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IVADAS

Darbo aktualumas. Reprodukcija yra kritinis laSiSini Zuw
gyvenimo periodas. Visos lasi&inSalmoninaepoSeimio Zuvys kasa
savo ikrug 2virgzdo lizdus ugs dugne, kur jie vystosi ifglaika (apie
pus: mely vidutiniy platumy regione). lkrai yra jaulis inkubacigs
aplinkos, kuri labai kinta upiekosistemose, pokams, ypé didéjant
antropogeniniam poveikiui (Crisp, 1989, Soulsbitir 2001). Nersto
efektyvumas labai priklauso nuo nersto vietos pasmo ir lizdo
kokybes inkubacijos periodu. Zymus mirtingumas pasir@isiin—
lervy stadijoje (Chapman 1988; Fleming 1998; Armstrarig.i2003).
Kitas reikSmingas populiacijos ,butelio kaklelio'festas stebimas
ankstyvuoju kritiniu periodu, kuris prasideda mailiSsiritus i$ lizdo
ir pradedant egzogerimmityba (Elliott, 1989; Amstrong ir Nislow,
2006). Ritimosi i3 lizdo laikas irdalas reikSmingai veikia jaunikfi
iSgyvenamunm ir augimy ankstyvuoju kritiniu periodu (Amstrong ir
Nislow, 2006), o tai savo ruozZtu lemia kohortoprstirg ir apskritai —
laSiSiny Zuw iSteklius. Kadangi Sios ankstyvosios vystymosdigba
yra yp& jautrios biotiniams ir abiotiniams veiksniamsy &tadijy
tyrimai yra esminiai laSiSini Zuw; populiacijos ekologijai, valdant,
apsaugant ir atstatant iSteklius.

Visuotinis susiipinimas maganciu lasiSinip Zuw nersto
efektyvumu ¢me didelio masto lasiSini Zuw reprodukcijos tyrimus
(Chapman 1988, Crisp ir Carling 1989, Bjornn ir $&ei 1991,
Kondolf ir Wolman 1993, Elliott 1994, Fleming 1998rmstrong ir
kt. 2003; Esteve 2005, Louhi ir kt. 2008), ir tagabejotinai, yra viena
labiausiai iStinp Zuw Seimy pasaulyje. Viena labiausiai Siuo aspektu
iStirty raSiy yra margasis upakis Salmo truttal., kuri yra labai
polifiletiné su labiausiai paplitusiais dviem [péiais: g€slus margasis
upetakis Salmo trutta farioir anadromig forma — SlakisS. trutta
trutta (Elliott, 1994). Lyginant suésliuoju marguoju u@takiu, Slaki
geografine prasme, taip pat turi nemazai spragdangi dauguma
tyrimy buvo atlikta Siaurs Amerikos, Skandinavijos, Jungim
Karalysts, Pranazijos kaln; ir aukStunay upese. Literafiros analiz
atskleia informacijos stok apie Pietryiy ir Ryty Baltijos region.



Daugelis upi Ryty Baltijos regione, kuris yra laikomas atskiru
biogeografiniu regionu (pagal Benfly vandens politikos direktyy,
yra svarbios laSiSini Zuw; reprodukcijai ir reikSmingai prisideda prie
Baltijos jaros Slaky ir Atlanto laSi$ iStekly. Lietuvos upse
aptinkama daug naaliy upétakiy (sesliy ir anadroming) populiacij
(Kesminas ir kt., 2000). Nuo 1998 metipése vykdoma valstybin
laSiSiniy Zuw populiaciy baklés monitoringo programa, ir kai kuriose
svarbiausiose reprodukeése ugse nuolat stebimas praajviasiSiniy

anee

nerStaviéiy tyrimy moksliniu pagrindu. Si studija yra pirmas
bandymas uZpildyti §i Lietuvos upi tyrimy sprag. Plati Slaki
nersto ekologijos studija, nuo nersto vietos pakimo iki mailiaus
iSsiritimo, buvo atlikta tipiniame Slakireprodukciniame upelyje —
BlendZiavoje. Sis upelis reprezentatyviai atsplagiSiny Zuw nersto
salygas visame Minijos, kuri yra laikoma etaloninealdl upe
Lietuvoje, baseine. Rezultatai taip pat gaitilreikSmingi ir kitoms
lygumy tipo ugms vidutiniy platumy regionuose.

Darbo tikslas — jvertinti Slakiy nerStaviéiy charakteristikas iry

e

itaka reprodukcijos efektyvumui tipiniame lygwm laSiSiniame

upelyje.

Darbo uzdaviniai:

1)
2)
3)
4)

5)

nustatyti Slaki nersto vieg pasirinking ir charakteristikas
skirtingo erdvinio lygio buvei¢se;

jvertinti  Slaky ,akutes” stadijos ikn iSgyvenamumo
laipsn nafiraliuose lizduose;

jvertinti mailiaus ritimosi iS lizd efektyvum, laika ir
budingus bruozZus;

nustatyti lizd; vidugruntiny paramety jtaka ikry
inkubacijos efektyvumui ir mailiaus ritimuisi i&tlo;

jvertinti jaunikliy pasklidimy upelyje palikus lizd.



Mot e

Darbo naujumas. Sis darbas yra pirmas i$samus laSigiiv
reprodukcijos ekologijos Piettiy ir Ryty Baltijos regione apraSymas.
Taip pat tai yra vienas pinjy visas pagrindines stadijas
intergruojartiy Slakiy reprodukcijos ekologijos tyrimlygumy upése.
Slakiy lizdy perkasimas pavaganersiagiy negiy buvo pirmy karty
apraSytas kaip ekologinis veiksnys, galintis étiur povek
neissiritusiam arba besiritiam laSiSiny Zuw mailiui. Pirmy karta
besiritartio iS lizdo mailiaus bklei jvertinti pritaikyta RNR:DNR
santykio analiz.

Moksliné ir praktin ¢ rezultaty reikSmeé. Tyrimy rezultatai
prisideda prie sudingos laSiSini Zuw ankstywjy gyvenimo stadij
ekologijos ir lasiSini upiy ekosistem funkcionavimo supratimo.
Rezultatai gali bti svarlis vystant laSiSimi upiy tyrimy kryptis
ateityje, atkreipiant émeg j reikSming gruntinio vandens poveik
reprodukcijai, yp& upese su Zymiu gruntinio vandens maitinimu.
LaSiSiny Zuw nersto slygy tyrimy rezultatai turi dided pritaikormja
reikSne. Informacija apie nataliy nerStaviéiy strukiirg ir
funkcionavimy yra esmig upiy atstatymo projektams, kuriuose
ypatingas dmesys skiriamas vagos kompleksiSkumo ir nerStayie

atstatymui.
Ginamieji teiginiai

1. Slakiy nersto vietos pasirinkimas BlendZziavos upelyje¢jeur
specifinius bruozus upelio, geomorfologinvagos vienet bei
mikrobuveires mastais, ir sus$ su optimaliomis gygomis ikny
iSgyvenimui.

2. Vertikalusis hidraulinis gradientas yra svarbuskseys, lemiantis

nersto mikrobuveies pasirinkina  bei  veikiantis lizdo
vidugruntinio vandens fiziko-chemines charaktekissi

3. Gruntinio vandens iSkrova reikSmingai neigiamai kizgeiikry
inkubacip ir mailiaus ritinasi i$ lizdo.

4. ,Akutes” stadijos ikn iSgyvenamumas iki mailiaus yra neigiamai
veikiamas smulkijju sedimeni kiekio nerStininiame substrate,



tatiau iSgyvenamumas iSlieka Zymus ir esant dideliems
sedimentacijos mastams.

5. Mailiaus ritimosi i$ lizdo periodo pabaiga yra kiis momentas
Zuw kiino somatinei tiklei.

e

e

lizdus ir gali tugti poveiki laSiSiny Zuw ankstyvosioms
vystymosi stadijoms.

7. Jaunikly pasiskirstymas upelyje yra sugsijsu artima gimtosios
nerStaviets aplinka, bet pasklidimo mastas da mazjant
tinkamy buveiniy jaunikliams prieinamumui.

Darbo rezultaty aprobacija ir publikacijos. Sio darbo rezultatai
buvo pristatyti 7 tarptautése ir 2 Salies konferencijose ir
seminaruose: 2-0ji ir 3-ioji regionds student konferencijos —
.Biojvairow ir vandens ekosistamfunkcionavimas Baltijos tyos
regione“, 2006 m. spalis, Klaiga; 2008 m. spalis, Juodkrant
Siaugs 3aliy doktorang seminaras d Salmo salarir Salmo trutta
tyrimy (NoWPaS), 2007 m. kovo 22-25d., Jyvaskyla, Sugniiia
asis Europos ichtiologijos kongresas, 2007 m. &og3—13d., Cavtat
(Dubrovnik), Kroatija; Europos doktoranseminaras é Salmo salar
ir Salmo truttatyrimy (NoWPaS), 2008 m. vasario 14-17d., Roskilde,
Danija; NoWPaS seminaras, 2009 m. kovo 19-22 dutifampton,
Anglija; 13-asis Europos ichtiologijos kongresa@02 m. rugéjo 6-
12 d., Klaigda, Lietuva; Nacionalin jaunyju hidroekolog
konferencija, 2005 m. spalis, Any&i; ir 2007 spalis, Maitai.
Disertacijos tema paskelbtos dvi moksafinpublikacijos (viena iSuj
spaudoje).

Disertacijos struktara ir apimtis. Disertacij sudaro 7 skyriai:
Ivadas, Literafros apZvalga, Tyrim vietos apraSymas, MedZiaga ir
metodai, Rezultatai, Rezultataptarimas, ISvadosbei Literatiros
sqrasas Disertacijos medziaga ir rezultatai pateikti J36lapiuose,
36 paveiksluose ir 15 lenteli Disertacijoje pamiéta 213 literairos
Saltiniy. Disertacija parengta angkalba.



Padékos.

Dékoju savo darbo vadovui dr. Tomui Virbickui uz skte laisw
patiam laisvai rinktis tyrimm objektus ir idjas, uZ pasitigima ir
supratingum, bei galimyle iSmokti taikyti nukleoig&iy santykio
metod,. llgalaikiai ir intensyws tyrimai ity buwe ngmanomi be
Stonkg Seimos man suteiktos galimgggyventi Salia tyrim upelio.
Uz ilgalaike Silta vieSnag nuostabioje sodyboje ir visokeripp
pagally, reiSky didZiausy padctka Stonky ir Matuliy Seimoms. Esu
labai ctkingas savoévams ir @dei Arvydui uz kantryb gaminant ir
remontuojant didzja dal tyrimy jrangos.

Noriu nuoSirdzZiai pagkoti daugybei Zmoni, jneSusiems indj |
mano darh: kolegoms ir draugams Tomui Ruginiui, Kasparui
Bagdonui, Kstwiui Matiukui, Antanui Kontautui, Antanui Kubiliui,
Antanui Mikuckiui, Ignui Kazlauskui, Pavelui Kulikoi uz nog ir
ryzta pactti lauko darbuose nesibaiminant ledinio vandensjuiJo
Dygliui uZz vertingas Zinias ir pagalbsurenkant ir prifirint
eksperimentinius Slakiikrus; Antanui Vazniui ir Rolandui Motkui
uz Slakiy ikrus eksperimentui; Aitui Zaiko ir ,Garant" kolektyvui uz
tyrimy jrangos gamyd ir remont; Elenai Gorokhovai ir Hedvig
Hogfors uZ suteikt galimyb: pasinaudoti laboratorija ir pagalb
atliekant RNR:DNR analigz Petrui RupSiui uz eksperimentinikry
déZzwiy jterpimo vamzdii gamyl,  Veciaslavui Jurkinui uz
Zenelapius ir GIS informacy; Janinai BarSienei uz paskolirDiuaro
indg; AAA Jariniy tyrimy departamento direktoriui Algirdui
Stankewtiui ir kitiems darbuotojams uz suteikgjalimybe pasinaudoti
automatine grunto kratykle ir -80Saldikliu, uz hidrochemini
paramety matuokly interkalibraci; Jukka'i ir John'ui uz gausyb
reikalingy straipsni kopijy; Mindaugui Ziliui uz vandens éginiy
nitraty analiz; Jiratei Lesutienei uz suteiktidéja ir padgsinimg
mano darbe panaudoti nukleg&iy santykio analig. Atskirai noriu
pactkoti Antanui Kontautui uZz vis mano ichtiologie karjer
Klaipédos universitete.

Dariui Dauniui ir Sauliui Stadnui dekoju uz Sio darbo juodra®
skaitymy, kalbos pataisym ir vertingas dalykines pastabas.
NuoSirdZiai @koju KU Mokslo skyriui, ypd Vitai JuSienei uz pagadb



rengiantis gynimui; doktoramtos komisijos pirmininkui prof. habil.
dr. Sergejui Oleninui, Zitai Gasiaitei ir kitems komisijos nariams
uz pagalb, pasitikjima ir palaikym; taip pat visiems kolegoms ir
bendramoksliams doktorantams uZz draugighoksline atmosfes ir
palaikymy visy mano studij metu.

Ir galiausiai paia didZiausy savo paéka reiSkiu Zmonai Nijolei
uZ jos supratingum nepamatuojam kantryke ir mano ilgalaiki
nebuvimy namuose toleravim Esu labai ékingas uz pagalp ir
nuotaikos praskaidrinim prie ugs, bei tvarkant duomenis. Jos
visapusiSkas palaikymasjpestis ir me# visus Siuos studjj metus
pacdjo man ¢sti ir pabaigti § darky. Sity disertaciy skiriu savo
mylimai Zmonai.

Darbe buvo panaudoti Lietuvos hidrometeorologij@snybos
Minijos debito duomenys.

Finansik parama rengiant darbbuvo suteikta Baltijos pajio
tyrimy ir planavimo instituto, Siaés 3ali fondo Nordic Marine
Academyir Lietuvos mokslo tarybos.

MEDZIAGA IR METODAI

Tyrimai buvo atlikti maZzame VakarLietuvos lygunay upelyje —
BlendZiavoje. Tai 29,2 km ilgio, 85,6 Knbaseino ploto ir 0,33%
vidutinio iSilginio nuolydZio tréios eiks Salanto intakas (Minijos
baseinas) (Gailiusis ir kt., 2001). Tai tipinisSi&nis upelis, turintis
gausi Slakio Salmo truttal. populiacip. Remiantis daugiani&is
monitoringo duomenimis (1998-2010 ng), truttapopuliacijos tankis
¢ia kinta nuo 10,0 iki 84,8 ind./lOOzr'(]vidurkiSiSN — 32,0+£18,9) ir
yra vienas didZiaugi Lietuvos ugse (Kesminas ir kt., 2000;
Kontautas ir kt., 2010). SlakinerStaviiy tyrimai buvo vykdyti
dviejy nersto sezanmetu: 2007/2008 ir 2008/2009 metais; keturiose
pagrindirese ugs atkarpose: BR, BG, BS ir BK, pavadintose pagal
artimiausy kaima (BK — BlendZiava ties KlsodZiu; BS — ties
Skaudaliais; BG — ties GaivaliSke ir BR — ties Rek¢l pav.).
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Legend

- salmonid redd description section
- sea trout egg in situ incubation site

O/Q - fry emergence trap in 2008/2009
4 - temperature measurement site
- electrofishing for parr distribution

salantag

1 pav. Tyrimy viety pasikirstymo BlendZiavos éjp 2008 ir 2009 metais,
Zenelapis.

Fig.2. The map of study sites distribution in 2008 an®®20The four |
principal stream sections were investigated, whach named according to
nearby village: BK — BlendZiava atialsodis; BS — at Skaudaliai; BG — at
GaivaliSk; and BR — at Reket Within these sections were accomplished
salmonid redd counts and description; sea trout sgiyival experiments; fry
emergence study; and juvenile’s electrofishingdigpersal evaluation.
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Nersto viety apraSymas.NerStaviets kiekviename tyrim ruoze
buvo jvertintos priskiriant jas vienam iS geomorfologiniagos tip
(réva, sraunuma, sekli ramuma, déobrévos-duolgs tranzitire zona)
ir apraSant i charakteristikas. NerStipi lizdy hidraulires
charakteristikos (15 cm substrato gylyje), kaip sétdio hidraulinis
laidumas (cm val) ir vertikalusis hidraulinis gradientas (VHG), v
matuojamos modifikuotu Terhune Mark Vegimo vamzdziu pagal
Barnard ir McBain (1994) bei Baxter ir kt. (2003gtndikas. VHG
yra bedimensinis dydis, kurio neigiama reikdmdo pavirSinio upelio
vandens infiltraci i dugno grurg, o teigiama reikS& rodo
vidugruntinio vandens iSkrav | substrato pavirg§i Kiekvienoje
hidrauliniy matavimy vietoje buvojvertintos ir vidugruntinio vandens
charakteristikos: itirpusio deguonies kiekis (DY I''), temperatra
(temp), elektrinis laidumas (CND, pS &ir pH.

Gruntinio vandens analizei naudaNCND (CNDygrinio vanders
CNDpaviréiau; ir Atemp (temporinio vandens” temmaviréiau; parametrai-
Pagal deguonies koncentracijas, iSmatuotegirsb vamzdzio viduje
ir iSoréje, buvo apskaiuotos porinio vandens ,santykinis deguonies
prisotinimas“ (RDOS, %) =Dginio vandens100/DOpavirsiaus

Lizdo substrato gginiai buvo rinkti pasibaigus mailiaus ritimosi
i$ lizdy periodui, todl atspindi sumines ikr inkubacijos slygas.
Substrato reginiai rinkti McNeil tipo gruntotraukiu iS 18+2 crgylio.
Atlikta granuliometrig meginiy analiz ir apskatiuoti standartiniai
substrato strukitos ir kokylkes rodikliai: medianinis diametrass§
(mm), vidutinis geometrinis diametras ; dmm), m@Siuotumo
koeficientas § Fredle indeksas;Fsmulkiosios frakcijos (<2 mm ir
<0,063) dalis raginyje (%).

Slakiy ikry iSgyvenamumo in situ eksperimentas. Siekiant
jvertinti, kokia itaka naudojamos nerStavést turi ikng inkubacijos
efektyvumui, buvo atliktas inkubacijos nedliuose Slakj lizduose
eksperimentas. lkrai inkubuoti eksperimeas@ @&Zutese, kuriose
vertintas iSgyvenamumas (%) nuo ,adgftstadijos ikro iki mailiaus
ritimosi i$ lizdo stadijos.

Mailiaus ritimosi iS natarali y lizdyg tyrimas. 2008 ir 2009 met
pavasair buvo jvertinti mailiaus ritimosi laikas bei dinamika, gkant
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iSsiritug mailiy specializuotomis gaudydis (Porter 1973; Dumas ir
Marty 2006). Buvo atliekama kasdieaingaudyklyy patikra, ir
nustatytas detalus mailiaus ritimosi i$ lizderiodas. Dalis mailiaus
meéginiy buvo paimtaj laboratorij morfologinei analizei. ISmatuotas
mailiaus kino ilgis (Ly, mm), Slapias (WW mg) ir sausas (DWW mg)
kino svoris; apskaiuotas Fultono &no hiklés koeficientas K=
WW-*100/L3, nustatytas trynio likutis (% S$lapio svorio) ir
maitinimosi tukleé.

Sioje studijoje naujai panaudotas nukiEstiy RNR:DNR
santykio metodas, siekiant nustatyti iSsiritusiakil mailiaus kino
somatirg bikle. RNR:DNR santykio analizmailiaus raumenyse buvo
atlikta Stokholmo universiteto Sistemekologijos laboratorijoje,
kiekybiSkai jvertinant nuklearg&iy koncentraci fluorimetriniu
metodu (Gorokhova, 2005).

Jaunikliy pasklidimo nuo nerStaviiy vertinimas. 2009 mei
birzeli, prajus vienam ranesiui nuo mailiaus ritimosi pabaigos, 0+
amziaus jaunikliai buvo gaudomi elektrozkiés metodu 200-700 m
ilgio tyrimy ruoZuose (1 pav.). Jauniklipasklidimo mastas buvo
vertinamas kaip individ gausumas 20 m ilgio sekcijose,
iSsickstiusiose nuo artimiausio Zzinomo lizdo.

Négiy ir Slakiy reprodukcinés sveikos studija. 2008 ir 2009
mety pavasar buvo vykdyta speciali studija, siekiant nustatyti
pavasar nerSiagiy upiniy ir majy negiy potenciad perkasti
laSiSiny Zuw lizdus simpatriamis silygomis. Tyrimy metujvertinta,
kaip Slaki lizdy charakteristikos persidengia &iampetra genties
negiy nerStaviéiy reikalavimais. Analogiskai, kaip ir Slakimailiaus
ritimosi vertinimas, buvo nustatytasgiy raSiy nersto laikas, siekiant
patikrinti hipotez dél ity reprodukcini proces persidengimo.

Statistiné duomemng analize. Vidutinés Slakiy nerStaviéiy
charakteristikos, lizg substrato  struktos, hidrauligs ir
vidugruntinio vandens fizikochenia charakteristikos, ikr
iSgyvenamumo laipsnis buvo lyginami tarp keiysagrindiniy tyrimy
ruoz, ir tarp pagrindini geomorfologini vagos tip. Priklausomybei
tarp skirting; chrakteristiky nustatyti buvo naudojami vigmanomi
duomenys. Prie$ anafizbuvo patikrinta, kaip duomenys atitinka
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normalumo ir disperaij homogeniskumo salygas. Kaiglygos buvo
netenkinamos, duomenys buvo log(x) transformuoj@malizei buvo
naudoti standartiniai statistiniai parametriniai meparametriniai
metodai: vienfaktorié ir dvifaktorine dispersig analiz ANOVA,
Stjudento t testas nepriklausomoms imtims, Peaosotesires
koreliacijos, paprastos ir daugiabg tiesires regresijos anaks,
neparametriniai Kruskal-Wallis ir Mann-Whitney taist Daugiamaits
statistikos metodai buvo taikomi fakteritarpusavio priklausomybei
nustatyti (PCA) ir mailiaus ritimosi i$ lizdo paratrams susieti su
aplinkos veiksniais (RDA).

REZULTATAI

Slakiy nerStavietiy  pasirinkimas ir  charakteristikos.
Gausiausiai Slaki nerStaviéiy buvo BR aukStupio tyrim ruoze, o
didZiausiu potenciali nerStaviéiy kiekiu pasizymidiame BK
Zemupio tyriny ruoZe nersto lizgtankis buvo nedidelis.

Vertinant  nerSto  viet pasiskirstym tarp  skirting
geomorfologini vagos tim taip pat nustatytas neproporcingas |
pasirinkimas. Daugiausiai (44-57 %) nerstitizdy buvo randama
tranzitinese duobs-revos zonose (2 pav.), kai tokio tipo ruozai yra
reciausi ugs ilgio atzvilgiu. Intensyviausiai nerstui naudojamvy
ruozai pasizyrgo tinkamiausiomis nersto (didZiausias kiekis timka
2virgzdo) ir vidugruntigmis ikry inkubacijos slygomis.

Neigiamo nuolydZio dugno profilis duédrévos tranzitikse
zonose lemia dominuojéias pavirSinio upelio vandens infiltracijgs
dugno grurd salygas (neigiamas vertikalusis hidraulinis gradishta
(3a pav.). Neigiamas VHG dominavo intensyviausidaki§
naudojamose buveire (gvose ir duobs-révos zonose — 92-94 %) ir
buvo vidutinikai stipriausias (3b pav.). Skaketai naudotose duéb
tipo buveirese (duobs ir seklios ramumos geomorfologiniai vagos
tipai toliau buvo analizuojami bendrai) dominavo 5 @)
vidugruntinio vandens iSkrova (teigiamas VHG) (Vaktorine
ANOVA, d.f.=3, P<0,001) (3b pav.).
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2008 m. (n=41) ir 2009 m. (n=87), kur pool-riffleansition — duobs-revos
tranzitine zona; riffle — eva; run — sraunuma; glide — sekli ramuma; pool |-
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Fig. 2. Distribution of spawning redds in different streaghannel
geomorphic units in Blendziava Stream in 2008 (n=aid 2009 (n=87).
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pasiskirstymas (n=120) (a); ir vidutinis (¥SN) Slaklizdy VHG, esadiy
skirtingo tipo buveipse: 1 — duobs-revos tranzitik zona; 2 — eva; 3 —
sraunuma; 4 — duab Skirtingos raids Zymi statistiSkai reikSmingai

skirtingas grupes (Tukey’s HSD post hoc daugkartipginimy kriterijus, P
<0,05).
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Fig. 3. Frequency distribution of redd’s average vertitgidraulic gradient
(VHG) (n=120) (a); and mean (#SD) VHG of redds iiffetent channel
geomorphic units (CGU): 1 — pool-riffle transitio; — riffle; 3 — run; 4 —
glide and pool (pooled) (b). Different letters i) (denote statistically
significant difference at P < 0.05 (Tukey’s HSD fpusc test).

Vidugruntinio vandens iSkrovos vietose buvo nustay
statistiS8kai reikSmingas vjs fizikocheminyy porinio vandens
chrakteristiky skirtumas nuo pavirSinio vandens infiltracijpgrunt,
viety (Mann-Whitney U testas, d.f.=317, P <0,001 visiems
parametrams) (1 lentgl Vidugruntinio vandens iSkrovos vietose
porinis vanduo buvo maziau prisotintas deguoninalteSnis ir
didesnio elektrinio laidumo, o tai rodo, kad teigm VHG vietose
paprastai iSsikrauna dideésnmineralizacijos ir hipoksinis gruntinis
vanduo (4 pav.), sukurdamas nepalankias inkubacisdggas.
Stipresnio neigiamo VHG poveikyje lizde dominuojarmoksinis
pavirSinis upelio vanduo (RDOS >80 YANEND ~ 0) (4 pav.).

1lentelé. Slakiy lizdy porinio vandens fizikochemis charakteristikos
(vidurkis + SN) (itirpusio deguonies koncentrac{O), mg T porinio
vandens santykinis deguonies prisotinimas (RDOS), skirtumas tarp
porinio ir pavirSinio vandens elektrinio laidumal@ND) ir temperadros
(4temp)), pavirSinio vandens skverbimogi grunty (downwelling) ir
vidugruntinio vandens iSkrovos (upwelling) viet@se318).

Table 1. The comparison of physicochemical parameters efstitial water

samples (dissolved oxygen concentration (DO), nig relative DO

saturationof interstitial to surface water (RDOS), %; intrétsl to surface

water difference in electric conductivit @ND) and temperaturedfemp))

from the downwelling and upwelling (0 and positiidG) sites. Data from
all individual measuring occasions included (n=318)

VHG DO RDOS ACND Atemp
Downwelling (-) 8,0+1,7 84,4+15,4  5,7+13,8 0,2 +0,2
Upwelling (0 and +) 6,1+2,1 67,9+21,8 15,5+23,2 0
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4pav. RDOS ir ACND reik8mi iSsibarstymas vertikaliojo hidraulinio
gradiento (VHG) atzvilgiu.

Fig. 4. Scatterplot of RDOS andCND versus vertical hydraulic gradient
(VHG).

Lizdo hidrauliniams ir porinio vandens fizikochenams
parametrarns taikyta pagrindinkomponesiy analiz (PCA) parod,
kad porinio vandens deguonies santykinis priso@sinmeigiamai
koreliuoja su VHG,ACND ir Atemp, bet nepriklauso nuo substrato
hidraulinio pralaidumo (P >0,05).

Bendras vidutinis lizg substrato pralaidumas buvo 314312942
cm h* (100-19206 cmh n=120), ir reikmingai nesiskymei tarp
tarp dvieji tyrimy mety, nei tarp skirting tyrimy ruoz;, nei tarp
skirtingy vagos geomorfologinitipy (P >0,05).

Nerstinio substrato struktos analizei panaudotas 51 grunto
meginys i$ 37 lizd, tirty 2008 metais. Vidutis standartinj nerstinio
substrato koky&s rodikliy reikSnes pateiktos 2 lentgle. Ne vienas
substrato strukiros rodiklis nesisky nei tarp skirting tyrimo ruo#;

(2 lenteb); nei tarp skirting geomorfologiny vagos tim (i analiz
neitraukiant duobs tipo, nes i$ Sio tipo buvo tik vienasegmys)
(vienfaktorire ANOVA, P>0,05 visiems rodikliams).
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2 lentelé. 2008 meat Slakiy lizdy substrato struldros vidutiniai ¢SD)
rodikliai (vidutinis geometrinis diametrasgy,dmedianinis diametras dg
raSiuotumo koeficientas, SFredle indeksas;Fsmulkiosios frakcijos (<2 mm
ir <0,063 mm) dalis reginyje) skirtinguose tyrimruoZuose.

Table 4. Mean ¢SD) redd substrate characteristics (mean geometric
diameter ¢, median diameter {3, sorting coefficient & Fredle index F
content of fines (<2 mm ir <0,063 mm) in a samgle)different study
sections, determined from spring 2008 samples. Rahgneasured values is
given in parentheses.

BK BS BG BR Total
n 7 3 10 17 37
dg, mm 7,8+2,2 9,4+1,6 10,2+4,0 11,0+3,9 10,0+3,6
(3.9-19,2)
Dgo, mm 12,1+2,8 14,143,0 15,6+6,4 16,145,5 15.045,3
(6,5-29,5)
S 3,2+0,7 3,1+0,8 3,0+0,7 2,8+0,6 3,0+0,7
(1,9-4,4)
Fi 2,7¥1,1 3,1+1,1 3,7+2,1 4,3+2,2 3,7+2.0
(0,9-9,0)
Fines %:
<2mm 22,8459 20,0+4,9 19,946,7 17,6+6,6 19,4+6,4
(7,9-31,8)
<0,063mm 0,25+0,22 0,12+0,09 0,27+0,26 0,21+0,17 0,23+0,20
(0,05-0,87)

Nerstiny lizdy substrato kokyd buvo prasta 2008 metais,
smulkiajai <2 mm frakcijai ®ginyje siekiant labai didelius kiekius
(>15 % laikoma kritiniu lasSiSimi Zuw iSgyvenimui (Louhi ir kt.
2008)). Pagrindiniai  substrato  rodikliai (po  lodorinés
transformacijos) stipriai priklags nuo sneélio (<2 mm) dalies
meginyje (r>0,8, P<0,001). Su <2 mm frakcijos kiekatipriai
koreliavo substrato hidraulinis pralaidumas (log(gansformuoti
duomenys, r=-0,767, P<0,01), tbdhidraulinis substrato pralaidumas
darbe yra naudojamas kaip substrato siinalst apytiksligvertis.
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5 pav. Ikry iSgyvenamumas nuo ,akist' stadijos iki mailiaus priklausomai
nuo smulkiosios frakcijos (<2 mm) kiekio 2008 neetéd); substrato
hidraulinio pralaidumo (b); ir gruntinio vandenskifovos stiprumoACND).
Punktyrire linija Zymi kritine parametro reikSmikry iSgyvenimui.

Fig. 5. ‘Eyed’ egg to fry survival in relation to conteof <2 mm fines (data
of 2008) (a); to substrate permeability (b); andogndwater upwelling
(ACND) (c) in 2008 and 2009. Dashed lines indicatiéiaal (lethal) limit of
redd environmental parameters to egg survival.

19



Slakiy ikry iSgyvenamumas nuo ,akués® stadijos ki
mailiaus. 2008 metais nuo ,akeg" stadijos pradzios iki ritimuisi
pasiruosSusio mailiaus (EETF-2008) iSgyveno vidgkai (xSN)
35,54£30,4 % iky (nuo O iki 88 %, n=23). 2009 metais (EETF-2009)
iSgyvenamumas nuo ,akg’ stadijos pabaigos iki iSsiritusio mailiaus
buvo 33,8429,6 % (nuo O iki 91 %, n=23).¢lD skirtingo
eksperimentinj ikry iSsivystymo laipsnio eksperimento pradZioje ir
pabaigoje dviej meiy rezultatai negali #iti lyginami tarpusavyje
tiesiogiai. DidZiausias ikriSgyvenimas abejais metais buvo stab
BR tyrimy ruoZze, taiau statistiSkai reikSmingo skirtumo tarp tytm
ruoz; nenustatyta (vienfaktodnrANOVA, P >0,05).

Kad nustatyti eksperimentinikry iSgyvenamumo priklausomyb
nuo aplinkos fakton, buvo taikyta daugialyp regresig analiz
atskirai EETF-2008 ir log(x+1) tarnsformuotiems HEZ009
iSgyvenamumo duomenims. Substrato pralaidumas, k#vsids
frakcijos <2 mm dalis ®ginyje, VHG, RDOS ir gruntinio vandens
poveikis ACND) paaiskino 60% EETF-2008 iSgyvenamumo
variacijos (P <0,001, n=25). Smulkiosios frakcijes2 mm) dalis
meéginyje buvo pagrindinis veiksnys, neigiamai veikian ikry
iSgyvenamura nuo ,akugs” stadijos iki mailiaus (?2:0,50, P <0,001)
(5a pav.), téiau pakankamas iSgyvenamumas buvo uZzfiksuotas prie
aukst; sedimenti kiekiy (5a pav.).

Substrato pralaidumas, VHG, RDOS ACND paaiskino 73%
log((EETF-2009)+1) iSgyvenamumo (P <0,05, n=23)nt@dnis
porinio vandens prisotinimas deguonimi (RDOS) buwenintelis
statistiSkai patikimas kintamasis modelyje, teig@ameikiantis ikg
iSgyvenim, (R°=0,698, P <0,001). Tuo tarpu RDOS stipriai neigiama
koreliavo su gruntinio vandens iSkrovAQND) (r=-0,73, P <0,001,
n=23).

Mailiaus ritimosi iS lizdo ypatumai. 2008 metais 14-oje
gaudykliy i8 viso buvo sugauta 4124 mailiaus individai (ridki
1429 individ; lizde); 2009 metais bendras sugavimas buvo 3006
individai (nuo 1 iki 933 individ lizde). Vidutine apskatiuota
mailiaus iSeiga (£SE) i8 vieno Slakio lizdo Bleralije buvo 299+71
individai.
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Bendras mailiaus ritimosi periodas buvo labaisIg@08 metais —
prasictjes balandZio 4 d. ir pasibaig gegués 25 d., truko 52 dienas.
Vidutiné ritimosi trukme atskirame lizde buvo 29+8 dienos (16—41).
2009 metais ritimasis pragjd Zymiai wliau, buvo trumpesnis (32
dienos) ir labiau koncentruotas (vidutiniSkai izdlb ritosi 20+6
dienas) (Mann-Whitney U testas, P < 0,05).
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6 pav. Bendras mailiaus ritimosi i$ lizdo daznisantykinio dienos — daily ir
sukauptasis — cumulative) pasiskirstymas 2008 (nkAdk) ir 2009 metais
(n=12).

Fig. 6. Generalized fry emergence relative (daily) and ulative
distribution in 2008 (n=14 redds) and in 2009 (n312

Vidutinis (£SN) i8siritusio S lizdo mailiaus ilgi Ly buvo
26,9+1,5 mm (20,3-30,9 mm); Slapiagnk svoris WW 116,4+17,4
mg (60,1-171,8 mg); ir sausas svoris PW9,7+3,0 mg (8,7-28,6
mg) (abej mety, visi lizdai, n=1068). Kno somatias bukks
Fulton‘o koeficientas K buvo Zemas: 0,61+0,08 (6B87). Mailius
ritosi iS lizdo, kai vidigs trynio atsargos buvo prie pabaigos arba
visiSkai sunaudotos ir vidutinis trynio Slapio swokiekis (WW ()
buvo 3,8+6,7 %. Morfologini rodikliy dinamika ritimosi periodo
eigoje tugjo badingus bruoZus: pirmosios (5 %) besiritErs Zuvys
turéjo dar santykinai daug trynio, kurighau mazja (7 pav.), ir
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véliausiai besiritatios — trynio nebeturi ir pasizymi Zemiausianlo
buklés indeksu K (7 pav.).
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7 pav. ISsiritusio mailiaus kno ilgio, bendro Slapio svorio, Fulton‘oiko
bikles indekso ir trynio kiekio (%) dinamika ritimosigeje. Morfologini; ir
bikles rodikliy vidutines reikSnés (+SD) pateiktos 5% sukauptojo ritimosi
daznio intervalu, su papildomomis 1 ir 99% dazvidutinemis reikSnamis.

Fig. 7. The changes of emergent fry body length, totalwegght, condition
factor K and yolk content in the course of emergendean (#SD as
whiskers) values are plotted at the 5% intervalgh(vadditional 1 and 99%
stages) of cumulative emergence distribution.

22



RNR:DNR santykis kaip iSsiritusio mailiaus baklés rodiklis.
Hipotez, kad \élai besiritantis ir trynio atsaggnebeturintis mailius
pradeda badauti, buvo patvirtinta pagal 2009 metaismkiy mailiaus
meéginiy  biochemire raumem analiz. Paskutiniai besiritantys
individai (>95 % sukauptojo ritimosi daznio) pasi®jo reikSmingai
Zemesne vidutine RNR:DNR santykio reikSme lygiranpagrindinio
ritimosi (<95 %) individais (t testas neprikausonsoimtims, d.f.=35;
P <0,05). RNR:DNR santykis atspijd paskutini besiritadiy
individy kano kuklés suprasiima dél sunaudoto trynio, kai tuo tarpu
morfologiniai rodikliai to neparad

Aplinkos faktori y jtaka mailiaus ritimuisi iS lizdo. Ritimosi
efektyvumo priklausomyb nuo lizdo vidugruntini paramety buvo
tikrinta daugialyps regresijos pagalba. Substrato hidraulinis laidsyma
vertikalusis hidraulinis gradientas, porinio vanslersantykinis
deguonies prisotinimas ir gruntinio vandens iSkrofACND)
paaisSkino 57 % iSsiritusio mailiaus kiekio duomgpo logoritmires
transformacijos) variacijos (P <0,001, n=26). Srdist hidraulinis
laidumas bei gruntinio vandens iSkrova buvo du weasi veiksniai,
paaisSkinantys didZja dal ritimosi efektyvumo variacijos. Didesnis
iSsiritusio mailiaus kiekis buvo susi su didesniu substrato
hidrauliniu laidumu. Neigiamas gruntinio vandensgikis susigs su
hipoksiremis inkubacijos flygomis, bei padiéjusiu amonio kiekiu,
kuris yra toksiSkas besivystantiems embrionams.

Lizdo vidugruntiniai parametrai reikSminggakojo ir ritimosi i$
lizdo dinamilq (8 pav.). Sumaijes deguonies kiekis (kuris buvo
stipriai susigs su gruntinio vandens iSkrova) lemia ankstyvailiaus
ritimasi. Anksti iSsirits mailius yra mazesnio dydzio ir su didesniu
trynio maiSeliu. Tuo tarpu esant normoksis slygoms mailius
ritasi wliau, kai sunaudoja trynoptimaliu iSgyvenimui laiku.

Jaunikliy pasklidimas i$ nerStavi€éiy. Dauguma jaunikli per
pirmus du manesius po lizdo palikimo lieka arti gimtosios nakée¢es
(<40 m), jei ten yra gausu jaunikliams tinkanbuveini. Kai
jaunikliaims tinkang buveinyy yra mazai, jaunikliai pasklinda daug
toliau (pvz. BS tyrim ruoze).
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8 pav. Mailiaus ritimosi paramety (ritimosi periodo trukm (duration),
ritimosi santykim pradzia ir mediana pagal bengruZzfiksuog ritimosi
pradzig (start ir median), bendras ir pirm5% besirita@io mailiaus kno
vidutinis ilgis ir trynio kiekis (L_average, Yolkverage ir L_5 ir Yolk 5
atitinkamai) rySiai su substrato pralaidumu (Pernsgntykiniu deguonies
prisotinimu (RDOS) ir4CND. Tyrimy ruozas ir metai naudoti kaip
kategoriniai kintamieji.

Fig. 8 . RDA biplot for fry emergence characteristics (ldngf emergence
period (duration), relative start and median of egence, average and of
first 5% emergers length and yolk sac amount (Lraye, L_5,
Yolk_average and Yolk 5) with redd substrate pehiiga (Perm),
interstitial water average RDOS antCND during the emergence period as
explanatory variables. Study section and sampliegryused as nominal
explanatory variables.

Reprodukciné saveika tarp négiy ir Slakiy. Zemupio ruoze
(BK) 2008 mety pavasar kur upini négiy nerStas buvo
intensyviausias, stétas Zzymus Slaki lizdy perkasimas (8 pav.).
AuksStupyje ant Slaki lizdy ner& tik mazosios égés, panaudodamos

24



pus: visy Slakiy lizdy. Zemo intensyvumo agiy nersto metu Slaki
lizdy perkasimo daZnis buvo nedidelis (8 pav.¢giN reproduktoni
paZeista Slaki lizdo dalis buvo reikSmingai mazeésmmazZosioms
negems (3,31,8 %) nei upéms (34129 %) (Mann-Whitney U testas,
d.f.=27, P<0,001). Tdau maZzosios éges dazniausiai kaslizdus
labiausiai tiktinose laSiSinj Zuw ikry deciy vietose (9 pav.).

80

» ————— W Salmo trutta | g0 o
e 70 A Lampetra fluviatilis °\_
X 60 » Lampetra planeri Q
8 —&— Superimposition te0 &

-~ 504 c
= o
=40 A =
2 ’ -

S 30 // a
% 201 % - 20 £
7 .

2 w0 [] / ——— ” g

0 ,J = I I - L7 I / 0 n
BK ‘ BR BK ‘ BR
2008 2009

8 pav. Slakiy (S. trutta), upini (L. fluviatilis) ir maZjy negiy (L. planeri)
lizdy tankis Zemupio (BK) ir aukStupio (BR) tyrimuoZuose 2008 ir 2009
metais ir Slaki lizdy perkasimo daznumas bendrai abigjegiy ruSiy. **-
mazjy negiy tankis nebuvo nustatytas.

Fig. 8. Densities of spawning nests of sea trout (S.ajuttver (L. fluviatilis)

and brook lamprey (L. planeri) in the downstreaniKYEnd upstream (BR)
study sections in 2008 and 2009 and superimposiéain a given section
by both Lampetra species. ** — density of L. plamests was not evaluated.

Abi Lampetranégiy raSys pasizyrjo tais paiais reikalavimais
nerStavietms kaip ir laSiSias Zuvys tiek pagal geomorfologinius
vagos tipus, tiek mikrobuveis lygiu (hidraulies, substrato
charakteristikos). Bhiy reproduktoriams esminis nersto vietos
pasirinkimo veiksnys yra neigiamas mikrobussirdugno nuolydis.
LaSiSiny Zuw lizdo struktira sukuria tokj neigiamo dugno nuolydZio
mikrobuveirg, kas padidina lizdo perkasimo tikimyb

Abejais tyrimy metais nustatytas Zymus persidengimas tagnn
nersto ir Slaki mailiaus ritimosi perioglir ju piky.
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undisturbed
substrate

egg pocket

9 pav. Tipisko lasiSing Zuw lizdo strukizros schema ir iSilginis profilis, su
pazynatomis labiausiai tiktinomis ikn; deties pozicijomis (egg pocket)
iSilginiame profilyje (pagal Chapman (1988) ir Gtaskt. (1991)). Tamsiai
pilka spalva pazyatas plotas su didziausia tikimybe aptikégiy lizdus,
mazjant tikimybei — pilka spalva Sviga. Vietos nustatytos pagal mgi
negiy lizdy santykirg pasiskirstym (pazynatq procentine iSraiSka, n=24) ant
panaudot Slakiy lizdy 2008 ir 2009 metais BlendZiavoje.

Fig. 9. The layout of the typical sea trout redd structureplane (top) and
cross-sectional (below) view with its partitioning the tailspill end (TSE),
tailspill crest (TSC), tailspill front (TSF), pitdttom (PB) and pit front (PF)
and with the most likely egg pocket sites showmdi@ing to Chapman
(1988) and Grost et al. (1991)). High probabilitpasvning places of the
brook lamprey are shown as a dark grey area withre@sing occurrence
likelihood in the light grey area. These areas atefined by relative
distribution (%) of L. planeri nest positions onasegout redds recorded in
BlendZiava Stream, in 2008 and 2009 (n=24).

REZULTAT U APTARIMAS

LasiSiny Zuw pateliy nerstire elgsena yra prisitaikymgrandire
siekiant padidinti palikuonmi iSgyvenina (Fleming, 1998). Pated
pasirenka lizdo statymo vietas su optimaliomis kuelhiy
iSgyvenimui glygomis. Tyrimy metu buvo nustatyta, kad vertikalusis
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hidraulinis gradientas (VHG) tarp upelio dugno wianas esminj
veiksny, apsprendziafiy nerSto mikrobuveigs  pasirinkina.
PavirSinio vandens infiltracija dugno substrat buvo pagrindia
nersto viey savybé (3 pav.). Tokios hidrauligs @lygos yra esminis
tranzitiniy duokes-revos zom bruoZas, kurios buvo pirmenykm
vietos $laki nerstui. Sios zonos yra svarbios ir daugeliq kagiSini
Zuw nerstui (Bjornn ir Reiser, 1991; Louhi ir kt., )0 Tuo tarpu
Slakiai veng kasti lizdus duoés tipo vagos ruozuose, kurie, Salia
tokiy negiamy savybiy kaip mazas sra@g greitis ir sediment
akumuliacija, pasizygjo ir Zzymia hipoksinio gruntinio vandens
iSkrova. I8sikraunantis maZos deguonies koncejdgacgruntinis
vanduo ¢mé nepalankias inkubacineslygas ir reikSmingai sumazino
ikry iSgyvenamurp Vis clto 12% tiry Slakiy lizdy buvo aptikti
tokiuose duoks tipo vagos ruoZzuose. Gruntinio vandens iSkrovos
viety naudojimas nerStui buvo nustatytas skirtingomssilsig Zuw
raSims: margiesiems @éfakiams (Hansen, 1975; Brabrand ir kt.,
2002), vaivorykstiniams upakiams (Sowden ir Power, 1985),
palijoms Salvelinus(Curry ir kt., 1995; Baxter ir McPhail, 1999);
Ramiojo vandenyno laSiSoms (Lorenz ir Eiler, 19&ist ir kt..,
2002).

Pirmenyles teikimas gruntinio vandens iSkrovos vietoms yra
susigs su palankesniu tempearahiu reZimu lizdo viduje (aukStesrir
stabilesg temperaira nei ugs vandens). Liaghidrauliniy ir vandens
fizikocheminiy charakteristiy matavimai buvo atliekami gegest-
rugpjacio meénesiais, kai vandens lygis vakatietuvos ugse yra
Zemiausias. Ugs nuotkyje tuomet dominuoja gruntinio vandens dalis
(Gailiusis ir kt., 2001) ir tai gajo turéti jtakos pakankamai daznam jo
aptikimui tiriamy lizdy vidugruntiniame vandenyje. Vertikaliojo
hidraulinio gradiento ir gruntinio vandens iSkrowsezonig dinamika
tirtame upelyje, deja, yra nezinomagiga kitur buvo nustatyta, kad
vertikalusis hidraulinis gradientas ir gruntiniongens iSkrova kinta
priklausomai nuo us debito (Malcolm ir kt., 2004). Slakinersto
metu vandens lygis épe lina aukstas ir tokiomis hidrologimis
salygomis gruntinis vanduo yra atskiedZziamas deguormrsotinto
pavirSinio vandens. &fiau, Ziemos nuakio metu, vandens lygis
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upese Zymiai nukrinta ir tampa panaSusasaros vandens lydr

gruntinio vandens iSkrova galiélv suintensyeti ir lemti ikry

mirtingumo padidjima. Tockl tikétina, kad Slakj patebs pakilusio
vandens metu klaidingai pasirenka gruntinio vandskvos vietas
del palankesnio temper@inio reZzimo.

Gruntinio vandens svarbos pripazinimas ir jo ekolmgvaidmens
supratimas pastaruoju metu vis gad (Geist ir kt., 2002; Malcolm ir
kt., 2004). Akivaizdu, kad gruntinio vandens poveikyra
kompleksinis, #@Siai specifinis ir daznai sunkidvertinamas, tod
laSiSiny Zuw reprodukcijos tyrimuosedina atsizvelgtii galimg jo
poveil. Tai tugty bati ypat svarbu upse su Zymiu gruntinio vandens
maitinimu, pavyzdZiui, Ryt Lietuvoje.

Be aiski; nersto vietos pasirinkimoedninguny mikrobuveires ir
vagos geomorfologinio tipo atzvilgiu, Slaknersto pasiskirstymas taip
pat tugjo badingus bruoZus ir upelio gradiento atzvilgiu. Bl2iadvos
upelyje didZiausia nerStipi lizdy koncentracija buvo aptinkama
aukStupio ruoZuose, kai tuo tarpu Zemupio BK tyrimioze, kur
potencialiy nerStaviéiy prieinamumas buvo didZiausias, Slakiersto
intensyvumas buvo Zemas.

Tinkamo nerstinio substrato pasiskirstymas ir paeiumas yra
esmire slyga, apsprendzianti laSisnZzuw nersto potencial upsje
(Armstrong ir kt., 2003). Zvirgzdo substratas akilominuoja BK
tyrimy ruoZe. Ta&iau keley pastanjy mety tiriant upel, Siame
Zemupio tyrinyg ruoZze buvo steltas stipriai iSreikStas dugno
strukfiros, vagos ir kramt nestabilumas ir erozija potvynimetu.
inkubacijos periodu ir yra potencialiai ptdihgi ikrams ir lervoms.
Nerstiniy lizdy nuplovimas arba uZzneSimas nauju sedimshtoksniu
yra laikomas vienu svarbiauslasiSiny Zuw ankstyvaj iSgyvenin
lemiartiy veiksny (Montgomery ir kt., 1996; Peterson ir Quinn,
1996). Tuo tarpu aukStupio BR tyninruozZzas pasizy#jo pastovia
vagos struktra ir dugno stabilumu, kas leidZiaésipapie reikSmingai
mazespbesivystatiy ikry Zuvimg dél aukSto vandens lygio.

Egzistuoja daug patvirtintirodymy, kad anadromigs laSiSirs
Zuvys pasizymi specifiniu, itin tiksliu homingu, ikeeproduktoriai
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griZta nerstij tas pdias vietas, kur iSsirito kaip jaunikliai (Fleming,
1998). Susiejant lokalaus homingo takir kohortos stiprumo
skirtinguose ugs ruozuose skirtumuseldpotencialiai skirtingo lizd
pazeidimo per potvynius, ilgalaije perspektyvojei aukStupy dis
nersti vis daugiau reproduktari

Vienas i§ darbo tikgl buvo pabandyti jvertinti Slakiy
reprodukcijos efektyvum Tai yra paremta natalios mailiaus iSeigos
iS lizdo ir eksperimentini Slakiy ,,akutés” stadijos iky iSgyvenamumo
matavimais. Nustatytas vidutinis ,akat stadijos ikg iSgyvenimas
iki mailiaus inkubaciase @Zutese siek 34-36 %. Deja, bet
iSgyvenamums nuo apvaisinto ikro nebuvo tiriamasnégalima
ivertinti natiralios inkubacijos efektyvumo pagal nepilnos inkijues
experimend. Pilno inkubacijos eksperimento metu, inkubuoflakiy
ikrus panasSiose eksperimerde @Zutse buvo nustatyta, kad
apvaising ikry iSgyvenimas iki ,akuts” stadijos buvo aukstas (Rubin,
1996). Vieninted iSvada, ekstrapoliuojant eksperimentinikry
iSgyvenamumo laipgn natiraliai inkubacijai, gali bti ta, kad
nafiralios inkubacijos efektyvumas BlendZiavoje nebulsStesnis nei
30%. Tuo tarpu nustatyta madli iSeiga iS vidutinio lizdo buvo apie
300 iSsiritusy individy, ir tai yra pakankamai reikSmingas skas
lygumy upeliui. Nustatytas nedidelis 0+ amZiaus jaunikiankis
tyrimy ruozuose (4,9-8,4 ind. 1009niki dviejy ménesiy po issiritimo
i lizdo leidzia manyti, kad po lizdo palikimo pesgkia aukStas
mailiaus mirtingumas ankstyvuoju kritiniu periodil{ott, 1994)

Darbe buvo nustatyta reikSminga reprodukcisveika tarp
simpatriniy Slakiy ir Lampetra genties agiy, pastarosioms Zymiai
perkasant Slaki lizdus pavasar Neégiy nerSto laikas stipriai
persideng su Slaki mailiaus ritimusi i8 lizdo, tod mailiaus pozicijos
prie$ iSsiritimy yra pazeidziamos net ir sekliai lizdus kasamazjjy
negiy. Reikalingi tolesni detalesni tyrimai, kad nustagalimas Sitos
naujai aprasytosaseikos ekologines pasekmes. Perkasant besiiitan
mailiaus pozicijas, ¢gés gali palengvinti mailiaus ritinsi S
sedimentais apnesto lizdo. IS kitos ¢gmjdizdus kasatios reges gali
suzeisti lervas ir maili energingai purenant substrasirba lemti
prieSlaikiry iSsiritima, kas toliau turi neigiamas ekologines pasekmes.
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Panagj tarpmSiniy reprodukcing saveiky priezagiy ir pasekmi

supratimasijgauna vis didegn svarla valdant ir apsaugant Zuv
iSteklius. Ketiant upiy ekosistemas, perkeliant nevietinessSis |
naujus arealus tamdiniy saveiky tikimybé ir stiprumas gali
reikSmingai iSaugti.

ISVADOS

1.

30

Slakiy patebs pasirinktinai negs révos tipo vagos ruozuose,
intensyviausiai naudojant tranzitines déskevos zonas (44-57
%), su dominuojatiomis pavirSinio vandens infiltracijosgrunt
salygomis. Zuvys veng nersti duobs tipo vagos ruoZuose (9-
13%), kur dominuoja gruntinio vandens iSkrova. ‘katusis
hidraulinis gradientas buvo svarbus veiksnys, datis nersto
mikrobuveires pasirinkina.

Hipoksinio gruntinio vandens iSkrova neigiamai weilkkry
inkubacijos slygas. Santykinis porinio vandens prisotinimas
deguonimi  neigiamai koreliavo su gruntinio vandens
indikatoriumiACND.

Eksperimentiase @Zutese nairaliuiose lizduose inkubugt
.akutes® stadijos iky iSgyvenimas iki mailiaus stadijos siek
35,5+30,4 % 2008 metais ir 33,8+29,6 % 2009 mebdadiralios
pilnos ikny inkubacijos efektyvumas bus mazesnis nei 30 %.
Natirali mailiaus iSeiga i§ vidutinio $lakilizdo (apie 2 M)
BledZiavoje yra 299+7(+SE) individai.

Mailiaus ritimasis i$ lizdo pasiZy&jo budingais bruoZzais: pirmieji
5% besiritagio mailiaus yra maziausio tko dydZio ir su
didZiausiu trynio kiekiu; piko metu (25-75%) belsiritys
individai pasizymi optimaliais o rodikliais (didelis &no ilgis,
didziausias svoris ir pakankama trynio atsarga); véai
besiritantiems individams (>75%)adlinga sunaudotas trynys,
mazjantis Kino svoris ir Zemiausiastuko bukks indeksas.
Paskutiniai besiritantys (>95%) individai patiriaurnpalailf



badavim, kuris reikSmingai atsispiggb kiano biocheminiuose
pokyciuose.

Dvi aplinkos veiksni grupes nepriklausomaijtakojo ikny
inkubacijos efektyvum ir mailiaus ritimysi i3 lizdo. Pirmajai
grupei priskirtinas lizdo substrato strikg atspindintis hidraulinis
pralaidumas, kuris teigiamai koreliavo su ekspeniimdy ikry
iSgyvenamumu, mailiaus ritimosi efektyvumu ir eigantrajai
veiksnig grupei priklauso lizdo vidugruntinio vandens fiaik
cheminiai parametrai, susijsu neigiamu gruntinio vandens
poveikiu. Hipoksig gruntinio vandens aplink&rhé sumazjusi
eksperimentinj ikry iSgyvenamunp ir mailiaus ritimosi
efektyvumy bei prieslaikin lerwy ritimasi.

Jaunikly pasklidimas nuo nerStavig@ per pirmus du gnesius
nuo issiritimo buvo nedidelis; didZioji dalis sugauindividy
aptikta arti nerStavigy (iki 40 m). Pasklidimo atstumas djd,
kai jaunikliams tinkam buveini sutinkamumas arti nerstavie
mazja.

Nustatytas reikSmingas pavasanerSiaiy negiy ir ruden
nerSiakiy laSiSiny Zuw reprodukcing proces erdvinis ir laiko
persidengimas simpatémis slygomis. AukStas Slalg lizdy
perkasimo daZnis nustatytas upimégiu nersto metu (83%) bei
ma#jy négiy nersto metu (48%), kakgiy nesto intensymas buvo
didelis. Sio reikinio priezastis yra Zzymus reikéiay
nerstavietms persidengimas tarp wvigrijy raSiy. Dél Zymaus
négiy nersto ir Slaki mailiaus ritimosi S lizdo laiko
persidengimo, lizq perkasimas gali téti ekologin poveik
besiritatiam Slaki; mailiui.
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INTRODUCTION

Scope of the studyReproduction is a critical period of salmonid
fish life history. All members oBalmoninaesubfamily lay their eggs
in the streambed gravel nests. Eggs incubate uheegravel for a
long period (about half a year in temperate regicasd therefore are
vulnerable to changes in incubation conditions, civhare rather
unstable in the fluvial ecosystems, especially undereasing
anthropogenic pressure (Crisp, 1989, Soulsby eP@01). Spawning
success, therefore, largely depends on the spawitmgelection and
nest quality during the incubation period. Subs&nhortality may
occur during egg-to-fry undergravel stage (Chaprh@88; Fleming
1998; Armstrong et al. 2003). Other severe survhattleneck for
salmonid populations is considered to be the earitjcal period
(ECP) that starts right after fry emerge from thavgl to the stream
surface and initiate exogenous feeding. The tinand patterns of
emergence substantially determine the ECP survaral growth
(Amstrong & Nislow, 2006) and in turn the strength population
recruitment and stocks of salmonid fishes (Armggrenal., 2003).

As these early stages of development are partlgwdansitive to
biotic and abiotic constraints, studying this ediflg period in terms
of survival is essential in salmonid population legy, stocks
management, conservation and restorat8almonidaeis among the
best studied fish families in the world. One of thest studied species
in this subject is the brown troBalmo truttal. which is very
polyphyletic, with two most common forms: streamethimg brown
trout S. trutta farioand anadromous sea trdsit trutta trutta(Elliott
1994). The spawning ecology of the sea trout asdeilationship to
that of brown trout has received little attentibwugh. There are also
large geographical gaps in salmonid explorationthasvast majority
of studies were accomplished in the North Amer&zandinavia, UK,
France; and mainly in mountain or highland riveriserature search
revealed a surprising absence of information os #ubject in the
southeastern and eastern Baltic region and qufevastudies dealt
with salmonids reproductive ecology in Poland (Ragd2005; 2008).
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Many natural self-reproducing brown trout (streawetling and
anadromous) and some Baltic salmBalmo salarL. populations
occur in Lithuanian rivers (Kesminas et al., 200@)jch significantly
contribute to the salmonid fish stocks in the RBaltSince 1998,
national monitoring program on salmonid populattetus in rivers is
being implemented and in some most important rivEeawning
intensity of anadromous salmonids is being monitoreutinely.
However, no characterization of salmonids spawnivaipitats on
scientific basis has been made to date. This stuthe first attempt to
fill this gap in studies of Lithuanian rivers. Cobst study on
reproductive ecology of anadromous sea trout, fepawning site
selection to fry emergence, was accomplished igpecal sea trout
spawning stream - BlendZiava. This stream soundigresents
salmonid reproductive areas in a whole Minija Ribesin, which is
considered to be a reference river for sea trouitihuania. The results
of this study are also applicable to other lowlangde rivers of
temperate regions.

Aim and objectives of the study.The aim of this work was to
assess sea trout spawning sites characteristicdoardtimate their
effects on reproductive success in a typical logdllsalmonid stream.

The main objectives of the study were:

1. to assess sea trout spawning sites selection ameataristics
at different spatial scales;

2. to estimate survival rate of sea trout eggs froyede stage to
fry emergence in natural redds;

3. to evaluate fry emergence efficiency, timing antgras;

4. to assess effects of redd intragravel parametefsetsuccess
of egg incubation and fry emergence;

5. to determine dispersal extent of juveniles afteerance.

Novelty of the study. This study is the first comprehensive
description of salmonids reproductive ecology ie tivers of eastern
Baltic region (Baltic Province ecoregion). It algmvides integrated
analysis of all main reproductive stages of thetsaat reproductive
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ecology in lowland rivers. Complex and significaeffect of
groundwater to different stages of reproductive cpss support
increasing awareness of this factor ecological iSa@mce.
Assessment of conditional status of salmonid fremergence was
supported by novel approach based on analysis &:BNA ratio in
emergent fry. Significant reproductive interactiorterms of sea trout
redd superimposition by spring-spawnih@mpetra lampreys was
described for the first time, suggesting likely legical effect on pre-
emergent and emerging trout fry.

Scientific and practical significance of the result. Results of
the study supplement our understanding of compbekogy of early
life stages of salmonids and organization of edesys of salmonid
rivers. Present findings may delineate baselines tfe future
researches of salmonid spawning and early lifeohisn Lithuanian
rivers. Particular attention should be taken tonificance of
groundwater-stream water exchange patterns on aticmb success,
especially in rivers with considerable groundwatapply. The results
of spawning conditions studies of salmonids havegehpractical
significance. The information about structure anahctioning of
natural spawning habitats is of crucial importafareriver restoration
projects which focus on channel complexity and spag habitat
restoration. Nucleic acid ratio analysis revealdwtt advanced
biochemical methods could be a sound techniguent@stigate
complex early life stages during the transition nfromaternal
provisioning to an independent foraging in salmenid

Defensive statements

1. Spawning site selection by sea trout in Blendzi&#eam has
specific patterns at the stream-, reach- and mabitét scale, and
was related with optimal conditions for egg surliva

2. Vertical hydraulic gradient of hyporheic flow issestial factor,
which determines spawning microhabitat selectiod affects
intragravel physico-chemical conditions.
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3. Upwelling groundwater significantly negatively afte egg
incubation efficiency and fry emergence.

4. ‘Eyed’ egg to fry survival negatively depended be structure of
spawning substrate, but survival persisted at #tatively high
sedimentation extent.

5. The end of fry emergence period is critical for padndition of
emergent fish.

6. Spring-spawning lampreys considerably superimpbseddds of
sea trouts what may have likely ecological effetipoe-emergent
and emerging stages of salmonids.

7. Initial dispersal of juveniles was associated witle native
spawning site, while dispersal extent increase$ w#creasing
availability of suitable juvenile rearing habitats.

Scientific approval. The material of this work was presented in 7
international and 2 national conferences and semir#® and ¥
Regional Student Conferences ,Biodiversity and FEonig of
Aquatic Ecosystems in the Baltic Sea Region”, Oetol2006,
Klaipéda and 2008, Juodkrant respectively, Lithuania; Nordic
Workshop for PhD students &almo salaandSalmo truttaResearch
(NoWPaS), March 22-25, 2007, Jyvaskyla, Finland® E2ropean
Congress of Ichthyology, September 9-13, 2007, &4tubrovnik),
Croatia; European Workshop for PhD StudentsSaimo salarand
Salmo truttaResearch, February 14-17, 2008, Roskilde, Denmark;
NoWPaS Workshop, March 19-22, 2009, Southamptoglagd; 13
European Congress of Ichthyology, September 6-0@9,2Klaig:da,
Lithuania. National Conferences of Young Hydroegdlts, October
2005, Anyksiai and 2007, Maitai, Lithuania.

Two papers were published on the dissertation topic
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Volume and structure of the theses.The dissertation is
presented in the following chaptetatroduction Literature Review
Study AreaMaterials and MethodsResults Discussion Conclusions
and References References include 213 sourc8$e dissertation
contains 15 tables and 36 figures. The volume efdissertation is
136 pages. It is written in English with Lithuanisuimmary.
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MATERIALS AND METHODS

Study area. The study was carried out in a small lowland strea
Blendziava, situated in western Lithuania (Fig. This is a 29.2 km
length, 85.6 krh catchment's area lowland stream with an average
channel slope of 0.33 %. This third order streascliirges into the
downstream of Salantas River (Minija basin) (G&ikuet al., 2001).
Blendziava is a typical salmonid stream with abumdanadromous
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brown trout Salmo truttal. population. According to a long-term
monitoring data (1998-201Balmo truttapopulation density ranged
from 10.0 to 84.8 ind. 100 f(average +SD: 32.0+18.9) and is one of
the highest in Lithuanian rivers (Kesminas et 2000; Kontautas et
al., 2010).

The study was carried out in two spawning seas?087/2008
and 2008/2009 and in 4 principal study sections; B&, BS and BK
(Fig. 1).

Characterization of spawning sites.The density of redds was
estimated in four study sections as a number oflgeper one
kilometer of stream (no. k). At the reach-scale, spawning sites were
assigned to one of the stream channel geomorplite (@GU): riffle,
run, glide, pool or pool-riffle transitional zon&he intragravel
hydraulic conditions of the redd: the substratam@ebility (cm ht)
and vertical hydraulic gradient (VHG) were evaluateith modified
Terhune Mark V standpipe, according to Barnard ldicBain (1994)
and Baxter et al. (2003). At each standpipe siteewevaluated
interstitial and surface water physico-chemical rabteristics:
dissolved oxygen (DO, mg), electric conductivity (CND, uS ¢
temperature and pH.

ACND and Atemp: aSCNDnterstitiaI‘CNDsurface and temIc?nterstitial'
tempurace Were calculated and used in analysis, as indices o
groundwater. Dissolved oxygen measurements takeideinand
outside the standpipe were used to calculate tlative interstitial
water DO saturation’ (RDOS, %), 8 erstitia* 100/DOsyrtace

Redd substrate was sampled after the emergence lhese
completed, to represent cumulative conditions gf iegubation. Redd
substrate samples were taken with McNeil bulk-campler from a
depth of 18+2 cm. After air drying, the sample \g&s/ed through the
series of standard square-meshed sieves: 64, 38, K 2, 1, 0.5,
0.25, 0.125 and 0.063 mm. Standard gravel qualitlices were
calculated: mean geometric diametgr(mim), median diameter 5
(mm), sorting coefficient & Fredle index - amount (%) of <2 mm
and <0.063 mm fines (Lotspeich & Everest, 1981; tBu& Abt,
2001).
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In situ experiments on survival of sea trout eggg.0 determine
how used spawning sites affect egg incubation sscahein situ
incubation experiments were conducted in 2008 a@@d92in 23
natural sea trout redds each year. The ‘eyed’ &gge incubated in
experimental incubation boxes, in which survivaér@o) from ‘eyed’
stage to fry (emergence) (EETF) was estimated.

Study of fry emergence from natural redds.Sea trout fry
emergence timing and patterns (frequency distidouti and
morphological features of emergent fry) were deteech in April-
May 2008 and 2009 by trapping emerging fry fromunait redds
capped with individual fry traps. Fry traps, delsed by Porter (1973)
and Dumas & Marty (2006) with some modificationayé been used
for this purpose. Daily inspection of the traps veasducted and
detailed emergence distribution was evaluated. Sdmaples of fry
were taken to the laboratory for morphological eatibn. Total body
length (Ly, mm), total wet weight (WM mg), total dry weight (DW
mg) were measured; Fulton‘'s condition factor K gkdted as
WW*100/L;% yolk-sac amount (% of total wet weight) and
nourishment status were determined.

For conditional status assesment, RNA:DNA ratiolysis were
applied on muscle of emergent fry samples. Analysis performed
in the laboratory of System Ecology Department, cBtolm
University. Nucleic acids concentrations were el
fluorometrically using methods described in Gorokd@2005). The
main objective was to compare RNA:DNA ratios of th&o
hypothesized emergence groups: mainstream emegigets 95% of
cumulative emergence) and the last (5%) emergers.

Evaluation of dispersal of juveniles after emergere The
dispersal rate of juveniles was observed in 200@ Jone-two months
after the emergence period. Electric fishing wasyped and juveniles
of age 0+ were caught in four 400-700 m length \stedctions.
Sections were divided into 10-20 m length subsastand the number
of fishes were estimated within these subsectiBedative positions
of the subsections to the redd were determined.
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Characterization of sea trout redd superimposition by
spawning lampreys. In spring 2008 and 2009 the study was
conducted to test potential of the river lampreg Arook lamprey to
superimpose the redds of sea trout under sympawitditions.
Lamprey spawning sites were characterized simubtasig with sea
trout redds to test, how the redd site featuresespond to the
requirements of lamprey for nesting sites. Concantiy with sea
trout fry emergence evaluation, the timing of tipavening ofboth
lamprey species was evaluated, to test the hypethdsat these
reproductive processes overlap, suggesting a paitesfifect of redd
superimposition on pre-emergent or emerging salchivgi

Data analysis. The average characteristics of redds were
compared between four principal study sections difféerent CGU
types. To determine relationships between the esitemergent fry
variables, all available data sets (every singlasuement site) were
used. All data before analysis were tested for adityn and
homogeneity of the variances. If needed, logorithimiinsformation
was applied to meet the parametric test assumpti@tandard
statistical methods were used in the study (one-aag two-way
ANOVA, non-parametric Kruskal-Wallis ANOVA, two-tad t-test
and nonparametric Mann-Whitney U test, Pearson elaiion
analysis, linear regression and multiple linearrgsgion analysis).
Multivariate principal component analysis (PCA) areHundancy
analysis (RDA) were applied for determination ofemcorrelations
between parameters and linking fry emergence pdeameto
environmental variables of the redd.

RESULTS

Spawning sites selection and redd intragravel charderistics.
According to the results of redd counts in 200782@8d 2008/2009,
the highest number of sea trout spawning reddsreasrded in the
upper BlendZiava Stream part, particularly in BRtis&. Meantime in
the downstream BK section spawning intensity was lo
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Disproportional to availability spawning site sdien was
recorded and at the reach-scale. Most o the redds associated with
riffle type channels, and particularly with tramsmal pool-riffle zones
(44-57 % of redds) (Fig. 2). In these intensivedgdi channel units,
the negative streambed profile governs the dowimgedf the stream
water into the streambed, as revealed by negaevical hydraulic
gradient (VHG) measurements. Downwelling conditiatmminated
among redd-sites (Fig. 3a). Meantime, in the reafdavoided glide-
pool type channel units dominated upwelling cowodii (positive
VHG, 75 % of redd in these habitats). VHG in diffiet channel
geomorphic unit types were significantly differéabhe-way ANOVA,
d.f.=3, P<0.001) (Fig. 3b).

Highly significant differences were found in irgBtial water
physico-chemical characteristics between the dowimge and
upwelling sites (Mann-Whitney U test, d.f.=317, B.G01 for all
parameters) (Table 1). As revealed by principal ponent analysis,
relative dissolved oxygen saturation of interdtii@ter (RDOS) was
negatively related to the upwelling groundwater s{fiee VHG),
which was usually characterized by increased étecionductivity
(ACND) and decreased temperature in comparison tostintace
water. This indicates that in the upwelling sitescdarges the hypoxic
groundwater of increased mineralization (Fig. 4nder stronger
negative VHG, the normoxic surface water dominadteshe redd
(RDOS >80 % and\CND ~0), meantime supply of groundwater
increases and vary more when downwelling decre&28S did not
correlate with the substrate permeability (P >0r3&513).

The average redd substrate permeability was 31B8#22m ht*
(100-19206 cm Hr n=120), and did not differ in the two years,
different stream sections, and in four channel gapimc units (P
>0.05).

Description of spawning substrate in differentdstsections was
based on the data, collected in spring 2008 frome8ds (overall 51
sample) (Table 2). Applying one-way ANOVA, no ssatally
significant differences were found for all redd stuate characteristics
when comparing redds between different study sestand between
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different channel geomorphic units (excluding gi®l unit, as only
one redd was sampled for substrate from this CGU>»@.05). The
central measures of particle size distributiop ahd B, were
conditionally low. The mean sea trout embryo indidraconditions
in terms of redd substratum Fredle indexvgs from low to moderate.
The particle sorting was very poor,(83), indicating spaces in the
matrix gravel being filled with finer sediments. &lamount of fine
sediment (<2 mm) was critically high, in all stusigctions averaging
above 15 % of sample weight.

All log-transformed spawning substrate indices wdrighly
correlated (r=>0.8; P <0.001), and the quality dfsrate, in terms of
mean geometric diametery cand Fredle index ;F was strongly
negatively related to the content of <2 mm fines((r93 and -0.96,
P<0.001, respectively). Strong negative correlation-0.77, P<
0.001) between log-transformed content of <2 mmedinand
permeability was determined for the redd substsateples of 2008,
therefore the substrate permeability was used@sde proxy for its
structure.

Sea trout egg survivalin situ experiment results. In 2008
survival from the start of ,eyed‘ egg stage to tire-emergent fry
(EETF-2008) was 35.5£30.4 % (0-88 %, n=23). In 208%vival
from the end of ,eyed‘ egg stage to fry emergenes B83.8+29.6 %
(0-91 %, n=23 redds). Because of the different ldgweental stages
of eggs at the time of insertion and retrievalla boxes in 2008 and
2009, the results of survival from the two years aot directly
comparable. The highest mean EETF-2008 and EETB-206vival
was recorded in redds of BR section, while no stiatilly significant
difference between the mean survival in differadotlg sections was
detected (one-way ANOVA, P >0.05)

To define environmental redd parameters respangisl ‘eyed
egg to fry survival, multiple linear regresion wagplied for EETF-
2008 and log(x+1) transformed EETF-2009 survivdteAstepwise
backward selection of model‘s variables, contensdfmm fines was
found to be the only variable significantly contriimg to the EETF-
2008 survival (R=0.50, P <0.001) (Fig. 5a). High amounts of fine
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sediments (<2 mm) at the end of intragravel penieghatively affected
survival, however it was still significant at relefly high sediment
amounts (Fig. 8.

Multiple regression model for log((EETF-2009)+1) ngual
followed by stepwise backward selection procedwecaled, that
RDOS was the only variable, significantly contringt to the
regression model of log-tarnsformed survivaf®698, P <0.001).
Survival was not related to the substrate qualityterms of its
permeability (P >0.05). Strong negative correlatisms found
between RDOS and the presence of groundwaeND) (r=-0.73, P
<0.001, n=23). Additionally the groundwater may tmated with
increased ammonia concentrations, which is toxic ifubating
embryos. In turn, increaseiCND was responsible for decrease in
EETF-2009 survival (Fig. 5c¢).

Fry emergence from the redd patternsin spring 2008 from 14
trapped redds were caught 4124 emerging fry indalsl (3-1429 fry
redd) averaging 336+114 (+SE) fry redtdand in 2009 the total
catch was 3006 fry (1-933 fry reddaveraging 255+83 (+SE) fry
redd™. In 2008, fry emergence in BlendZiava Streametion 4 April
and finished on 25 May, with an overall duratiorb@fdays, while the
duration of emergence from individual redds wasawarage 29 + 8
days (16-41 days). In 2009, fry emergence periosl sinilar to that
of previous year (Fig. 6), but the start and thelisn®@ emergence from
the individual redds was significantly later in 20¢han in 2008
(Mann-Whitney U test, d.f.=20, P < 0.05). Total egence duration
in 2009 was 32 days (206 days for individual reddsd lasted
significantly shorter if compared to 2008 (Mann-viey U test,
d.f.=20, P < 0.05).

The average size of newly emergent fry (both yealisredds,
n=1068) was 26.9+1.5 mm for l(ranging from 20.3 to 30.9 mm) and
116.4+£17.4 mg for WW (ranging from 60.1 to 171.8 mg). Mean
Fulton’s body condition factor K for sea trout fmas low: 0.61+0.08
(range: 0.34-1.07). Most of fry emerged when tlgelk sac reserves
were nearly or fully absorbed. The average yolkteonof newly
emerged fry constituted 3.8+6.7 % of total wet vagig
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Temporal changes of morphological, conditional aodkitional
traits of emergent fry were observed during thersewf emergence,
and the patterns of these changes, are shown ih. Hibe first 5% of
emergers have relatively high amount of yolk-saft, levhich
decreases as emergence progresses (Fig. 7). Dtinimgpeak
emergence (25-75% of cumulative emergence) fry Balve yolk
reserves, however it is nearly exhausted. The gsatkbelow 5% of
WW+ seems to be the trigger for emergence. The lastgars (>75%
cumulative emergence) had less than 1% of yolkvesdeft and this
was reflected by decreased body weight, and in, tarconditional
status of fry individuals.

Conditional status of emergent fry assessed by RNBNA
ratio. Decrease in body condition status of the last gmgrfry was
soundly represented by biochemical index RNA:DNAatvwas not
detected by the traditional morphological and ctodal measures.
Average RNA:DNA ratio of the last emergers (>95%camulative
emergence) was statistically significantly lowehan that of the
mainstream group (<95%) (t-test; d.f.=35; P <0.05).

Factors influencing fry emergence efficiency andatterns. The
number of emergent fry varied greatly between re&d8o of log-
transformed fry number reddvariation (not accounting for the redd
size) was explained by VHG, RDOS, CND and log-tfarmsed
permeability (P <0.001, n=26). Stepwise backwatdct®n revealed
that log-transformed permeability and presencerofigdwater were
the two most important factors contributing to thedel (R=0.54).

The redundancy (RDA) analysis showed that reddstsate
permeability, relative dissolved oxygen saturatiagroundwater
supply and year with section as nominal variablgdagned 50% of
variation in fry emergence patterns, and 86% of tiere represented
by the first two axes (72% and 14% first and secaxid respectively)
(Fig. 8). The forward selection and permutationstésdicated that all
variables, excepACND, were significant (P <0.05)ACND was
highly negatively correlated with RDOS and these ®@xplanatory
variables correlated with the relative start of egeace. When oxygen
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regime in the redd is unfavorable, fry tended t@ege earlier, having
more yolk-sac reserves left. On the contrary, wheygen amount in
the interstitial water is considerable, fry staynder within redd,
absorb the yolk and emerge at the optimal timebmaly condition.

Dispersal of juveniles after emergenceThe results indicated
that most of juveniles (50-70%) caught in the stsagtions were
distributed close (<40 m) to the redd-sites, ifréthevere enough of
suitable rearing areas. If it was not the casegijiegs dispersed more
widely during the first two months after emergence.

Reproductive interaction between salmonids and lanmgys.
When spawning intensity of river and brook lampreyss high, the
superimposition rate of sea trout was significdfig.(9). With low
lamprey spawning intensity in 2009, the superimpmsifrequency
was considerably lower (Fig. 9). The extent to wWhi@mpreys were
able to superimpose sea trout redds was significikewer for brook
lamprey (3.3£1.8 %) comparing with river lampre#£29 %) (Mann-
Whitney U test, d.f.=27, P< 0.001). The nest sikbrook lamprey,
however, were well-directed to the upstream edgbefedd tailspill,
where egg and pre-emergent fry positions are niady|(Fig. 10).

The high rate of superimposition was the resulthef overlap in
the spawning habitat preferences at the reach-saaté at the
microhabitat scale for the three species. The stre®f the salmonid
redd creates a considerable negative microhalddpe £ssential for
lamprey spawning, which put the redds under a highsceptibility
to be superimposed. The timing of lamprey spawniwgrlapped
closely with the emergence of trout fry, coincidithg overall periods
and the peaks of these reproductive processes.

DISCUSSION
Female breeding behaviour in salmonid species appweabe
shaped, to a large extent, by natural selectioroftapring survival

(Fleming, 1998), and one of the adaptations isctiele of spawning
site with optimal egg incubation conditions. Prelerevaluated
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vertical hydraulic gradient (VHG) of hyporheic flomas proven to be
one of the essential factors in determining spag/nmcrohabitat
selection. The downwelling of surface water inte #tireambed was
principal feature of spawning sites (Fig. 3). Sumbnditions are
essential trait for pool-riffle transitional zonghich was mostly
preferred channel geomorphic type for sea troutvepsy. These
habitats are known to play a significant role ir tspawning site
selection for most salmonids (Bjornn & Reiser, 19Btuhi et al.,
2008). On the contrary, sea trout avoided pool tgpannel units,
which, additionally to such adverse conditions @8 Wwater velocity
and accumulation of sediments, were characterizedugwelling
hypoxic groundwater. Seeping groundwater of low gety
concentration caused adverse incubation conditmusconsiderably
reduced egg to fry survival. Despite this, 12% rofeistigated redds
were found in the pool type channel units. The okgroundwater
upwelling sites was reported in different salmogpicies as: brown
trout (Hansen, 1975; Brabrand et al., 2002), ramnbout (Sowden &
Power, 1985), charrsSSalvelinus (Curry et al., 1995; Baxter &
McPhail, 1999); Pacific salmons (Lorenz & Eiler,899 Geist et al.,
2002). Preference for groundwater sites is generalated to the
favourable (higher and less fluctuating than thfalstoeam surface
water) temperature within redds. Present measursmere made in
late spring and summer, when groundwater supplyeases under
low water level (Gailiusis et al.,, 2000). Unforttely, temporal
variation of vertical hydraulic gradient and growmder upwelling is
not known, but it was demonstrated elsewhere, MG and
groundwater supply vary with changing stream disghgMalcolm et
al., 2004). Sea trout spawned under considerablyehiwater level in
the end of autumn, when rainwater predominateksamuanoff, and the
groundwater is diluted with oxygenated surface walte rivers of
western Lithuania low water level is usually obsehater in the
winter (January-February), and groundwater supplyyporheic zone
may be similar to that of summer. Therefore, seattfemales may
fail to select spawning site at higher water lewahen groundwater
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sites are selected in favour of more advantagesmpdrature within
substrate.

Recognition of the importance of groundwater andwdedge of
its role in ecology is growing (Geist et al., 20(Malcolm et al.,
2004). It is obviously, that the effect of grounderais complex,
species-specific and often difficult to evaluateeddurements of only
standard microhabitat variables may not sufficieetplain spawning
site selection patterns and success of egg surditarefore it should
be considered in future researches of salmoniddetive ecology.

Sea trout showed distinct distribution of spawnimgnsity along
the stream gradient. The highest density of spayvrédds was found
in the upper part of the stream, while the dowiastraection with the
highest availability of suitable spawning groundss characterized
by low spawning intensity. The availability andtdisution of suitable
spawning gravel is of fundamental importance inedaining the
reproductive potential of salmonids (Armstrong dt, &003).
Streambed structure of the downstream BK section ceamsiderably
dominated by the gravel substratum. During the rs¢vgears of
stream observation, high instability and erosiorihef streambed and
stream banks during floods was observed. Theseanshed
disturbances coincide with the intragravel periofl salmonids
(October-March). Displacement by high stream flalat scour the
streambed is considered one of the major factdectaig salmonid
survival during intragravel period (Peterson andinQu 1996,
Montgomery et al., 1996). On the contrary, highbdity and
consistent structuring of the stream channel wasadteristic to the
upstream BR section, suggesting less disturbancenaibating
salmonid during high water events. There is circam$al evidence
of local homing by anadromous salmonid to spediftations within
rivers where they had resided as juveniles (Flemi®§8). Coupling
the local homing and differences in cohorts’ sttbnmn different
stream parts due to redd disturbance in the lomg-teerspective,
more fishes will eventually return to spawn in thgper reaches.

One of the present work tasks was to estimate dejtive
success of sea trout. This is based on the measnterof natural
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emergence efficiency and survival rate of experiaefreyed’ sea
trout eggs in natural redds. Estimated mean surftien ‘eyed’ egg
to fry in experimental boxes reached 34-36%. Unifwately, there
was not determined complete incubatio from egdlitation. It is not
possible, therefore, to judge about natural indobhatuccess from the
incomplete experimental incubation. Survival ratenf fertilized to
‘eyed’ sea trout eggs was found to be generall,highen incubated
in similar experimental boxes (Rubin, 1996). Therdy could be
inferred from present incubation experiments rastiiat, the natural
incubation success in the stream definitely willbe¢dow the estimated
survival rate (<30%). Meantime, estimated naturi@ldy from an
average redd wag. 300 emergent fry individuals, and this is
satisfactory number for lowland stream. Considetimg density of
0+ age juveniles (4.9-8.4 ind. 1009)ndetermined one-two months
later in study sections, high post-emergence mityrthkely occurs
during early critical period (Elliott, 1994). Thisakes it more difficult
to predict the size of population recruitment frthra density of redds.
Significant reproductive interaction between symipasea trout
and Lampetralampreys, in terms of considerable superimposiobn
sea troutredds byL. fluviatilis and L. planeri was observed. The
spawning of lampreys coincided with the emergerfceea trout fry,
therefore pre-emergent fry positions were suscleptibthe scouring,
even by relatively shallow digging brook lampreyurther more
specific research is needed to evaluate ecologigglications that
may result from this newly described aspect of adpctive
interaction. Superimposition of emerging salmonpssitions may
facilitate the emergence of fry from gravel cloggsidh excessive
fines, which entrap emerging fry. On the other hatie nesting
lampreys can injure the alevins and pre-emerggnbyr vigorously
stirring the substratum, or may cause prematurergenee, which
subsequently has potential ecological disadvantages
Understanding the causes and consequences of pietéis
reproductive interactions becomes more importantni@anagement
and conservational purposes. Modifications to reygtems, naturally
or through artificially expanding ranges of closeblated species,
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may increase the likelihood and ecological sigaifice of the
superimposition phenomenon.

CONCLUSIONS

1. Sea trout preferred riffle-type geomorphic charumgts, with the
most intensively used transitional pool-riffle zen@14-57 %),
where downweling of surface water into the streab@minated.
Fishes avoided pool-type channel units (9-13 %),ereh
upwelling of groundwater among redds dominated. Véeical
hydraulic gradient was significant factor, deteriminspawning
microhabitat selection.

2. Egg incubation conditions were negatively affectbyd the
upwelling of long-residence hypoxic groundwater. |aiee
dissolved oxygen saturation negatively correlatedh wihe
groundwater presence (increas®@ND) in interstitial water (P
<0.001).

3. Estimated mean ‘eyed’ egg to fry survival in expemtal boxes
was 35.5+30.4 % in 2008 and 33.8£29.6 % in 2009]entne
success of natural egg incubation will be lower083. Mean
(+SE) estimated natural yield of average redd Z nf) in
BlendzZiava Stream is 299+ &mergent fry.

4. Specific fry emergence patterns were observed: 36 smallest
premature fry with high amount of yolk-sac, peakeegers (25—
75%) having optimal body parameters (large bodg,slargest
weight and still some reserves of yolk), and thee [6>75%)
emergers with depleted yolk reserves, decreasidyg imeight and
the lowest body conditional status. The very |lasémgers (>95%)
experience starving conditions, as revealed by RN ratio
analysis.

5. Two groups of independently acting factors wergoesible for
success of egg incubation and fry emergence. Tisé droup
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include redd substrate structure and permeabilibjich affected
‘eyed’ egg to fry survival, and emergence efficigland patterns.
The second group include physico-chemical parametsr
interstitial water, related to the presence of kypagroundwater.
Hypoxic intragravel conditions reduced egg to foyvéval, and
modified emergence timing, causing premature ennerge

Dispersal rate of juveniles during the first two ntits after
emergence was in general low, most caught O+ ageniles
dwelling close to the redd-sites (up to 40 m). Tdispersal
distance increased with decreasing availability sfitable
juveniles rearing habitats close to the spawnitegsi

Considerable spatial and temporal overlap of repetde
processes between spring-spawnihgmpetra lampreys and
autumn-spawning salmonids was observed under syimpat
conditions. High superimposition rate of sea tradds by both
river lamprey(up to 83%) and brook lamprey (up to 48%) was
found, when the spawning intensity lbhmpetraspp. was high.
The occurrence of this phenomenon was the resulthef
considerable overlap in the spawning habitat pesfegs for the
three species. Closely overlapped timing of lamprsgawning
with the emergence of sea trout fry, suggests bagtne ecological
effect of superimposition on sea trout in the preeggent and
emerging stages.
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