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DARBA LIETOTO TERMINU UN SAISINAJUMU
SKAIDROJUMS

A. — Aeromonas gints.

Akvakultiira — idensdzivnieku audzéSana vai kultivéSana, izmantojot metodes, kas
paaugstina So dzivnieku razibu virs vides dabiska limena, ja Sie dzivnieki vairoSanas
vai audzeSanas laika Iidz pat to savakSanai (ieskaitot) atrodas vienas vai vairaku
fizisku vai juridisku personu 1pasuma.

Akvakultiiras dzivnieki — tidensdzivnieki (Seit: Agnatha virsklases, Chondrichthyes
un Osteichthyes klases zivis);

Akvarijs — maksliga zivju audzeSanas tvertne, kura piemé&rota maza akvakultiuras
dzivnieku skaita turéSanai. Akvarijs ir aprikots ar temperatiiras regulétaju un aeratoru.
AP — akiita progresg€josa spuru nekroze, uz spuras dorsalas malas audu
atmieksk&Sanas redzama ka balta vai peléciga masa, dazreiz redzami asinsizplidumi.
Baseins — maksliga zivju audzéSanas tvertne. Latvija lasu audzESanai izmantoti
apalpliismas baseini (2 X 2 m), kur Gdens ieplade ir viena mala, notece baseina vida,
fidens pliisma rinko pa baseinu, un garenplismas baseini (2 X 0,5 m), kuros tidens
ieplide ir viena, bet izplide otra gala.

Celotajzivs — zivis, kuram raksturigas baroSanas un/vai narsta migracijas,
parvietojoties no saldiidens uz salstideni un otradi.

Dz — dzistosa spura — spuru staros sak saviesties saistaudi, tacu vietam v&l noveéro
asinojoSus laukumus.

D; — spuras bojajumi ir Iidz 30 %.

D, — spuras bojajumi ir no 30 lidz 70 %.

D3 - spuras bojajumi ir virs 70 % .

Do — spuras, kuram bojajumus nenoveéro.

F. — Flavobacterium gints.

ICES - Starptautiska juras p&tniecibas padome.

I-K — eksperimenta grupa — 14 lasi, kuriem védera dobuma injic§jam sterilu
fiziologisko §kidumu (saisinajums no vardiem ,,injekcija”, ,,kontrole”).

I-H — eksperimenta grupa — 14 lasi, kuriem védera dobuma injicgjam A. hydrophila
(,,I” saisinajums no varda ,,injekcija”).

I-S eksperimenta grupa—14 lasi, kuriem, védera dobuma injicgjam A.salmonicida
(saisinajums no varda ,,injekcija”).

kvv — koloniju veidojosas vienibas.

LaSu viengadnieki — vienu gadu veci lasa mazuli, kuri vél nav sasniegusi smolta
stadiju.

L+ — totalais zivs garums, mérits no purna lidz perpendikulam, kur$ novilkts no astes
spuras garako staru galiem pret zivs garenasi.

LZPI — Latvijas Zivsaimniecibas p€tniecibas institits.

LZRA — Latvijas Zivju resursu agentira.

M — sieviska dzimuma lasi.

Oksimetrs — digitals aparats skabekla, pH un temperatiiras mérisanai tiden.
Pieaugusie lasi jeb lasu vaislinieki — lasi, kuri vecaki par 3 gadiem. Jiras piekrasté
vai upés nozvejotie lasi, kuri migré uz narsta vietam.

SD — spuru nekrozes attistibas stadija, kad spuru pléve un stari ir sadzijusi.



Smolti — vienu vai divus gadus veci laSu mazuli, kuru organisms ir piemérots dzivei
salstideni. Argji redzamas pazimes: zvinas kliist sudrabainas un izmainas pliidlinijas
forma.

Smoltifikacija — ir biokimisku, fiziologisku, morfologisku un uzvedibas izmainu
komplekss, ka rezultata jaunie lasi ieglst sp&ju piemeroties dzivei jiira.

spp. — gints.

T — viriska dzimuma lasi

Vienvasaras mazuli — lasu mazuli no SkilSanas (marta, aprili) Iidz nakama gada
februara beigam.

VS — vesela spura (bez ar€ji redzamam slimibas pazimém).

V-H — eksperimenta grupa —14 lasi, kurus 24 h vannojam A. hydrophila bakt&riju
suspensija.

V-S — eksperimenta grupa — 14 lasi, kurus 24 h vannojam A.salmonicida baktériju
suspensija.

VB-K — eksperimenta grupa — 14 lasi, kuriem veicam iegriezumu muguras spura, pec
tam un iztur§jam tira tident, radot eksperimenta grupam lidzigus apstak]us.

VB-H eksperimenta grupa— 14 lasi, kuriem veicam iegriezumu muguras spura, péc
tam 24 h vannojam A. hydrophila baktériju suspensija.

VB-S eksperimenta grupa—14 lasi, kuriem veicam iegriezumu muguras spura, pec
tam 24 h vannojam A.salmonicida baktériju suspensija.

V-K eksperimenta grupa— 14 lasi, kurus izturgjam tira tdeni.

z/a — zivju audzetava

EXPLANATION OF TERMS AND ABBREVIATIONS USED IN
DISSERTATION

A. — genus Aeromona

Adult salmon or salmon breeders — salmon older than 3 years. Salmon cought in
costal region or rivers that migrate to spawning areas.

Aquaculture — the rearing or cultivation of water animals by using methods that
elevate a productivity of animals to levels higher than natural if those animals during
the breeding or rearing till their collection are the property of one or more physical or
legal persons.

Aquaculture animals — water animals (fish of class Chondrichthyes and
Osteichthyes)

Aquarium — artificial container for fish rearing which is adapted for small count of
aquaculture animals. An aquarium is equipped with temperature adjuster and aerator.
AP — acute, progressive fin necrosis. On the dorsal side of fin malacia of tissue is seen
as white or greyish mass, sometimes haemorrhages can be seen.

cfu — colony-forming unit.

Dz — healing fin — connective tissue start to spread in fin rays but still some erosions
are seen.

D; — fin damage to 30%.

D, — fin damage from 30 to 70%.

D;— fin damage above 70%.

Dy — fin without damage.



F. — genus Flavobacterium.

ICES —International Council for the Exploration of the Sea.

I-K — experimental group — 14 salmon that had injection of sterile saline in
abdominal cavity.

I-H — experimental group — 14 salmon that had injection of A. hydrophila in
abdominal cavity.

I-S — experimental group — 14 salmon that had injection of A. salmonicida in
abdominal cavity.

LFRA — Latvia Fish Resources Agency.

LFRI — Latvia Fisheries Research Institute.

L+ — total length of the fish measured from nose to perpendicular which is drawn
from the longest rays of caudal fin to longitudinal axis of the fish.

M — salmon of the female gender.

Migrating fish — fish which migrate for feeding and/or spawning from freshwater to
salt-water and the other way.

One-summer old parrs — salmon parrs from hatching (in March, April) till the end of
February next year.

One year old salmon — one year old salmon parrs which haven’t reached smolt stage
yet.

Oximeter — digital device for oxygen, pH and temperature measurement.

SD - the stage of development of fin necrosis, when fin membrane and rays have
healed.

Smolts — one or two years old salmon parrs which are adapted for living in salt-water.
Visible characteristics — scales become silver and streamline shape changes.
Smoltification — complex of biochemical, physiological, morphological and
behaviour changes consequently to which young salmon obtain ability to adapt for
living in the sea.

Spp. — genus.

T — salmon of male gender.

Tank - artificial container for fish rearing. There are circular-flow tanks (2 x 2 m)
used for salmon rearing in Latvia, the inflow is in one side of a tank, the run-off in the
middle of a tank, water flow circulates in the tank, and elongate-flow tanks (2 x 0,5
m), where an inflow is in the one end and a run-off in the other.

VB-K — experimental group — 14 salmon which were cut in dorsal fin and dipped in
clear water.

VB-H — experimental group — 14 salmon which were cut in dorsal fin and dipped in
A. hydrophila suspension for 24 hours.

VB-S — experimental group — 14 salmon which were cut in dorsal fin and dipped in
A. salmonicida suspension for 24 hours.

V-H — experimental group — 14 salmon that were dipped in A. hydrophila suspension
for 24 hours.

V-K — experimental group — 14 salmon which were dipped in clear water.

VS — healthy fin (without visible signs of illness).

V=S — experimental group — 14 salmon that were dipped in A. salmonicida suspension
for 24 hours.



IEVADS

Baltijas lasis (Salmo salar L.) ir plésiga celotajzivs, kura narsto upju kracés
oktobra beigas un novembri. Mazuli $kilas pavasari un up€s uzturas vél 1-3 gadus,
tad, sasnieguSi smolta stadiju, dodas uz juru, lai péc daziem gadiem uz narstu
atgrieztos dzimtaja upe.

Lielaka lasu narsta upe Latvija lidz 20. gadsimta sakumam bija Daugava.
Trisdesmitajos gados uzbiivéja Keguma hidroelektrostaciju (HES), kura izveidoja
migréjoso zivju parlaiSanas celu. Savukart 1965. gada uzbiivétaja Plavinu HES un
1974. gada uzceltaja Rigas HES zivju celi netika ierikoti, Iidz ar to celotaju zivju,
t. sk. lasu, narsta iesp&jas Daugava tika pilnigi zaudetas. Lai saglabatu laSu populaciju
ieprieksgjos apmeros, Iidz ar HES kaskades buvniecibu c€la arT zivju audzetavas
Sérene, Tome, Kegums, Dole. Zivju akvakultiru péc to audze$anas mérka var iedalit
divas lielas grupas: audz&Sana, lai iegltu precu zivis, un audze€Sana, lai kompensétu
dabai nodarito antropoggno kait&jumu.

Latvija ir izstradatas Zivju resursu atrazoSanas pamatnostadnes
2011.-2016. gadam, kuras 1steno gan valsts, gan privatas audzetavas. Katrai no tam ir
sava specializacija pamatnostadn€s noteikto zivju sugu populaciju atjaunoSana un
saglabasana. Valsts zivju audzetavas iegist lasus, taiminus, plauzus, Iidakas, vimbas,
négus, ka ar nelielos apjomos citas zivis.

Pec ICES (Starptautiskas jiiras p&tniecibas padomes) datiem lasu krajumu
stavoklis Baltijas jura ir stabils, tomér pamata tas joprojam ir atkarigs no lasa
maksligas atrazoSanas. Visas Baltijas juras valstis ik gadu kopuma izlaiz 5,5 miljonus
lagu smoltu, no tiem 0,8 miljoni (14,5 %) ir Latvijas zivju audz&tavas iegitie lasi.
Latvijas izcelsmes lasi barojoties migré pa visu Baltijas juru. lezimétie Latvijas lasi ir
nozvejoti Botnijas, Somu licos un Bornholmas salas tuvuma. Barojas pat 800 km
attaluma no dzimtas upes (Mitans, 2004).

Audzgjot zivis maksligos apstaklos, ar tideni no up€m tiek atnesti paraziti un
patogénie mikroorganismi, kuri dabigos apstak]os, iesp&ams, neizsauktu saslimsanu,
tau, nemot vera zivju lielo skaitu baseinos, maksligi radito stresu (barotavu tiriSana,
baribas maina, zivju SkiroSana u. c.) un mikroorganismu virulences celSanos
pasazg€joties caur vajakam zivim, audz€tavas paaugstinas zivju saslimstiba. Tapéc
liela uzmaniba japievers veselu un dzivotspéjigu laSu maksligajai atrazoSanai.

Smoltu audzesana ir darbietilpigs un dargs process, kur§ ilgst pusotru vai pat
divarpus gadus. AudzeSanu apgritina laSu slimoSana, kuras rezultats ir zivju aizkavéta
augSana un attistiba, kam seko v€l viens audzgSanas gads (jo nav sasniegta smolta
stadija), zivju izbrakeéSana rudeni, laika, kad zivju audzeéSana ir iegulditi ievérojami
lidzekli, izdevumi par medikamentiem, ka ar1 zivju mirstiba slimibu rezultata. Viena
no biezak sastopamajam smoltu audzeétaju problémam ir laSu mazulu spuru nekroze.

Visai maz un pretrunigi ir dati par spuru nekrozes izpausmém un c€loniem
Baltijas lasiem. Daudzi zinatnieki ir pé&tijusi spuru patologijas dazadu sugu zivim
dabiskas tidenstilpnés — jiiras un okeanos.



Pétijuma meérkis

Izpétit lasu spuru nekrozes izplatibu Latvijas zivjaudzetavas, ka arl
novertét spuru nekrozes sindroma etiologisko faktoru un ta ietekmi uz lasu
mazulu veselibu.

Darba uzdevumi
1 Veikt lasu spuru nekrozes epidemiologiskos p&tijumus.

2. Izvertet lasu mazulu klinisko stavokli, spuru bojajumu raksturu un apjomu Latvijas
specializ€tajas laSu audzetavas.

3. Izpétit un noteikt spuru nekrozes klinisko ainu pieaugusajiem— vaislai
izmantojamiem laSiem un salidzinat $os raditajus ar laSu smoltiem.

4. Noteikt kopsakaribas starp smoltu un vaislinieku spuru stavokli, balstoties uz
objektiviem kriterijiem.

5. Identific&t un raksturot spuru nekrozi izraiso§os mikroorganismus.

6. Noteikt patogéno agentu un ta ietekmi uz lasu veselibu.

Darba zinatniska novitate

1. Pirmo reizi Latvija veikti pétfjumi par laSu spuru nekrozes kliniskajam
izpausmeém.

2. Apzinata gram-negativo un gram-pozitivo mikroorganismu skaita sakariba
laSu spuras.

3. Noskaidrotas zivju audz&tavas esoSo patog€no mikroorganismu sugas zivju
spuru nekrozes gadijuma.

4. Tr veikta lasu spuru nekrozes etiologisko faktoru identifikacija.



MATERIALS UN METODES

Darba veikSanas vietas

Darba pétijuma dalu izstradajam no 2001. Iidz 2006. gadam Latvijas
Lauksaimniecibas universitates Veterinarmedicinas fakultates Partikas un vides
higi€nas institita, Latvijas Zivsaimniecibas pétniecibas institiita, Latvijas Zivju
resursu agentiiras Akvakultras laboratorija un specializ&tajas lasu audz&tavas.

P&tijumu veicam vairakos posmos: novértéjam epidemiologisko situaciju,
izmeklgjot lasu smoltus dazados audz€Sanas apstaklos un pieaugusas zivis; veicam
spuru audu bakteriologisko analizi; maksligi inficéjam laSu mazulus, lai pieraditu
bakteriju patogenitati.

Epidemiologisko un klinisko izmeklésanu veicam Latvijas lasu mazulu
audzetavas un dabiskaja laSupe Salaca. Pieauguso lasu spuru stavokli novertgjam laSu
maksliga narsta punkta Vecdaugava.

Spuru audu bakteriologisko kontaminaciju noteicam Latvijas Zivsaimniecibas
pétniecibas institlita bakteriologijas laboratorija.

Lasu maksligo inficésanu ar baktérijam Aeromona salmonicida un
A hydrophila veicam LZPI Akvakultiras laboratorijas akvariju telpa.

PetTjuma izmantotie lasi

P&tijuma izmantojam abu dzimumu dazadu vecuma grupu lasus. Kliniskais
spuru stavokla noveértejums veikts 530 laSu mazuliem no SkilSanas 11dz smoltifikacijai
un 218 pieaugusajiem lasiem, kuri atgrieZoties uz narstu dzimtaja upg, ir nozvejoti
Rigas juras li¢a piekrastes zona un Daugavas griva. Spuru bakteriologiska
izmekleSana veikta 176 laSu mazuliem. Eksperimenta, lai pieraditu Aeromona
salmonicida un A. hydrophila ietekmi uz spuru nekrozes veidoSanos, izmantoti 126
lasu mazuli.

Pétijuma ieklautas dazadu vecumu zivis: lasu mazuli, lasu viengadnieki, vienu
gadu veci smolti, ka arT pieaugusie 1asi, kuri atgriezas uz narstu. Zivju vecuma grupas
ir iedalitas atbilstosi ICES (Starptautiskas jlras pétniecibas komisijas)
rekomendacijam: 1.) Lasu mazuli no $kilSanas (marta, aprili) lidz nakama gada
februara beigam — vienvasaras lasu mazuli (0+); 2.) vienu gadu veci laSu mazuli, kuri
vél nav sasniegusi smolta stadiju — viengadnieki (1); 3.) vienu gadu veci lasu mazuli,
kuru organisms ir piemérots dzivei salsiideni, argji redzamas pazimes: zvinas kltst
sudrabainas un izmainas plidlinijas forma — smolti; 4.) pieaugusie lasi.

Promocijas darba vispareja shéma

Izmekl&jumus veicam vairakos posmos. Darba sakuma veicam kliniska spuru
stavokla izvert€jumu, izmérot spuru garumu, nosakot nekrozes pakapi jeb spuras
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zudumu un novert€jot nekrozes procesa attistibas stadiju. Pamatojoties uz Siem
raditajiem, izvertéjam spuru nekrozes izplatibu (epidemiologisko situaciju) Latvija.

Epidemiologiskas situacijas izvértéjumam analizéjam audz&tavas un dabiska
vide iegiitos laSu smoltus, ka arT pieaugusSos laSus, kuri atgriezas uz narstu Daugava.
Lasiem, kuri tiek audzéti pilniba kontrolétos apstaklos — baseinos, spuru stavokli
novertgjam visa to audze&Sanas perioda.

Bakteriologiskajai izmekl&Sanai, lai konstatétu un identificétu spuru audos
esoSos patogénos mikroorganismus, izv€lgjamies zivis ar dazadas pakapes un
attistibas stadijas spuru bojajumiem.

Baktériju patogenitates noveértéSanu izdarijjam, veicot maksligu lasu infic€Sanu
ar iepriekS izol€to bakteriju tirkultiru. Eksperimenta gaita veicam tris pétijjumu
s€rijas, katra s€rija tris eksperimentalas lasu grupas.

Epidemiologiska izmekléSana

Epidemiologiskas situacijas analizi veicam, salidzinot spuru nekrozes indeksu
un attistibas stadiju laSu mazuliem, kuri ir audzeti maksligos apstaklos: baseinos un
dikos. Raditajus salidzinajam ar dabiska vidé — Salacas up€ — dzivojosiem lasu
mazuliem. Noteicam slimibas izplatibu pilniba kontrol€tos apstaklos audzétam zivim
cetras zivju audzetavas.

LaSu mazulu spuru stavokla kliniska izmekléSana

Kliniski noveértéjam laSu mazulu un vaislinieku spuru stavokli, mérjjam spuru
garumus, zivju svaru un garumu.

Klniski izvertgjot spuru stavokli, iedalijam to divas gradacijas klasés: pirma —
spuru nekrozes pakape, otra — spuru nekrozes procesa attistibas stadija.

Spuru nekrozes pakapi noteicam péc Moutou et al. (1998) aprakstitas
metodikas atkariba no ta, cik liela dala no spuras ir noardijusies, bet neatkarigi no
spuras fiziologiska stavokla. Apzim&umus izv€l&jamies peéc autora ieteikta D
(damage, no anglu val.). Ar Dy— apzimg&jam spuras, kuram bojajumus nenovéro, ar Dy
— spuras zudums Iidz 30% , ar D, — spuras zudums ir no 30 lidz 70 %, ar D3 — spuras
zudums vairak ka 70 %

Spuru nekrozes procesa attistibas stadijas sadalijam cetras grupas atkariba
no procesa attistibas gaitas, bet neatkarigi no ta, cik liela spuras dala ir zaudéta:
VS — vesela spura, neskarti spuru stari un spuru pléve, AP — akiita progresgjosa spuru
nekroze, uz spuras dorsalas malas audu atmiekSkeSanas redzama ka balta vai peléciga
masa, dazreiz redzami asinsizplidumi, Dz — dzistoSa spura, spuru staros sak saviesties
saistaudi, tacu vietam vél novero asinojoSus laukumus, SD — spuru pléve un stari ir
sadzijusi.
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LaSu spuru bakteriologiska izmeklésana

Bakteriologiskajai analizei spuru bojajumus iedalijam trijas grupas:
pirma — sadzijusi briice un vesela spura, otra — akiita progres€josa nekroze, tresa—
spuras vieta izveidojusies Ciila. Sadzijusi briice — bojajuma vieta ir rétaudi, bet vesela
spura— spuru stari un pléve bez redzamam slimibas pazimém. AKkttas progresgjosas
nekrozes gadijuma spuru stari sabruku$i, mikstie audi iz$kidu$i, uz spuru malas
redzams pelécigi balts aplikums, smagakos gadijumos asinoSana. TreSaja grupa tas
zivis, kuram spuras vieta izveidojusies Cuila — adas kopsakara traucgjumi ar iekaisuma
pazime&m pie muguras spuras pamatnes, spuru stari var bt izkritusi.

Bakteriologiskiem izmekl&jumiem izvE€létas zivis novietojam uz ledus speciala
termosoma un iesp&jami 1saka laika nogadajam laboratorija (laiks cela bija no 30 min
lidz 2 stundam). No spuru virsmas veicam nokasijumus uz sterila priekSmetstiklina.
No tiem veicam bakteriologiskos uzs€jumus uz specifiskajam barotném baktériju
kultiv€Sanai un sagatavojam nativas uztriepes. Uztriepi nozavejam, fiksgjam liesma
un krasojam péc Gramma metodes. Nozavejam un mikroskop&am, izmantojot
imersijas ellu (1000 reizu palielinajuma).

Baktgriju kultivésanai izmantojam Difco barojoso agaru (Difco Nutrient agar),
TSA agaru, Lab-Lemco barotni (Oxoid), Rimlera Shota agaru, citofaga agaru.
Uzs€jumus inkubg&jam 48 stundas 18-20°C (Quinn et al., 1998; Anonymus, 2010c).
Baktériju kopskaits 1 mg audu noteikts uz barojosa agara un citofaga agara barotnes
Petri platés. Péc 48 stundu inkubacijas skaitijam Stnu kolonijas, sadalot tas pa grupam
péc makroskopiska raksturojuma: kolonijas lielums, krasa, virsmas struktira.
Izvelgjamies kolonijas, no kuram veicam tirkultiiras izolésanu. Tad veicam uzséto
bakteriju tirkultiiras izdaliSanu un identifikaciju.

Bakteriju identifikacijai izmantojam pazimju kopu — morfologiskas pazimes
(bakterijas forma, krasoSana péc Gramma, citohromoksidazes tests) un biokimiskas
pazimes— audzgjot baktériju tirkultiras uz dazadam barotn€m, nosakot augSanu
aerobos un anaerobos apstak]os. Biokimiskas reakcijas noteicam, inkubgjot bakteriju
tirkultiru 24 stundas 30 °C. Péc morfologisko un biokimisko pazimju kopuma
identificgjam izol&to tirkultiiru, izmantojot API 20 E testu un tam atbilstoSo
datorprogrammu (Holt, 1994;Kinne, 1984; Decostere, et al., 1997; Quinn et al., 1998;
Anonymus, 2010 c).

Eksperimentala inficeSana

Eksperimentalo zivju inficéSanu ar patogéno agentu (Aeromonas hydrophila
un A. salmonicida) veicam Latvijas Zivju resursu agentiiras (LZRA) akvakultiiras
laboratorijas akvariju telpa 2001. un 2002. gada vasara.

Bioraudzei izmantojam Baltijas laSa mazulus, kas audzeti specializétas lasu
audzetavas inkubatora. Ikru inkubacijas laika— izmantots tirs avota tidens, bagatinats
ar skabekli. P&c parejas uz eksogéno barosanos, lasu mazuli €dinati ar firmas Aller
Aqua razoto granuléto baribu SGP—493. Starta baroSanai izmantotas 00 izméra, vélak
0 izméra parslas. Bioraudzei izv€l&tas zivis bija kliniski veselas. Zivju transportéSanai
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paredzeta tvertne tika pildita ar avota tideni, kura zivis ir inkub&tas un auguSas lidz
eksperimenta sakumam.

Eksperimentam izmantojam stikla akvarijus ar zivju izvietojamo platibu
0,5 m?katram. Akvarijus aprikojam ar fidens temperatiiras regulétajiem un aeratoriem.
Udens augstums akvarijos bija 30 cm, zivju daudzums 14 zivis uz m?. Akvarijos
ievietojam zivis ar vidéjo garumu 6 + 0,3 cm, barojam ik p€c pusstundas no plkst.
8.00 lidz 21.00. Diennakts baribas devu aprékinajam péc razotdja ieteiktajam
normativajam tabulam. Izmantojam firmas Aller Aqua granuléto baribu SGP—493.
Udens temperatiiru uzturéjam 18 + 1,3 °C. Skabekli uzturgjam 5 g/L un kontrolgjam
2 reizes diena ar oksimetru DO— 300.

Pec atveSanas no zivaudz€tavas zivis aklimatiz€am jaunajos apstaklos
10 dienas. Veicam tris pétijumu srijas, izmantojot dazadus inficéSanas veidus.
Izveidojam 9 zivju grupas, katra 14 lasi ar vid&§jo garumu 6,0 = 0,3 cm. Zivis lidz
eksperimentam inkub&tas un audzétas specializ&taja laSu audz&tava, izmantojot avota
ddeni. Visas zivis bija ar sugai raksturigu uzvedibu un bez redzamam slimibas
pazimém. Pirms infic€Sanas manipulacijam laSus anestez&jam ar 2—metilhinolinu
(hinaldinu), izmantojot vannoSanas metodi. Anest€zijas lidzekla deva 10 mg/L tdens.

Pirma pétijjuma zivim injicéjam baktériju suspensiju védera dobuma. Katrai
eksperimenta ieklautajai zivij védera dobuma, netraumgjot ieks$€jos organus, ar §lirci
ievadijam baktériju suspensiju 0,5 mL ar koncentraciju 1,5 x 10* kvv. Eksperimenta
grupu nosaukumu saisingjumus veidoja pamatojoties uz inficéSanas veidu un
bakterijas sugu. I-H (I — injekcija; H — hydrophila) grupas zivim injicgjam A.
hydrophila baktériju suspensiju, I-S (I — injekcija; S — salmonicida) grupas zivim
injicgjam A. salmonicida bakteriju suspensiju, bet I-K (I — injekcija; K — kontrole)
grupai injicgjam 0,5 mL sterilu fiziologisko skidumu.

Otra pétijuma s€rijas zivis vannojam baktériju suspensija: V-H (V —
vannoSana;, H — hydrophila) 14 lasi, kurus 24 h vannojam A. hydrophila bakteriju
suspensija 1,5 x 10* kvv /mL™" un V- S (V — vannosana; S — salmonicida) 14 lasi,
kurus 24 h vannojam A.salmonicida bakteriju suspensija 1,5 x 10* kvv /mL™.
Kontroles grupa V-K (V—vannosana; K— kontrole) ieklautos lasus izturgjam tira
tdent, radot eksperimenta grupam lidzigus apstaklus.

Tre$a pétijuma zivim pirms vannoSanas bakt€riju suspensija, muguras spura
radijam briici — veicam spuras dalas ekstirpaciju. RadusSos briici neapstradajam ar
antiseptiskiem Iidzekliem, tadgjadi imitgjot dabiski raduSos brici, zivij dzivojot
baseina. Péc operacijas zivis vannojam baktériju suspensija: VB-H (V — vannosana;
B — briice; H — hydrophila) 14 lasi, kurus 24 h vannojam A. hydrophila baktériju
suspensija 1,5 x 10> kww /mL?t un VB-S (V — vannosana, B — brice;
S — salmonicida) 14 lasi, kurus 24 h vannojam A.salmonicida baktériju suspensija
1,5 x 10* kvv /mL". Kontroles grupa VB-S (V — vannosana; B — briice; K — kontrole)
ieklautajiem laSiem veicam iegriezumu muguras spurd, péc tam izturgjam tira tdent,
radot eksperimenta grupam lidzigus apstak]us.

Katru dienu noveértéjam visu zivju klinisko stavokli, mirusas zivis atlasijam un
tam veicam bakteriologisko un ihtiopatologisko izmekl&sanu.
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Pétijuma statistiska un matematiska datu apstrade

Darba iegiitos datus apstradajam pé&c visparpienemtam aprakstos$as un secinosas
statistikas metodém, kas aprakstitas matematiskas, biologiskas, mediciniskas un
vispargjas statistikas literatira (Arhipova, Balina, 1999 a, b). Darbam izmantojam
datorprogrammas SPSS (firmas SPSS Inc., ASV produkts) un MS Excel.

Spuru nekrozes indeksu aprékinajam péc formulas (Moutou et.al, 1998):
=N">"nD, (1)

IN— zivju grupas nekrozes indekss;

n— zivju skaits katra spuru nekrozes pakapg;
D- spuru nekrozes pakape;

N-kopgjais zivju skaits grupa.

Spuru nekrozes indeksu aprékinajam visai kopai atkariba no dzimuma,
vecuma, tidens ieguves avota, no audz&Sanas apstakliem, nobarotibas.
Zivju kondiciju novért€jam, izmantojot zivsaimniecibas praks€ visparpienemto
raditaju — kondicijas faktoru.

Zivju kondicijas faktoru aprékinajam péc formulas:

K=—- )

K-zivju kondicijas faktors;
M- zivs svars (g);
g zivs garums (cm).

HipoteZu parbaudei atbilstoSi izvirzitajiem uzdevumiem un datu veidam
izmantotas parametriskas un neparametriskas statistikas metodes.

HipotéZzu parbaudes raksturlielumu atskiribas vertétas ar ticamibu 95 %, 99 % un
99,5 %, kas atbilst butiskuma Itmenim attiecigi p = 0,05; 0,01 un 0,005.

legtitajiem datiem aprékinajam vid€jos raditajus un standartnovirzi.
Vienas  paraugkopas  salidzinaSanai  izmantots  Stjudenta  T—tests. Lai
salidzinatu smoltu un vaislai izmatojamo lasu spuru nekrozes pakapes (Spuru
zuduma) atSkiribas, izmantojam T—testu divu neatkarigu paraugkopu salidzinasanai
(Arhipova, Balina, 1999 a, b).

Izmantojam divfaktoru un daudzfaktoru korelacijas analizi datu statistisko
sakaribu un to savstarp&ja butiskuma analizei (Arhipova, Balina, 1999a, b).
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DARBA REZULTATI UN DISKUSIJA
Spuru nekrozes epidemiologiskas situacijas novértéjums Latvija
Latvija lasi tiek audzeti slégtas telpas — angaros, kuros ievietoti baseini un

argja vidé — dikos. Lai novertétu spuru nekrozes sastopamibu lasSiem dazadas
fidenstilp@s, datu salidzinasanai izmantojam vienu gadu vecus laSu smoltus.

1. tabula/Table 1

Spuru nekrozes indekss smoltiem dazadas tdenstilpés
Index of smolt fin necrosis in different watercourse

Baseinos Dikos Upe
Raditaji/ Indices Tanks Ponds River
(n=91) (n=100) (n=78)
Zivs garums/ Fish lenghts | 45 19, g a5 | 19014002 | 14.91+7.42
(Ls) (cm) x+sdev
Muguras spura 219 0.06 3
Dorsal fin
Laba krtSu spura 0.69° 3 3
Right pectoral fin '
Kreisa kraiSu spura 0.81° B B
Left pectoral fin '
Laba védera spura b
Right ventral fin 0.04 a B
Kreisa védera spura 0.06° B 3
Left ventral fin '
Anala spura
Anal fin 0.06 a a
Astes spura
Caudal fin 0.0 a a

,— spuru nekroze nav novérota/fin necrosis is not observed

# labas un kreisas kriiSu spuras nekrozes indeksam nav biitiskas atSkiribas/ no significant diferences
between index of necrosis of right and left pectoral fin (¢=0,47)

>~ labas un kreisas védera spuras nekrozes indeksam nav bitiskas atSkiribas / no significant diferences
between index of necrosis of right and left ventral fin (0=0,32)

Katrai zivij spuru stavoklis ir atskirigs. Dikos audz&tiem un dabiskajiem
smoltiem spuru nekrozi un spuru patologijas nenovérojam. Spuru proksimalie gali
smaili, spuru pléve piestiprinata stariem. Daudziem baseinos audz&tiem lasu smoltiem
ir raksturigas lielakas vai mazakas spuru patologijas: gan pilnigi veselas spuras, gan
lielaka vai mazaka meéra zaudetas, tapec aprékinajam spuru nekrozes indeksu.
Baseinos audzetiem lasiem, sasniedzot smolta vecumu visaugstakais spuru nekrozes
indekss (NI) ir muguras spurai (2,19), bet viszemakais ir védera spurai, attiecigi 0,04
un 0,06. Astes spuras nekrozi pétijumu grupa nenovérojam (1. tab.).

Para spuru zudums smoltiem ir izveidojies asimetriski un ir novérojams viena
vai abas spuras, rezultata NI védera labajai un kreisajai spurai ir atsSkirigs, lidzigi ar1
kraSu labajai un kreisajai spurai. Kopuma kreisaja kermena pusé esoSajam para
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spuram NI ir augstaks neka labaja puse, bet tomer nav butiskas atSkiribas starp
bojajumu pakapi starp labo un kreiso kraisu spuru NI (p>0,05) un starp védera spuru NI
(p>0,05) (1. tab.). Turnbull (1998) savos pétijumos ir pieradijis, ka lasiem visbiezak
tiek traumé&ta muguras un kreisa kriiSu spura. Interesanti bija uzzinat, ka Nigérija
dzivojosas zivju sugas Synodontis schall (Teleostei) kreisa kriiSu spura nekrozes
ietekmé ir butiski 1saka par labo spuru (Araoye 2000). Mums nav zinams Turnbull
(1998) un Araoye (2000) viedoklis par to, kapéc veidojas $ada situacija. Uzskatam, ka
Latvijas zivjaudzétavas labas un kreisas kruSu spuras NI atSkiriba rodas specifiskas
tidens cirkulacijas deél. LaSi tiek audzeti baseinos, kur tidens pliist pa apli, lasi
instinktivi peld pret straumi. ParvietoSanas laika, lai noturétu lidzsvaru un ieturétu
parvietoSanas virzienu, krisu spuras ir plati atplestas un Gdens pretestiba uz abam
spuram nav vienada.

Dikos audzétiem lasu smoltiem spuru nekroze bija tikai divos gadijumos un
skarta vienigi muguras spura, pie tam patologija bija izteikta D; pakapé— tas nozimé,
ka spuras zudums ir mazaks par 30 %. Pargjas spuras nebija skartas, un nekadus
attistibas defektus vai patologiskus procesus spuras nenovérojam. Uzskatam, ka
dalgjais spuras zudums diku zivim radies ieprieks€ja gada, driz pec SkilSanas, kad lasu
mazuli tika turéti baseinos, v€l pirms izlaiSanas dikos.

Dabiska narsta mazuliem spuru nekrozi nenovérojam neviena no izvertetajiem
gadijumiem. Ari Skotija dabiska narsta lasiem nenovéro spuru nekrozi (Turnbull
etal., 1993; Turnbull et al., 1996).

100
80
60
40
20
0 | | l
Muguras/ Kiasu/ Ve&dera/ Anala/ Astes/
dorsal Pectoral Ventral Anal Caudal

spuras nekroze/ necrosis of fin

1. att. Ar spuru nekrozi slimi lasi Latvijas zivju audzétavu baseinos (% no
kopéja zivju skaita)
Fig. 1. Salmon with fin necrosis in tanks of Latvia fish farms
(% diseased fish of total fish number)

Zivju audzetavas Atlantijas laSiem (Salmo salar) vismazak skarta ir anala un
astes spura gan Turnbull et al. (1998 a, b), gan misu p&tijuma — védera un anala
spura.
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MacLean u.c. (2000) savos pétijumos par muguras spuras nekrozi konstatgja,
ka to sastop no 60 Iidz 90 % zivju, Turnbull et al. (1996) pé&tijumos — 93,8 % zivju.
Ar1 miisu p&tijuma muguras spura ir skarta — 95,0 % lasu mazulu (1.att).

g 25
2 I
15 —
=T
1 — aM
0.5 - —
|:| .

Pieaugudield dult amolti/Smolt

2. att. Pieauguso lasu un smoltu muguras spuras nekrozes indekss
atkariba no dzimuma
Fig. 2. Index of fin necrosis of adult salmon and smolt in dependence of sex

T — viri§ka dzimuma lasi/ male
M — sieviska dzimuma lasi/ female

PicaugusSajiem sieviska dzimuma lasiem spuru nekrozes indekss ir 1,24,
viriska dzimuma lasiem — 0,97 (2. att) turpreti smoltiem tas attiecigi ir 2,08 un 2,16.
Pieaugusajiem lasSiem spuru nekrozes indekss ir mazaks neka smoltiem, tas nozimé,
ka smoltiem ir biezak registréta spuru nekroze un smagaka attistibas pakapé neka
pieaugusajam zivim (2. att.). Tas liecina par laSu mazulu izdzivoSanas iesp&am péc to
izlaiSanas dabiska vidé. Izdzivo imunologiski spécigakie un fiziski labak attistitie
ipatni. Ta ka nav zinams vai vaislinieku nozveja tiek nokerti maksligi audzetie vai art
dabiska narsta lasi, nav iesp&jams aprekinat izlaisto lasu atgrieSanas daudzumu.
Literattra datus par smoltu un pieauguso lasu NI salidzinajumu mums neizdevas
atrast.

Novertgjot spuru nekrozes attistibas gaitu zivju audz€tavu baseinos,
nenovéro (3. att.). Jalija sakuma spuru nekroze sak paradities tikai dazam zivim.
Skarto zivju daudzums un spuru zuduma daudzums strauji attistas, sakot ar julija vidu.
To redz pec NI (3. att.), kas aprekinats, nemot vera visu spuru (muguras, kriusu,
védera, analas un astes) klinisko stavokli. Sakot no septembra Iidz nakama gada
pavasarim NI vairs biitiski nemainas un kopuma ar nelielam svarstibam saglabajas ap
1,2. Skotija maksligi audzetajiem laSiem spuru traumatisms un nekroze visvairak ir
ir saistits ar audz€Sanas procesa iesp&jamajam atSkiribam, ka ar1 idens temperatiras,
l1dz ar to ar1 bakteriala piesarnojuma atskiribam Latvija un Skotija.
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3. att. Lasu spuru nekrozes sastopamiba (NI) zivju audzétavas gada griezuma
Fig.3. Incidence of fin necrosis (NI) in fish farms around the year

Spuru nekrozes kliniskais noveértéjums

Veselas, pareizi attistitas laSu spuras ir ar skaidri redzamiem spuru stariem
(radii pinnae), kurus apnem spuru pléve (pellicula pinnae). Spuru pléve ir
piestiprinata staru skeletam un ir nedaudz gaiSaka par kermena adu. Spuras distala
mala visam spuram ir tumsaka neka bazala. LaSu mazuliem (0+) spuru pléve ir
caurspidiga, labi redzami spuru stari. AugSanas laika pellicula pinnae klist tumsaka,
jo izgulsn€jas pigmenti un biezaka, lidz ar to stari vairs nav tik labi saskatami.
PieauguSiem laSiem spuru pléve ir bieza, atgadina adas struktiiru, spuru stari nav
saskatami.

Spuras lielums ir atkarigs no zivs lieluma, jo spuras aug kopa ar zivi un
lielakam zivim spuru pirmais stars ir garaks neka mazakam ta pasa vecuma zivim.
Tadgl, lai noveértétu cik daudz spura ir samazinajusies patologiska procesa ietekmg,
vispirms noteicam spuru pirma stara un zivs garuma attiecibas (2. tab.).

Veselas muguras spuras pirma stara garums dabiska narsta laSiem ir virs
11,9 %, baseina audzetajiem— 12,8 % (2. tab.), bet dikos 12,9 % no zivs garuma. Upé
dzivojoSam zivim muguras spuras pirma stara procentuala attieciba pret garumu ir
butiski mazaka neka baseinu (p<0,001) un diku (p<0,05) laSiem. KrtiSu spuru garums
ir biutiski atSkirigs visu grupu laSiem. Vismazakas atSkiribas starp grupam
noverojamas védera spuras garuma attiecibai pret kermena garumu. Dabiska narsta
laSu mazuliem gandriz visas spuras ir lielakas, tas saistits ar zivju dzivesveidu. Lasu
mazuli dzivo un barojas upju kraces. Lidz ar to upé€ dzivojosas zivis nepartraukti
atrodas spéciga straumg, tapéc patéré vairak energijas un ir slaidakas, garakas neka
dikos un baseinos dzivojoSie laSu mazuli. Diku caurpliide ir Iéna un straume
neveidojas, tapeéc lasu mazuliem nav jatéré energija, lai noturtos pret straumi.
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Baseinos dzivojo$am zivim straume tiek maksligi radita, tomér zivim ir pietiekosi
daudz baribas un nav jatére licka energija baribas ieguvei — zivis ir Tsakas, resnakas.

2. tabula/Table 2

Veselu laSu smoltu spuru garuma procentuala attieciba pret zivs garumu
Percentage relation of fin and fish length of health salmon smolt

(xtsdev)
Vidgjo raditaju starpiba
Raditaji Baseini Diki Upe B[a):;fi?urience szr?ean mﬂ;gs
Indices Tanks Ponds River diki Upb baseini
Tanks Ponds River
ponds river ponds
7 muguras 12.8 + 129+ . * () QFk**k
g f dorsal 533 281 11.9+1.77 0.1 1.0 0.9
@ O =| krasu
SS 5 15+055| 1.6+£024 | 23+0.31 | -0.1** | -0.7%** | 0.8%**
£ ©| pectoral
RTINS —
o | Vedera 1o 098 | 124003 | 154020 | 0 | -03%*| 03
52w ventral
= anala
s 1.3+029 | 1.0£0.15 1.3+0.19 0.3 —0.3%** 0*
anal

*raditajs ir statistiski batisks pie p< 0,05/ significant diference p< 0,05
**raditajs ir statistiski batisks pie p<0,01/ significant diference p< 0,01
***raditajs ir statistiski batisks pie p<0,001/ significant diference p< 0,001

Klmiski izvertgjot spuras lasu mazuliem, noskaidrojam, ka laSiem dzives
sakuma spuru pléve ir plana un viegli traum&ama. Baseinos audze€tajiem lasu
mazuliem (0+) vasaras otra pus€ spuras ir redzamas patologiskas izmainas. Tacu ne
Vvisi spuru bojajumi izskatas vienadi. Ir spuras ar traumé&tiem spuru stariem, ar baltu
vai pelécigu aplikumu, ar veidotiem rétaudiem un ar asinojumiem. Tadel spuras
patologijas jeb bojajumus iedalijam vairakas grupas: vesela spura; akiita progresgjosa
spuru nekroze; izveidojusies asinojosa ¢ula; sadzijusi spura.

Akiita progresgjosa spuru nekroze ar aplikumu spuras proksimalaja mala. Saja
grupa iedalfjam zivis, kuram péc kliiskam pazimém nekrozes process progresé, bet
skarta ir tikai spura. DaZam zivim nekrozes process bija tikko sacies: spuras stiiris vai
mala ir ar pelécigi baltu vai baltu aplikumu un zuduSiem spuras staru galiem, dazam
nekroze bija skarusi lielako spuras dalu, bija labi redzams nekrotisko audu aplikums.

Otra grupa ir zivis, kuram spuru nekroze ir attistijusies tik talu, ka ir izkritusi
spuru stari, nekroze ir skarusi adu un muskulatiiru un izveidojusies asinojosa Ciila.
IzkrituSus spuru starus atradam tikai muguras spuras nekrozes gadijuma.

Tresa grupa — lasi, kuriem ir bijusi spuru nekroze, bet izmekl€sanas laika jau ir
sadzijusi. Spuras distala mala gluda, dazreiz redzami rétaudi, spuru stari noapaloti.
Dazam zivim novérojam spuru malformaciju. Sadu patologiju visbiezak novérojam
muguras spuram.
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Ceturta grupa — zivis ar veselam, neskartam spuram. Spuru stari distalaja mala
asi, spuru pléve pievienota abiem blakusesosajiem spuru stariem.

Liclakajai dalai baseina audz&to laSu visparjais veselibas stavoklis bez
redzamam izmainam, reakcija uz kairinajumu (dazadiem stresoriem vai baribu)
parasta. Tikai dazam no izmekl&tajam zivim bija vispargjas septic€mijas pazimes; acu
glotada sarkana, asinojumi pie spuru pamatnes.

Nekroze sakas no spuras distalas malas. Sakuma paradas audu atmiekSkéSanas
viena vai vairakas vietas. Simptomam attistoties, visa spuras mala klist gaiSa ar
atmiruSo audu masu. Nekrozes process turpinas virziena uz spuras proksimalo dalu,
lidz paradas adas kopsakara traucéjumi, kur velak, izkritot cietajiem muguras spuras
stariem, attistas ciilas, kas var bt 2-2,5 cm garas un 0,5 cm dzilas t.i., pat lidz 10 %
no zivs garuma. Saja stadija zivis var iet boja. Izdzivojusajam zivim &iilas dzist,
veidojot audu hiperplaziju.

Pieaugusajiem lasiem progres€josu spuru nekrozi nenoverojam, tomér bija
spuras, kuram péc nekrozes izveidojusas spuru kroplibas. Visbiezak tas bija spuras vai
tas dalas zudums. Lasu vaisliniekiem patologijas novérojam tikai muguras spuram
Nevienam no picaugusajiem lasiem nenov€rojam kriusu, vedera, analas vai astes
spuras patologijas.

Zivju vecums saskan ar audzeSanas sezonu. LaSi vienmeér $kilas pavasari un
sasniedz viengadnieka smolta stadiju nakamaja pavasari, tapec zivju vecums ir ciesi
saistits ar sezonalitati. Vasara zivju dzive noris aktivak, paatrinas vielu maina, pieaug
baribas uznemsanas intensitate, palielinas ar1 saslimstibas risks.

Vienvasaras mazuliem akiita progresgjosa muguras spuras nekroze ir registréta
62,5 % gadijumu (3. tab.), bet laSu mazuliem viengadniekiem — 10,26 % gadijumu.
Smoltiem akiitu progres€josu nekrozi nenoveérojam. Zivis 1si pirms smoltifikacijas vai
nu iet boja vai ar1 spuras sadzist. Domajams, ka slimam zivim smoltifikacija nenotiek.
Sadzijusi muguras spura vienvasaras mazuliem ir tikai 3,13 % gadijumu, turpreti
smoltiem ir 72,41 % gadijumu. Lasi viengadnieka vecumu sasniedz marta, aprili, tas
ir loti tuvu smoltifikacijas periodam, $aja vecuma grupa lielakajam lasu daudzumam ir
sadzijusas muguras (58.98 %) un krtsu (34,6 %) spuras (3. tab.).

20



3. tabula/Table 3

Lasu spuru nekrozes attistibas stadija dazada vecuma zivim (%0)
Progression phase of fin necrosis in salmon of various age (%)

Spuru Spura
Ziviu nekrozes Fin
J attistibas
vecuma stadija
grupa Muguras Krisu Védera Anala Astes
: Progression
Fish age ohase of fin Dorsal Pectoral | Ventral Anal Caudal
necrosis
Vienvasaras VS 6.25 68.75 95.31 81.25 62.50
mazuli AP 62.5 14.06 _ _ 6.25
Salmon parr Dz 28.13 9.37 — 6.25 9.38
(04) SD 3.13 7.81 4.69 12.50 21.88
Lasu VS 5.13 53.85 98.72 100.00 04.87
viengadnieki AP 10.26 256 _ _ _
Salmon parr Dz 25.66 8.97 — — —
1) SD 58.98 34.62 1.29 — 5.13
VS — 70.69 98.28 100.00 100.00
Smolti AP ~ 3.45 _ ~ ~
Smolt Dz 27.59 6.90 — — —
SD 72.41 18.97 1.73 — —

,— PEtTjuma grupa pazime nav novérota/ sign is not observed

Aprekinot nekrozes indeksu un analizgjot situaciju zivju audzetavas baseinos
audzetiem lasiem (4.tab.), redzam, ka muguras spuras nekrozes indekss (NI) visas
trijas vecuma grupas ir augstaks neka krtuSu, védera, analas un astes spuru NI.

Visaugstakais muguras spuras NI ir lasu viengadniekiem un smoltiem, pie tam
tas ir batiski augstaks (p<0,05) neka vienvasaras mazuliem (4. tab.). Muguras spuras
NI indeksa samazinaSanas smolta stadija notiek tadel, ka jau lidz smoltifikacijai un tas
laika smagak slimas zivis mirst, [idz ar to statistiski spuru nekrozes indekss ir mazaks.

Krasu spuras nekrozes indekss augstaks ir smoltiem un batiski atSkiras
(p<0,05), salidzinot ar vienu vasaru un vienu gadu veciem lasiem (4. tab.). Nozimigi,
ka smoltiem nekrozes skartie spuru audi biezi vien jau ir sadzijusi.

Védera un analas spuras NI ir viszemakais visas vecuma grupas, jo §is spuras
ir visvairak pasargatas no traumésanas.

Astes spura ir vissvarigakais lokomotorais organs zivs kustibas nodro§inasana.
Vienvasaras mazuliem astes spuras NI ir 0,9 un ir batiski augstaks (p<0,05) neka
lasiem viengadniekiem. Smoltiem astes spuras nekroze nav novérota (4. tab.).
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4. tabula/Table 4

Spuru nekrozes indekss baseinos audzétiem lasiem atkariba no zivju vecuma
Index of fin necrosis in pond rearing salmon of various age

3 Zivju vecuma grupa Starpiba
Raditaji Fish age Difference
Indices ) ) .
0+ 1 1S | (09: (1) | (L):@2-S) | (0H):(1-9)
Muguras | - gg 2.43 219 | —157%%* | 024% | _133%xx
Dorsal
£ | Krtdu 0.25 0.35 074 | -0.10* | —0.39* | —0.49*
S Pectoral
= | Védera
> | |
2 | ventral | 006 0.04 0.05 0.02 0.01 0.01
Anala
0.06 0.05 0.05 0.01 0 0.01
Anal

*raditajs ir statistiski butisks pie p< 0,05/ significant diference p< 0,05
**raditajs ir statistiski butisks pie p<0,01/ significant diference p< 0,01
***raditajs ir statistiski batisks pie p<0,001/ significant diference p< 0,001

5. tabula/Table 5

Lasu spuru nekrozes indekss atkariba no dzimuma
Index of fin necrosis in salmon in dependence of sex

Spuru nekrozes indekss
Index of fin necrosis
Raditaji Sieviska Viriska Starpiba p — vertiba
Indices dzimuma dzimuma Difference p — value
lasi lasi
Female Male
Muguras spura 2.04 22 0.16 0.66
Dorsal fin ' ' ' '
Laba kriiSu spura
Right pectoral fin 0.17 0.34 -0.17 0.05
Kreisa krasu spura 0.31 0.4 013 0.22
Left pectoral fin ' ' ' '
Laba védera spura
Right ventral fin 0.02 0.05 -0.03 0.35
Kreisa védera spura
Left ventral fin 0.02 0.05 -0.03 0.82
Anala spura 0.04 0.04 0 0.70
Anal fin ' ' '
Astes spura
Caudal fin 0.17 0.22 -0.05 0.97

*raditajs ir statistiski butisks pie p< 0,05/ significant diference p< 0,05
**raditajs ir statistiski batisks pie p<0,01/ significant diference p< 0,01
***raditajs ir statistiski butisks pie p<0,001/ significant diference p< 0,001
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LaSu atrazoSana bitiski dabiska vide izlaist veselus, dzivotspgjigus abu
dzimumu smoltus, tadel pétijuma noveértejam spuru nekrozes indeksu atsSkiribas
atkariba no zivs dzimuma (5. tab.). Konstatéts, ka visi raditaji viriska dzimuma lasiem
ir nedaudz augstaki, tacu, aprékinot atsSkiribas butiskumu, parsteidz iegitais rezultats
(5. tab.). Visaugstakais NI ir muguras spurai gan viriSka, gan sieviska dzimuma
ipatniem, bet butiski neatSkiras (p<0,05) starp dzimumiem.

Salidzinot NI starp dzimumiem pie ticamibas P = 95 %, nav biutiskas
atSkiribas starp dzimumiem védera un analas spuras nekrozes gadijuma (p > 0,05)
(5. tab.).

AtSkirigi dati ir iegiti citu autoru pétijumos. Karpveidigajam zivim (Carrasius
auratus) viriSkajiem Tipatpiem ir butiski mazak izteikta spuru nekroze neka
sieviSkajiem (Sharples et al, 1994). Turpreti butem (Lang et.al., 1998) sieviskajiem
ipatpiem ir mazak izteikta spuru nekroze neka viriSkajiem. Sharples et al. (1994),
Lang et.al. (1998) un misu pétijuma dati atSkiras, jo ir pétitas dazadu sugu zivis,
kuras dzivo atskirigos biotopos.
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0.4 . ;«»* .

0.2

Mekrozes indekss/ Index of necrosis

Eondicijas falktorsf Condition factor

4. att. Muguras spuras nekrozes indekss atkariba no kondicijas faktora
Fig. 4.Index of dorsal fin necrosis in salmon in dependence
of condition factor (n=142)

LaSiem jabiit slaidiem, ar labi izteiktu pludlinijas formu, tapéc spuru nekrozes
indeksu aprékinajam atkariba no zivju kondicijas faktora (svara un garuma attiecibas).
Maksligi audzetajiem lasiem K (Kondicijas faktors) svarstijas no 0,52 lidz 1,79,
individualais visu spuru nekrozes indekss no 0 Iidz 1,3 (4.att.).

Lielbritanija (Skotija) spuru bojajumu pakape laSiem ir ciesi saistita ar zivju
izmeru. Lielakam zivim spuru bojajumus noveéro seSas reizes biezak, neka mazakam
zivim (MacLean et al., 2000). Miisu pétijuma veiktie sakaribu parbaudes rezultati
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liecina par to, ka spuru nekrozes indekss nedaudz samazinas zivim ar lielaku
kondicijas indeksu. Tomér sakariba starp mingtajam pazimém ir loti vaja, gandriz
neeksistéjosa: determinacijas koeficients R?ir 0,0385 un korelacijas koeficients r
ir—0,21.

Lasu spuru patologiska materiala bakteriologiska analize

Bakteriologisko izmeklé$anu veicam regulari visa lasu audzEéSanas perioda,
vadoties péc spuru nekrozes attistibas stadijas un pakapes: I) akiita progres€josa spuru
nekroze ar aplikumu spuras proksimalaja mala, kas sasniegusi D; un D, attistibas
pakapi (akita nekroze Dj, D,); Il) nekroze ir skarusi adu un muskulataru, ir
izveidojusies asinojoSa ¢iila (izveidojusies ¢iila Ds); 111) vesela spura un sadzijusi
spura, kuras distala mala gluda, spuru stari smaili (vesela spura).

Dzivo baktériju skaitu spuras audos izteicam ka kolonijas veidojoSo vienibu
skaitu uz mg audu masas (kvv/mg), kas nozimé to, ka redzamo koloniju daudzums,
kas ir saskaitits uz Petri plates, ir attiecinams uz visu paraugu.

Baktérijas izolgjam gan no veselam, gan slimam spuram, tacu izol&to
mikroorganismu daudzums ievérojami at$kiras. Spuru audu bakterialais piesarnojums
veselam zivim bija ieveérojami mazaks neka slimam ar spuru nekrozi. Vismazakais
mikroorganismu skaits izoléts no veselam spuram (7,5 x 10° kvv) pie tam janem véra,
ka dazos gadijumos no veselajam spuram mikroorganismi vispar netika izolé&ti. Ja zivs
ir vesela, tas adas dziedzeri izdala glotas, kam piemit baktericidas ipasibas, un
tadgjadi uz adas nonakusie mikroorganismi tiek iznicinati (5.att.).

Izol&to bakteriju skaits gadijumos, kad nekroze skarusi spuras plévi un starus,
bija ievérojami mazaks (7,3 x 10* kvv), neka tam zivim, kuram jau ir izveidojusas &ilas
(1,4 x 10° kwv) (5.att.). Vislielakais baktériju daudzums izol&ts no zivim, kuram spuru
stari ir izkritu$i un ir izveidojusies Ciila.

Miisu pétijumi parada, ka spuru audu mikrobialais spektrs ir visai plass un pie
visam spuru bojajuma pakapém starp izol€tajiem mikroorganismiem bija gan
nepatogénas grampozitivas, gan patogénas gramnegativas bakterijas. Uz veselam
spuram domingjosas bija grampozitivas bakterijas, bet akiitas, progres€josas nekrozes
un cilas gadijuma — gramnegativas. Salidzinot Sos raditajus, noskaidrojam, ka
veselam spuram izolétas patogénas bakterijas ir 8,1 % gadijumu, turpretim slimam
spuram So gadijumu skaits ir ievérojami lielaks — 88,1 % pie akitas progresgjosas
nekrozes un 93,9 % pie izveidojusas culas.

Mingtajos spuru paraugos no gramnegativo mikroorganismu gintim dominé
Aeromonas spp. (vairak ka 80 % gadijjumu), daudz retak sastopamas
Favobacterium spp. un Pseudomonas gints baktérijas. Pseudomonas fluorescens ir
izol&ta tikai no slimajiem audiem, bet gadijumos, kad spuras ir veselas, nav atrasta.

Apskatot baktérijas ka spuru nekrozes etiologisko faktoru, noskaidrojam, ka
dazadas valstis no spuram ir izolétas Pseudomonas fluorescens P. anquilliseptica u.c.
(Khan et al., 1981; El Altara et al., 1996), A. salmonicdae (Turnbull, 1996), Vibrio spp.
(Khan et al., 1981). Khan et al. (1981), no spuru nekrozes skartajiem audiem dabiska
vidé dzivojosam mencam izol&ja Pseudomonas, Aeromonas un Vibrio gints
bakterijas, kas pec autoru domam izsauc spuru nekrozi un zivju mirstibu lidz 52 %.

24



Salidzinot gadijumu skaitu, kuros ir izolStas patogénas bakterijas, izradijas, ka
visizplatitakas ir Aeromonas gints baktgrijas, izolg¢jam baktériju sugas: A. hydrophila
un A. salmonicida. Akiitas progres§josas spuru nekrozes gadijuma doming
A. hydrophila gan uz tam spuram, kuram skarti tikai spuru stari un pléve, gan ari uz
spuram, kuru vieta jau izveidojusies ¢iila. Gadijumos, kad ir izveidojusies ¢iila, daudz
biezak izdalijam A. salmonicida (45,2 % gadijumu) neka gadijumos, kad ¢ala vél nav
izveidojusies. Miisu pétijuma abas mingtas bakt€rijas izoltas no spuru bojatajiem
audiem. Augstais izoléto A. hydrophila gadfjumu 1ipatsvars liecina par So
mikroorganismu augsto patogenitati un sp&ju ierosinat saslimSanu.

Aeromonas spp. ir visplasak sastopamas baktérijas idens sedimenta (Mateos
et al., 1992; Gonzalez et al., 2001), tapec tam ir liela iesp&jamiba nonakt zivju
audzetava.

Aeromonoze ir bistama infekcijas slimiba, kas izraisa daudzu sugu zivju
saslimSanu. Slimibu izraisa patogénas Aeromonas gints bakterijas, kuras var atrast gan
juras tdeni, gan saldiident (Hazen et al., 1978; Paniagua et al., 1990; Mateos et.al.,
1992; Kawula et.al., 1996; Gonzalez et al., 2001; Nielsen et al., 2001; Sechi et al.,
2002). UdenT ar augstu piesarpojumu baktérija saglabajas ilgu laiku, bet tira Gidenf atri
iet boja, tatad attirot Gideni pirms ievadiSanas zivaudzEtava ir iesp&jams samazinat
zivju saslimsSanas risku.
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5. att. Izoleto bakteériju kolonijas veidojoSo vienibu skaits (kvv) skaits
pie dazadam spuru nekrozes kliniskajam izpausmem
Fig. 5.Cfu of bacteria in case of different healthy and diseased fin

Novertgjot mono— un jauktas infekcijas gadijumus, visos misu atrastajos
literatiiras avotos dominé monoinfekcija (Kirubaharan, et al., 1995; Turnbull, 1996).
Neatradam nevienu literatiiras avotu, kurad butu aprakstita jaukta infekcija spuru
nekrozes gadijuma. Miisu pétijjuma vairuma gadijumu izol§am vienu patog€no
bakteriju sugu, tomér bija gadijumi, kad uz slimajam spuram bija divas patogéno
baktériju sugas (6. att.). Vairak par divam baktériju sugam vienai zivij neatradam
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neviena no izmekl&tajiem gadijumiem. No veselam spuram visos gadijumos izol&jam
tikai vienu patogéno baktériju sugu.
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6. att. Baktériju kombinacija jauktas infekcijas gadijuma
Fig. 6. Combination of bacteria in case of mixed infection

Jauktu infekciju konstatéjam 22 gadijumos. Dazadas kombinacijas atradam
aeromonas un flavobaktérijas (6. att.). Pseudomonas fluorescens Visos
diagnosticetajos gadijumos bija vieniga patogéna bakterija.

Attela (6. att.) redzam, ka visbiezak spuru audos kopa atrastas A.hydrophila un
Flavobacterium spp.— 9 gadijumos. Kombinaciju — A. hydrophila un A. salmonicida —
diagnosticgjam 7 gadijumos, bet Flavobacterium spp. un A.salmonicida — 6
gadijumos. A. hydrophila ir visbiezak tdens sedimenta atrasta baktérija, bet
Flavobacterium spp. Latvijas apstaklos lasiem biezak sastopama bakterialas
septicémijas izraisitaja. Tadel logiska ir So baktériju kombinacija ar uz spuram.
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7. att. Dazados ménesos izoléto baktériju daudzums
kvv x 10° no kliniski veselam spuram
Fig. 7. Amount of bacteria (cfu x 10°%) isolated from healthy fin in
different month

Novertgjot slimibas sezonalitati, redzam, ka vislielakais izoléto bakteriju

daudzums pazeminas, ziema nokritoties Iidz 0, bet Iidz ar tUdens temperatiras
paaugstinaSanos pavasari atkal nedaudz pieaug. Tris gadu pétijumi liecina, ka $ada
tendence saglabajas katru gadu.

Akttas progres€josas nekrozes gadijumos izoleto bakteériju daudzums (kvv) ir
salidzinosi lielaks neka bakteriju daudzums uz veselam spuram. Vairakus gadus péc

samazinas un, 1idzigi ka veselam spuram, viszemako Iimeni sasniedz janvarT (8. att.).
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8. att. Dazados meneSos izoléto bakteriju daudzums
kvv x 10* no spuram akiitas nekrozes gadijuma
Fig.8. Amount of bacteria (cfu x 10%) isolated from fin with acute
necrosis in different month
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9. att. Dazados méneSos izoléto baktériju daudzums kvv x 10° no spuram akiitas
nekrozes gadijuma, kad pie spuru staru pamatnes ir izveidojusies ¢ula
Fig. 9. Amount of bacteria (cfu x 10°) isolated from fin with ulcer
in different month
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Gadijuma, kad spuras vieta vai pie spuru staru pamatnes ir izveidojusies ciila
(9. att.), zemakais izol&to baktériju daudzums (kvv) ir marta, isi pirms smoltifikacijas
vai smoltifikacijas sakuma. LaSiem, kuri smolta stadiju gada vecuma nesasniedz un
kuriem ir registréta akiita spuru nekroze, Iidz ar Gdens temperatiiras paaugstinasanos
palielinas ar1 no spuru audiem izol&to baktériju daudzums (kvv).

LasSu mazulu eksperimentalas lasu inficéSanas rezultati

Pétijumos par zivju eksperimentalo infic€Sanu ar patogénu tiek izmantotas
intraperitonealas injekcijas (Ellis et al., 1998; Magnodottir et al., 2002),
intramuskularas injekcijas (Ellis et al., 1998; Magnodottir et al., 2002), zivju
vannosana bakteriju suspensija (Rose et al., 1989; Ellis et al., 1998), bakteriju
suspensijas ievadiSana per oS (Rose et al., 1989). M@s sava pétijuma izvelgjamies
bakteriju suspensijas inokulaciju védera dobuma un lasu vannoSanu bakteriju
suspensija.

Eksperimentalajai laSu infic€Sanai izv€lg€jamies biezak izoletas bakterijas

A. hydrophila un A. salmonicida. Péc zivju infic€Sanas katru dienu novérojam zivis,
miru$ajam zivim veicam bakteriologisko analizi un noteicam kumulativo (summaro)
mirstibu.
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10. att. LaSu kumulativa mirstiba péc bakteriju suspensijas injekcijas
védera dobuma

Fig.10.Cumulative mortality of salmon, infected with bacteria in the
abdomilal cavity

I-H — A. hydrophila injekcijas/ injection of A. hydrophila
I-S — A. salmonicida injekcija/ injection of A. salmonicida
I-K — kontroles grupa/ group of control

Pirmas pétijuma grupas (I-H, I-S, 1-K) lasiem veicam infic€Sanu, injic€jot
védera dobuma baktériju suspensiju. Otra diena p&c zivju infic€sanas ap injekcijas
vietu paradijas iekaisuma pazimes. Infic&jot védera dobuma ar A. salmonicida, pirma
zivs nomira jau nakamaja diena péc injekcijas, bet A. hydrophila gadijuma - 4. diena.
Straujaka zivju mirstiba bija, inficgjot A. salmonicida, nedaudz 1énak slimibas
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attistibas process noritgja, inficgjot ar A. hydrophila un kumulativa mirstiba sasniedza
100 % attiecigi 18. un 20. diena p&c inficéSanas (10. att.).

Lidziga situacija izveidojas ar1 Magnodottir (2002) pétijuma. Ar
A.salmonicida eksperimentali inficétam mencam (Gadus morhua) péc
intraperitonealas inficéSanas ar A. salmonicida 20 zivis no 49 mira pirmajas 15 dienas.

Lasiem, kuri tika inficéti v€dera dobuma, spuru nekroze neattistijas. Veicot
ihtiopatologisko izmekléSanu, noskaidrojam, ka visam miruSajam zivim védera
dobuma bija sarkans Skidrums, serozajas pléves skaidri redzams asinsvadu zZim&jums.
Péc 10. dienas mirusajiem laSiem palielinata liesa, ar noapalotam malam, muskulatiira
sarkaniga. No infictajam zivim izol&jam attiecigi A. hydrophila un A. salmonicida.

ArT mencam (Magnadottir et al., 2002) p&c infic€Sanas veidojas septicémijas
pazimes: ada kluva tumsaka, ap intramuskularas injekcijas vietu paradijas adas
kopsakara trauc€jumi, bija plasas hemoragijas zemada un védera dobuma.

Kontroles grupa lidz piektajai dienai bija mirusi viena zivs, kurai nekadas
redzamas patologiskas izmainas nesaskatijam un patogénas bakterijas neizolgjam.
Devitaja diena nomira vél viena zivs, arT ta bija bez redzamam patologiskam
izmainam. Pargjas kontroles grupas zivis izdzivoja lidz eksperimenta beigam.
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11. att. LaSu kumulativa mirstiba péc zivju vannoSanas bakteriju suspensija
Fig.11.Cumulative mortality of salmon, infected with bath in bacteria suspension

V-H — vannosana A. hydrophila baktériju suspensija/ bath in A. hydrophila suspension
V-S — vannosana A. salmonicida baktériju suspensija/ bath in A. salmonicida suspension
I-K — kontroles grupa/ group of control

Otras pétfjuma grupas (V-H, V-5, V-K) lasiem veicam infic€Sanu vannojot
baktériju suspensija. Saja gadijuma infekcijas cel§ ir gremosanas trakts un Zaunas.
Mirstiba zivju grupa, kuras vannotas A. salmonicida suspensija, sakas tresaja diena un
strauji pieauga no 9. lidz 16. dienai (11. att.). Saja perioda nomira 50 % zivju,
kumulativa mirstiba 100 % atzimi sasniedza 34. eksperimenta diena. Mirusajam zivim
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noveéroja asinsiplidumus muskulatiira un uz serozajam plévém, dazam zivim bija
redzami asinsizplidumi Zaunas. Spuru nekrozes pazimes pétijuma grupa
nenoveérojam.

Infic§jot lasus ar A. salmonicida Rose et al. (1989), izmantoja zivju vanno$anu
dazadas koncentracijas bakteriju suspensija. Pie koncentracijas 3x10* un augstakas
zivim attistijas aeromonozei raksturigie furunkuli zemada un muskulos. Misu
pétijuma sadas kliniskas pazimes nenovérojam.

Lasu mazulu grupa, kuri inficéti, vannojot A. hydrophila suspensija, pirma
zivs nomira 4. diena péc inficéSanas. Lielakais kumulativas mirstibas kapums bija no
11. [idz 24. dienai. 100 % kumulativa mirstiba tika sasniegta 33. eksperimenta diena.
Spuru nekrozes pazimes $aja eksperimenta grupa nenoveérojam.

No inficétajam zivim attiecigi izol&jam baktérijas A. hydrophila un
A. salmonicida.

Kontroles grupa nomira divi lasi, viens 14. un viens 34. diena. Patogenas
bakterijas no mirusajam zivim neizolgjam.
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12. att. LaSu kumulativa mirstiba péc maksligas briices radiSanas un zivju
vannoSanas bakteriju suspensija
Fig.12.Cumulative mortality of salmon, infected with bath in bacteria suspension
after incision in fin

VB-H - vannosana A. hydrophila bakteriju suspensija péc maksligas briices radiSanas/ bath in
A. hydrophila suspension after incision

VB-S — vanno$ana, A. salmonicida baktériju suspensija péc maksligas briices radisanas/ bath in
A. salmonicida suspension after incision

VB-K - kontroles grupa/ group of control

Tresas pétijjuma grupas lasiem (VB-H, VB-S, VB-K) pirms ievieto$anas
bakteriju suspensija veicam iegriezumu (radijam briici) muguras spura. Briici péc Sis
kirurgiskas manipulacijas neapstradajam ar dezinficgjosu $kidumu, lai imitétu bricu
raSanos baseina. Kliniskas spuru nekrozes pazimes saka veidoties 6. diena péc
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vannoSanas baktériju emulsija. Sakuma traumétaja vieta saka veidoties iekaisums —
apsartums, bet 2—-3 dienas vélak (8.-9. diena) jau labi saskatams aplikums.

Kontroles grupa visa eksperimenta laika nomira 4 laSu mazuli: ceturtaja,
devinpadsmitaja, divdesmit ceturtaja un trisdesmit astotaja diena. Nekadas redzamas
patologiskas izmainas nenovérojam un patogénas baktérijas neizolgjam (12. att. ).

Tresas pétijumu grupas lasiem post mortem no spuram izolgjam patog€nas
baktérijas attiecigi A. hydrophila un A. salmonicida. Visos gadijumos novéroja
monoinfekciju.

Kopuma visatrak 100 % kumulativo mirstibu sasniedza I-S grupa — 18. diena,
bet I-H 20. diena pé&c inficéSanas, turpreti, zivis vannojot baktériju suspensija, 100 %
kumulativa mirstiba V-S un V—H grupa iestajas attiecigi tikai 33. un 34. diena.

Salidzinot lasu kumulativo mirstibu eksperimenta grupas, kuras infic€Sanai
aplicgjam A. hydrophila, novérojam, ka zivis, kuram patogénu injicg&jam védera
dobuma, nomira atrak neka zivis, kuras vannojam bakteriju suspensija. Salidzinot
divus vannoSanas veidus, noskaidrojam, ka vélak kumulativo mirstibu sasniedza ta
zivju grupa, kurai radijjam briici muguras spura pirms vannoSanas bakteriju
A. hydrophila suspensija.

Nedaudz atSkiriga situacija veidojas eksperimenta grupas, kuras infic€Sanai
izmantojam A. salmonicida. Tapat ka iepriek$gja gadijuma visatrak kumulativo
mirstibu 100 % sasniedza eksperimentala grupa, kurai védera dobuma injicgjam
bakteriju suspensiju. Bet, salidzinot abas grupas, kuras izmantojam zivju vannos$anu
bakteriju suspensija, pirma kumulativo mirstibu 100 % sasniedza zivju grupa, kurai
radijam brici muguras spura pirms vanno$anas baktériju A. salmonicida
suspensija.

Gan Magnodottir (2002), gan misu pétjuma no infic€tajam zivim izdevas
izolét patogéno bakteriju, kura bija izmantota inficé$anai, pat gadijumos, kad nebija
redzamas slimibas pazimes.

Kopuma, infic€jot zivis ar patogénajam bakterijam, kuras visbiezak ir izoletas
no spuru audiem, konstat&jam, ka saslimsanu ar spuru nekrozi noteiktos apstaklos var
izsaukt gan A. hydrophila, gan A. salmonicida.

SECINAJUMI

1. Lasu mazulu spuru nekroze skar zivis vecuma no vienvasaras lasiem (0+) lidz
smoltiem (1) un ir izplatita visas Latvijas specializétajas audzetavas, kuras lasi
tiek audzeti baseinos, turpreti dikos audz€tajiem un dabiska narsta lasiem spuru
nekrozi nenovero.

2. Pirma spuru stara garums muguras, kriiSu un v&dera spuram upé dzivojosajiem
lasiem ir butiski lielaks (p<0,001, p<0,05) neka baseinos un dikos audz&tiem lasu
smoltiem. Biatiski mazaks (p<0,001, p<0,05) ir muguras spuras pirma stara
garums baseinos dzivojoSiem lasiem.

3. Lasu mazulu spuru nekrozes izplatiba baseinos skar 95 % zivju, pie tam bitiski
(p<0.05) vairak ta ir registréta muguras spurai (pinna dorsalis). Spuru patologijas
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ir izteiktas dazadas pakapes, sakot no spuru pléves daliSanas, beidzot ar spuru
staru izkriSanu un pilnigu spuras zudumu. Baseinos audzg&tajiem laSu mazuliem
(0+) vasaras otra pusg spuras ir redzamas patologiskas izmainas.

Piecaugusajiem lasiem akiita spuru nekroze nav diagnostic€ta, tacu novérojam
dazadas pakapes spuras zudums un malformacijas.

Nekrozes indekss picaugusajiem lasiem ir biitiski (p<0.05) zemaks neka smoltiem,
pie tam spuru malformacijas pieaugusajiem laSiem nov€rojam tikai muguras
spura, bet smoltiem ar1 pargjas spuras. Tas lieck domat par paaugstinatu lasu
mirstibu péc izlaiSanas jiira.

P&tijuma konstatéts, ka laSu mazulu spuru nekroze ir radusies bakteriju darbibas
rezultata. Akiitas spuru nekrozes gadijuma, vislielakais izol&to bakteriju koloniju
veidojoso vienibu skaits ir vasaras ménesSos. No spuru audiem galvenokart ir
izolétas Aeromonas hydrophila un Aeromonas salmonicida.

Eksperimentali pieradits, ka spuru nekroze ir briicu infekcija, jo to konstat&ja
inficgjot zivis ar vannoSanas metodi bakteriju suspensija péc maksligi raditas
traumas. Spuru nekrozes c€lonis ir traumatisms, kuram sekundari pievienojas
mikroflora.

Kopuma, inficgjot zivis ar patog€najam baktérijam, kuras visbiezak ir izol€tas no
spuru audiem, konstat&jam, ka saslimSanu ar spuru nekrozi noteiktos apstaklos var
izsaukt gan A. hydrophila, gan A. salmonicida.

IETEIKUMI PRAKSEI

lesakam izvairities no dazadu manipulaciju veikSanas ar zivim (SkiroSana,
parvietoSana u.c.) no julija Iidz oktobra sakumam: perioda, kad bakteriju attistibai
ir vislabvéligaka tidens temperatiira.

Ievérot saudzigu apieSanos ar zivim, pasi izvairoties traumét to spuras baseina
tiriSanas, ka ar1 zivju skaitiSanas (inventarizacijas) laika.

Zivju SkiroSanas, parveSanas un citu manipulaciju laika, lietot tam paredzetos
anestézijas Iidzeklus, kas atslabina zivs muskulatiiru, rezultata pieklaujot spuras

kermenim un pasargajot no traumam.

Regulari mainit tdens pliismas virzienu baseinos, lai izlidzinatu slodzi uz abam
kriiSu spuram.
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INTRODUCTION

Baltic salmon (Salmo salar L.) is a predatory migrating fish which spawns in
rivers’ riffle in the end of October and November. Fries hatch in a spring and stay in
rivers for next 1 — 3 years, when they have reached a smolt stage, they migrate to a
sea, and after some years salmon return in rivers for spawning.

Till the end of 20-th century the biggest river of salmon spawning in Latvia
was Daugava. In 30-ies Keguma hydroelectric power station was built and passing
ways were made for migrating fish. In the year 1965 Plavinu hydroelectric power
station was built and in 1974 — Riga hydroelectric power station. In these stations
passing ways weren’t built, that’s why spawning places in Daugava for migrating fish
int. al. salmon were lost. To maintain salmon population in previous scales at the
same time with building of hydroelectric power station cascades fish hatceries were
built — Serene, Tome, Kegums, Dole. By the aim of rearing fish aquaculture can be
divided in two big groups: rearing of market fish and rearing to compensate harm
done to environment.

There are basic statements made for restocking of fish resources in Latvia
from year 2011 till 2016 which are realized both with state and private hatcheries.
Each of them has its own specialization in basic statements for renewing and
maintenance of the population of established fish species. Salmon, sea trouts, breams,
pikes, vimbas, lampreys and other fish are reared in state hatcheries.

By the data of ICES (International Council for the Exploration of the Sea)
salmon conditions in the Baltic sea is sTable but it is still dependent from artificial
restocking of salmon. Every year all of Baltic sea countries let out 5,5 millions salmon
smolts in general, 0,8 millions (14.5%) of which are reared in hatcheries of Latvia.
Salmon which country of origin is Latvia migrate trough out the Baltic sea for
feeding. Marked Latvia salmon are being caught in the Gulf of Bothnia, the Gulf of
Finland and near the Bornholm. Salmon feed even 800 km away from native river
(Mitans, 2004).

When rearing fish in artificial circumstances, parasites and pathogen
microorganisms are being brought with water from rivers which in natural
circumstances probably wouldn’t cause an illness but if considering in account the
large amount of fish in tanks, stress made artificially (cleaning of fish feeder, change
of nutrition, sorting of fish etc.) and raising of virulence of microorganisms during
passage through weaker fish, morbidity rate in hatcheries increases. That’s why
serious attention must be paid at restocking of healthy and viable salmon.

The rearing of smolts is a labour-consuming and expensive process which
takes one and a half or even two and a half years. Rearing is encumbered with illness
of salmon which results in delayed growth and development and is followed with one
more year of rearing (because smolt stage hasn’t been reached), rejection of fish in
autumn, at the time when large resources have been contributed, expenses for
medications and mortality according to illness. One of the most common problems for
breeders of smolts is salmon parrs fin necrosis.

There are too little and contradictious data about expressions and reasons of
fin necrosis in Baltic salmon. Several scientists have studied fin pathologies in fish of
different species in natural watercourses — seas and oceans.
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The aim of the research

To investigate the distribution of salmon fin necrosis in Latvia’s fish
hatcheries and to evaluate the etiological factor of fin necrosis and its influence on
health of salmon parrs.

Tasks of the research

1. To make epidemiological investigations of salmon fin necrosis.

2. To evaluate the clinical state of salmon parrs, nature and amount of fin
damage in Latvian specialized salmon hatcheries.

3. To investigate and determine the clinical signs of adult — breeding used
salmon and to compare these parameters with salmon smolts.

4. To establish the interconnections between smolts’ and breeders’ fin states
accordingly to objective criteria.

5. To identify and describe fin necrosis causing microorganisms.

6. To identify the pathogen agent and its influence on salmon health.

The novelty of the research

1. First time in Latvia investigations about clinical signs of salmon fin necrosis
are made.

2. Connection between grampositive and gramnegative bacteria in salmon fin has
been studied.

3. Pathogen bacteria species in cases of fish fin necrosis have been established in
hatcheries.

4. The identification of etiological factors of salmon fin necrosis has been done.
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MATERIALS AND METHODS

The place of the research

The practical part of the investigation was carried out from year 2001 till 2006
in Latvia University of Agriculture, Faculty of Veterinary Medicine, Institute of Food
and Environmental Hygiene, Latvia Fisheries Research institute, Laboratory of
aquaculture and specialized fish farms of Latvia Fish Resources agency.

Investigation was performed in several steps: we evaluated the
epidemiological situation by examination of salmon smolts in different rearing
circumstnaces and adult fish; we did the bacteriological analysis of fin tissue; salmon
parrs were infected artificially to prove the pathogenicity of bacteria.

Epidemiological and clinical investigation was made in salmon parrs’ farms of
Latvia and in natural salmon-river Salaca. The situation of adult salmon fin was
evaluated in salmon artificial spawning station in Vecdaugava.

The bacteriological contamination of fin tissue was established in Latvia
Fisheries Research institute, Laboratory of bacteriology.

Salmon artificial infection with bacteria Aeromona salmonicida and
A. hydrophila was carried out in LFRI Laboratory of Aquaculture room of aquarium.

Salmon used in investigation

In our research salmon of both genders and different ages were used.
Evaluation of fin clinical situation was done for 530 salmon parrs from hatching till
smoltification and for 218 adult salmon which were caught in costal region of the
Gulf of Riga and in estuary of Daugava when returning for spawning in a native river.
Fin bacteriological examination was made for 176 salmon parrs. There were 126
salmon parrs used in experiment to prove Aeromona salmonicida and A. hydrophila
impact on development of fin necrosis.

Fish of different ages were used in the research: salmon parrs, one year old
salmon, one year old smolts and adult salmon which returned to spawn. Groups of
fish age are devided accordingly to ICES (International Council for the Exploration of
the Sea) recommendations: 1.) salmon parrs from hatching (March, April) till the end
of February next year — one-summer parrs (0+); 2.) one year old salmon parrs which
haven’t reached the smolt stage yet — one year old salmon (1); 3.) one year old salmon
parrs which organism has adapted for living in salt-water, visible signs: scales become
silver and streamline shape changes — smolts; 4.) adult salmon.

The general sheme of doctoral thesis
Investigations were made in several stages. In the beginning of the research

we performed the evaluation of fin clinical situation by measurment of fin,
establishing a level of necrosis or loss of fin and evaluating a stage of necrosis
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process. On this basis we evaluated the prevalence of fin necrosis (epidemiological
situation) in Latvia.

For evaluation of epidemiological situation we analysed salmon smolts from
hatcheries and natural environment and adult salmon which returned for spawning in
Daugava. Salmon, reared in fully controlled circumstances — tanks, were evaluated
during the whole period of rearing.

For bacteriological examination we chose fish with different levels and stages
of fin lessions to ascertain and identify pathogen microorganisms in fin tissue.

Evaluation of bacteria pathogenicity was performed by artificial infection of
salmon with bacterial pure culture isolated in advance. During the experiment three
series of research were performed, in each series three experimental salmon groups.

Epidemiological investigation

The analysis of epidemiological situation was performed by comparing the fin
necrosis index with stage of development of salmon parrs which were reared in
artificial circumstances: tanks and ponds. Parameters were compared with salmon
parrs living in natural environment — river Salaca. The prevalence of illness was
established of fish reared in fully controlled circumstances in four fish farms.

Clinical investigation of salmon parr fin

Fin status was clinically investigated of salmon parrs and breeders by
measuring a length of fin, fish’s weight and length.

The state of a fin was clinically examinated and divided in two gradation
classes: the first — fin necrosis level, the second — stage of development of fin necrosis
process.

Fin necrosis level was established by Moutou et al. (1998) described
methodology dependent of how big is the part of a fin being damaged but independent
of physiological state of the fin. Designations were chosen according to author’s
suggestions D (damage). Dy — fins with no damage, D; — fin loss to 30%, D, — fin loss
from 30 to 70%, D3 — fin loss more than 70%.

Stages of development of fin necrosis process were devided in 4 groups
dependent from development process but independent from how much of the fin is
lost: VS — healthy fin, unaffected fin rays and membrane, AP — acute, progressive fin
necrosis, on the dorsal side of fin malacia of tissue is seen as white or greyish mass,
sometimes haemorrhages can be seen. Dz — healing fin, connective tissue start to
spread in fin rays but still some erosions are seen, SD — fin membrane and rays have
healed.
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Bacteriological investigation of salmon fins

For bacteriological analysis fin damage were devided in three groups: the first
— healed wound and healthy fin, the second — acute, progressive necrosis, the third —
an ulcer has developed in the place of a fin. Healed wound — in the place of damage
connective tissue have developed but healthy fin — fin rays and membrane without
visible signs of illness. In the case of acute progressive necrosis fin rays are damaged,
soft tissue have dissolved, on the side of fin greyish white fur can be seen, in severe
cases bleeding may appear. In the third group fish are included which have an ulcer in
the palce of a fin — skin disorders with signs of inflammation near the base of dorsal
fin, fin rays might be lost.

Fish chosen for bacteriological investigation were placed on ice in special
thermobag and as soon as possible delivered to laboratory (transportation time took
from 30 min to 2 hours). On the sterile glass slide scrapes of fin surface were made.
These were used to culture bacteria on specific medium and to make native smears.
Smear was dried, fixed in flame and stained by Gram’s method. Then it was dried and
microscoped using immersion oil (in 100 x magnification).

For cultivation of bacteria Difco Nutrient agar, TSA agar, Lab-Lemco medium
(Oxoid), Rimler Shot agar and Cytophaga agar were used. Sowing was incubated for
48 hours in 18 — 20°C (Quinn et al. 1998; Anonymus, 2010c). The total count of
bacteria in 1 mg of tissue was established on nutrient agar and Cytophaga agar in Petri
plates. After 48 hours of incubation colonies were counted by deviding them in
groups by macroscopic characterization: colony size, color, surface structure.
Colonies were chosen for isolation of pure culture. Then an identification of bacterial
pure culture was performed.

For identification of bacteria group of signs was used — morphological signs
(shape of bacteria, staining by Gram, Cytochromoxidase-Test) and biochemical signs
— culturing bacterial pure cultures on different medium to determine a growth in
aerobic and anaerobic circumstances. Biochemical reactions were established by
incubating bacterial pure culture for 24 hours in 30°C. The pure culture was identified
by morphological and biochemical signs, using APl 20 E test and appropriate
computer programm (Holt, 1994; Kinne, 1984; Decostere, et al., 1997; Quinn et al.,
1998; Anonymus, 2010 c).

Artificial infection

The experimental infection of fish with pathogen agent (Aeromona hydrophila
and A. salmonicida) was performed in Latvia Fish Resources Agency (LFRA) in
aquarium room of Laboratory of aquaculture in summer of 2001 and 2002.

Baltic salmon parrs farmed in specialized salmon hatchery incubator were
used for bioassay. During the incubation of roe clear spring water enriched with
oxigen was used. After overcoming to exogenous feeding, salmon parrs were fed with
granular feed SGP — 493 made by Aller Aqua Company. At the start feeding 00 size
flakes were used, later O size flakes. Fish chosen for bioassay were clinically healthy.
The tank provided for transporting fish were filled with spring water in which fish
were incubated and reared till the beginning of the experiment.
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Glass aquariums with fish distribution area 0.5 m? for each were used in the
experiment. Aquariums were equiped with adjusters of temperature and aerators. A
water level in aquariums was 30 cm, there were 14 fish to 1 m?. The average length
of a fish placed in aquariums was 6 + 0.3 cm, fish were fed every half an hour from
8 o’clock till 21 o’clock. The feed ration was calculated according to producers
suggested Standard Tables. The granular feed SGP-493 made by Aller Aqua was
used. The water temperature was 18 + 1.3°C. The oxygen level was 5 g/L and it was
controlled twice a day with oximeter DO-300.

After transporting from hatcheries fish were aclimatized to new circumstances
for 10 days. Three series of research were performed using different types of
infection. Nine fish groups were made, in each group 14 salmon with average length
6.0 = 0.3 cm. Till the beginning of the experiment fish were incubated and reared in a
specialized salmon hatchery by using of spring water. All fish had a behaviours
typical to the spieces and there were no visible signs of illness. Before manipulations
of infection salmon were anesthetized with 2-metilquinoline (quinaldine) by using of
dip method. The dose of anesthetic device was 10 mg/L of water.

Suspension of bacteria was injected in abdominal cavity of a fish of the first
research. 0.5 mL of bacterial suspension with concentration 1.5 x 10* cfu were infused
with syringe in an abdominal cavity of each fish from experimental group without
traumatization of internal organs. The names of experimental groups were made
according to way of infection and bacterial species. Fish of the group
I-H (I — injection; H — hydrophila) were injected with suspension of bacteria A.
hydrophila, fish of the group I-S (I — injection; S — salmonicida) were injected with
suspension of bacteria A. salmonicida but salmon of group I-K (I — injection;
K-control) were injected with sterile saline.

Second experimetal group: V-H (V — dip; H — hydrophila) — 14 salmon which
were dipped in bacteria A. hydrophila suspension 1.5 x 10* cfu /mL™ for 24 hours and
V-S (V —dip; S — salmonicida) — 14 salmon which were dipped in bacteria
A. salmonicida suspension 1.5 x 10* cfu /mL™ for 24 hours V-K (V — dip; K- control)
were held in clear water for making similar circumstances for experimental groups.

For the third experimental group wound were made in a fin and a part of the
fin were extripated before dipping in the bacterial suspension. The wound wasn’t
treated with antiseptic devices for imitating a naturally caused wound in fish living in
a tank. After the operation fish were dipped in the bacterial suspension:
VB-H (V — dip; B — wound; H — hydrophila) — 14 salmon which were dipped in
bacteria A. hydrophila suspension 1.5 x 10* cfu /mL™ for 24 hours and VB-S (V —dip;
B — wound; S - salmonicida) — 14 salmon which were dipped in bacteria
A. salmonicida suspension 1.5 x 10* cfu /mL™ for 24 hours. Salmon included in a
control group VB-K (V- dip; B — wound; K — control) were cut in a dorsal fin, after
that fish were held in clear water for creating similar circumstances to experimental
groups.

The clinical statement of all fish was evaluated daily, dead fish were picked
out and a bacterial and ichtiopathological examination was performed
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Statistical analyses of dates

Data acquired in the research were processed with generally approved
methods of descriptive and conclusive statistics wich are described in mathematical,
biological, medical and general literature (Arhipova, Balina 1999 a, b). Computer
programms SPSS (the product of company SPSS Inc. USA) and Ms Excel were used
in the work.

The index of fin necrosis was calculated by the formula (Moutou et.al, 1998):

3
Iy :N_lzniDi (1)
n=0

In — necrosis index of fish group;

n — fish count in every level of fin necrosis;
D — stage of fin necrosis;

N — total count of fish in a group.

Fin necrosis index was calculated for all the group depending from gender,
age, a source of water, circumstances of rearing, fatness. Fish condition was evaluated
by using the general parameter used in fisheries praxis — condition factor.

Fish condition factor was calculated by the formula:

M -100
=T (2)

K

K — fish condition factor;
M — mass of a fish (g);
g — length of a fish (cm).

For verifying a hypothesis according to set tasks and a type of data
parametrical and nonparametrical statistical methods were used.

In verification of hypothesis differences of characteristics were evaluated with
confidence of 95 %, 99 % and 99,5 % that comply with materiality level accordingly
p = 0,05; 0,01 and 0,005.

The average index and a standard deviation were calculated for acquired data.
For comparing of one sampled population Student’s T-test was used. To compare
differences of fin necrosis levels (fin loss) of smolts and breeders T-test was used to
compare two independent sampled populations (Arhipova, Balina, 1999 a, b).

Two-factors and multi-factors correlation analysis was used for analysing an
interconnection of statistical data and for analysis of mutual relevance (Arhipova,
Balina, 1999 a, b).
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RESULTS AND DISCUSSION

Evaluation of fin necrosis epidemiological situation in Latvia

In Latvia salmon are reared indoors — in hangars equiped with tanks and in
outer environment — in ponds. To evaluate an incidence of salmon fin necrosis in
different watercourses one year old salmon smolts were used for comparison of data.

A statement of fin is different for every fish. Fin necrosis and fin pathologies
weren’t observed in smolts reared in ponds and natural smolts. Proximal ends of fin
were sharp, fin membrane appendant to rays. In many salmon smolts reared in tanks
different fin pathologies were common: completely healthy fins, more or less
damaged fin, that’s why we calculated the fin necrosis index. When achieving age of
smolt for salmon reared in tanks the highest fin necrosis index is for dorsal fin (2.19),
but the lowest for ventral fin, accordingly 0.04 and 0.06. Necrosis of caudal fin wasn’t
observed in the research group (Tab.1).

The loss of pair fin in smolts has developed asymmetricaly and is observed in
one or both fins, in the result the NI for left and right ventral fin is different and the
same with left and right pectoral fin. The NI of pair fins in the left side of fish body is
greater than in the right side but there is no relevant difference between level of
damage NI of right and left pectoral fin (p>0.05) and between ventral fin NI (p>0.05)
(Tab.1.). Turnbull (1998) in his researches has proved that most often traumatized fins
of salmon are dorsal fin and left pectoral fin. It was interesting to find out that the
necrotic left pectoral fin of fish Synodontis schall (Teleostei) which lives in Nigeria is
substantially shorter than the right one (Araoye 2000). We don’t know Turnbull’s and
Araoye’s opinion why such situation has developed. We consider that the difference
between left and right pectoral fin NI in Latvia’s fish hatcheries has developed
because of specific circulation of water. Salmon are reared in tanks where the water
flow is circular, salmon instinctively swim upstream. During the movement pectoral
fins are opened wide to keep balance and the direction of movement, the water
resistance is not the same on both fins.

Fin necrosis in salmon smolts reared in ponds was seen in two cases and only
dorsal fin was affected, and pathology was in D; level — it means that the loss of fin is
less than 30%. Other fins weren’t affected and there were no signs of defects of
development or pathologic process in fins. By our opinion the partial loss of a fin in
ponds’ fish has appeared in previous year, soon after hatching when salmon parrs
were kept in tanks before they were released in ponds.

In parrs from natural spawn fin necrosis wasn’t seen in any case. The fin
necrosis in salmon of natural spawn isn’t observed in Scotland too (Turnbull et al.,
1993; Turnbull et al., 1996).

For Atlantic salmon (Salmo salar) reared in hatcheries the least affected fins
are anal fin and caudal fin (Turnbull et al., 1998 a,b) and the same was seen in our
research — ventral and anal fin.

MacLean et al. (2000) in his research about necrosis of dorsal fin established
that it is seen from 60 till 90 % of fish, in researches of Turnbull et al. (1996)
researches — 93.8 % of fish. The same in our research — the dorsal fin is affected in
95.0 % of salmon parrs. (Fig.1.)
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Necrosis index of adult salmon from female gender was 1.24, salmon from
male gender — 0.97 (Fig. 2.) but for smolts it was accordingly 2.08 and 2.16. For adult
salmon necrosis index is not as high as for smolts, it means that smolts have fin
necrosis more often and in more serious level than adult fish (Fig. 2.). That indicates
the chance of surveilance of salmon parrs after releasing them in natural environment.
Imunologicaly strongest and best developed individuals survive. As it isn’t known
whether artificially reared or salmon from natural spawn are caught in breeders
fishing, it is not possible to calculate the amount of released salmon which have
returned for spawning. We couldn’t find data in literature about NI comparision
between smolts and adult salmon.

By evaluating the development of fin necrosis in hatcheries’ tanks we realized
that all salmon parrs have healthy fins and there are no visible signs of necrosis in
June (Fig.3.). In the first part of July fin necrosis apperas in only some fish. Starting
from middle of July the amount of affected fish and the loss of fins sharply develops.
It can be seen from NI (Fig. 3.) that is calculated considering into account the clinical
statement of all fins (dorsal, pectoral, ventral, anal and caudal fins). Starting from
September till the spring next year NI doesn’t change substantially and with little
changes remains about 1.2. In Scotland for artificially reared salmon fin traumatisms
and necrosis is most marked in August (MacLean et al., 2000), but in our research —
in July. We think that it is associated with potential differences in the rearing process
and the water temperature, wherewith the difference in bacterial pollution in Latvia
and Scotland.

The clinical evaluation of fin necrosis

Healthy, properly developed salmon fins have clearly seen fin rays (radii
pinnae) which are encircled with fin membrane (pellicula pinnae). Fin membrane is
appendant to ray carcass and it is a little bit lighter than the skin of the body. For all
fins the distal side of a fin is darker than the basal side. For salmon parrs (0+) the fin
membrane is translucent, fin rays can be seen very clearly. During the growth
pellicula pinnae gets darker because of deposition of pigments and thicker, wherewith
rays are not seen as well as before. For adult salmon fin membrane is thick, it
remindes a structure of the skin, rays of fins can not be seen.

The size of a fin depends on the size of a fish because fins grow together with
fish and for bigger fish the first ray of fin is bigger than for smaller fish in the same
age. That’s why we established the relation betwewn the first ray and the length of a
fish to evaluate how much the fin has decreased because of pathological process
(Tab. 2.).

The length of a ray from healthy fin of natural spawn salmon is 11.9 %, reared
in tanks — 12.8 % (Tab. 2.) but reared in ponds 12.9 % of the length of a fish. The
percentage of the first ray length of dorsal fin and the fish length for salmon living in
river is substantially lower than for salmon reared in tanks (p<0.001) and in ponds
(p<0.05). The length of pectoral fins is substantially different for salmon of all groups.
The lowest difference in groups is seen between the relation of length of ventral fin
and the length of a body. For salmon parrs from natural spawn almost all fins are
larger, it is associated with fish way of life. Salmon parrs live and feed in riffles of
rivers. Wherewith fish living in rivers all the time are in a strong stream, that for they
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spend more energy and are more slender, longer than salmon parrs living in ponds and
tanks. The flow in ponds is slow and stream doesn’t appear, salmon parrs don’t have
to spend energy to keep themselfes upstream. For fish living in tanks the stream is
made artificially, but fish have enough food and they don’t have to spend energy for
getting feed — fish are shorter, thicker.

By clinical evaluation of salmon parrs fins we realized, that for salmon in the
start of their lifes the fin membrane is thin and easy to traumatise. There are
pathological changes seen in salmon parrs (0+) reared in tanks in the second part of a
summer. But not all damage of fins look the same. There ar fins with traumatised
peaks of rays, with white or grey fur, with scar tissue and with hemorhages. That’s
why damage of fins was divided in several groups: healthy fin; acute, progressive fin
necrosis, bleeding ulcer developed; healed fin.

Acute, progressive fin necrosis with fur on the proximal end of a fin. In this
group we included fish with progressive necrotic process according to clinical signs
but only fin was affected. In some fish necrotic process had just begun: the angle or
side of a fin had greyish white or white fur and peaks of fin rays had disappeared, in
some fish necrosis had affected the most part of a fin, the fur of necrotic tissue was
seen very well.

Fish with necrosis developed as far that fin rays had fallen out, necrosis had
affected the skin and muscles and a bleeding ulcer had developed, were included in
second group. Fallen fin rays were seen only in a case of necrosis of dorsal fin.

Third group — salmon which had had a fin necrosis but in the time of
examination it had healed. The distal side of fin is smooth, sometime scar tissue can
be seen, fin rays are rounded. Fin malformation was seen in some fish. This pathology
was seen in a dorsal fin more often.

Fourth group — fish with healthy, unaffected fins. Fin rays in the distal end are
sharp, fin membrane is appendant to both of contiguous fin rays.

For the most part of salmon reared in tanks the general state of health without
visible change, reaction to irritation (different stress or feed) normal. Only few of
examinated fish had signs of general septicemia; mucuous membrane of eyes was red,
hemorhages near the basis of a fin.

Necrosis begins from the distal part of a fin. At the beginning malacia of tissue
appears in one or more places. All the side of fin becomes light with a mass of dead
tissue as the symptom progresses. The process of necrosis continue in direction of
proxiaml part of a fin until the lessions of skin appear after some time as hard fin rays
fall out ulcers develop in the same place which can be 2 — 2.5 cm long and 0.5 cm
deep ie. even to 10 % of fish length. In this stage fish can die. Ulcers start to heal for
fish have stayed alive by forming tissue hyperplasia.

There was no progressive fin necrosis in adult salmon but there were fins
which were developed misshapen after the necrosis. Most often it was loss of a fin or
a part of it. In salmon breeders pathologies were observed only in dorsal fin. There
were no pathologies of pectoral, ventral, anal or caudal fins in breeder salmon.

An age of fish conforms to a farming season. Salmon always hatch in a spring
and reach a stage of smolt in a spring of next year, that’s why fish age is tightly
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connected with seasonality. In a summer fish life pass more active, metabolism
increases, intensity of feed intake rises and a risk of getting ill increases too.

Acute progressive dorsal fin necrosis in one summer parrs is registered in
62.5 % of all cases (Tab. 3.) but in salmon parrs one year old — 10.26 % of all cases.
There was no acute progressive necrosis in smolts. Shortly before smoltification fish
die or fins heal. Supposedly there is no smoltification in ill fish. Healed dorsal fin has
only 3.13 % of one summer parrs but 72.41 % of smolts. Age of one year for salmon
is achieved in March, April, that is very close to a period of smoltification, in this
group of age the most part of salmon has a healed dorsal (58.98 %) and pectoral
(34.6 %) fins (Tab. 3.).

When calculating a necrosis index and analyzing the situation in hatcheries’
tanks reared salmon (Tab.4.) it is observed that necrosis index (NI) of dorsal fin in all
groups of age is higher than NI of pectoral, ventral, anal and caudal fin.

One year old salmon and smolts have the highest NI of dorsal fin, and it is
substantially higher than for one summer parrs (Tab. 4.). A decrease of the NI of a
dorsal fin is observed because the most seriously ill salmon die until or at a
smoltification, wherewith fin necrosis index statistically is lower.

The necrosis index of pectoral fin is higher for smolts and is substantially
diverse (p<0.05) in comparison with one summer and one year old salmon (Tab. 4.). It
is significant that for smolts affected fin tissue often have already healed.

NI of a ventral and anal fin is the lowest in all groups of age because these fins
are the most protected from tramatization.

The caudal fin is the most important locomotor organ for ensuring a
movement. For one summer parrs the NI of caudal fin is 0,9 and it is substantially
higher (p<0.05) than for one year old salmon. There is no caudal fin necrosis observed
in smolts (Tab.4.)

In the salmon restocking it is very important that in natural environment
healthy, viable smolts of both gender are released, that’s why the difference of
necrosis index in both gender were evaluated (Tab. 5.). It was established that all
parameters for salmon of male gender are a little bit higher but the result did surprise
when the relevance was calculated (Tab. 5.) The highest NI both for individuals of
male and female gender is of dorsal fin but the difference between genders is not
relevant (p<0.05).

In the case of necrosis of ventral and anal fin there is no significant difference
between genders with reliability P = 95 % (Tab.5.)

Different data are acquired in other authors’ researches. For the cyprinid fish
(Carrasius auratus) individuals of male gender have substantially less marked fin
necrosis than ones of female gender (Sharples et al. 1994). But for flukes (Lang et al.,
1998) individuals of female gender have less marked fin necrosis than ones of male
gender. Sharples et al. (1994), Lang et al. (1998) and our data differes because fish of
different species are researched that live in different biotypes.

Salmon have to be slender with clearly marked shape of streamline, that’s why
fin necrosis index was calculated according to fish cindition factor (relationship
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between weight and length). For artificially reared salmon K (condition factor)
differed from 0.52 to 1.79, individual necrosis index of all fins from 0 to 1.3 (Fig. 4.)

In Great Britain (Scotland) the fin damage level in salmon is tightly connected
with size of a fish. For bigger fish fin damage is observed six times more likely than
for smaller fish (MacLean et al., 2000). Results of link test of our research shows that
fin necrosis index lowers for fish with higher condition index. But connectedness
between mentioned parameters is very weak, almost non-existent: coefficient of
determination R? is 0.0385 and correlation coefficient r is — 0.21.

Bacteriological analysis of salmon fins pathological material

Bacterial examination was performed regulary during all the period of salmon
rearing according to a stage and a level of fin necrosis: 1) acute progressive fin
necrosis with fur in the proxiamal part of a fin that has reached levels of development
D; and D, (acute necrosis Dj, Dy); Il) necrosis has affected skin and muscles, a
bleeding ulcer has developed (ulcer developed D3); IlI) healthy fin and healed fin,
distal side is smooth, fin rays are sharp (healthy fin).

The count of bacteria alive was expressed as the count of colony-formin units
to 1 mg of tissue mass (cfu/mg), it means that the amount of visible colonies which
was counted on Petri plate was reffered to all sample.

Bacteria were isolated both from healthy and diseased fins but the count of
microorganisms isolated differs considerably. Bacterial pollution of fin tissue from
healthy fins was considerably lower than from diseased with fin necrosis. The lowest
amount of bacteria was isolated from healthy fins (7.5 x 10° cfu) (Fig.5) and it must
be considered that in some cases bacteria microorganisms from healthy fins weren’t
isolated at all. If a fish is healthy, glands of a skin exude mucus which has bactericide
qualities that’s how microorganisms got on the skin are destroyed.

The count of isolated bacteria in cases when necrosis had affected fin
membrane and fin rays was considerably lower (7.3 x 10* cfu) than for those fish
which already had ulcers (1.4 x 10° cfu). The highest amount of bacteria was isolated
from fish which had fin rays fallen and ulcer developed (Fig.5).

Our research shows that spectrum of microorganisms from fin tissue is quite
wide and in all levels of damaged fins nonpathogen grampositive and pathogen
gramnegative bacteria were isolated. Grampositive bacteria dominated on healthy
fins, buti n cases of acute progressive necrosis and ulcers — gramnegative. By the side
of those parameters we established that from healthy fins isolated bacteria are
pathogen in 8.1 % of all cases, but for diseased fins the number of such cases are
considerably higher — 88,1 % with acute progressive necrosis and 93.9% with ulcer
developed.

In samples from fins Aeromona spp. dominantes from all gramnegative
bacteria genus (more than 80 %), more rarely bacteria from Favobacterium spp. and
Pseudomona spp. are common. Pseudomona fluorescens are isolated only from tissue
affected but they are not found if a fin is healthy.
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When considering bacteria as an etiological factor we found out that in some
countries Pseudomonas fluorescens, P. anquilliseptica etc. (Khan et al., 1981; El
Altara et al., 1996), A. salomicidae (Turnbull, 1996), Vibrio spp. (Khan et al., 1981)
were isolated. Khan et al. (1981) isolated bacteria from genus Pseudomona,
Aeromona and Vibrio from fin necrosis affected tissue of cods living in natural
environment, by author’s opinion they cause fin necrosis and mortality of fish to
52 %. When taking the count of cases when pathogen bacteria were isolated in
comparision, it was observed that the most common bacteria are form genus
Aeromona, bacteria species A. hydrophila and A. salmonicida were isolated. In cases
of acute progressive fin necrosis A. hydrophila dominantes both on fins were only fin
rays and fin membrane are affected and on fins where ulcer already has developed. In
cases when ulcer had developed more often A. salmonicida was isolated (45.2 % of
cases) than in cases when ulcer hadn’t developed yet. In our research both bacteria
mentioned were isolated from fin tissue damaged. The high proportion of
A. hydrophila cases shows that these microorganisms have high pathogenicity and can
cause an illness.

Aeromona spp. is the most common bacteria in water grounds (Mateos et al.,
1992; Gonzalez et al., 2001) that’s why these bacteria have a great chance to get in
fish hatchery.

Aeromonosis is dangerous disease which can cause illness of many fish
species. lllness is caused by pathogen bacteria from genus Aeromona which are
common both in sea water and fresh-water (Hazen et al., 1978; Paniagua et al., 1990;
Mateos et al., 1992; Kawula et al., 1996; Gonzalez et al., 2001; Nielsen et al., 2001;
Sechi et al., 2002). In water with high level of pollution bacteria survives for a long
time but in clear water bacteria soon die, that means that by clearing water before
introducing in hatchery the risk of fish illness can be reduced.

When evaluating mono- and mixed infections in all sources of literature found
monoinfection dominates (Kirubaharan, et al., 1995; Turnbull, 1996). We didn’t find
any source of literature where mixed infection in case of fin necrosis would be
described. In our research in most cases one pathogen bacteria species was isolated
but there were cases when two bacteria species were come across on diseased fins
(Fig. 6). More than two bacteria species weren’t found in any of cases. From healthy
fins only one pathogen bacteria species was isolated in all cases.

Mixed infection was registrated in 22 cases. Aeromona and Flavobacterium
were found in different combinations (Fig.6.). Pseudomona fluorescens in all cases of
isolation was the only pathogen bacteria.

In the figure (Fig. 6.) we can see that in fin tissue most often together
A. hydrophila and Flavobacterium are found — in 9 cases. Combination of
A. hydrophila and A. salmonicida was found in 7 cases, but Flavobacterium spp. and
A. salmonicida — in 6 cases. A. hydrophila is the most common bacteria in water
sediment but Flavobacterium spp. is the most common bacteria which cause
septicemia in salmon of Latvia. It is logically that these two bacteria are found on
salmon fins.

When evaluating a seasonality of illness it can be seen that the highest count
of isolated bacteria from healthy fins is found in July (Fig. 7.). In August the count of
bacteria falls, in a winter it drops to 0 but by the rise of wtaer temperature in a spring
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it increases again. Three years examinations show that such a tendency is seen every
year.

In cases of acute progressive fin necrosis the count of bacteria isolated (cfu) is
higher than the count of bacteria in cases of healthy fins. Several years in turn the
highest amount of bacteria is isolated in July, in autums the count of bacteria falls, the
lowest leves is reached in January (Fig. 9.).

In cases when ulcer has developed in a place of fin or near the fin the lowest
count of bacteria is found in March shortly before the beginning of smoltification. In
salmon that don’t reach a stage of smolt in age of one year and that have an acute fin
necrosis the count of bacteria (cfu) isolated from fin tissue increases accordingly to
rise of water temperature.

Results of artificial infection of salmon parrs

In researches about fish experimental infection with pathogen intraperitoneal
injections (Ellis et al., 1998; Magnodottir et al., 2002), intramuscular injections (Ellis
et al., 1998; Magnodottir et al., 2002), fish dipping in bacterial suspension (Rose et
al., 1989; Ellis et al., 1998), injection of bacterial suspension per os (Rose et al., 1989)
are used. In our research we chose to perform inoculation of bacterial suspension in
abdominal cavity and dipping of salmon in bacterial suspension.

For experimental infection of salmon the most often isolated bacteria
A. hydrophila and A. salmonicida were chosen. After infecting fish were watched
every day, for dead fish bacterial analysis was performed and cumulative (total)
mortality was established.

Salmon of the first groups of investigation (I-H, I-S, 1-K) were infected by
injection of bacterial suspension in abdominal cavity. In the next day after infection
signs of inflamation were seen around the place of injection. When injecting
A. salmonicida in abdominal cavity the first fish died in the next day after injection
but when injecting A. hydrophila — in the 4-th day. Mortality of fish was faster when
infected with A. salmonicida, the process of illness was a little bit slower when
infected with A. hydrophila and cumulative mortality reached 100% accordinlgy in
the 18-th and 20-th day after infection (Fig. 10.)

The similar situation was seen in the research of Magnodottir (2002). Twenty
cods (Gadus morhua) of 49 experimentaly infected with A. salmonicida after
intraperitoneal infection died in the first 15 days.

For salmon which were infected in abdominal cavity fin necrosis didn’t
appear. When ichtiopathological investigation was performed it was ascertain that all
dead fish had red liquid in abdominal cavity, in serous membranes a pattern of blood
vessels was clearly seen. In salmon died after 10-th day a spleen was enlarged with
rounded sides, muscles were redish. From infected fish A. hydrophila and
A. salmonicida were isolated.

After infection of cods (Magnodottir et al., 2002) signs of septicemia were
seen too: skin became darker, there were skin changes around the place of injection,
extensive hemorhages in subcutaneus tissue and in abdominal cavity.
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One fish of control group had died till the 5-th day, pathological signs weren’t
mentioned and no pathogen bacteria were isolated. In the 9-th day one more fish died
without visible pathological changes. Other fish of control group survived until the
end of the experiment.

Salmon from the second group of investigation (V-H, V-S, V-K) were
infected by dipping them in a bacterial suspension.In this case the path of infection is
a digestive trackt and gills. The mortality of fish dipped in suspension of
A. salmonicida started at the third day and sharpy increased from 9-th to 16-th day
(Fig.11.). In this period 50 % of all fish died, cumulative mortality 100% remark
reached in the 34-th day of the experiment. There were hemorhages in muscles and on
serious membranes seen in dead fish, some of fish had hemorhages in gills. Signs of
fin necrosis weren’t seen in the group.

When infecting salmon with A. salmonicida Rose et al. (1989) used fish
dipping in bacterial suspension of different concentration. At the concentration
3 x 10* and higher furuncles typical of Aeromonosis were seen in subcutaneus tissue
and muscles. In our research such signs weren’t observed.

In the group of salmon parrs infected by dipping in suspension of
A. hydrophila, the first fish died in the 4-th day after infection. The highest increase in
a cumulative mortality was observed from 11-th to 24-th day. 100% cumulative
mortality was reached in the 33-rd experimental day. Signs of fin necrosis in this
group weren’t observed.

A. hydrophila and A. salmonicida were isolated from fish infected.

In the group of control two salmon died, one in the 14-th and one in the 34-th
day. No pathogen bacteria were isolated from dead fish.

Salmon of the third group of research (VB-H, VB-S, VB-K) were cut in
dorsal fin before dipping in bacterial supension. The wound of this surgical
manipulation wasn’t treated with disinfectant for imitating an appearance of a wound
in a tank. Clinical signs of fin necrosis started to appear in the 6-th day after dipping
in bacterial suspension. At the beginning in the traumatized place an inflamation
appeared as redness but 2 — 3 days later (in the 8-th and 9-th day) fur was observed.

In the group of control 4 salmon’s parrs died during the experiment: in the
4-th, 19-th, 24-th and 38-th day. There were no visible pathologies and no pathogen
bacteria were isolated (Fig.12.)

Pathogen bacteria A. hydrophila and A. salmonicida were isolated from fins of
salmon os the third experimental group. In all cases monoinfection was observed.

Group I-S was the one that reached 100% cumulative mortality faster than
others — in the 18-th day but I-H — 20-th day after infection but when dipping fish in
bacterial suspension, 100% cumulative mortality was reached in the 33-rd (V-S) and
34-th (V-H) day.

In the experimental groups infected with A. hydrophila fish infected by
injection of bacterial suspension in abdominal cavity died faster than those dipped in
bacterial suspension. When comparing two ways of dipping, we established that the
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group which were cut in dorsal fin before dipping in bacterial suspension of
A. hydrophila, reached the cumulative mortality later.

A little bit different situation appeared in exparimental groups which were
infected with A. salmonicida. Just like before the cumulative mortality 100% was
reached fastest by experimental group which were injected with bacterial suspension
in abdominal cavity. But when comparing both groups which were dipped in bacterial
suspension, the first that reached 100% cumulative mortality was the one which were
cut in dorsal fin before dipping in A. salmonicida bacterial suspension.

Both in our and Magnodottir (2002) research the pathogen bacteria which
were used for infection, were isolated from infected fish even when no signs of illness
were seen.

In the summary, when infecting fish with pathogen bacteria which are isolated
from fin tissue, we established that in certain circumstances the affection with fin
necrosis can be caused both with A. hydrophila and A. salmonicida.

CONCLUSION

1. The fin necrosis of salmon parrs affect fish in age from one summer old salmon
(0+) to smolts (1) and is common in all specialized hatceries of Latvia where
salmon are reared in tanks but in salmon reared in ponds and salmon of natural
spawn fin necrosis isn’t observed.

2. In the salmon living in river the first fin ray of dorsal, pectoral and ventral fins is
substantially longer (p<0,001, p<0,05) than for salmon smolts reared in tanks and
ponds. Substantially shorter (p<0,001, p<0,05) is the first fin ray of dorsal fin of
salmon living in tanks.

3. The distribution of salmon parrs fin necrosis affects 95 % of all fish and more
often (p<0.05) it is registered in the dorsal fin (pinna dorsalis). Fin pathologies are
common in different levels, starting from deviding of fin membrane, ending with
loss of fin rays and absolute loss of fin. In fins of salmon parrs (0+) reared in tanks
in the second part of summer visible pathological changes can be seen.

4. For adult salmon acute fin necrosis wasn’t established but the loss of fin and
malformation of different levels were seen.

5. The necrosis index of adult salmon is substantially (p<0.05) lower than NI of
smolts. For adult salmon fin malformation was seen only of dorsal fin but for
smolts in other fins too. It makes us to consider the high mortality after releasing
in sea.

6. It was observed that fin necrosis of salmon parrs has developed in the result of
bacterial influence. In the case of acute necrosis the highest isolated cfu amount
was registered in summer months. For the most part from fin tissue were isolated
Aeromona hydrophila and Aeromona salmonicida.

7. It is experimentaly prooved that fin necrosis is a wound infection because it was
observed when infecting fish by dipping method after artificially caused trauma.
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The cause of fin necrosis is traumatism which is followed by secondary
microflora.

. When infecting fish with pathogen bacteria isolated from fin tissue most often it
was observed that in certain circumstances fin necrosis can be caused by
A. hydrophila and A. salmonicidae.

RECOMENDATION FOR PRACTICE

. We suggest to avoid different manipulation with fish (sorting, transporting etc.)
from July to the beginning of October: in the period when water temperature is the
most beneficial to development of bacteria.

. The careful dealing with fish must be considered to avoid fin traumatizing while
cleaning the tank and the counting of fish (inventory).

During the sorting, transporting and other manipulations anaesthasia devices must
be performed which relax muscles of a fish, in the result fins flatten to the body
protecting themselves from trauma.

. The direction of water flow in tanks must be changed regulary to level the load to
both pectoral fins.
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