuma laiku Gdens
temperatiira recirkulacijas sisttma bija augstaka neka caurteces sist€éma, kas
ietekmgja zivju baroSanos un augSanu. Zemas iidens temperattiras, kadas ziema
ir noverojamas caurteces sist€émas, zivju vielmaina ir paléninata, zivis &d mazak,
I1dz ar to aug léni vai pat vispar neaug.

leprieks€jo pétfjumu rezultati ar Atlantijas laSiem ir pieradijusi, ka
lielakiem smoltiem ir labakas izredzes izdzivot p&c izlaiSanas un tie spgj
veiksmigak migrét uz juru. Tikai atskiriba no Latvija noteikta smoltifikacijas
kritérija, lielakaja dala citu valstu, ka biitisku izm@ra raditaju uzskata zivs garumu
(Ls) (McCormick, 2014). Veiktie petijumi apliecina, ka Atlantijas lasu smoltu
garums (Ls) pirms izlaiSanas maija ir vismaz 14 cm, turklat ieprieksgja oktobrt
un novembrT nakamo smoltu garums (Ls) ir vismaz 11.5 cm (McCormick, 2014).

Atbilstosi darba izvirzitajai hipotézei, p&tjjuma laika iegttie taiminu
garuma raditaji un iepriek$jo petijumu rezultati liecina, ka Latvija vienu gadu
audzgtie taimini ir parak mazi un gada vecuma nesasniedz smoltiem raksturigos
izmerus.

22



Apkopojot taiminu aknu indeksa (Al) raditajus, nevargja saskatit kopigas
tendences vai sakaribas. Katra zivju audz€tava varja novérot atskirigas Al
izmainu tendences. Zivju audzetava “Peléi” Al samazinajas no janvara (1.68)
lidz aprilim (1.30) un tad butiski (p<0.01) paliclinajas maija, sasniedzot 1.63.
Zivju audzetava “Brasla” Al bija vairak vai mazak stabils (1.61 Iidz 1.65),
neuzradot butiskas atSkiribas starp méneSiem, lidz tas butiski (p<0.01)
samazinajas maija, sasniedzot 1.38. Zivju audzetava “Tome” Al samazinajas no
janvara Iidz maijam, turklat samazinajums bija statistiski biitisks (p<0.01) un bija
noveérojams abas zivju audzgSanas sisteémas. Caurteces sistema tas samazinajas
no 2.08 (janvari) lidz 1.37 (maija), savukart recirkulacijas sisttma tas
samazinajas no 1.66 (janvari) lidz 1.27 (maija).

Liesas indeksa (LI) raditaji pétjjuma laika bija salidzinosi stabili. LI
pétijuma laika visas zivju audz&tavas svarstijas no 0.13 1idz 0.21. Zivju audz&tava
“Brasla” un zivju audzétavas “Tome” recirkulacijas sistéma augusajam zivim LI
petijuma laika butiski nemainijas (p>0.05). Zivju audzetava “Brasla” taiminu LI
svarstijas no 0.19 Iidz 0.21, bet zivju audz&tavas “Tome” recirkulacijas sistéma
augusajiem taiminiem LI svarstijas no 0.15 Iidz 0.17. Bitiskas LI izmainas bija
noverojamas zivju audzetava “Pelci” februari (0.17) un marta (0.14) (p<0.01) un
zivju audz€tavas “Tome” caurteces sisttma februart (0.16) un marta (0.14)
(p<0.01).

Taiminu sudrabo$anas limenis visas audz&tavas pakapeniski pieauga visu
petijuma laiku. Zemakais tas bija janvarl: no 1.36 Iidz 1.55 taiminiem, kuri
audzeti caurteces sistéma un 1.96 taiminiem, kuri audzeti recirkulacijas sistéma,
bet augstakais pedgja pétjjuma menesi, maija (2.67 lidz 2.96 taiminiem no
caurteces sistémas un 2.95 taiminiem recirkulacijas sistéma). Janvarl
recirkulacijas sistéma audz&tajiem taiminiem sudrabos$anas ITmenis bija biitiski
augstaks neka caurteces sistéma audzeétajam zivim (p<0.05), bet ar katru nakamo
menesi atSkiriba starp audz&Sanas sistémam arvien saruka. Lai arT sudraboSanas
Itmena pieaugums bija stabils, tomér augstako ceturto sudraboSanas Iimeni
sasniedza vien atseviski individi no recirkulacijas sistémas. Savukart vid&jais
sudrabosanas limenis neparsniedza pat 3 (2. tabula).
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2. tabula/ Table 2
Gadu vecu taiminu vidéjais sudrabo$anas limenis pavasari (n = 1560)/
Mean silvering level of yearling sea trout (n = 1560)

Zivju audzétava/ Menesis/ Month
audzesanas Janvaris/ | Februaris/ Marts/ Aprilis/ Maijs/
sistéma/ January February March April May

Fish farm/ fish

rearing system
Pelci/ caurteces 1.55 211 2.56 2.70 2.67
sistéma/
Pelci/ flow-
through system
Brasla/ caurteces 1.36 1.68 2.35 2.60 2.70
sistema/
Brasla/ flow-
through system
Tome/ caurteces 1.54 2.14 2.37 2.64 2.96
sistéma/
Tome/ flow-
through system
Tome/ 1.962 2.36 2.79 2.74 2.95
recirkulacijas
sistéma/
Tome/recirculating
system
2 butiska atskiriba p<0.01 starp audzgSanas sistémam/
a significant difference p<0.01 between rearing systems

Soivo, Muona & Virtanen (1989) un Debowski et al. (1999) pétijumu
rezultati liecina, ka taiminu smoltiem nav raksturigas tik izteiktas smoltifikacijas
vizualas pazimes, ka tas ir laSiem. Tom@r janem ar véra, lai arT sudrabosanos
uzskata par smoltifikacijas indikatoru, sudraboSanos biezi var novérot ari
audz€tiem mazuliem, lai gan citu, ar smoltifikaciju saistitu, pazimju tiem nav
(Wedemeyer, Saunders & Clarke, 1980). Miisu pétijuma rezultati liecina, ka
taiminu adas krasa ir sasniegusi gan treso, gan ceturto sudrabosanas Itmeni.

Apkopojot visus pétijuma laika ieglitos morfologisko raditaju rezultatus,
redzams, ka Sie raditaji vairak liecina par to, ka gadu veci taimini nesasniedz
smolta stadiju, kas atbilst miisu izvirzitajai hipotézei. Par to liecina taiminu
mazais izmers, stabilais KF un LI, ka arT neizteiksmiga kermena sudrabosanas.
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Hematologiskie raditaji

Analizgjot taiminu eritorocitu skaitu pirmssmoltifikacijas perioda - laika
no janvara Iidz maijam, redzams, ka taiminiem no visam audz&tavam, ka ari
abam audze$anas sist€mam, eritrocitu skaits laika no janvara Iidz martam
palielinas. Caurteces sistémas augusajiem taiminiem janvari vidgjais eritrocttu
skaits varigja no 1.19 Iidz 1.26-10'? L' Recirkulacijas sisttma augusajiem
taiminiem eritrocitu skaits janvari butiski neatskiras no taiminiem, kas augusi
caurteces sistémas, un tas bija 1.20-10'? L', Taiminiem no zivju audzétavas
“Pel¢i” eritrocitu skaits martd bija visaugstakais un sasniedza attiecigi
1.38-10%2 L%, Tapat ari recirkulacijas sisttma auguSajiem taiminiem marta
eritrocttu skaits bija visaugstakais un sasniedza 1.49-10% L. Savukart zivju
audze€tavas “Tome” caurteces sisteéma audzetajiem taiminiem vidgjais eritrocitu
skaits visaugstakais bija februari un marta — 1.38-10% L%, bet taiminiem no zivju
audzetavas “Brasla” eritrocitu skaits visaugstakais bija aprill - 1.48-10%2 L,
Maija zivim eritrocttu skaits saka samazinaties visas audz€tavas caurteces
sisteémas, iznemot audzetavas “Tome” recirkulacijas sist€mu, kur eritrocitu skaits
maija salidzinot ar aprili butiski nemainijas (p>0.05). Maija taiminiem no
caurteces sisttmam vidgjais eritrocitu skaits bitiski samazinajas (p<0.01) un
svarstijas no 1.16 Iidz 1.26-10%? L%, bet taiminiem no recirkulacijas sistémas
eritrocitu skaits maija bija 1.31-10%2 L2,

Kopuma pétjjuma laika eritrocitu skaits starp taiminiem no abam
audzeSanas sisttmam batiski neatskiras (p>0.05) laika no janvara lidz martam,
bet aprilt eritrocTtu skaits taiminiem no caurteces sist€émas bija biitiski augstaks
neka taiminiem no recirkulacijas sist€mas (p<0.01). Savukart maija eritrocttu
skaits butiski augstaks (p<0.01) bija taiminiem no recirkulacijas sisteémas.

Visu audzetavu taiminiem eritrocttu skaits p&tfjuma laika no janvara lidz
martam paaugstinajas, kam sekoja eritrocttu skaita samazinajums. P&c
ieprieksgjo petjumu datiem eritrocttu skaits ziema ir zems, jo auksta tidens dé|
ir kavéta eritropo€ze, bet pavasarT eritrocitu skaits pieaug (I'maronesa, 1989).
Tapat arT smoltifikacijas laika stresa un liesas kontrakciju dél eritrocitu skaits
lasu dzimtas zivim pieaug (Hammenstig et al., 2014). Tomér misu petijuma $ada
aina nebija noverojama. Aprili un maija, kad biitu sagaidama eritrocitu skaita
palielinasanas, eritrocitu skaits tomér samazinajas.

Apskatot rezultatus, kas iegtti aprékinot hemoglobina saturu taiminu
asints, redzams, ka kopuma aina ir Iidziga eritrocTtu skaita izmainam. Taiminiem,
kas augusi caurteces sitemas, vid€jais hemoglobina saturs asinis no janvara, kad
tas bija 87.4 g L%, pakapeniski palielingjas, augstako Iimeni sasniedzot marta —
92.3 g L%, kam atkal sekoja hemoglobina satura samazinaSanas, 1idz maija tas
bija noslidgjis Iidz 87.2 g L%
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Recirkulacijas sisttma audzEtajiem taiminiem vidgjais hemoglobina
saturs asinis februari biitiski pieauga (p<0.01), sasniedzot 94.2 g L%, kam sekoja
hemoglobina satura samazinasanas turpmakajos ménesos, maija samazinoties
lidz 86.8 g L. Salidzinot hemoglobina koncentraciju starp abas audz&Sanas
sisttmas augusSiem taiminiem, butiskas atSkiribas var&ja novérot tikai janvari,
kad Hgb koncentracija taiminiem no recirkulacijas sistémas bija biitiski zemaka
(p<0.05) neka taimniem no caurteces sisteémas.

Ieprieksgjo petijumu rezultati liecina, ka hemoglobina koncentracijai,
tapat ka eritrocttu skaitam pavasari, vajadz€tu palielinaties, turklat
smoltifikacijas laika hemoglobina koncentracija Atlantijas lasim var sasniegt pat
110 — 120 g L* (I'naronesa, 1989).

Eritrocttu skaita un hemoglobina [imena samazinajums pétijuma beigas
liecina, ka pétfjuma izmantotiem taiminiem smoltifikacija vél nebija sakusies,
lidz ar to sagaidams, ka ta biitu sakusies tikai nakamaja pavasari, kas apstirpina
misu izvirzito hipotezi.

Analizgjot taiminu hematokrita raditajus pavasari, var novérot, ka
caurteces sistémas augusajiem taiminiem vid&jie hematokrtta raditaji bija stabili,
svarstoties no 35.32 Iidz 36.72%. Apskatot hematokrita raditajus atseviskas
audzg€tavas, var novérot lielakas svarstibas starp méneSiem, tomer kopg&jas
izmainu tendences nav saskatamas.

ArT recirkulacijas sisttma augus$ajiem taiminiem hematokrits janvari un
februari butiski neatSkiras no vid&ja hematokrita taiminiem no caurteces
sisttmam, savukart marta tas bitiski palielinajas lidz 41.47% (p<0.05).
Hematokrta palielinaSanas taiminiem recirkulacijas sistémas turpinajas 1idz pat
maijam, kad vidgjais hematokrits sasniedza 47.50%. Marta, aprili un maija
taiminiem recirkulacijas sisttma hematokrits bija butiski augstaks neka
taiminiem caurteces sisteémas (p<0.01).

Nemot vera apstakli, ka eritrocitu skaits kopuma taiminiem p&dgjos
petljuma menesos samazinajas, hematokrita nemainigumu caurteces sist€mas vai
pieaugumu recirkulacijas sist€émas acimredzot nodroSindja eritrocitu izméera
palielinasanas. Par to liecina MCV izmainas taiminiem, taiminu eritrocitu
tilpums pétljuma nosléguma biutiski pieauga, it TIpasi recirkulacijas sisttema
audzgtajiem taiminiem. Tas norada, ka asinsrité cirkul€ja nobriedusi eritrocTti
(Hrubec & Smith, 2010).

Nemot vera to, ka caurteces sistémas augusu taiminu hematokrta raditaji
bija salidzinosi stabili, bet eritrocitu skaits svarstijas, no janvara lidz martam
palielinoties, kam sekoja eritrocttu skaita samazinajums lidz maijam, vid&jais
eritrocttu tilpums mainijas apgriezti proporcionali eritrocitu skaitam. Caurteces
sisttmas auguSu taiminu vidgjais eritrocitu tilpums no janvara samazinajas,
marta sasniedzot 262.33 fL. Maija tas atkal palielinajas 1idz 306.48 fL.
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Recirkulacijas sisttma augu$o taiminu MCV perioda no janvara lidz
februarim butiski samazinajas no 336.03 fL lidz 278.60 fL (p<0.01).
Turpmakajos ménesos taiminu MCV recirkulacijas sisttma pakapeniski picauga
lidz 365.78 fL. Aprili un maija MCV taiminiem recirkulacijas sisttma bija
butiski augstaks neka taiminiem caurteces sisteémas (p<0.01).

Vidgjais hemoglobina saturs eritroctta kopuma caurteces sisteémas
augusajiem taiminiem laika no janvara lidz aprilim samazinajas no 74.34 pg lidz
66.83 pg, bet maija atkal pieauga lidz 72.73 pg, tom&r izmainas starp ménesiem
bija pakapeniskas un lielas svarstibas hemoglobina satura eritrocitos nevargja
novérot (p>0.05).

Taiminiem no recirkulacijas sistémas vidgjais MCH marta bitiski
samazinajas lidz 60.92 pg (p<0.01), bet aprili atlkal strauji picauga lidz 72.03 pg
(p<0.01).

Kopuma vidgja hemoglobina koncentracija eritrocitos caurteces sistémas
augusajiem taiminiem starp méneSiem butiski neatskiras, svarstoties robezas no
241.26 g L™ Iidz 269.80 g L.

A1 recirkulacijas sisttma auguSajiem taiminiem MCHC janvari bija
salidzinosi zems — 214.89 g L%, kam sekoja bitisks picaugums februari (p<0.05),
pakapjoties Iidz 273.91 g L%, un tad atkal butisks samazinajums marta (p<0.01)
Iidz 222.65 g L. Taiminiem no recirkulacijas sisttmas MCHC viszemako Iimeni
sasniedza maija (p<0.05), noslidot Iidz 185.83 g L%, un ta bija biitiski zemaka
neka taiminiem no caurteces sisteémas (p<0.01).

Caurteces sistémas augusajiem taiminiem leikocitaraja formula vargja
novérot pakapenisku limfocitu skaita palielinaSanos. No janvara lidz martam
vidgjais limfocitu Tpatsvars bija salidzino8i neliels (66.47% lidz 68.11%), bet
aprill tas bitiski pieauga (p<0.01) lidz 82.00%, maija sasniedzot pat 86.23%.
Pretgjais bija novérojams ar otru lielako leikocitu grupu — neitrofiliem. Neitrofilu
Tpatsvars marta vidgji bija 31.55%, bet jau arpili batiski samazinajas (p<0.01)
11dz 17.89%, maija noslidot I1dz 13.21%.

A1T monocitu Tpatsvaram caurteces sistémas auguSiem taiminiem bija
tendence samazinaties. Janvari monocitu Ipatsvars taiminiem no caurteces
sisttmam bija 3.78%, bet maija vairs tikai 0.46%. Eozinofilie leikociti bija
noverojami vien atseviskam zivim, [idz ar to, to Tpatsvars svarstijas no 0.00 Iidz
0.10%.

Savukart recirkulacijas sistemas augusiem taiminiem limfocttu Tpatsvars
jau janvarT bija butiski augstaks neka taiminiem no caurteces sistémas — 86.05%
(p<0.05). LimfocTtu 1patsvars pakapeniski pieauga un maija sasniedza 92.78%.
Atbilstosi arT neitrofilo Tpatsvars recirkulacijas sistéma augusiem taiminiem bija
salidzino$i zemaks neka caurteces sistemas — 13.15% (p<0.05), turklat lidz
maijam tas bija sarucis lidz 6.62%. Monocitu Ipatsvars visu pétijuma laiku
taiminiem no recirkulacijas sist€émas bija zems, svarstoties no 0.37 1idz 0.86%.
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Tapat ka taiminiem no caurteces sisttmam, taiminiem recirkulacijas sist€emas
eozinofili bija loti reti nove€rojami vien atseviskam zivim, tadel to Ipatsvars
svarstTjas no 0.00 Iidz 0.06%.

Leikocitaras formulas izmainas atbilst ieprick$€jos pétijumos
konstatétajam, apstirpinot, ka leikocTtu sastavs mainas atbilstosi udens
temperatiirai un gadalaikam — limfocTtu skaits pavasari pieaug, bet neitrofilo
leikocTtu un monocitu skaits pavasari samazinas (Noga, 1996). Eozinofilo
leikocttu skaita pieaugums liecina par parazitu ietekmi, tacu pe&tfjuma arl
eozinofilo leikocitu skaits nepaaugstinajas, un tas liek domat, ka Gyrodactilus
spp. ietekme bija nenozimiga. Savukart bazofilo leikocttu iztrikums vargtu
liecinat, ka to skaits taiminu asinis ir Joti zems.

Tiroksina un trijodtironina koncentracija asins plazma

Visas tris audz&tavas taiminiem, kuri bija audzgti caurteces sistema, T3
Itmenis pazeminajas no janvara lidz februarim un tad saka palielinaties (2. att€ls).
Augstakais T3 Iimenis zivju audz&tava “Pel¢i” un zivju audz&tava “Brasla” bija
aprili, attiecigi 3.14 un 2.66 nmol L, bet zivju audzetava “Tome” augstaka T3
koncentracija asins plazma tika novérota maija - 3.03 nmol L. Savukart
taiminiem no recirkulacijas sisttmas T3 Iimenis pakapeniski un stabili
paaugstinajas no janvara lidz pat aprilim, sasniedzot 2.65 nmol L un palika $ada
Iimeni arT maija (2.63 nmol LY). Starp T3 koncentraciju asins plazma un zivs
svaru, garumu un kondicijas faktoru bija vérojama pozitiva korelacija (3. tabula).
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2. att. T3 izmainas taiminu asins plazma, nmol L (n = 520)/
Fig 2. Changes of T3 in sea trout plasma, nmol L (n = 520)
Tome C — Tome caurteces sistéma; Tome R — Tome recirkulacijas sistéma/
Tome C — Tome flow-through system; Tome R — Tome recirculating system
3.tabula/ Table 3
Korelacija starp parametriem (n = 520)
Correlation between parameters (n = 520)
Svars/ Garums/  KF/ Sudrabo$anas T3 T4
Weight Length CF limenis/
Silvering level
Svars/ Weight 1
Garums/
Length 0.936* 1
KF/ CF 0.180* -0.132 1
Sudrabosanas
limenis/
Silvering level 0.398* 0.427*  -0.038 1
0.157
T3 0.311* 0.268* * 0.440* 1
T4 0.061 0.062  -0.010 0.448* 0.305* 1

* korelacija pie a. = 0.05
* correlation at o = 0.05
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No janvara Iidz maijam taiminiem no visam trTs audzEtavam vargja
noverot stabilu T4 koncentracijas picaugumu (3. attéls). T4 limena pieaugums
bija noveérojams dazadu izméru zivim no abam audz€Sanas sisttmam. Zivju
audz€tava “Pel¢i” no marta lidz aprilim T4 limenis nedaudz samazinajas, bet,
neskatoties uz to, augstakais T4 [imenis tika sasniegts maija. T4 Iimenis janvari
taiminiem no visam audzétavam bija salidzino$i zems (7.20 — 15.37 nmol L1),
bet maija tas sasniedza 38.29 — 50.44 nmol L un pat 90.87 nmol L zivju
audzetavas “Tome” caurteces sist€mas taiminiem. Starp T4 koncentraciju un zivs
masu, garumu un KF korelacija netika noverota.
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3. att. T4 koncentracijas izmainas taiminu asins plazma, nmol L* (n = 520)
Fig 3. Changes of T4 in sea trout plasma, nmol L™ (n = 520)
Tome C — Tome caurteces sistéma; Tome R — Tome recirkulacijas sisteéma/
Tome C — Tome flow-through system; Tome R — Tome recirculating system

Caurteces sistéma KF visiem sudrabosanas [imeniem bija gandriz vienads
(1.10 — 1.12). Savukart citu parametru vértibas pieauga lidz ar sudrabo$anas
ltmeni: masa no 9.03 g l[imenim “0” 11dz 17.43 g Iimenim “3”, garums no 9.25 cm
Itmenim “0” Iidz 11.57 cm Iimenim “3”, T3 koncentracija asins plazma no
1.70 nmol L Iimenim “0” 1idz 2.77 nmol L limenim *“3” un T4 koncentracija
asins plazma no 13.00 nmol L Iimenim “0” 1idz 35.63 nmol L™ Iimenim “3”.

Recirkulacijas sistéma petjjuma laika pétijuma grupa, kurai tika noteikts
vairogdziedzera hormonu Iimenis asins plazma, nebija taiminu, kam
sudraboganas Itmenis batu bijis “0” vai “1”. Saja sistema audz&tajiem taiminiem
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vidgjais KF visiem sudrabo$anas limeniem bija gandriz vienads (1.23 — 1.26),
bet citu parametru vidgjas vértibas picauga lidz ar sudrabos$anas limena
pieaugumu tapat ka caurteces sistéma: svars no 23.18 g limenim “2” lidz 34.26 ¢
limenim “4”, garums no 12.29 cm limenim “2” Iidz 14.10 cm Iimenim “4”, T3
koncentracija no 2.17 nmol L limenim “2” 1idz 3.01 nmol L! [imenim “4”, T4
koncentracija no 16.45 nmol L limenim “2” 1idz 45.03 nmol L? limenim “4”.
Apkopojot datus, bija redzams, ka sudraboSanas Iimenis bija atkarigs no taimina
garuma (r>=0.427, p<0.05), T3 koncentracijas asins plazma (r? = 0.440, p<0.05)
un T4 koncentracijas asins plazma (r? = 0.448, p<0.05), bet tas nebija atkarigs no
KF (r? = -0.038, p<0.05).

Ta ka vairogdziedzera hormonu ltmenis paaugstinas smoltifikacijas laika,
bet ieprieksEjie petijumi ir paradijusi, ka smoltifikacijai butisks ir zivs izmérs
(McCormick et al., 2014), varam secinat, ka T3 izmainas atbilst $im
nosacljumam un ta [imenis ir augstaks lielakam zivim (iespgjamiem smoltiem),
savukart T4 Iimena izmainas nav sasaistamas ar zivs izméru. Quigley et al.
(2006) pétijumi ar divgadigiem taiminiem paradija, ka T4 limenis smoltiem
pavasari sasniedz pat 93 nmol L (37 ng mL™?). Jaatgadina, ka milsu p&tijuma T4
Iimenis maija sasniedza 38.29 — 50.44 nmol L? un vienigi zivju audzetavas
“Tome” caurteces sistemas taiminiem tas bija 90.87 nmol L. Nemot véra
iepriek§ mingto, petfjuma rezultati liecina, ka vairogdziedzera hormonu limenis
pavasarl pieaug visiem taiminiem neatkarigi no to izméra, bet tas lielakaja dala
audz€tavu nesasniedz tik augstu ltmeni, kads ir raksturigs savvalas taiminu
smoltiem (73.7 nmol L™Y).

Analizgjot taiminu hormonalos raditajus kopa ar morfologiskajiem
raditajiem, var redz&t, ka abas audz&Sanas sist€émas starp sudrabosanas [imeni un
taiminu garumu, T3 un T4 limeni ir pozitiva korelacija. Sie rezultati saskan ar
ieprieks€jiem pétijumiem, kas paradijusi, ka vairogdziedzera hormoni ietekmé
adas pigmentaciju — vairogdziedzera hormonu ITmena paaugstinasanas izraisa
adas melanina izzu$anu un guanina un hipoksantina izgulsnésanos (Hoar 1988).
Tapat ar1 iegitie rezultati parada, ka garumam ir zinama nozime, nosakot
smoltifikacijas iestaSanos, atbilstosi iepriekS€jiem pétljumiem ar Atlantijas
lasiem (McCormick et al., 2014).

A1l vairogdziedzera hormonu Itmena analize paradija, ka, lai arT
recirkulacijas sisttma taimini bija lielaki, tas nekada mera neveicinaja
smoltifikaciju. Pat vairak, taimini no caurteces sisttmas uzradija labakus
smoltifikacijas hormonalos raditajus neka taimini no recirkulacijas sist€mas, jo
recirkulacijas sisttma taiminiem tiek izjaukts dabiskais gadalaika cikls
paaugstinatas tidens temperatiiras del.
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Salsuiidens tolerance

Salstidens tolerances tests parada anadromo zivju sp&ju adaptgties salajam
juras tdenim. Zivim, kas sasniegusas smolta stadiju, ir attistita hipo-
osmoregulacijas spgja, kas nodrosina sp&ju mainit dzives vidi no saldiidens upes
uz salstdeni jira. Salsiidens tolerances testa gadu veciem taiminiem bija
noveérojama augsta mirstiba. It Ipasi laika no janvara lidz aprilim vargja noverot
tikai atseviskus gadijumus, kad zivis izdzivoja. Sada aina bija novérojama visas
audzEtavas un abas audz€Sanas sist€émas, bet jo Ipasi caurteces sisttma, kur
izdzivotibas raditaji svarstijas no 1.7 lidz 8.3%. Recirkulacijas sistéma audzetie
taimini pirmajo pétjjuma ménesos uzradija labakus rezultatus un izdzivotibas
vidgjie raditaji svarstijas no 10 lidz 20%. Savukart visi taimini, kas bija augusi
recirkulacijas sistéma, maija salsiidens tolerances testa laika gaja boja (4. attéls).
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4. att. Péc salsiidens tolerances testa izdzivojuSo taiminu proporcija abas
audzeéSanas sistéemas, % (n = 520)
Fig 4. Proportion of sea trout survived during saltwater challenge test, %
(n =520)

Rezultati paradija, ka lielaka dala zivju no abam audzgSanas sistémam
nebija gatava migracijai uz juru un dzivei salsiideni. Lai ari taimini no
recirkulacijas sistémas sakotn&ji uzradija augstakus izdzivotibas raditajus (pat
laika, kad vél tas netika gaidits - janvarl un februari), nemot veéra savvalas
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taiminu tradicionalo smoltifikacijas laiku maija, taimini no caurteces audzéSanas
sist€mas, petijuma laika uzradija stabilu hipo-osmoregulacijas sp&jas pieaugumu.
Vidgja hlora koncentracija asins plazma taiminiem no caurteces sist€émas
janvari un februari parsniedza 177 mmol L. Sakot ar martu, hlora koncentracija
pamazam samazinjas, sasniedzot 162 mmol L. Turpreti taiminiem no
recirkulacijas sisttmas vidgja hlora koncentracija asins plazma menesi no
meénesa bija vairak vai mazak stabila. Ta ka salstidens tolerances testa laika maija
neizdzivoja neviens taimin$ no recirkulacijas sistémas, mums nav datu par hlora
koncentraciju asins plazma maija §is audz&$anas sist€émas zivim (4. tabula).

4. tabula/ Table 4
Vidgja hlora koncentracija asins plazma, mmol L* (n = 41)/
Mean plasma chloride concentration, mmol L (n = 41)

AudzgSanas sisteéma/ Janvaris/ | Februaris/ | Marts/ | Aprilis/ | Maijs/
Rearing system January | February | March | April May
Caurteces sistemal >177.00 | >177.00 | 172.39 | 162.81 | 162.00
Flow-through system
Recirkulacijas sistéma/
Recirculating system
*nav datu saistiba ar taiminu bojaeju/
*no data due to death of all the sea trout examined

165.91 164.92 168.99 | 158.67 nd*

Petfjuma sakuma caurteces sist€mas taiminu izdzivotibas raditaji bija loti
zemi (1.7%) un izdzivojuso zivju hlora koncentracija asinis bija loti augsta
(>177.0 mmol L%), kas liecina, ka hipo-osmoregulacijas sp&ja bija vél
nepietickama. Urke et al. (2014) pétijuma tika konstatets, ka Atlantijas lasa
smoltiem hlora koncentracija asinis péc salsiidens tolerances testa ieklaujas
robezas no 137 lidz 143 mmol L. Tomeér pétijuma laika salsiidens tolerance
taiminiem no caurteces sistémas pamazam uzlabojas un pétjjuma beigas (maija)
izdzivotibas limenis sasniedza 33.0% un vidéja hlora koncentracija asinis
samazinajas Iidz 162.0 mmol L. Lai arT hlora jonu koncentracija asinis Siem
taiminiem bija augstaka neka iepriek§ minétaja Urke et al. (2014) pétijuma
lasiem, ir pamats uzskatit, ka 33% no caurteces sist€éma audz&tajiem taiminiem
smoltificgjas. Ta ka pedgjie taimini no audz&tavam tika izlaisti maija otraja
nedela, mums nebija iesp&ju turpinat p&tijumu. lesp&jams, ka nakamajas nedelas
taiminu hipo-osmoregulacijas sp&ja biitu vel vairak uzlabojusies un hlora
koncentracija asinis vél samazinatos. Savukart visi pargjie taimini, kas sastadija
67% no caurteces sisttma audzE@tajiem taiminiem, attiecigaja pavasarl
nesmoltificgjas, lidz ar to tiem bija jagaida vél viens gads, lai klitu par smoltiem
un migrétu uz juru.

Ar recirkulacijas sisttma audz@tiem taiminiem situacija bija pavisam
savadaka. Lai gan taimini no recirkulacijas sist€mas pirmos cetrus pétljuma
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meénesus uzradija labaku hipo-osmoregulacijas sp&ju (augstaka izdzivotiba 10 —
20% un stabila hlora koncentracija asinis 158.67 — 168.99 mmol L), maija
peksni hipo-osmoregulacijas sp&ja strauji samazinajas un salstidens tolearnces
testa laika visas zivis gaja boja. Caurteces sistéma audzetiem taiminiem hipo-
osmoregulacijas spgja attistijas atbilstosi savvalas taiminu hipo-osmoregulacijas
sp&jai, augstako Iimeni sasniedzot maija. Turpreti hipo-osmoregulacijas spgja
taiminiem no recirkulacijas sist€mas mainijas neatbilstosi gaiditajam — labakie
rezultati tika uzraditi ziema un agra pavasari nevis laika, kad smoltifikacija
taiminiem ir raksturiga (no aprila beigadm Iidz maija vidum (Naslund, Sundstrom
& Johnsson, 2017). Galvenais ietekmgjosais faktors, kas vargja izjaukt taiminu
dabigo bioritmu, vargja biit Gdens temperatiira. Caurteces sistema twdens
temepratiira pirmos tris p&tjjuma méneSus bija tikai nedaudz virs 0 °C,
recirkulacijas sistéma ta bija apméram 8 °C, kas veicinaja zivju augSanu. PEtfjumi
ir paradijusi, ka audzgsanas tidens temperatiirai ir ietekme uz lasu dzimtas zivju
hipo-osmoregulacijas  sp&ju. Atseviskam sugam adens temperatiras
paaugstina$ana var ierosinat ne tikai atraku smotlifikacijas iestasanos, bet ari
atraku desmoltifikacijas sak$anos (Zaug & McLain, 1976).

Analizgjot morfologiskos parametrus starp salstidens tolerances testa
laika caurteces sist€ma izdzivojuSiem un bojagajusiem taiminiem, ir redzams, ka
starp zivju svaru un garumu (Ls) abas grupas nebija novérojama bitiska atSkiriba
(p>0.05). Savukart recirkulacijas sistéma izdzivojusie taimini bija butiski garaki
neka bojagajusie taimini (p<0.05) (5. un 6. attéls).

Turprett caurteces sistema audzetajam izdzivojusam zivim KF bija batiski
zemaks neka bojagajusam zivim (p<0.01), ka ar7 vid&jais sudrabosanas limenis
izdzivojusajam zivim bija bitiski augstaks neka bojagajusajam (p<0.05) (7. un
8. attgls).
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Sea trout survived Sea trout died

5. att. Salsiidens tolerances testa izdzivojuSo un bojagajuso taiminu svars, g

(n = 520)

Fig 5. Weight of sea trout survived and sea trout died during saltwater

challenge test, g (n = 520)

abutiska atskiriba p < 0.01 starp audz&Sanas sistémam
asignificant difference p < 0.01 between rearing systems
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Caurteces sistéma Recirkul'ciijas sistéma
Flow-through system Recirculating system

m [zdzivojusie taimini ™ Bojagajusie taimini
Sea trout survived Sea'trout died

6. att. Salsiidens tolerances testa izdzivojuSo un bojagajuso taiminu
garums, cm (n = 520)
Fig 6. Length of sea trout survived and sea trout died during saltwater
challenge test, cm (n = 520)

abiitiska atSkiriba p < 0.01 starp audz&Sanas sistémam; P biitiska atSkiriba p < 0.05 starp
izdzivojusiem un bojagajusiem taiminiem konkréta audzgsanas sistéma
asignificant difference p < 0.01 between rearing systems; ° significant difference p < 0.05
between sea trout survived and sea trout died in specific rearing system
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7. att. Salsiidens tolerances testa izdzivojuSo un bojagajuso taiminu
kondicijas faktors (KF) (n =520)
Fig 7. Condition factor (CF) of sea trout survived and sea trout died during

saltwater challenge test (n = 520)

abiitiska atSkiriba p < 0.01 starp audz&Sanas sistémam; P biitiska atSkiriba p < 0.01 starp

izdzivojusiem un bojagajusiem taiminiem konkréta audzgsanas sistéma

asignificant difference p < 0.01 between rearing systems; ° significant difference p < 0.01

between sea trout survived and sea trout died in specific rearing system
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Sudrabosanas limenis/ Silvering level

Caurteces sistema Recirkulacijas sistéma
Flow-through system Recirculating system
m [zdzivojusie taimini ™ Bojagajusie taimini
Sea trout survived Sea trout died

8. att. Salsiidens tolerances testa izdzivojuSo un bojagajuso taiminu
sudrabos$anas limenis (n = 520)
Fig 8. Silvering level of sea trout survived and sea trout died during saltwater
challenge test (n = 520)
abiitiska atdkiriba p < 0.05 starp audzéSanas sistémam; ° bitiska atskiriba p < 0.05 starp
izdzivojusiem un bojagajusiem taiminiem konkréta audzesanas sistema
asignificant difference p < 0.05 between rearing systems; ° significant difference p < 0.05
between sea trout survived and sea trout died in specific rearing system

Analizgjot salstdens tolerances testa laika izdzivojuso un bojagajuso
taiminu morfologiskos parametrus, varam secinat, ka labaku hipo-
osmoregulacijas spgju uzrada taimini ar lielaku garumu, izteiktu sudrabosanos
un zemu KF.

Salstidens tolerances testa laika ieglitie rezultati apstiprina izvirzito
hipotézi, ka vienu gadu veci audzeti taimini nesasniedz smolta stadiju. Nav
Saubu, ka lielaka dala taiminu Latvijas apstaklos ir jaaudzg divus nevis vienu
gadu. Gada vecuma varétu izlaist tikai dalu taiminu, kam batu attistita hipo-
osmoregulacijas sp&ja. Diemzgl salsiidens tolerances testu, kas visprecizak
parada hipo-osmoregulacijas spgju, nav iespg&jams veikt visiem izaudz&tajiem
taiminiem, turklat pétjjuma laika izdzivojuSiem taiminiem nebija izteiktas
morfologiskas pazimes, péc kuram varétu atlasit taiminu smoltus.
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Parazitologiskas izmekléSanas rezultati

Latvija konstat&to zivju parazitu kontrolsaraksta (Kirjusina & Vismanis,
2007) taiminiem ir konstatetas cestodes, nematodes un akantocefali. Tacu visas
slimibas konstatetas Daugava nozvejotiem taiminiem. Savukart Ineses Briedes
(2016) veiktaja petijuma Latvijas zivju audz&tavas konstatétas monogenejas
Gyrodactilus truttae un Gyrodactilus spp., miksosporidija Cholomyxum truttae
un vien§tnis Apiosoma piscicolum. Savukart misu p&tijuma ir konstatéti tikai
Gyrodactilus spp. Domajams, ka tas saistits ar sezonu, kura veikti pétijumi. Masu
pétijums veikst ziema un pavasari, kad parazitu invazijas intensitate ir zema.
Papildus biitu jaatzim€, ka zivju audz&tavu specialisti regulari veic zivju
pretparazitaro profilaksi.

Recirkulacijas sisttma audz€tiem taiminiem pétijuma laika parazitu
invazija netika konstatéta (IE = 0%), kas izskaidrojams ar audz&$anai izmantoto
tdeni, kas tiek ieglits no pazemes, tadgjadi nevar tikt piesarnots ar savvala,
dabigajos Tidenos sastopamajiem zivju parazitiem.

Caurteces sistéma audz€tiem taiminiem janvarl un februari girodaktilu
invazija netika konstatéta (IE = 0%). Pirmie invazijas gadijumi tika noveroti
marta. Tapat arT aprili un maija invazijas ekstensitate saglabajas lidziga limeni
(16 — 17 %).

Pétot Gyrodactilus spp. ietekmi uz taiminu smoltifikacijas parametru
izpausmém, noveérojam, ka parazitu klatbuitne batiski neietekmé& smoltifikaciju.
Invazijas intensitate bija salidzinosi zema (1 — 2 paraziti uz zivi), iesp&jams, ka
pie lielakas invazijas intensitates bitu izteiktakas saslimsanas kliniskas pazimes
un traucéta osmoregulacija (Schelkle et al., 2009). Pasreizgja situacija Latvijas
taiminu mazulu audzetavas lauj domat, ka girodaktiloze neatstaj biitisku ietekmi
uz taiminu smoltifikaciju.
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SECINAJUMI

Latvijas zivaudzgétavas pielietotas audzgéSanas biotehnologijas ietekmé
taiminu morfologiskas IpaSibas: taimini, kas audz@ti recirkulacijas
sistéma, bija butiski lielaki, un tiem bija butiski augstaks kondicijas
faktors, neka caurteces sisttma audzetiem taiminiem (p<0.01), kas
neliecina par smoltiem raksturigo morfologisko ipasibu (slaida
pludlinijas forma) veidosanos.

Smoltiem raksturiga guanina un hipoksantina uzkrasanas audos jeb
sudrabosSanas Imenis visiem taiminiem pé&tijuma laika pieauga, tomér
pilnigu sudraboSanos sasniedza vien atseviski individi no recirkulacijas
sistémas.

Hematologiskiem raditajiem novérojamas sezonalas svarstibas, tacu tie
neuzradija smoltifikacijai raksturigds pazimes ne recirkulacijas, ne
caurteces audzeSanas sisteéma.

Vairogdziedzera hormonu (T3 un T4) limenis asinTs taiminiem pavasari
pakapeniski palielinajas, augstako Iimeni sasniedzot maija, kas tomeér
bija zemaks neka smoltiem raksturigais limenis (dabigajiem smoltiem
Salacas upé T3 = 4.9 nmol L'Y; T4 = 73.3 nmol L™?).

Salstidens tolerances testa rezultati paradija, ka tikai aptuveni viena
treSdala no taiminiem, kas audz&ti caurteces sist€ma, smoltificgjas
pirma dzives gada maija. Tas nozimg, ka lielaka dala taiminu biitu
smoltificjusies divu gadu vecuma.

Salstidens tolerances tests pieradija, ka recirkulacijas sist€éma
taiminiem tiek izjaukts dabiskais gadalaika cikls un viena piektdala no
visiem taiminiem, kas audz&ti recirkulacijas sistéma, smoltificgjas
pirma dzives gada februari, kad ara fidens temperattira nav piemé&rota
taiminu izlaiSanai. Savukart maija jau ir notikusi desmoltifikacija un, ja
Saja laika tie tiek izlaisti dabiskos fidenos, visdrizak tie uz jiru
nemigrés. Tas nozimé, ka lielaka dala taiminu butu smoltificgjusies
divu gadu vecuma. Salsiidens tolerances tests paradija, ka caurpludes
audzeSanas sistéma labveligak ietekme smoltifikaciju.

Girodaktilozes ekstensitate caurteces sisttma audzEtiem taiminiem
laika no marta Iidz maijam sastadija 15 - 17%, savukart invazijas
intensitate bija zema — 1 — 2 paraziti uz patni. Parazitu klatbiitne uz
smoltifikacijas parametriem butisku ietekmi neatstgja (p>0.05).



Visprecizakais instruments taiminu smoltifikacijas noteikSanai ir
salstdens tolerances tests. Papildus ka smoltifikacijas indikatoru var
izmantot vairogdziedzera hormonu noteik§anu un morfologisko raditaju
analizi, piem@ram, taiminu garuma, kondicijas faktora (KF) un
sudrabosanas [imena noteikSanu.
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IETEIKUMI PRAKSEI

Veikt taiminu barosanas pétjjumus, lai noskaidrotu, vai baribas
daudzuma regulacija var veicinat viena un divus gadus vecu taiminu
smoltifikaciju.

Veikt pétijumus, analiz€jot fotoperioda ietekmi wuz taiminu
smoltifikacijas procesu.

Audzetavam izvertét iespeju iegadaties aprikojumu, kas zivis lautu
saSkirot p&c garuma.

Izstradajot Zivju resursu maksligas atrazoSanas planu 2021. —
2025.gadam ieklaut sekojosus krit€rijus taiminu smoltifikacijas
novertesanai.

Katru gadu veikt vienu gadu vecu taiminu smoltifikacijas novertésanu:
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1.

Visprecizakais  smoltifikacijas  indikators ir taiminu  hipo-
osmoregulacijas sp&ja, ko iesp&jams noteikt, izmantojot salsiidens
tolerances testu, tapéc tick rekomendeta sekojosa smoltu novertésanas
kartiba:

a. Lidz aprila vidum zivju audz&tavu darbinieki zivis Skiro p&c
svara, jo Sobrid pieejamais aprikojums nelauj zivis saskirot péc
garuma.

b.  Zivju izlai§anas komisijas locekli, kas ir norikoti atbilsto$i
Ministru kabineta 2015.gada 31.marta noteikumiem Nr. 150
“Kartiba, kada uzskaita un dabiskajas Gidenstilpgs ielaiz zivju
resursu atrazoSanai un pavairos$anai paredzetos zivju mazulus,
ka arT prasibas attieciba uz maksligai zivju pavairoSanai
pielagotu privato ezeru izmantoSanu”, tiek apmacTti
smoltifikacijas pazimju atpaziSana un kontrolg izlaisto taiminu
morfologiskos raditajus (individualo garumu, svaru,
sudrabosanas Itmeni) 1% zivju katra svara grupa. Par smoltiem
viengadniekiem uzskatit taiminus, kam:

= KF<12
*  Sudrabosanas Itmenis no 3 lidz 4.



= Ja zivis atbilst iepriek§ min&tajiem kriterijiem, tad
dalai zivju veikt salsiidens tolerances testu. Mirstiba
salsidens tolerances testa laika nedrikst parsniegt
10%.

C. IzlaiSanas vietas planot atkariba no viengadigo taiminu vai
smoltu attistibas stadijas. Taiminus, kas nav sasniegusi smolta
stadiju, izlaist upju augstec@s, bet smoltus vidustecés un
lejtec€s. Tas lautu taiminiem, kuri vél nav smoltificgjusies,
izveleties nemigrét, bet uzturéties upes dazas ned€las vai pat
vienu gadu, lidz migracijas vecuma - Smolta stadijas
sasniegSanai. Divgadigos taiminus izlaist lejteces.

AtrazoSanai paredzgtos taiminus audz&t caurteces sist€mas, jo tajas tiek
piegadats idens no dabiskam tidenstilpém un smoltifikacijas process

norit saskana ar sezonalo klimatisko apstaklu izmainam.

Taiminus upju grivas izlaist, kad idens temperatiira up@s ir piemerota
migracijas ierosinasanai, lai nodrosinatu strauju taiminu lejupmigraciju.
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INTRODUCTION
Topicality of the work

The aim of the sea trout (Salmo trutta L.) restocking in Latvia is an
improvement of salmonid fish resources mainly to compensate the negative
effect of hydroelectric power stations cascade on the river Daugava and other
anthropogenic factors - river bed straightening, loss of spawning areas due to
economic activity, as well as negative effect of pollution on fish resources. Sea
trout restocking is performed by supplementing Latvia’s watercourses with sea
trout parrs of different age reared in hatcheries.

The spawning material for sea trout restocking is obtained by catching sea
trout spawners that return from the Baltic Sea to their native rivers to spawn; they
are caught in rivers’ mouths.

Eggs are incubated in optimal circumstances until larvae hatch in the next
spring. Then parrs are reared in special tanks until, finally, sea trout fingerlings
at one- or two-years age are released in rivers and rivers’ mouths to migrate and
further live in the sea, but after reaching maturity, to return to their native river
to spawn.

It is important, that after release as many reared sea trout would survive
and reach maturity as possible to gain the highest effect of sea trout restocking.
Sea trout ability to survive after release is dependent on many factors, however,
the most important factor is a degree of sea trout development. When releasing
sea trout larvae, it should be considered that only a small part of all released sea
trout will survive. Accordingly, the more developed the fish are at the release,
the higher is possibility that they will survive, and the aim of restocking will be
reached. The highest efficiency of restocking can be reached when sea trout
smolts are released in natural watercourses.

Smolts are parrs of salmonid fish, that are physiologically ready for the
migration to the sea and are adopted for living in salt-water. Smoltification is a
physiological process when physiological, morphological and behavioral
changes are taking place in young salmonids to ensure an ability to survive in
salt marine water. For many fish species smoltification takes place in spring and
it is regulated by photo-period and water temperature but at first fish must reach
a certain size and degree of development (McCormick, 2013).

In Latvia it is considered, that reared sea trout smoltify at one-year age
and fish weight is used as a criterion for sea trout release. It must be admitted
that smoltification studies are not documented in Latvia, besides fish weight is
not used as smoltification criterion in other countries and it is not mentioned as
significant smoltification indicator in scientific publications. That raises doubts
on the importance and practical applicability of this criterion for smolt
determination. Data show, that an amount of spawning sea trout decreases from
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year to year in rivers of Latvia, it calls into question the efficiency of sea trout
restocking.

Hypothesis of the research
Reared yearling sea trout do not reach a smolt status and are not ready for

down-stream migration due to rearing circumstances and invasion of parasite
Gyrodactilus spp.

Research theses

=

Smoltification is affected by sea trout rearing circumstances.

2. Only a small portion of reared sea trout reach a smolt status at one-
year age.

3. Weight is not applicable as smolts release criterion.

The aim of the research

The aim of the research is to define the smoltification indicators for reared
yearling sea trout, to evaluate the effect of parasite infections on smoltification
and to develop recommendations for sea trout release to implement the fish
restocking plan.

The objectives of the doctoral thesis

1. Determine morphological changes in sea trout during the first year of
life in relation to rearing bio-technology.

2. Determine the dynamics of blood morphological and biochemical
parameters in the last five months before sea trout release in natural
watercourses.

3. Evaluate hypo-osmoregulatory ability of sea trout before and during
smoltification.

4. Determine parasite infections and their effect on smoltification
parameters.

5. Develop suggestions for sea trout parr release for implementation of
the fish resources restocking plan.
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Scientific novelty of the research

1. For the first time in Latvia a research on sea trout smoltification has
been performed.

2. The approximate amount of sea trout that smoltifies at one-year age
has been found.

3. The smoltification process has been studied in flow-through and
recirculating rearing systems.

4. Suggestions have been made for sea trout release for implementation
of the fish resources restocking plan.

5. The foundation has been made for future sea trout smoltification
research in climatic conditions common in Latvia.

Personal contribution

=

Preparation of a sampling plan.

Sea trout selection for the research.

3. Sea trout morphological assessment (measurement, weighing,
evaluation of silvering level), performance of partial section,
calculation of somatic indices.

4. Obtaining of sea trout blood samples.

5. Determination of hematological parameters (red blood cell count,
hemoglobin, hematocrit, leukocyte formula) in sea trout blood
samples, calculation of erythrocyte indices.

6. Performance of sea water tolerance test, assessment of sea trout hypo-
osmoregulatory ability.

7. Compilation, analysis and statistical processing of the results of

morphological, hematological and hormonal investigation.

N

Structure and volume of doctoral thesis

The doctoral thesis is summarized on 107 pages including 38 Figures and
20 Tables. It consists of annotation, introduction, literature review, material and
methods, research results, discussion, 8 conclusions, theses for defense,
recommendations for practice and list of references (168 sources).
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MATERIAL AND METHODS

Place, time and object of the research

Practical part of the research was performed from 2012 until 2015 in the
Latvia University of Life Sciences, Faculty of Veterinary Medicine, Institute of
Food and Environment Hygiene and laboratories of the Institute of Food Safety,
Animal Health and Environment BIOR and special sea trout hatcheries.

Sea trout parrs used in the research were obtained from three state fish
farms of the Institute of Food Safety, Animal Health and Environment BIOR —
fish farm “Tome” (river Daugava basin), it’s affiliate “Pelci” (river Venta basin)
and affiliate “Brasla” (river Gauja basin). These are fish farms in which,
according to the Fish resources restocking plan for 2017 — 2020, sea trout are
reared for improvement of natural fish resources.

In the year of pre-study natural sea trout smolts were examined in the river
Salaca as well as reared sea trout parrs, to determine their smoltification
parameters.

Eqggs for sea trout rearing were obtained from natural spawners, which
were caught in the corresponding river of each hatchery. In all three hatcheries,
sea trout were reared in flow-through systems, only in the fish farm “Tome” sea
trout were reared in recirculating system as well. Fish were reared in tanks with
1.5 m diameter in ambient river water and natural photoperiod. Water flow was
0.16 — 0.18 m sec™. Rearing density in all three fish farms was approximately
30 kg m. Fish were fed with commercial feed “Aller Futura” of appropriate size
in accordance with recommendations of manufacturer (www.aller-aqua.com).
Water oxygen level was measured three times a day (8:00, 14:00, and 20:00) with
equipment available at fish farms. Water oxygen level was maintained at level of
7-10 mg L%, artificial aeration or oxygenation was performed if needed. Data of
water temperature were obtained from daily measurements done by fish farms’
employees.

A number of yearling sea trout used in the research was 1850, 90 of them
were researched in the year of pre-study, 1560 sea trout were used for detailed
research in the second year of the study and 200 sea trout were morphologically
assessed in the third year of the study.

Blood samples for haematological and thyroid hormone analysis were
obtained on the spot in fish farms, placed in portable refrigerator and
immediately transported to laboratory for examination. After blood sampling sea
trout were killed by a blow to the fish head and their spine was traumatized by a
cut made with scalpel caudally from their head.
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Haematological analysis of the blood samples and fish partial section was
performed at the Institute of Food Safety, Animal Health and Environment
BIOR, Fish Resources Research Department, Division of Inland Waters and Fish
Restocking. Level of thyroid hormones was determined in the laboratory
"E. Gulbja Laboratorija" Ltd. However, sea water tolerance test was perfomed in
the fish farm’s “Tome” Aquaculture Research and Education Center and
concentration of chlorid ions in plasma was determined in the Institute of Food
Safety, Animal Health and Environment BIOR, Laboratory of Diagnostics of
Animal Disease, Division of Pathology.

Analysis and interpretation of the results was performed at Institute of
Food Safety, Animal Health and Environment BIOR, Fish Resources Research
Department, Division of Inland Waters and Fish Restocking.

Scheme of the research

Research was performed in three sections:

1.section (1st year of the research) — pre-study, when general view on
physiological parameters of yearling sea trout was obtained;

2.section (2nd year of the research) — detailed study, sea trout
morphological assessment, parasitological investigation, analysis of
haematological, hormonal and biochemical parameters;

3.section (3rd year of the research) — sea trout morphological assessment.

The first year of study

To obtain a general view on sea trout haematological and thyroid hormone
parameters, the pre-study was performed. Sea trout were obtained from all the
tree fish farms — “Tome”, “Pelci” and “Brasla”, for the research. In April and
May 10 yearling sea trout were studied from each fish farm. Blood samples were
taken for haematological and hormonal research, as well as morphological
assessment of sea trout was carried out. Besides 10 migratory sea trout smolts
were caught in river Salaca in the pre-study, to determine haematological and
hormonal parameters of natural sea trout smolts during migration. The age of
natural smolts was not determined. At the end of pre-study data analysis was
performed to plan a detailed study in the next year.

The second year of study

Once every two weeks from January to February and once a week in
March and April and one time in May a group of sea trout from each hatchery
was selected to analyse the dynamics of morphological, haematological, thyroid
hormone parameters and chloride ion concentration during spring.
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Yearling sea trout are quite a small in size; therefore, it is not possible to
gain several blood sample from one individual to perform different analyses. Due
to that, sea trout were divided into three study groups:

1) for determination of haematological parameters;

2) for determination of thyroid hormone level;

3) for performance of sea water tolerance test.

During each fish farm visit, 10 yearling sea trout of different sizes were
randomly selected for each study group. Fish of different sizes were selected
because they all were planned to be released in natural waters in the end of April
or beginning of May of that year. In the fish farm “Tome” fish were selected
from flow-through system as well as from recirculating system. All fish were
morphologically assessed.

The third year of the study

During the third year of study a non-invasive sea trout morphological
assessment was performed to make sure morphological parameters are consistent
form year to year. During assessment a weight, length, silvering level of sea trout
was determined and condition factor was calculated.

Morphological assessment of sea trout

All sea trout were morphologically assessed at first. Sea trout silvering
level was evaluated using scale from 0 to 4 (Birt & Green, 1986, (modified by
Rutkovska & Medne, 2015) (Table 1).

Every sea trout was weighed and its’ fork length (Ls) was measured.

After measurement condition factor (KF) was calculated by following
formula (Formula 1) (Berrill, Porter & Bromage, 2006):

w
CF = %100 (1),

where
CF — condition factor;
W — fish weight, g;
Ls - fish length, cm.

Silvering indices were calculated by following formula (Formula 2)
(Medne, 2011):

Is=N"'35 on-S ),
where
Is — silvering index of fish group;
N — total number of fish investigated;
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n — number of fish in each group;
S —silvering level in accordance with scale (Table 1).

Blood sampling

Blood samples were taken immediately after fish were caught in fish farm
because blood composition can be affected by stress and low water oxygen level
(Noga, 1996). Blood was taken from caudal vein using ventral approach.

For hematological analysis blood was collected in blood sample tubes
with anticoagulant (EDTA) but for biochemical analysis blood was sampled in
tubes without anticoagulant. Approximately < 200 pL of blood was collected
from each fish. Blood samples were placed in portable refrigerator at temperature
of 4 °C and transported to laboratory within 1 — 2 hours. Blood samples for
analysis of thyroid hormones were transported to "E. Gulbja Laboratorija" LTD.
however blood samples for hematological analysis were transported to Institute
of Food Safety, Animal Health and Environment BIOR, Fish Resources
Research Department, Division of Inland Waters and Fish Restocking.

Sea trout section and calculation of somatic indices

Sea trout were killed by a blow to the fish head and their spine was
traumatized by cut with scalpel caudally from their head. A partial sea trout
section was performed.

To calculate hepatosomatic and spleen somatic indices, sea trout liver and
spleen was weighed. Hepatosomatic index was calculated by following formula
(Formula 3) (Nikolsky, 1963):

Al =YL 100 A3),
w

where

Al — hepatosomatic index;
W, - liver weight, g;

W — fish weight, g.

Spleen somatic index (LI) was calculated by following formula
(Formula 4) (Nikolsky, 1963):

LI =25 100 (4),
Wg
where
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LI — spleen somatic index;
W5 — spleen weight, g;
WE — fish weight, g.

Determination of red blood cell count

Red blood cell count was determined using photoelectric colorimeter
(FEK) MP+ 25. 2.5 mL of Gower’s solution (DR LANGE) were poured in a
cuvette and 5 pL of blood were added. Content of the cuvette was thoroughly
mixed. Clear Gower’s solution without added blood was used as benchmark.
Refractive index was determined with wave length of 546 nm.

To determine red blood cell count several blood samples were
investigated using FEK and counting chamber as well. Coherence between both
parameters was calculated and expressed as formula used for calculating the
number of erythrocytes (Formula 5):

RBC = 2.3409 X RS — 0.1519 (5),
where
RBC — number of erythrocytes, M mm3;
RS - refractive index by FEK.

Determination of hemoglobin level

Cyan - methemoglobin method was used to determine hemoglobin
concentration in blood. 2.5 mL of transformation’s solution LCN 043 were
poured in cuvette, after 5 uL of blood were added and content of cuvette was
thoroughly mixed and left for 10 minutes. Optical density was determined using
FEK MP+ 25 with wave length of 546 nm. Transformation’s solution was used
as benchmark.

Additional investigations were made with Sahli's hemoglobinometer. The
relation between both parameters was calculated and expressed as a formula
which was used for calculating of hemoglobin concentration (Formula 6):

Hgb = (1.058 X RS + 3.391) x 10 (6),
where

Hgb — hemoglobin concentration, g L;
RS — refractive index.
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Determination of haematocrit

Haematocrit was determined by microhematocrit method. Approximately
2/3 of microhematocrit tube were filled with stabilized blood; one end of the tube
was toughly closed with clay. Tubes were centrifuged for 5 minutes at 6000 rpm
using centrifuge NF 048. The proportion of erythrocytes was determined by
graphic reading device or by calculating the ratio of the column of packed
erythrocytes to the total length of the sample in the capillary tube when amount
of blood was limited and capillary tube was filled less than for 2/3.

Erythrocytes indices were calculated (Formula 7, Formula 8, Formula 9):

Mcv =22 x 10 @),
RBC
MCH =222 (8),
RBC
MCHC =222 x 100 9),
PCV

where

MCV - mean corpuscular volume, fL;

PCV - haematocrit, %;

RBC — red blood cell count, 102 L%;

MCH - mean corpuscular haemoglobin, pg;

Hgb - haemoglobin concentration, g L;

MCHC - mean corpuscular haemoglobin concentration, g L™ (Jemeljanovs,
Maneviés & Diritis, 2007).

Determination of leukocyte formula

Blood smears were prepared to determine leukocyte formula. Blood
smears were dried and stained with JorVet stain set DipQuick Stain Kit. Staining
was performed by immersing smears in fixing solution 5-6 times, and then
immersing smears in stain solution No. 1 and No. 2 for the same number of times.
Leukocyte formula was determined by light microscopy with microscope Leica
DME at 400 (10x40) and by counting of 100 leukocytes (Stoskopf, 1993).
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Determination of thyroid hormone level in plasma

Concentration of thyroid hormones thyroxine and triiodothyronine was
determined in laboratory of LTD “E.Gulbja Laboratorija” by immunochemical
luminescence method. Analyser ADVIA Centaur XP Siemens Healthcare
Diagnostics Immunoassay System was used (reagents — ADVIA Centaur T4,
T3/T4/VB12 Ancillary Reagent, T4 Diluent and ADVIA Centaur T3,
T3/T4/VB12 Ancillary Reagent, T3 Diluent).

Sea water tolerance test

Fish from fish farms “Brasla” and “Pel¢i” were transported in plastic bags
to fish farm’s “Tome” Aquaculture Research and Education Centre. 1/3 of each
bag was filled with water and 2/3 with oxygen, bags were placed on ice during
transportation that took approximately 2 — 3 h. Sea trout were placed in 50 L
tanks when Aquaculture Research and Education Centre was reached. Water
temperature in tanks was maintained at the level of water temperature in
corresponding fish farm where fish were reared. Natural photoperiod was
ensured for sea trout. Fish were acclimatized for 48 h before performing seawater
tolerance test. During the test, sea trout were not fed.

Seawater tolerance was verified by 24 h seawater tolerance test
(salinity = 30 ppt). After 24 h blood samples were taken from fish caudal vein
and placed in a portative refrigerator at 4°C temperature. Blood samples were
immediately transported to Institute of Food Safety, Animal Health and
Environment “BIOR” Laboratory of Animal Disease, Division of Pathology, to
estimate a concentration of chloride ions by colorimetric method using analyser
Daytona Randox (reagent — Chloride (Thiocyanate Reagent)). Seawater
tolerance test was performed in accordance with methodology developed by
Blackburn & Clarke (1987).

Parasitological examination

Mucus smear of a body for all the sea trout was examined to determine a
presence of parasites Gyrodactilus spp. Blood smears were examined by light
microscope Leica DME. Invasion extensity (IE) was calculated by the following
formula (Formula 10):

IE = (5) X 100 (10),
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where

IE - invasion extensity;

Xi — number of sea trout invaded;

Xk — total amount of sea trout examined.

Invasion intensity was calculated by following formula (Formula 11):

Il = (11),

n
N
where

Il — invasion intensity;

n — number of parasites in one sample;

N — number of positive samples.

Statistical processing of the data

Calculation of descriptive statistics was done for all the quantitative data
obtained - mean value, minimal and maximal value, standard deviation.
Multidimensional statistical set was obtained during research. Quantitative
parameters were analysed using correlation analysis to determine relation
between different parameters (Sokal & Rohlf, 2000).

Student’s test (t test) was used to determine statistically significant
differences between mean values of two samples. T-test was used to determine
statistical differences of morphological parameters and indices calculated
(conditions factor, silvering level, Al, LI), haematological parameters and
indices calculated (RBC, concentration of haemoglobin, haematocrit, leukocyte
formula, MCV, MCH, MCHC), hormonal parameters (T3 and T4) and chloride
concentration between months, fish farms, rearing systems. Differences were
considered as significant when level of significance was lower than 0.05 and 0.01
(p<0.05 and p<0.01) (Sokal & Rohlf, 2000).
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RESULTS OF THE RESEARCH AND DISCUSSION

Morphological assessment of sea trout

Weight and length of reared yearling sea trout is very variable. Significant
differences can be seen between morphological parameters of sea trout from
flow-through and recirculating systems.

When analysing results obtained by calculating a condition factor, we
found that CF differed between fish farms and months of the research (Figure 1).
Mean CF of all sea trout investigated gradually decreased starting from January.
The lowest CF was reached in March and then it started to increase. It could be
seen in all the fish farms.

During the research, CF was significantly higher for fish reared in
recirculating system than for fish from flow-through system. CF was from 1.08
to 1.17 for fish reared in flow-through system in January, but in recirculating
system CF was 1.24. However, slight decrease of CF could be seen until April in
recirculating system as well, when CF lowered to 1.16, which was followed by
rapid increase of CF reaching 1.32.

When analysing CF values during the research, it could be seen that CF
in all fish farms and both rearing systems decreased from January until March. It
could be caused by changes of water temperature in winter. In summer and
autumn when water temperature in fish farms is high (accordingly to rivers’
water temperature in flow-through system and to surrounding temperature in
recirculating system) fish feed properly, grow and accumulate lipid reserves, that
can be seen by raise of CF.

CF for sea trout of our research increased in spring. Other parameters
must be taken into account as well to make conclusions on changes of CF of sea
trout reared in Latvia’s fish farms. At the same time, natural smolts, examined in
the research, had significantly lower CF (p<0.05) than reared sea trout.

The weight, length and condition factor for sea trout reared in
recirculating system was significantly higher (p<0.01) than for sea trout reared
in flow-through system during all the research. It can be explained by
significantly higher water temperature in recirculating system during winter and
early spring. Water temperature in flow through system reached the level of
water temperature in recirculating system only in May. Therefore we can say that
water temperature in recirculating system was higher than in flow-through
system during all the research, and that affected fish feeding and growth. At low
water temperatures, that are common in flow-through systems in winter, fish
metabolism is slowed down; fish feed less and grow slowly or do not grow at all.

Results of previous research of Atlantic salmon have shown that bigger
smolts have higher possibility to survive after release and they migrate to the sea
more successfully than smaller individuals do. However, not the fish weight but
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the length (Ls) is used as a significant size parameter in other countries unlike in
Latvia where the weight is used as smoltification criterion (McCormick, 2014).
Previous research done indicates that fork length of Atlantic salmon smolts
reaches at least 14 cm before release in May. Besides a fork length (Ls) of smolts
is at least 11.5 cm in October and November of the previous year (McCormick,
2014).

In accordance with the hypothesis of the research, length parameters
obtained in the research and results of previous research indicate that yearling
sea trout reared in Latvia are too small and do not reach a size characteristic for
smolts.

Common tendencies or relations could not be seen when summarizing
parameters of sea trout hepatosomatic indices (Al). Different Al tendencies could
be seen in each fish farm. Al decreased form January (1.68) until April (1.30) in
fish farm “Pel¢i” and then significantly increased in May reaching 1.63. In fish
farm “Brasla” Al was more or less stable (from 1.61 to 1.65) and did not show
significant differences between months until rapid decrease to 1.38 in May. In
fish farm “Tome” Al decreased from January until May, besides decrease was
statistically significant (p<0.01) and it could be see in both rearing systems. Al
decreased from 2.08 (in January) to 1.37 (in May) in flow-through system,
however, in recirculating system Al decreased from 1.66 (in January) to 1.27 (in
May).

Results of spleen somatic index (L) were quite stable during the research.
LI fluctuated from 0.13 to 0.21 in all the fish farms during the research. LI did
not differ significantly for sea trout reared in fish farm “Brasla” and fish farm’s
“Tome” recirculating system during the research (p>0.05). LI fluctuated from
0.19 to 0.21 for sea trout reared in fish farm “Brasla” and form 0.15 to 0.17 for
sea trout reared in recirculating system of fish farm “Tome”. Significant
differences of LI could be seen in fish farm “Peléi” in February (0.17) and in
March (0.14) (p<0.01).

Silvering level of sea trout gradually increased during the research in all
the fish farms. The lowest silvering level was in January: from 1.36 to 1.55 for
sea trout reared in flow-through system and 1.96 to sea trout reared in
recirculating system. The highest silvering level was in the last month of the
research, in May (2.67 to 2.96 for sea trout reared in flow-through system and
2.95 for sea trout reared in recirculating system). Silvering level was significantly
higher for sea trout reared in recirculating system than for sea trout reared in
flow-through system in January (p<0.05). However, the difference between
rearing systems decreased from month to month. In spite of a stable increase of
silvering level, the highest 4 level was reached only by several individuals from
recirculating system. Furthermore, mean silvering level did not reach even 3
(Table 2).
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Results of the research done by Soivo, Muona & Virtanen (1989) and
Debowski et al. (1999) indicates that sea trout smolts do not show as visible
smoltification signs as Atlantic salmons smolts do. However, it must be
considered, that despite silvering is known as a sign of smoltification, silvering
can often be seen for reared parrs without any other signs of smoltification
(Wedemeyer, Saunders & Clarke, 1980). Results of our study show that sea trout
body colour had reached both, third and fourth level.

When summarizing all the results of morphological assessment obtained
in our study, they show that more likely yearling sea trout do not reach smolt
status and it corresponds to our hypothesis. It is indicated by the little size, stable
CF and LI as well as unconvincing body silvering of sea trout.

Haematological parameters

When analysing sea trout RBC count during pre-smoltification period
(from January to May), it can be seen that RBC count for sea trout from all the
fish farms and both rearing systems increases from January to March. The mean
RBC count for sea trout reared in flow-through system varied from 1.19 to
1.26-10? L1, The mean RBC count for sea trout from recirculating system was
1.20-10? L"1 in January and it did not differ significantly from RBC count of sea
trout reared in flow-through system.

RBC count for sea trout from fish farm “Peléi” reached the highest level
in March and it was 1.38-10*2L. As well as RBC count for sea trout from
recirculating system reached the highest level in March and it was 1.49-10%2 L1,
However, RBC count for sea rout reared in fish farm “Tome” reached the highest
level in February and March and it was 1.38-10%2 L1, For sea trout from fish farm
“Brasla” RBC count reached the highest level in April - 1.48-102 L1,

RBC count of sea trout decreased significantly (p<0.01) in all fish farms in May
and it was from 1.16 to 1.26-10%2 L1, However, in recirculating system of fish
farm “Tome” RBC count did not change significantly in comparison with April
(p>0.05) and it was 1.31-10%2L1,

In summary, RBC count did not differ significantly between sea trout
from both rearing systems (p>0.05) from January until March. However, RBC
count for sea trout form flow-through system was significantly higher than for
sea trout form recirculating system (p<0.01). Nevertheless, in May RBC count
was significantly higher for sea trout from recirculating system (p<0.01).
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RBC count for sea trout from all fish farms increased during the research
from January until March, which was followed by decrease of RBC count. Due
to results of previous research done by I'maronesa (1989), RBC count in winter
is low because of cold water that suppresses erythropoiesis, however in spring
RBC count increases. Moreover, stress and spleen contractions during
smoltification cause an increase in RBC count (Hammenstig et al., 2014).
However, in our research such changes in RBC count could not be seen. In April
and May, when an increase of RBC count should be expected, RBC count
actually decreased.

When analysing results of haemoglobin concentration, it can be seen that
results change similarly to results of RBC count. For sea trout reared in flow
through system mean haemoglobin level gradually increased starting from
January (87.4 g L™). After reaching the highest level in March (92.3 g L) level
of haemoglobin started to decrease until it lowered to 87.2 g L™ in May.

Mean haemoglobin level for sea trout reared in recirculating system
significantly increased in February (p<0.01) and reached 94.2 g L%, In the next
few months haemoglobin level decreased and lowered to 86.8 g L in May.
When comparing level of haemoglobin between both rearing systems, it can be
seen that significant difference appeared only in January, when concentration of
haemoglobin for sea trout from recirculating system was significantly lower than
for sea trout from flow-through system (p<0.05).

Results of previous studies show that haemoglobin concentration as well
as RBC count, should increase in spring, besides haemoglobin concentration for
Atlantic salmon during smoltification can reach even 110 — 120 g L™ (I'naronesa,
1989).

The decrease of RBC count and haemoglobin concentration in the end of
research indicates that sea trout studied had not begun to smoltify by that time.
Taking into account these results, it could be expected that smoltification would
appear only in the next spring. These results coincide with our hypothesis.

When analysing results of sea trout haematocrit in spring, it could be seen
that haematocrit was stable for sea trout reared in flow-through system (from
35.32 to 36.72%). There were more visible changes of haematocrit between
months of research, however, common trends in changes could not be seen.

In January and February, haematocrit did not differ significantly between
sea trout of both rearing systems. However, haematocrit for sea trout from
recirculating system significantly increased in March and reached 41.47%
(p<0.05). Haematocrit for sea trout from recirculating system continued to
increase until May when it reached 47.50%. In March, April and May
haematocrit for sea trout from recirculating system was significantly higher than
for sea trout from flow-through system (p<0.01).

Taking into account that RBC count for sea trout decreased during the last
months of the research, a stability of haematocrit in flow through system and
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increase in recirculating system must be ensured by increase of RBC size.
Besides, it is proved by changes of MCV, which increased significantly in the
end of the research especially for sea trout reared in recirculating system. It
means that there were mature erythrocytes in circulating blood (Hrubec & Smith,
2010).

MCV changed inversely proportionally to RBC count as the haematocrit
was more or less stable. For sea trout from flow-through system MCV decreased
from January until March when it was 262.33 fL. However, after that MCV
increased again and reached 306.48 fL in May.

MCYV for sea trout from recirculating system significantly decreased from
336.03 fL in January to 278.60 fL in February (p<0.01). During the next months
MCYV gradually increased in recirculating system and reached 365.78 fL in May.
In April and May, MCV was significantly higher for sea trout from recirculating
system than for sea trout from flow-through system (p<0.01).

For sea trout reared in flow-through system MCH decreased from
74.34 pg in January to 66.83 pg in April and then increased to 72.73 pg in May.
Nevertheless, changes between months were gradual and shift changes in MCH
were not common (p>0.05).

MCH for sea trout from recirculating system significantly decreased to
60.92 pg (p<0.01) in March, but in April it sharply increased again to 72.03 pg
(p<0.01).

MCHC did not differ significantly between months for sea trout from
flow-through system and fluctuated from 241.26 g L' t0 269.80 g L.

MCHC for sea trout reared in recirculating system was quite low in
January - 214.89 g L't However, in February it significantly increased (p<0.05)
t0 273.91 g L%, and then decreased again to 222.65 g L* in March (p<0.01). The
lowest level of MCHC for sea trout from recirculating system was reached in
May, when it dropped to 185.83 g L%, and it was significantly lower than for sea
trout form flow-through system (p<0.01).

Gradual increase of lymphocyte amount could be seen in leukocyte
formula for sea trout reared in flow-through systems. From January until March
the mean proportion of lymphocytes was relatively low (66.47% to 68.11%),
however, in April it significantly increased (p<0.01) to 82.00% and in May it
reached even 86.23%. The other major group of leukocytes — neutrophils,
showed the opposite. Proportion of neutrophils was 31.55% in March, however,
in April it significantly decreased (p<0.01) to 17.89% and to 13.21% in May.

A proportion of monocytes for sea trout reared in flow-through systems
tend to decrease as well. In January, proportion of monocytes was 3.78% but in
May, it was only 0.46%. Eosinophils was seen only for several sea trout, therefor
proportion of eosinophils fluctuated from 0.00 to 0.10%.

However, sea trout reared in recirculating system had significantly higher
lymphocyte proportion than sea trout reared in flow-through system already in
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January (p<0.05). The proportion of lymphocytes gradually increased and
reached 92.78% in May. Respectively, the proportion of neutrophils for sea trout
from recirculating system was significantly lower than for sea trout from flow-
through system — 13.15% (p<0.05). Hereafter it decreased to 6.62% in May.
Proportion of monocytes for sea trout form recirculating system was low during
all the research and fluctuated from 0.37 to 0.86%.

Eosinophils were very rarely common for only several sea trout from
recirculating system as well as from flow-through system. Proportion of
eosinophils fluctuated from 0.00 to 0.06%.

Changes in leukocyte formula refers to previous research and confirms
that composition of leukocytes changes according to water temperature and
season — the amount of lymphocytes increases in spring but the amount of
neutrophils and monocytes decreases in spring (Noga, 1996). An increase of
eosinophils indicates parasite invasions. However, in our study, an amount of
eosinophils did not increase and it indicates that an influence of Gyrodactilus
spp. was insignificant. While absence of basophils indicates that basophils are
not or are very rarely common in sea trout blood

Thyroxine and triiodothyronine concentration in plasma

For all sea trout reared in flow-through systems T3 level decreased from
January until February and then started to increase (Figure 2). The highest level
of T3 was reached in April for sea trout from fish farm “Peléi” and fish farm
“Brasla”, accordingly 3.14 and 2.66 nmol L, however, in fish farm “Tome” the
highest T3 concentration was reached in May - 3.03 nmol L. Nevertheless, T3
level for sea trout from recirculating system gradually increased from January
until April and reached 2.65 nmol L and remained at that level also in May
(2.63 nmol L1). Positive correlation was seen between T3 concentration and fish
weight, length and condition factor (Table 3).

Starting from January until May a stable increase of T4 level could be
seen for sea trout from all three fish farms (Figure 3). The increase of T4 level
was common for fish of different sizes from both rearing systems. In fish farm
“Pel¢i” T4 level slightly decreased from March to April, but in spite of that, the
highest level of T4 was reached in May. In January T4 level for sea trout from
all fish farms was relatively low (7.20 — 15.37 nmol L), while in May it reached
38.29 — 50.44 nmol L* and even 90.87 nmol L™ for sea trout from fish farm’s
“Tome” flow-through system. Correlation between T4 concentration and fish
weight, length and condition factor could not be seen.

In flow-through system, CF for all the silvering levels was almost equal
(1.10 — 1.12). While values of other parameters increased along with a silvering
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level: weight from 9.03 g for level “0” to 17.43 g for level “3”. length from
9.25 cm for level “0” to 11.57 cm for level “3”, T3 concentration in plasma from
1.70 nmol L for level “0” to 2.77 nmol L for level “3” and T4 concentration in
plasma from 13.00 nmol L for level “0” to 35.63 nmol L for level “3”.

There were no sea trout from recirculating system with silvering level 0
or 1 in the research group, where level of thyroid hormones was established. For
sea trout reared in this rearing system the mean CF was almost equal for all
silvering levels (1.12 — 1.26), while values of other parameters increased along
with a silvering level, as it was for sea trout from flow-through system: weight
from 23.18 g for level “2” to 34.26 g for level “4”, length from 12.29 cm for level
“2”to 14.10 cm for level “4”, T3 concentration in plasma from 2.17 nmol L for
level “2” to 3.01 nmol L for level “4” and T4 concentration in plasma from
16.45 nmol L for level “2” to 45.03 nmol L™ for level “4”. When summarising
data it could be seen that silvering level was dependent on sea trout length
(r?> = 0.427, p<0.05), T3 concentration in plasma (r? = 0.440, p<0.05) and T4
concentration in plasma (r?> = 0.448, p<0.05), but it was not dependent on CF
(r? = -0.038, p<0.05).

As the level of thyroid hormones increases during smoltification but
previous research has shown that fish size is important for smoltification
(McCormick et al., 2014), we can observe that changes in T3 level coincides with
this condition and T3 level is higher for larger fish (potential smolts). However,
changes of T4 level are not connected with sea trout size.

Research done by Quigley et al. (2006) with two-year old sea trout
showed that T4 level reaches even 93 nmol L (37 ng mL™?) for smolts. It should
be reminded that in our research T4 level reached 38.29 — 50.44 nmol L in May
and only for sea trout from fish farms “Tome” flow-through system T4 level was
90.87 nmol L%, Taking into account the above mentioned, results of the research
indicate that level of thyroid hormones increases for all sea trout in spring
regardless of fish size. However, in most part of fish farms it does not reach as
high level as for natural as trout smolts (73.7 nmol L%).

When analysing sea trout hormonal parameters together with
morphological parameters, a positive correlation between silvering level and
length, T3 and T4 level can be seen for sea trout from both rearing systems. These
results coincide with previous research, which has showed that thyroid hormones
affect pigmentation of a salmonid body — an increase of thyroid hormones level
cause disappearance of melanin and deposition of guanine and hypoxanthine in
skin (Hoar 1988). Besides results gained show that sea trout length plays a role
in initiation of smoltification, as it was previously found for Atlantic salmon
(McCormick et al., 2014).

Furthermore, analysis of thyroid hormones level showed that, in spite of
larger size of sea trout reared in recirculating system, it did not promote
smoltification. Even more, sea trout from flow-through system showed better
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smoltification’s hormonal parameters than sea trout from recirculating system.
Natural seasonal cycle for sea trout has been disrupted in recirculating system
due to evaluated water temperature.

Seawater tolerance

Seawater tolerance test shows the ability of anadromous fish to adapt to
salt seawater. Hypo-osmoregulatory ability is developed for fish that have
reached a smolt stage. Developed hypo-osmoregulation ensures the ability to
adapt to environment change from fresh water in rivers to salt water in the sea.
In our study, a high mortality appeared for yearling sea trout during seawater
tolerance test. Especially from January until April only individual cases were
seen when sea trout survived. This situation was common in all fish farms and
both rearing systems but especially in flow through system, where survival rate
fluctuated from 1.7 to 8.3%. Sea trout reared in recirculating system showed
better survival rates — from 10 to 20%. However, all sea trout reared in this
system died during seawater tolerance test in May (Figure 4).

Results showed that the most part of fish from both rearing systems was
not ready for migration to the sea and living in salt water. Despite sea trout from
recirculating system initially showed better survival rates (even when it was not
expected yet — in January and February), sea trout from flow-through system
showed stable increase in hypo-osmoregulatory ability during the research.

Mean chloride concentration in plasma exceeded 177 mmol L™ for sea
trout from flow-through system in January and February. Starting from March,
chloride concentration slightly decreased to 162 mmol L. While plasma
chloride concentration for sea trout from recirculating system was stable from
month to month. Taking into account that no sea trout from recirculating system
survived during seawater tolerance test in May, we have no data on plasma
chloride concentration for fish from this rearing system in May (Table 4).

Survival rates for sea trout from flow-through system was very low
(1.7%) in the beginning of the research and plasma chloride concentration of fish
survived was very high (>177.0 mmol L). It means, that sea trout hypo-
osmoregulatory ability was still insufficient. Urke et al. (2014) found out that
plasma chloride concentration for Atlantic salmon smolts after seawater
tolerance test was from 137 to 143 mmol L. However, seawater tolerance for
sea trout from flow-through system gradually improved and at the end of the
research survival rate reached 33.0% and mean plasma chloride concentration
decreased to 162.0 mmol L. Although plasma chloride concentration for sea
trout was higher than for Atlantic salmon in the research of Urke et al. (2014), it
is reasonable to consider that 33% of sea trout reared in flow-through system
smoltified. Since the last sea trout were released form fish farms in the second
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week of May, there was no possibility to continue the research. It is possible, that
in the next few weeks sea trout hypo-osmoregulatory ability would improve even
more and plasma chloride concentration would decrease. However, all other sea
trout that composed 67% of sea trout reared in flow-through system, did not
smoltify in the corresponding spring. Thereby they should have waited for one
more year to become smolts and to migrate to the sea.

Situation with sea trout reared in recirculating system was completely
different. Although sea trout from recirculating system showed better hypo-
osmoregulatory ability during the first four months of the research (higher
survival rate 10 — 20% and stable plasma chloride concentration 158.67 —
168.99 mmol L), hypo-osmoregulatory ability suddenly decreased in May and
all fish died during seawater tolerance test. Hypo-osmoregulatory ability for sea
trout from flow-through system developed like hypo-osmoregulatory ability for
natural sea trout, by reaching the highest level in May. While hypo-
osmoregulatory ability for sea trout from recirculating system changed not as
expected — better results were obtained in winter and early spring and not at the
time when smoltification is common for sea trout (from the end of April until the
middle May) (Naslund, Sundstrom & Johnsson, 2017). The most affecting factor,
which could disrupt a natural sea trout biorhythm, was water temperature. In the
flow-through system water temperature was a little above 0 °C during the first
three months of the research. In the recirculating system water temperature at the
same time was approximately 8 °C, and it promoted fish growth. Studies have
shown that water temperature has an impact on hypo-osmoregulatory ability of
salmonids. For several species a raise of water temperature can promote not only
earlier occurrence of smoltification but also an earlier beginning of
desmoltification (Zaug & McLain, 1976).

When analysing morphological parameters of sea trout reared in flow-
through system that survived and those that did not during the seawater tolerance
test, there was no significant difference in fish weight and fork length between
both groups (p>0.05). However, survived sea trout from recirculating system
were significantly longer than sea trout that did not survive (p<0.05) (Figure 5
and 6).

While surviving sea trout from flow-through system had significantly
lower CF than sea trout that did not survive (p<0.01), as well as mean silvering
level for sea trout that survived was significantly higher than for those that died
(p<0.07) (Figure 7 and 8).

When analysing morphological parameters of sea trout that survived and
those that did not during the seawater tolerance test, a conclusion can be made,
that the longer sea trout with lower CF and pronounced silvering have better
hypo-osmoregulatory ability than others.

The results obtained during the seawater tolerance test confirm our
hypothesis, that yearling sea trout do not reach the smolt phase. There is no
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doubt, that the most part of sea trout must be reared for two years and not one
year in environmental circumstances common in Latvia. At one-year age only a
part of sea trout, that would have a developed hypo-osmoregulatory ability, could
be released. Unfortunately, seawater tolerance test, which most precisely shows
a hypo-osmoregulatory ability, can not be performed for all the sea trout.
Besides, sea trout that survived during seawater tolerance test did not show clear
visible morphological signs by which sea trout smolts could be detected.

Results of parasitological examination

In the Checklist of the parasites of fishes of Latvia (Kirjusina & Vismanis,
2007) there are cestodes, nematodes and acanthocephalans registered for sea
trout. However, all these parasites are reported for sea trout caught in river
Daugava. While in the research done by Briede (2016) monogeneans
Gyrodactilus truttae and Gyrodactilus spp., mixosporidian Cholomyxum truttae
and protozoa Apiosoma piscicolum were found for sea trout of fish farms.
However, in our research only Gyrodactilus spp. have been found. These results
could be related to a season when the study was performed. Our research was
carried out in winter and spring, when an invasion’s intensity is low. Besides,
fish farms’ specialists regularly perform preventive measures to avoid
parasitosis.

Parasite invasion was not detected for sea trout from recirculating system
(IE = 0%), that could be explained by water used for fish rearing, which was
obtained from underground source and therefore could not be contaminated by
fish parasites common in the wild and natural waters.

In January and February Gyrodactilus spp. invasion was not observed for
sea trout from flow-through system (IE = 0%). The first cases of invasion were
detected in March. As well as in April and May invasion extensity remained at
the same level (16 — 17 %).

When analysing Gyrodactilus spp. influence on sea trout smoltification
parameters, we realised that presence of parasites does not significantly affect
smoltification. Invasion intensity was relatively low (1 — 2 parasites for one fish).
It is possible that a higher invasion intensity would cause visible clinical signs
and disrupted osmoregulation (Schelkle et al., 2009). The current situation in
Latvia’s fish farms indicates, that gyrodactilosis does not significantly affect sea
trout smotlification.
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CONCLUSIONS

The biotechnologies used in Latvia’s fish farms affect sea trout
morphological characteristics: sea trout reared in recirculating system
were significantly larger and with significantly higher condition factor
than sea trout reared in flow-through system (p<0.01), that does not
indicate a development of smolt-specific morphological signs
(streamlined body shape).

Deposition of guanine and hypoxanthine or silvering level, which is
characteristic of smolts, increased during the research for all sea trout,
however, full silvering was reached only by several individuals from
recirculating system.

Seasonal changes can be seen for haematological parameters; however,
they did not show signs of smoltification neither in recirculating nor in
flow-through system.

The level of plasma thyroid hormones (T3 un T4) slightly increased for
sea trout during spring. The highest thyroid hormones level was reached
in May, which, however, was lower than that of smolts (for wild smolts
in river Salaca T3 =4.9 nmol L; T4 = 73.3 nmol L™?).

The results of seawater tolerance test showed that only one third of all
the sea trout reared in flow-through system smoltifies in May of the first
year of life. It means that the most part of sea trout would have
smoltified at two-years age.

The seawater tolerance test proved that natural seasonal cycle has been
disrupted for sea trout in recirculating system and one fifth of all the sea
trout, which are reared in recirculating system, smoltifies in February
of the first year of life, when ambient water temperature is not suitable
for sea trout release. While in May desmoltification has already
occurred. And if sea trout would be released at that time, more likely
they would not migrate to the sea. It means, that the most part of sea
trout would smoltify in the two-years age. Seawater tolerance test
showed that flow-through rearing system more favourably affect
smoltification.

Extensity of gyrodactilosis composed 15 - 17% from March until May
for sea trout reared in flow-through system. While invasion intensity
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was low — 1 — 2 parasites per an individual. The presence of parasites
did not significantly affect smoltifications parameters (p>0.05).

The most precise tool for determination of sea trout smoltification is
seawater tolerance test. In addition, determination of plasma thyroid
hormone level and analysis of morphological parameters, such as
length, condition factor and silvering level, can be used as smoltification
indicator.



RECOMENDATIONS FOR PRACTICE

1. We suggest performing sea trout feeding studies, to determine, whether
regulation of available feed could promote smoltification of yearling
and two-years old sea trout.

2. We suggest performing studies to analyse effect of photoperiod on sea
trout smoltification.

3. We suggest fish farms to consider purchasing of equipment that would
allow to sort fish by their length.

4. When developing the Fish resources restocking plan for 2021 — 2025,
the following criteria for sea trout smoltification’s evaluation should be
included.

Evaluation of yearling sea trout smoltification should be performed annually:

1. The most precise indicator of smoltification is hypo-osmoregulatory
ability, which can be evaluated using seawater tolerance test. Therefore,
a following evaluation procedure of smolts is suggested:

a.

Till the middle April employees of fish farms sort sea trout by
weight, as the available equipment does not allow to sort fish
by length.
Members of the Fish release commission, who are delegated
in accordance with Cabinet Regulation No 150 “Procedure by
which fish fingerlings intended for fish resources restocking
are being listed and released in natural watercourses, and
requirements for using of private lakes adopted for artificial
fish propagation”, are trained for recognition of smoltification
signs and control morphological parameters for 1% of released
sea trout (individual length, weight, silvering level) in each
group of certain weight. Yearling sea trout can be considered
as smolts, if:
= CF<12;
= silvering level is from 3 to 4;
= if sea trout correspond to the above mentioned
criteria, seawater tolerance test is performed for a part
of these fish. Mortality during seawater tolerance test
should not exceed 10%.
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c. The areas for release should be planned considering the stage
of development of yearling sea trout. Sea trout, which have not
reached a smolt stage, should be released in upstreams. Smolts
should be released in middle or downstream river. That would
allow sea trout, which have not smoltified, not to migrate but
stay in rivers for some more weeks or even for one more year,
until reaching a smolt status. Two-years old sea trout should
be released in downstream river.

Sea trout intended for restocking should be reared in flow-through
systems, due to water gained from natural watercourses and
smoltification developing in accordance with changes of seasonal
climatic circumstances.

In river mouth sea trout should be released when a water temperature in
rivers is suitable for initiation of migration, to ensure sea trout
downstream migration.
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