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Abstrakt

Pstruh obecny Salmo trutta L. je hospodatisky vyznamna lososovita ryba, ktera
této disertacni prace bylo studium parametr ovlivitujicich rychlost ristu a prezivani
jedinc tohoto druhu s diirazem na vliv populacni hustoty na juvenilni stadia.
Konkrétné je tato prace zaméfena na: (1) vliv hustoty populace na rlst a prezivani
jedincii s ohledem na dynamiku lokalnich skupin jedincii (publikace I a II), (2) vliv
rozdilného chovani jedincl na vztah mezi riistem a piezivanim jedince v prostiedi s
variabilnim rozlozenim zdroji (publikace III a IV), (3) vztah mezi rychlosti rlstu,
mortalitou a demo-genetickou strukturou populace (publikace V, VI a VII).

Data pro tuto praci pochazi z dlouhodobého sledovani populace pstruha
obecného (2005 - 2011) v povodi fek Vydra a Kiemelna v Narodnim Parku Sumava a
kombinace terénnich a laboratornich experimentti s divokymi populacemi z tokd na
zédpadnim pobiezi Svédka.

V souladu s pfechozimi studiemi tato prace ukazuje, Ze rlst juvenilnich
jedincii je negativné ovlivnén populacni hustotou. Nicméné negativni vliv pocetnosti
mize dle vysledkl této prace byt vyrazné¢ omezen znamosti habitatu a ostatnich
jedinct ve skupiné. Ddle tato prace ukazuje, Ze i v ramci jedné populace pstruha
obecného existuji permanentni rozdily v aktivité, které jsou spojené s rychlosti ristu,
pravdépodobnosti preziti a migraénim chovadnim jedince. Zde popsané stalé
behavioralni typy (osobnosti zvifat) ovliviiuji zplisob jaky jedinci vyuzivaji habitat
nebo jakou maji potravni preferenci (naptiklad sklon ke kanibalistické konzumaci
jiker). Na ptikladu malého migraéné propojeného horského povodi tato prace ukazuje,
ze rozdily v ristu a mortalité¢ jedinct jsou spojené s demo-genetickou strukturou
populace, ktera vytvari komplexni metapopulacni jednotku.

Zavislosti mezi chovanim, prostiedim, ristem a mortalitou demonstrované
v této praci byly testovany na nékolika mistech v Evropé a zvyraziuji dualezitost
lokalnich adaptaci na produktivitu populaci pstruha obecniho. Tyto vystupy mohou
nalézt vyuziti pii hospodafeni a ochran¢ populaci pstruha obecného, ale také dalSich
druhti sladkovodnich ryb.



Abstract

Brown trout Salmo trutta L. is a fish species with high socio-economic value
which is favored among anglers and a successful invader worldwide. The aim of this
thesis is to explore environmental factors affecting body growth and survival of
brown trout with emphasis on density dependent selection in juvenile life stages. This
thesis is specifically focused on: (1) effect of population density on growth and
survival with respect to the dynamics of a local group of individuals (papers I and II);
(2) effect of inter-individual differences in behavior on the relationship between
individuals life-history traits and variation in available resources (papers III and 1V);
(3) link between the demo-genetic structure of the population and the growth and
mortality rates of individuals (papers V, VI and VII).

Datasets for this thesis were collected during a long-term mark-recapture
study on wild brown trout population (2005-2011) in the catchment of the Otava
River in Sumava National Park (Czech Republic) and a set of field and laboratory
studies conducted on wild populations in streams on west coast of Sweden.

In accordance with some previous studies this thesis showed that growth of
juvenile brown trout is negatively affected by population density. Nonetheless, this
thesis reveals that the negative effect of density dependent growth can be mitigated by
familiarity with environment and towards conspecifics within a local group. This
thesis also demonstrates that consistent inter-individual differences in activity are
linked to differences in growth rate, mortality and dispersal. The consistent behavioral
types (animal personalities) described here, affect the way in which individuals utilize
resources in that they can, for example, affect propensity for egg eating during
autumn spawning season. This thesis shows, with an example of a small migratory
connected mountain watershed, that differences in growth and survival rate associate
with a demo-genetic structure of subpopulations within a metapopulation unit.

Relationships between behavior, environment and life-history traits reported in
this study were tested on several populations of brown trout in Europe, and they
highlight the importance of local adaptations for productivity of brown trout
populations. Specific findings of this thesis can be applied in management and
conservation of populations of brown trout but also other species of stream dwelling
freshwater fish.
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Uvod

Negativni zpétnd vazba mezi populacni hustotou a rychlosti rlstu pfi
pocetnostech blizkych nosné kapacité prostredi je zédkladni biologické pravidlo fidici
velikost populaci v ptirod€. Tato negativni zpétna vazba je disledkem soupeteni mezi
jedinci o dostupné zdroje jako je potrava, tkryt nebo partner k pareni (Gotelli 2008).
Zakladnim mechanismem jsou agresivni interakce nebo vycerpani zdroju (Davies et
al. 2012). Interakce mezi jedinci jsou ovlivnény okolnim prostfedim, ale také
vlastnostmi kazdého ze soupeficich jedincii (Biro a Stamps 2008; Réale et al. 2010).

Piikladem, ktery je rozpracovan v této disertaci, je negativni vliv populacni
hustoty na rlst téla a pfezivani pstruha obecné Salmo trutta. Velikost téla je vlastnost,
ktera zvlast€ u zivocichl s neukonéenym riistem, koreluje s biologickou zdatnosti
jedince (Stearns 1973). Velci jedinci jsou plodnéjsi, maji vétsi pravdépodobnost
Fordham et al. 2007; Johnsson et al. 1999). Avsak, rychlost ristu neni ovlivnéna jen
pocetnosti jedincii v populaci, protoze vlastnosti habitatu a chovani jedinct hraji také
vyznamnou roli (Biro a Stamps 2008; Davies et al. 2012).

V prvni ¢asti se tato prace zabyva, interakci mezi vlivem populacni hustoty a
stalosti skupiny na rychlost ristu jedince. Stdlost skupiny totiz zvySuje zndmost
jedince vuc¢i habitatu a dalSim clenim skupiny (Dukas 2004). Neékteré studie
naznacuji, Ze vzajemnda znamost jedinct ve skupiné (Hgjesjo et al. 1998, Slavik et al.
2012) a znalost habitatu (Johnsson et al. 1999, Cutts et al. 2002) zlepSuje vyuzivani
dostupnych zdrojii a snizuje stress jedinci ve skupiné. Tento efekt tak muze ve
stabilnich skupindch zmirnovat negativni vliv zvySujici se populacni hustoty na
kondici jedince, nicméné tato hypotéza nebyla dfive testovana.

Druhé cast prace je zaméfena na vliv osobnosti jedince na rychlost rlstu a
pravdépodobnost pieziti v interakci s proménlivym ptirodnim prostifedi. Osobnosti je
zde minén rozdil mezi jedinci v populaci v tendenci pro ur€ity typ chovani, naptiklad
agresivitu, ochotu riskovat nebo aktivitu (vzhledem k ostatnim ¢lenim populace),
ktery je staly v ¢ase (Biro a Stamps 2008; Adriaenssens a Johnsson 2013). Tyto rysy
chovani mohou byt spojené s dalsimi vlastnosti jedince, jako je rychlost rastu,
rychlost metabolismu nebo pravdépodobnost pieziti v rdmci syndromu zivotniho
tempa (Réale et al. 2010).

Treti ¢ast prace sleduje strukturu populace pstruha obecného v malém
horském povodi. Populace lososovitych ryb jsou casto rozdélené do castecné
isolovanych subpopulaci i v rdmci malého povodi (Koizumi 2011). Tato izolace mlize
vést k diverzifikaci lokéalnich adaptaci v subpopulacich, které se mohou projevit
odli$nostmi v ristu téla, ¢i pravdépodobnosti preziti, coz mize mit vliv na procesy
zavislé na populacni hustoté.

Pstruh obecny je nejrozsifenéjsi pivodni evropska lososovitd ryba s vysokou
socio-ekonomickou hodnotu a velkym invaznim potencidlem mimo evropsky
kontinent (Elliott 1994; Granek et al. 2008). I pfes historii ispé$nych invazi v mnoha
Gastech svéta se velikost evropskych populaci pstruha obecného véetné Ceské
Republiky béhem poslednich dvaceti let neustale snizuje (Jonsson and Jonsson 2011;
Slavik 2014). Disledky tohoto poklesu nejsou vSak zcela znamy. Motivaci této
disertace je prispét k pochopeni tohoto jevu, sledovanim behavioralnich mechanismi
a populaéni dynamiky v divokych populacich pstruha obecného.



Cile disertacni prace:
Cilem této prace je zkoumani faktord prostfedi, které ovliviluji rast a prezivani
pstruha obecného napfi¢ Zivotnimi stadii s dirazem na vliv populacni hustoty u
juvenilnich jedinct. Studie shrnuté v této praci testovaly nésledujici predpoklady:

(1) Znalost prostiedi a vzdjemna zndmost jedincl ve stabilnich skupinach
zlepSuje vyuzivani dostupnych zdroji a snizuje stress jedincti. Proto budou ¢lenové
stabilnich skupin méné nachylni k poklesu rlstu a piezivani pfi zvySené populacni
hustoté nez jedinci v nestabilnich skupinach (publikace I a IT).

(2) Rust a pravdépodobnost preziti jedince jsou zavislé na interakci mezi,
osobnosti jedince a dostupnosti zdroji. Riist a prezivani aktivnich jedincl je vice
ovlivnény zménami v dostupnosti zdroji nez u pasivnich jedinct (publikace III a IV),

(3) Genetickd a demografickd izolace subpopulaci pstruha obecného je
spojend s rozdily v rychlosti ristu a piezivanim jedinct i v rdmci mého povodi
horského toku (publikace V, VI a VII).

Material a metodika

Udaje pro disertadni praci pochazi z nékolika pokusii a pozorovani které byly
provedeny v obdobi pied a béhem mych PhD studii. Prvni sada dat (pouzitd v
publikacich I, V, VI a VII) pochazi z dlouhodobé studie zalozené na vzorkovéani,
znaceni a zpétném odchytu jedinct v malém horském povodi provadéném v mezi lety
2005 a 2011. Tato studie byla zaméfena na divokou populaci pstruha obecného
v pramenné oblasti feky Otavy v Narodnim parku Sumava. Néktera doplitkova data
pro publikaci V byla ziskana v Tepl¢ Vltave, ktera se nachazi ve stejném narodnim
parku. Udaje pouzité v publikacich IL, IIT a IV byly pofizeny z vyzkumu populaci
pstruha obecného ve dvou tocich (Bodeledn and Jorlandaan) na zdpadnim pobiezi
Svédka. Tato data byla ziskéna v letech 2013 a 2014.

Vsechny experimenty provadéné v této praci, byly v souladu s platnymi
legislativnimi predpisy Ceské Republiky, Svédska a EU. Ryby byly loveny
standardizovanym elektrolovem za vyuziti 200-300 V stejnosmérné¢ho proudu (Bohlin
et al. 1989). Individudlni znaceni jedinci bylo provadéno pomoci pasivnich
integratori (12 mm, Oregon RFID, Portland, OR, USA nebo Trovan, UK) do bfisni
dutiny nebo pomoci Visible Implanted Alphanumeric Tag (VIA) a Visible Implanted
Elastomer Tag (VIE) znafek (Northwest Marine Technology, WA, USA,
www.nmt.us) implantovanych do ktize (Olsen and Vellestad 2001).

Statistické analyzy byly provadény pomoci softwaru SAS (Version 9.1, SAS
Institute Inc., USA, www.sas.com) a R (Version 3.1.0, R Core Team, Austria www.r-
project.org). Hodnota fixa¢niho indexu (Fsr) jakozto ukazatele genetické rozdilnosti
byla pocitana za pomoci softwaru 6 Arlequin 3.11 (Excoffier et al. 2005).

Vysledky a diskuse

Tato disertacni prace shrnuje sedm publikaci, které zkoumaji procesy ovliviiujici
zavislost rastu a ptezivani jedinct pstruha obecného na populacni hustote. Publikace I
sledovala zavislost ristu na popula¢ni hustoté v divokych populacich pstruha
obecného. Vysledky studie ukézali, v souladu s ptedchozimi studiemi (Imre et al.
2005; Vincenzi et al. 2010), Ze v méfitku celého toku ma vzrastajici populacni hustota
negativni vliv na riist t€la juvenilnich, ale ne dospé€lych jedincti. AvSak, negativni vliv
populacni hustoty byl pozorovan pouze na usecich toku s nizkou mirou zpétného
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odchytu jedincli, zatimco v usecich s vysokou mirou zpétného odchytu nebyl vliv
hustoty na rist pozorovan. Stalost jedincti na lokalit¢ (zde indikovand vysokou
pravdépodobnosti zpétného odchytu) zvysuje znalost jedince o mistnim prostfedi a
dalsich rybach ve skupiné (Dukas 2004). Tato znalost habitatu a socidlniho struktury
skupiny zlepSuje vyuzivani dostupnych zdrojii a snizuje stress jedinct (Hojesjo et al.
1998, Cutts et al. 2002). Proto je mozné, ze stalost skupiny umoziuje jedinctim udrzet
relativné vysokou rychlost riistu navzdory rostouci populacni hustoté.

Cilem publikace II byla laboratorni studie testujici hypotézu, ze zndmost mezi
jedinci ve stabilnich skupindch umoziuje juvenilnim pstruhiim rychly rist navzdory
zvySené populacni hustoté. V ramci studie byl po 40 dni sledovan rast divokych
pstruht obecnych drzenych v nadrzich pod 2x2 faktoridlnim experimentdlnim
nastavenim propojujicim hustotu populace a stalost skupiny. Studie ukézala, Ze
stabilita skupiny snizuje stupeni poranéni ploutvi (disledek agresivnich interakci mezi
jedinci - Cafion-Jones et al. 2011) a zvySuje rychlost rastu. V nejlepsi kondici byly
jedinci ve stabilnich skupindch chovanych za vysoké populacni hustoty. Tyto
vysledky potvrzuji hypotézu, Ze stabilita skupiny mize zmirnit negativni vliv
populacni hustoty na kondici jedince.

Publikace III byla zaméfena na pozirdni jiker produkovanych
anadromnimi dospélci juvenilnimi jedinci lososovitych ryb v tocich na zapadnim
pobiezi Svédska. Studie prokazala, Ze jikry anadromnich dospélcti piedstavuji
dominantni slozku potravy juvenilniho pstruha a lososa v obdobi treni. Jikry
produkované anadromnimi dospélci poskytuji juvenilnim lososovitym rybdm zijicim
ve sladké vodé bohaty zdroj Zivin, pochéazejici z moiského prostfedi tésné pied
ptichodem zimni sezony. Jikry jsou vSak pro juvenily dostupné pouze v prubéhu a
tésné po reprodukénim aktu dospélct. Predace jiker tak miiZe pro juvenily byt spojena
s podstatnym riziky, protoze jak samice tak samec hnizdo v této dob& hnizdo brani
(Fleming 1998). Pozirani jiker je tak strategie nesouci energeticky zisk a zaroven
riziko v podobé zranéni ¢i imrti v disledku interakce s dospélci. Kompromis mezi
ziskem a rizikem tohoto chovani, mize byt spojeny s dal$imi rysy chovani patfici do
syndromu zivotniho tempa jedince (Réale et al. 2010).

Hypotéza syndromu Zivotniho tempa fika, Ze trvalé rozdily mezi jedinci
v chovani (tedy jejich osobnosti) souviseji srychlosti rGstu a pravdépodobnosti
preziti. Kdy je vysoka aktivita spojena s rychlym ristem, nizkym piezivanim (Biro a
Stamps 2008). Publikace ¢islo IV testovala tuto hypotézu kombinaci laboratorni
behavioralni studie a telemetrickych dat o pohybu jedince v ptirodé. To umoznilo
odhadnout jak jsou rozdily ve jedinci spojené s jejich biologickou zdatnosti
(respektive ristem a pifezivanim) v pfirodnich podminkéach. Vysledky této studie
nejsou v souladu s ptivodni hypotézou syndromu zivotniho tempa, protoze rychlost
rstu ani pfezivani jedinct nebyly pfimo zavislé na jejich aktivité. Nicméné vysledky
této prace ukazuji, Ze rust aktivnich jedinct je citlivéjsi na vykyvy v mnozstvi zdroja
(zde indikované velikosti doméciho okrsku) nez rtist pasivnich jedinct.

Cilem publikace V bylo ovéfit presnost odhadi véku a rastu zjisténych
ukazuji podstatnou variabilitu v pfesnosti ¢teni Supin mezi populacemi ryb (napiiklad
Hoxmeier et al. 2001). Odhadovany vek ulovenych ryb se pohyboval od 1+ do 8+.
Absolutni procentudlni chyba odhadu korigovand na vék jedince byla 10.71%. Tato
chyba byla dana ptedev§im podhodnocenim vé&ku dospélych jedinci. Zpétné
dopocitand délka se vyznamné neliSila od skutecné naméfenych délek a vSechny
odhady véku a rlstu byly dostate¢n¢ presné pro juvenilni jedince (tedy vékové
skupiny 0+ a 1+).
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V publikaci VI bylo cilem zjisti migra¢ni propojenost a rozdily v rychlosti
ristu jedincli pstruha v tocich pramenné oblasti feky Otavy v Narodnim Parku
Sumava. Studie ukézala, Ze rist juvenilnich jedincti (vék 0+ a 1+) se lisil mezi
jednotlivymi toky i jejich ¢astmi. Tyto rozdily v ristu byly spojené s castecnou
migracni izolaci mezi sledovanymi populacnimi jednotkami, coz naznacuje existenci
metapopulacni struktury v rdmci sledovaného povodi (Koizumi 2011).

Publikace VII byla zamétena na analyzu demografické a genetické struktury
populace pstruha obecného v tocich pramenné oblasti feky Otavy. Cilem bylo zjistit
stupen izolace mezi popula¢nimi jednotkami liSicimi se rychlosti riistu juvenilnich
jedinct. Geneticka divergence (Fst) mezi 14 vzorkovanymi populacnimi jednotkami
byla nizkd vrozsahu od -0.03 do 0.16, nicméné divergence mezi nékterymi
populacnimi jednotkami byla signifikantni. Demografickd synchronizace byla nizka
az stfedni a primérny korelacni koeficient populac¢niho riistu mezi vzorkovanymi
jednotkami (r) se pohyboval od 0.28 do 0.66. Variace miry popula¢niho ristu
(indikujici pravdépodobnost lokalni extinkce - dle Green 2003) rostla se vzdalenosti
od hlavniho toku a od dalSich vzorkovanych populacnich jednotek. Tyto vysledky
potvrzuji hypotézu, Ze se populace pstruha obecného v tocich pramenné oblasti Otavy
sklada s né€kolika subpopulaci. V horni €asti pramenné oblasti se udrzuji docasné
subpopulace, které se geneticky 1isi od zbytku povodi, zatimco hlavni tok ma roli
zdrojové oblasti pro celou metapopulaci. Tato struktura populace se lisi od obvyklého
modelu populace lososovitych ryb v tocich, které jsou zavislé na ptfisunu juvenilnich
jedincii z hornich ¢asti toku (Klemetsen et al., 2003; Quinn, 2005).

Zavéry

Vysledky shrnuté vysledky predkladané disertacni prace ukazuji nékolik
ptikladt, které zduraznuji vyznam lokéalnich adaptaci, chovani a stalosti skupiny
v procesech zavislych na populacni hustoté. Hlavni zavéry této prace mohou byt
shrnuty v nasledujicich bodech:

(1) Stalost skupiny jedinci mize u juvenilniho pstruha obecného zmirfiovat
negativni vliv zvySené populacni hustoty na rychlost riistu a ptezivani. Laboratorni a
terénni studie provedené vramci této disertace ukazaly, Ze jedinci ve stabilnich
skupinach si udrzuji relativné vysokou rychlost riistu i pfi zvySenych populacnich
hustotach.

(2) V populaci pstruha obecného existuji trvalé rozdily mezi jedinci v aktivité,
které jsou soucasti jejich osobnosti. Aktivita jedinciti ma vliv na riist, pfezivani a Sifeni
jedinct v piirozeném prostiedi. Konkrétn€ se aktivni jedinci vice §ifi a jejich kondice
je citlivéjsi ke zménam v dostupnosti zdrojii (potravy a Ukrytu) nez pasivni jedinci.
Pro dynamiku procesii zavislych na hustot¢ mohou mit tyto individudlni strategie
velky dopad. Napiiklad populace s slozend ptfevazné z aktivnich jedinci poroste
rychleji pfi nizkych hustotdch populace, ale bude nachylnéjsi k poklesu télesného
ristu a prezivani za vysokych populacnich hustot. Naproti tomu, populace slozena
s pasivnich jedincl poroste pomaleji, ale pokles riistu a pfezivani s rostouci populacni
hustotou bude mirnéjsi nez u populaci slozenych z aktivnich jedinc.

(3) V piipadé povodi testovaného v této disertaci se divokd populace pstruha
obecného se skladala z demograficky a geneticky diferencovanych subpopulaci, které
se lisily rychlosti ristu jedinct a pravdépodobnosti extinkce. Subpopulace v horni
Casti sledovaného povodi se geneticky liSily od jednotvarného genotypu bézného
v nize polozenych ¢astech povodi (Kohout et al. 2012). Tyto vysledky ukazuji



dilezitost docasnych subpopulaci pro obnovu genetické diverzity v populacich
lososovitych ryb, které byly uvolnény z antropogenniho tlaku.



Introduction

Negative feedback between population density and population growth rate at
densities close to the carrying capacity of the environment is the basic biological rule
governing size of populations in nature. This negative feedback is a consequence of
competition among individuals for thinning resources such as food, shelter or mates
(Gotelli 2008). The essential element here is the competition, either through direct
aggressive interaction or depletion of resources, which become unavailable for the
other population members (Davies et al. 2012). Inter-individual interactions are
affected by the ambient environment, but also by characteristics of each contesting
individual (Biro and Stamps 2008; Réale et al. 2010).

An example, which is elaborated in this thesis, is the negative effect of
population density on individual body growth and survival in brown trout Salmo
trutta. Body size is a trait, which, especially in animals with undetermined growth,
correlates with biological fitness (Stearns 1973). Large individuals have higher
fecundity and probability of survival and they are more successful in territorial
conflicts (Jonsson et al. 1991; Scott 1994; Fordham et al. 2007; Johnsson et al. 1999).
However, growth rate is not affected only by individuals’ abundance, as habitat
characteristics and the behaviour of the individual also have a significant effect (Biro
and Stamps 2008; Davies et al. 2012).

The first part of this thesis is focused on interaction between effects of
population density and group stability on growth of an individual. The group stability
increases familiarity of an individual towards habitat and other group members
(Dukas 2004). Previous studies indicate that the familiarity towards habitat (Johnsson
et al. 1999, Cutts et al. 2002) and other group members (Hojesjo et al. 1998, Slavik et
al. 2012) can facilitate utilization of resources and decrease a stress level. Therefore,
this effect can mitigate negative density dependent growth and survival in stabile
groups of individuals; however, this hypothesis has never been previously tested.

The second part of the thesis investigates the effect of individuals’ personality
on growth and survival in the variable natural environment. The animal personality is
defined here as a consistent inter-individual difference for certain type of behavior,
for example aggression, boldness or activity (Biro a Stamps 2008; Adriaenssens a
Johnsson 2013). These behavioral traits can associate with other characteristics of an
individual such as growth rate, metabolic rate or survival within the pace of life
syndrome (Réale et al. 2010).

The third part of this thesis explores a structure of brown trout population
within a small mountain watershed. Populations of salmonid fishes are often
distributed among partially isolated subpopulations even within a small watershed
(Koizumi 2011). The isolation can lead to diversification of local adaptations among
the subpopulations, which can cause differentiation in a dynamic of density dependent
processes.

Brown trout is the most widely distributed native European salmonid species
with socio-economical value for its popularity among anglers and its high invasive
potential outside the European continent (Elliott 1994; Granek et al. 2008). Despite
the history of successful invasions across the globe, European populations of brown
trout including Czech Republic have been declining over last 20 years (Jonsson and
Jonsson 2011; Slavik 2014). The causes of this decline are not fully understood and
the main motivation of this thesis is to contribute to better understanding of this effect
by study of behavioural mechanisms and population dynamic in wild populations of
brown trout.
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Aims of the thesis:

The aim of this thesis is to explore environmental factors affecting body
growth and survival of brown trout with emphasis on density dependent selection in
juvenile life stages. Studies assembled in this thesis were testing the following
assumptions:

(1) Habitat knowledge and familiarity towards conspecifics within a group can
facilitate utilization of resources and decrease the level of aggressive interactions
among individuals. Therefore, the negative effect of increased population density on
growth and survival can be mitigated by familiarity in stabile groups of individuals
(papers I and II),

(2) Growth and survival of an individual is affected by the interaction between
individuals personality and availability of resources. Growth and mortality in active
individuals is more sensitive to resources availability than in passive individuals
(papers III and IV),

(3) Genetic and demographical isolation among subpopulations of brown trout
associates with differences in growth and survival of individuals within a small
mountain watershed (papers V, VI and VII).

Methods and material

Data for this thesis originate from several experiments and observations,
which were conducted before and during my PhD studies. The first dataset (used in
papers I, V, VI and VII) comes from a long-term study based on bi-annual sampling
and a mark-recapture program performed between years 2005 and 2011. The study
was focused on wild population of brown trout in headwaters of the Otava River in
Sumava National Park, Czech Republic. Some additional data for paper V were
collected in Tepld Vltava River, which is located in the same National Park. Data
used in papers II, III and IV were collected on populations of brown trout in two
streams (Bodelean and Jorlandadn) on the west coast of Sweden. This data were
collected in years 2013 and 2014.

All of the experimental procedures complied with valid legislative regulations
of Czech Republic, Sweden and EU. Fish were caught by standardized electrofishing
using 200-300 V of direct current (Bohlin et al. 1989). Experimental fish were tagged
by 12 mm PIT-tags (Oregon RFID, Portland, OR, USA or Trovan, UK) into the body
cavity or by Visible Implanted Alphanumeric and Visible Implanted Elastomer Tags
(Northwest Marine Technology, WA, USA) implanted into the skin (Olsen and
Vollestad 2001).

Statistical analyses was performed using statistical software SAS (Version 9.1,
SAS Institute Inc., USA, www.sas.com) a R (Version 3.1.0, R Core Team, Austria
www.r-project.org). The value of the fixation index (Fsr) as an indicator of genetic
divergence was calculated by software 6 Arlequin 3.11 (Excoffier et al. 2005).

Results and discussion
This thesis contains seven papers, which aimed to explore underling processes
of density dependent growth and survival in brown trout. Paper I examined density
dependent growth in a wild population of brown trout. The study showed, in
concordance with previous studies (Imre et al. 2005; Vincenzi et al. 2010), that the
population density of trout on a scale of the whole stream has a negative effect on
body growth in juveniles, but not in adult individuals. However, the negative effect of

11



the whole stream density on growth was detected only in reaches of a stream with low
recapture rates, whereas no such relationship was found in reaches with high
recapture rates. Local persistence (indicated here by high recapture rate) within a
locality increases familiarity of an individual with its habitat and with other
conspecifics (Dukas 2004). The knowledge of local habitat and social structure of the
group facilitate utilization of resources and mitigates individuals’ stress level (Hojesjo
et al. 1998, Cutts et al. 2002). Therefore, it is possible that group stability enable
individuals to maintain relatively fast growth rate, despite the increased population
density.

The aim of paper II, was laboratory study testing the hypothesis that
familiarity within a stabile group of individuals enables the group members to
maintain fast growth rate despite increasing population density. To test this, growth of
wild-captured juvenile brown trout held in tanks under a 2x2 factorial density and
group stability experimental design, was observed for 40 days. The study showed that
individuals within the stable groups have lower level of fin erosion (the consequence
of aggressive interactions - Canon-Jones et al. 2011) and higher growth rate. The
highest fitness had individuals in the stabile groups held under high population
density. These results confirm the hypothesis that group stability can mitigate
negative effect of population density on individuals’ fitness.

Paper III was focused on predation of eggs produced by adult anadromous
salmonid fishes by juvenile trout and salmon in streams on the west coast of Sweden.
The study showed that the eggs from anadromous salmonids can constitute a large
proportion of the ingested food for juvenile Atlantic salmon and brown trout during
the spawning period. The eggs of anadromous salmonids provide a rich source of
nutrients, derived from marine environments, to the freshwater residing juveniles at
the onset of the winter season. Active egg predation at the moment when the female
release her eggs could be associated with substantial risks as both females and males
defend the nest against intruders in association with the spawning (Fleming 1998).
Therefore, egg predation is a strategy bringing energetic benefits, but also a risk of
injury or mortality as consequence of interaction with spawning adults. The cost-
benefit trade-off in this strategy can be associated with other behavioural traits within
a pace-of-life syndrome (Réale et al. 2010).

The pace-of-life syndrome hypothesis suggests that high activity is associated
with rapid growth, high dispersal tendency, and low survival Biro a Stamps (2008).
The study number IV addressed this hypothesis by combining behavioural scoring in
the lab with telemetric data, and measurements of growth and survival from natural
environment. The final results do not support the original pace-of-life syndrome
hypothesis, because growth and survival of individuals was not directly dependent on
their activity. Nonetheless, the results showed that growth of active individuals was
more sensitive to variation in resource abundance (indicated here by home range size)
than growth of passive individuals.

The aim of paper V was to validate age and growth estimates made from scale
reading in a landlocked population of brown trout. Some previous studies showed
substantial variation in the accuracy of scale reading across populations of fish (for
example Hoxmeier et al. 2001). The estimated age of captured fish ranged from 1+ to
8+. The age-corrected absolute percentage error was 10.71%. This error was mostly
associated with underestimation of age in adult individuals. The back-calculated
length was not significantly different from the real measured length and all estimates
were precise enough for juvenile individuals (i.e. age classes 0+ and 1+).
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The paper VI investigated the migration connectivity and differences in
growth of individuals in brown trout population dwelling in the headwaters of the
Otava River in the Sumava National Park, Czech Republic. The study showed that
growth of juveniles (0+, 1+) varied significantly among the streams and their sections.
The differences in individual growth were associated with migratory isolation among
the observed population units, which indicates that a metapopulation structure can
occur in the observed watershed (Koizumi 2011).

Paper VII was focused on analysis of the demographic and genetic structure
of a wild brown trout population within the headwaters of Otava River. The aim was
to examine the isolation among the population units, which differ by growth rate of
juvenile individuals. Genetic divergence (Fst) among the sampled population units
was low ranging from -0.03 to 0.16, but significant genetic divergence occurred
among some population units. Demographic synchrony was from low to moderate,
and the average correlation coefficient of population growth between sampling units
(r) ranged from 0.28 to 0.66. Variance in the population growth rate (i.e. local
extinction probability — see Green 2003) increased with distance from the mainstream
and from other sampling units. These findings support the hypothesis that the
population of brown trout within the headwaters of Otava River consist of several
subpopulations. The upstream section of the headwaters holds only ephemeral
subpopulations, which are genetically divergent from the rest of watershed, while the
mainstream and lower situated tributaries are the source maintaining the
metapopulation. This structure differs from the usual model of stream dwelling
salmonid fishes, which are dependent on recruitment from upstream nursery areas
(Klemetsen et al., 2003; Quinn, 2005).

Conclusions

This study summarizes several studies showing examples, which highlights
the importance of local adaptations, behaviour and stability of group of individuals on
density dependent processes. The main conclusions of this thesis can be summarized
in the following points:

(1) Familiarity towards conspecifics and with the environment relaxes the
intensity of agonistic interactions among juvenile individuals of brown trout.
Therefore, group stability can mitigate the negative effect of increased population
density on growth in the natural environment through the moderation of interference
competition.

(2) There are consistent inter-individual differences in activity within a
population of brown trout, which are part of their animal personality. Activity of
individuals has effect on growth, survival and dispersal in the natural environment.
Specifically, active individuals disperse further and their fitness in more sensitive to
fluctuation of available resources than the fitness of passive individuals. The
composition of personality types in a population can have a substantial effect on the
density depended processes. For example, a population consisting mostly the active
individuals will have higher growth and survival rate under the low population
density, but it will have a tendency for steep decrease of growth and survival rates
under the high population density. The contrasting pattern can be expected in the
population consisting mostly the passive individuals.

(3) The population of brown trout dwelling in the small mountain watershed
studied in this thesis consist of demographically and genetically differentiated
subpopulations, which differ by growth rate of individuals and probability of
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extinction. Subpopulations located in the upstream part of studied headwaters were
genetically differentiated from the uniform genotype of lower situated parts of the
watershed (Kohout et al. 2012). The observed patterns highlight the importance of the
sink subpopulation for recovery of genetic diversification in populations of salmonid
fish under relaxed anthropogenic pressure.
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