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Zmeény abundance v prirodnich podminkach

dN/dt= p-(S + G+ Pa+ D)

| koncentrace bunék ras

¥ [ specificka ristova rychlost
S sedimentace
G .predace

Pa.....oeeireeeee parazitismus

D JR odumirani z jinych pri€in



Sedimentace



Fytoplankton a sedimentace

« adaptace k zivotu v pelagialu — dlouhodobée udrzeni se
v eufotickeé vrstvé vodniho sloupce

- ovliviiuje vyznamneé dynamiku nepohyblivych druhu
planktonnich ras

Sedimentacni rychlost v neturbulentnim prostredi

- modifikovany Stokesuv zakon
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Sedimentacni rychlost

modifikovany Stokesuv zakon

c=K [(EDS) (p-p)]/ p. @

C .... rychlost sedimentace, m.d-
K ... konstanta

EDS ..... sequivalent sphaerical diameter
o S hustota ¢astice, kg m-3

Dy weeeeeees hustota vody, kg m-3

TR viskozita vody, kg m-! s-

D.......... koeficient tvarového odporu bunky (resp. kolonie)



Sedimentacni rychlost

Table 19. Some sinking rates of diatoms determined from retrospective
measurements in the field, using sediment traps (T) or field chambers (C),
or reconstructed from changes in the standing population (R)

Species

Site

Method v/ (m d™1)

Refer-
ence

Cyclotella melosiroides

Cyclotella comta

Tabellaria fenestrata

Fragilaria crotonensis

Asterionella formosa

Bodensee (upper

10 m)
Bodensee (upper

10 m)
Bodensee (upper

10 m)
Lohjanjérvi
Bodensee
Lohjanjarvi
Crose Mere
Crose Mere
St. George
Blelham Enclosures
Blelham Enclosures
Lohjanjarvi
St. George
Blelham Enclosures
Blelham Enclosures

T

wRA=-RRO-R-I-S9-3 3 -

0.2-2.5

0.4 -5.0
1.0 -1.5

0.3 -6.4
0.5 -1.5
0.2 =25
0.21-0.65
0 -0.11@
0.14-0.40
0 -0.59®
0.1 -1.17¢
0.1 -1.1
0.12-0.68
0.08-0.15®
0.33-1.02¢(@

(1)
(1)
e

(2)
(D)
(2)
(3)
(3)
4
()
(5)
(2)
4)
(5
(3




Velikost bunky

c=K [(FU%)2 (p-pu)]l/ p @

- vétsi velikost bunék
casto kompenzovana
shizenou hustotou
(snizeni pomeéerného
zastoupeni Si) nebo
zvysenym tvarovym
odporem
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Figure 15. The relationship between maximum observed mean sinking
rates and the mean cell diameters of chain-forming marine diatoms.
(Redrawn from collected data presented by Smayda, 1970.)




Hustota bunky

C= K [(EDS)2 ( )] I LL. D Table 8. The densities of a marine and some freshwater phytoplankton

‘algae’

Number of
determi-  Density )
Species(@ nations (kg m—3) Method®

Cyclotella praeterissima 1 1196 (+£13) gradient )
centrifugation

Stephanodiscus astraea 1091 (£13) gravimetric (§))]

Synedra acus'® 1100 (+33) gravimetric (N

S. acus'® 1115 (£23) gradient (1)
centrifugation

Asterionella formosa 1130 gravimetric (D

Fragilaria crotonensis 1198 (+82) gravimetric (1)

F. crotonensis'® 1196(+13)  gradient (D
centriguation

F. crotonensis® . 1165 (+65)  gravimetric )

F. crotonensis 7 1100-1465 calculation (2)

Melosira italica subsp. 1250 (+£13) gradient (D
subarctica'® centrifugation

M. italica subarctica'l [ 1169 (+14) gradient 48
centrifugation

Tabellaria flocculosa 1142 (+14) gradient (D
v. asterionelloides 1142 (+14) centrifugation

Cyclotella meneghiniana 1020-1200 gradient 3)
centrifugation

Chiorella vulgaris , 1095 (+7) gradient 3)
centrifugation

Chlorococcum sp.9) 1074 (£ 16)

gradient 3
Chlorococcum sp. ™ 1089 (+51) J centrifugation
Chlorococcum sp. @ 1044 (+24)
Thalassiosira fluviatilis? ] 1121 gravimetric (4)
ystis aeruginosa®) 72 999.4-1004.0 calculation 5)
%




Hustota bunky

c=K [(EDS)? (v -.)]/ p. @

* regulace obsahu iontu

snaha zadrzet ,lehké” ionty (Na*, K*) a nahradit
dvojmocné ionty (Ca%*, Mg?*)

Kahn et Swift (1978) - morsky druh obrnénky
Pyrocystis noctiluca




Hustota bunky

c=K [(EDS)? (v -0.)]/ p. @

« akumulace lipidu v bunce
2-20 % susiny, vyjimecné 40 %
zvysSeni obsahu lipidu ale prispiva jen malo ke
shizeni sedimentacni rychlosti
(Asterionella)
vyjimkou Botryococcus braunii — akumulace
karotenoidu pfri limitaci dusikem

Akumulace lipidlu pravdépodobné nema adaptivni
vyznam.






Hustota bunky

c=K [(EDS)? (v -0.)]/ p. @

» sekrece slizovych obalu

Relative sinking rate

polysacharidy zadrzujici vodu M
— primérna hustota blizka ;
hustoté vody

- ale zvétSeni pruméru bunék
akumulace slizu
omezena, aby o e ey
neprevazila jeji ety

Figure 18. The effect of increasing mucilage thickness (a, as a
e proportion of r) on the density (p* = p.,+pr,) and the relative sinking
n evy h Od n ost rate of a spherical algal cell, of constant radius () and density
(p, = 1016 kg m~?*). The arrow on the velocity plot indicates the point
at which the extent of the mucilage secretion is most advantageous
(a = 2.25). Based on Figure 10.2 of Walsby & Reynolds (1980).
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Hustota bunky

c=K [(EDS)? (v -0.)]/ p. @

« aerotopy u sinic
Klebahn 1895, Gloeotrichia

nejefektivnéjSi mechanismus
aktivni regulace vznaseni




Koeficient tvaroveho odporu bunky

c =K [(EDS)? (p-p)]1/ p.

®d=c./c

D tvarovy odpor
sedimentacni rychlost koule

o sedimentacni rychlost zkoumaného objektu



Koeficient tvarového odporu bunk

Table 10. Comparison of measured v’ and values of vq (units: ums™) calculated from Equation 11 for a

selection of freshwater algae,; the approximate shapes of the algae are also noted

Alga

Chlorella vulgaris
Chlorococcum sp.
Cyclotella meneghiniana
Stephanodiscus astraea

Cyclotella praeterissima
Synedra acus (cultured)

Melosira italica

(1-2 cells)

(7-8 cells)
Asterionella formosa

(4 cells)

(8 cells)

(16 cells)
Tabellaria flocculosa

var. asterionelloides
Fragilaria crotonensis

(1 cell)

(11-12 cells)

Dynamic shape

+ spherical

+ spherical?
squat cylinder
squat cylinder:

ro = 6-7 um
re=12-14 ym
squat cyliner
attenuate cylinder
(GALD = 17d)

cylinder

attenuate cylinder
cylinder

stellate

colonies

stellate 8-celled
colonies

cylinder
plate

LL:5240.81
27.62+2.64
9.52+1.04
0§ i il 9

7.43+2.75
11.40+4.11
2.98+0.43
5.78+0.22
7.33+£0.57
10.7911:23
10.26 +0.97

3.86+0.21
11.194+0.45

Vs

br

0.98-1.07
1.02-1.04
1.03

1.06
0.94
1.07
4.08

2.31
4.39
2.46
5
3.94
4.28
5.49

2.5
4.83

Reference

(1)
(1)
(1)

(2
()
3
3)

3)
3)
3)
3)
(3),(4)
3)
)

3
3)




Koeficient tvarového odporu bunk

Padisak et al. (2003) — modely z PVC




Koeficient tvarovéeho odporu bunky

c =K [(EDS)? (p-p)]1/ p.

« krome tvaru slzy vsSechny tvary sedimentuji
pomaleji nez koule

 u valcu zalezi na poméru délky a Sirky

* @ roste s poctem bunék v kolonii

* spiralizace vlaken zmensuje ®

* @ roste s rostoucim poctem nebo
s prodluzovanim trnu

» asymetrické usporadani trnti nebo bunék
v kolonii snizuje ®




Planktoniella sol




VLIV TLOUSTKY MICHANE VRSTVY A TURBULENCE
NA ZTRATY SEDIMENTACI

s=clz,

S ..... ztraty sedimentaci [d-1]
C .... sedimentacni rychlost [m.d-]
hloubka michané vrstvy [m]



Parazitismus



Parazité sinic a ras

Parazitismus - vztah v nemz jeden Clen profituje na ukor druhého

Hostitel (rasova bunka) je pro parazita zdrojem a zasobarnou
potravy

Parazitismus pravdepodobné vyznamné ovliviiuje sukcesi
planktonnich spolecenstev, ale dosud malo praci

* Viry
* bakterie
* prvoci
* houby



Parazité sinic a ras

- Viry

mohou zpusobovat lyzi bunék

vetsinou druhove specificti

pocetnost korelovana s trofii

cyanofagove — prakticky vyznam v regulaci
vodnich kvétu sinic




Aphedidium

Kmen My xomycophyin Tab. 1.
podkmen Hydromyxomycetes

Labyrinthulla

odkmen Phycomycetes
Chytridiomycetes

ipidinm Phiyeinchyteim
Kilizophydivm

- Chyeridinn

ad Maonoblepharidales

Fad Blastocladiales Harpochytrinm

Rivizidiowmyces

Monobleplaris Altomyees
Rad Hyphochytridiales

Thida Oomycetes

|

Sepromyve

Thida Fygomycetes
2. Aneylistacene

tpharamyengi

Saprompcen

Myzaciriem

Kmen Aseumyeries

l it Dheuteramy ceres.




Houbovi parazité ras
Cech a Slovenska
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Houbovi parazité

« Chytridiomycetes — pohybliva stadia s 1 bi¢ikem,
vnejsi parazite

« Oomycetes - pohybliva stadia se 2 biciky,
vnitrni parazite




Houbovi parazité

« zoospory — disperzni stadia

« Chytridiomycetes —zoospory prisedaji na bunku,
pronikaji do ni biciky a poté vytvori
systém rhizoidu

« Oomycetes — sporangia cela v hostitelskych bunkach
— nepotrebuji tvorit rhizoidy

 klidova stadia — silna bunecna stéena



Zivotni cyklus druhu Zygorhizidium planktonicum

A - jednobunécna haploidni
stélka,

B - operkulatni sporangium,

C- uvolnéni zoospor ze
sporangia,

D - zoospory,

E - gametangia,

F, G - isogamické splynuti
gametangii,

H - klidova spora, I- klic¢ici
klidova spora,

J - zoospory opousteji
sporangium




Z.S — ZoOSspory
Sp. — sporangia
r.s. —trvala

spora
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Vliv parazitu na populace fytoplanktonu

Wesenberg-Lund (1908) & ’L
de Wildeman (1900, 1931) L A
Huber-Pestalozzi (1946) o R

- prvni pozorovani chytridiomycet parazitujicich na rasach

Reynolds (1940) — parazitismus snizuje pocty
Staurastrum paradoxum

Canter et Lund (1948, 1951) — prvni kvantitativni studie
vlivu parazitismu na populace fytoplanktonu,
- jezera v Anglii, Asterionella formosa, Fragilaria
crotonensis, Tabellaria fenestrata a Melosira italica



Vliv paraziti na populace fytoplanktonu

« Canter et Lund (1951) — chytridiomycety mohou zpozdit
vyskyt maxima fytoplanktonu nebo toto maximum snizit

- parazité specificti pro jeden druh nebo maly pocet druhu

- rozsivky, krasivky

* nakaza urcitého druhu muze podporit rust jinych druht -
ovlivhéni sezénni sukcese
* napr. nahrazeni druhu Asterionella formosa druhy Fragilaria
crotonensis a Tabellaria fenestrata v Esthwaite Water,
nebo Reynolds (1973) - nahrazeni druhu Asterionella
formosa dominanci Stephanodiscus astraea v Crose Mere




Prubéh nakazy

» vzestup pocCtu mladych nedavno encystovanych zoospor na
rasovych bunkach

 vzestup podilu sporangii

 pocCet zoospor je maly, mnoho mrtvych bunek hostitele s
prazdnymi sporangii, produkce trvalych spor

« pomeérné kratke trvani celého prubéhu nakazy — 2-3 tydny
* pro vypuknuti nakazy je nutna urcita minimalni koncentrace
bunek




Prubéh nakazy

« faktory ovlivaujici vypuknuti a prubéh nakazy malo prostudovany

Komplikace: hypersenzitivita hostitele (buriky nestaci ani vytvorit
sporangia
hyperparazitismus (napr. Zygorhizidium affluens
parazitovano rodem Rozella)
obtiZznost izolace a kultivace parazitu




Vyjadreni rozsireni nakazy

Prevalence of infection

P.=N,*100/( N, + N,)

P.....procento napadenych bunek
N.....pocCet infikovanych bunek
N,.... pocet neinfikovanych bunek



Vyjadreni rozsireni nakazy

Stredni hodnota napadeni

=N, /N,

l...stredni hodnota napadeni hostitele parazitem
N,...pocet prisedlych parazitu
N,...pocCet napadenych i nenapadenych bunék hostitele



Zmeéna pomeéru mnozstvi napadenych bunéek
v populaci

I(t)=1,"exp((M, — Hp) t)

M, — Hp--- rozdil reprodukcnich rychlosti hostitele a parazita,
rychlost, s jakou se nakaza Siri,
limitace zivinami, malo svéetla — priznive pro rozvoj
parazita
| ...pocet infikovanych bunék
|, ...pocet infikovanych bunek v case nula.



Faktory ovlivnujici rozvoj nakazy

- Limitace zivinami

snizeni rustové rychlosti hostitele teoreticky
podporuje rozvoj infekce, ale Casto silna
infekce za vysokych koncentraci zivin

* Bruning et Ringelberg (1987) — studium vlivu fosforem
limitovaného rustu Asterionella formosa na
reprodukcni rychlost parazita Rhyzophidium
planktonicum (Lake Maarsseveen)



Faktory ovlivnujici rozvoj nakazy - ziviny

N (z/s)
30 -

T = |

.8 1.0
ph (d™)
Figures 5.8 The mean number of zoospores per sporangium (N) produced by the

parasite as a function of the phosphorus-limited reproductive rate of its host (u,) (adapted
from Bruning and Ringelberg, 1987).

D (h
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i el
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Hh (d™

Figure 59 The mean development time of the sporangia of the parasite (D) as a

function of the phosphorus-limited reproductive rate of its host () (adapted from
Bruning and Ringelberg, 1987).

T L
.8 1.0

Bh @)
Figure 510 The mean doubling time of the zoospores within the sporangia of the

parasite (Td) as a function of the phosphorus-limited reproductive rate of its host (u,)
(adapted from Bruning and Ringelberg, 1987).

 mene spor = kratsi doba
vyvoje sporangii

* limitace fosforem zpusobuje
snizeni poctu a
rychlosti tvorby spor
parazita




Faktory ovlivinujici rozvoj nakazy - ziviny

Hp - Hh (@)
1.2

h(d™')
H

Figure 5.11 The difference in reproductive rate of parasite and host at high heg
density (u, — u,) as a function of the phosphorus-limited reproductive rate of its hos
(1) (adapted from Bruning and Ringelberg, 1987).

* rustova rychlost
parazita vzdy vetsi
nez hostitele

 nakaza nastane
nezavisle na limitaci
fosforem, pri limitaci
bude ale
intenzivnéjsi



Faktory ovliviujici rozvoj nakazy

- Svétlo

K rozvoji nakazy nutné svetlo (ve tmé zoospory
prezivaji, ale afinita k hostitelskym bunkam se
snizuje)

- Extracelularni produkty
hledani hostitelske bunky

- Teplota

7 LD s

Rhyzophidium sphaerocarpum/Spirogyra
— optimum 30 °C, X pod 10 °C
Dangenardia mammilata/Pandorina
— optimum 14 °C



- Teplota

Van Donk et Ringelberg
(1987)

(laboratorni studie s kmeny z
Lake Maarsseveen)
Zygorhizidium planktonicum
Asterionella formosa

Parazit je
schopen vyrazné
ovlivnit populaci

hostitele, i kdyz
jeho rust nebyl
limitovan jinymi
faktory
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aktivita parazita
inhibovana

days from start of the experiment

Figure 512 The number of uninfected cells during six days of incubation of uninfected
(0) and infected (o) cultures of A. formosa at four different temperatures. At day zero
the (o) cultures were inoculated with infected A. formosa cells (adapted from Van Donk
and Ringelberg, 1983).




Parazit vyrazné neovliviiuje populaci

hostitele, rist limitovan teplotou, A. f.
v kompetici vyhrava diky vetsi afinité
k fosforu

Vyznamna infekce populace hostitele,
dominuji jiné druhy rozsivek

CELLS mi~'

B ¢ 1879
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Figure 5.13 The succession of diatom species in the upper 10 meters of Lake Maars-
seveen during the spring of A, 1978; B, 1979; and C, 1980, s, Asterionelia formosa; A,
Stephanodiscus hantzschii; A, Stephanodiscus astraea; X, Fragilaria crotonensis; o, Cyclo-
tella comta. (Adapted from Van Donk and Ringelberg, 1983). s



Viiv parazitismu na sukcesi fytoplanktonu

F.crotonensis

Figure 5.15 A diagram of the relationship of three diatoms (A. formosa, F. crotonensis,
and S. hantzschii) and the fungus Z. planktonicum. u/K, is a measure of the competitive
ability of each diatom for phosphorus (P) at 5°C—the higher the value, the greater the
competitive ability. A white quadrant stands for stimulation of the growth rate and a
black quadrant for inhibition. Z. planktonicum inhibits the growth of A. formosa at
temperatures higher than 3°C (adapted from Van Donk, 1983).

* sukcese rozsivek
v Lake
Maarsseveen

je ovlivnéna
komplexem
abiotickych a
biotickych faktoru

Parazitismus muze
hrat signifikantni
roli v sukcesi
fytoplanktonu
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