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1/

2/

SYLLABUS

Uvod — prehled diverzity sinic a fas. (LN)
Velikostni spektrum, generacni doby, zivotni formy.
Fyzikalni a chemické vlastnosti prostredi.

Lenitické, lotické a terestricke lokality.

Prehled spoleCenstev

Fytogeografie (JN)

Kosmopolitismus x endemismus u ras. Finlayova teorie
latentniho kosmopolitismu protist.

Typy geografického rozsSireni sladkovodnich sinic a ras.
Historicky x ekologicky podminene arealy.

Sifeni sladkovodnich sinic a fas — pfiklady anemochorie,
zoochorie, antropogenni Sireni.

Biogeografie morskych makroskopickych ras, mechanismy
Sireni
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4/

SYLLABUS

Fytoplankton | (LN)

Euplankton, meroplankton a pseudoplankton.

Svételné podminky ve vodnim sloupci .

Eufoticka vrstva, epilimnion, kompenzacni hloubka.
Zavislost fotosyntézy na hloubce v nadrzich s ruznou trofii.
,Light X shade adapted phytoplankton®, Pl kfivky.
Adaptace na limitaci svetlem.

Diurnalni vertikalni migrace.

Vliv teploty na fotosyntézu.

Fytoplankton Il (LN)

Zdroje zivin, limitujici prvky.

Modely pfijmu zivin (Monod, Droop).

Kompetice, kompeticni vylou€eni, koexistence (Tilmanuv model).
Hutchinsonuv ,paradox planktonu®.

Mixotrofie.
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6/

SYLLABUS

Fytoplankton Il (LN)

Ztratoveé faktory

Klesani, mechanismy vznaseni, vyznam turbulence vody.
,Grazing” — filtraCni rychlost, filtraCni rychlost spoleCenstva.
Parazitismus.

Allelopatie.

Vertikalni a horizontalni distribuce.

Fytoplankton IV (LN)
Periodicita (sukcese) planktonnich spoleCenstev.
Hutchinsonuv model (Windermere).
PEG model.
Reynoldstuv model — C, S, R strategie
Arkticka, antarkticka a horska jezera, jezera mirneho pasu,
tropicka jezera. Rybniky.
Polarni x tropicka more.
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SYLLABUS

Reakce spoleCenstev na antropogenni vlivy (LN)
Eutrofizace. Vodni kveéty.
Acidifikace.

Fytobentos (JN)

Typy fytobentosu. Zakladni ekologické charakteristiky.
Epiliton, epipsammon, rhizobentos, epipelon, epiphyton,
metafyton, endofyton, epizoon, endozoon.

Vliv proudéeni na biologicke charakteristiky a diverzitu
bentickych ras.

Fytobentos a bioindikace prostredi.

Stromatolity.
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10/

SYLLABUS

Subaericka spolecenstva (JN)

Typy fasovych aero-terestrickych mikrobiotopu — pudni rasy,
sinice a rasy epilithicke, epiphytické a epizoicke.

Rasy ptidnich povrch( a jejich vyznam pro stabilizaci pad a
limitaci eroznich procesu, mikrobialni krusty poustnich a
polopoustnich ekosystému.

Specifika pudniho prostredi pro autotrofni mikroorganismy,
vertikalni distribuce.

Tropicka aerofyticka spoleCenstva, paraziticke aerofyticke rasy.
Epilitické sinice a fasy a biodegradace horninovych substratu.

Sinice a rasy extrémnich stanoviSt(LN)

Snézné rasy.

Rasy termalnich pramen(.

Mechanismy adaptaci sinic a ras na extrémni podminky
prostredi.
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12/

SYLLABUS

Rasy a sedimenty (JN)

KremicCitany — globalni cyklus kremiku, limitace kiemikem
v prirodnim prostredi.

Vapence — Emiliania huxleyi jako klicovy regulator klimatu,
biogenni puvod sedimentu a ropnych lozisek.

Organické sedimenty. Problematika fosilizace sinic a ras.
Vyznam ras v paleoekologii — bioindikace ekologickych
dynamik.

Sinice a rasy a symbiozy (JN)

Symbiogeneze jako evolucni fenomeén.

Prehled plastidovych endosymbioz, endosymbioticke rasy
ciliatu a slunivek, fasové symbiozy dirkonoScu a mfizovcd,
kleptoplastidy Zivocichu a jejich ekologicky a evolu¢ni vyznam.
Symbiogeneticka ,monstra”

Symbidzy heterocytarnich sinic — cesta k ziskavani dusiku.
LiSejniky jako evolucne uspesny typ mnohocCetne symbiozy.
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Sinice a rasy...

... primarni producenti

.. patri mezi nejstarsi organismy na Zemi
.. adaptovany na Siroké spektrum prostredi
.. v rozdilnych prostredich meni svou morfologii a fyziologii

.. Slouzi jako modelove organismy pro studium
ekologickych zakonitosti
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TABLE I Major Distinguishing Features of the Major Algal Groups Presented Herein

Algal group Photosynthetic Chloroplast outer Thylakoid  Starch-like External
(chapter number) pigments® membranes associations  reserveb covering® Flagella

Cyanobacteria chl?, PE, PC, 0 Cyanophycean Pepitoglycan 0

(3 & 4)
Red algae
(5)
Green algae (6-9)

Euglenoid
Algae (10)

Yellow—-green and
related algae (11)

Chrysophyte
algae (12)

Haptophyte
algae (13)

Synurophyte
algae (14)

Diatoms (15-19)

Dinoflagellates
(20)

Cryptomonads
(21)

Brown algae
(22)

APC

chl®, PE, PC,
APC

chi®»?

chl® b

chl%¢

e
ehl e
fucoxanthin
chl® €
fucoxanthin
chl®©
fucoxanthin

chl®¢

fucoxanthin
chl®¢

peridinin
chl® ¢

PC or PE
chl® ¢

fucoxanthin

Floridean

True

Paramylon
Chrysolaminarin
Chrysolaminarin
Chrysolaminarin
Chrysolaminarin
Chrysolaminarin
True

True

Laminarin

matrices or walls

Walls with a galactose

polymer matrix

Cellulosic walls, scales

Pellicle

Mostly cellulosic
walls

None, scales, lorica

Nonsiliceous scales

Siliceous scales

Siliceous frustule

Theca

Periplast

Walls with

alginate matrices

0 — many

1-2
emergent

2 unequal
if present

2 unequal

2 equal +
haptonema

2 unequal

1, reproductive
cells only

2 unequal

2 equal

2 unequal




Plate 13
13 mples of small-celled plankton forms (con). a ! occus sp. b Chr
€ Cyanonephron | ex. d Aphanothece clathrata 7 2 [ Aphanothece bachn

{All micrographs to same scale: bar = 10 pm) (Photos G, Cr
¢ Microcystis

om Lake

2 Bloom of Anabaena. b Sampling a bioom of Anaba

water blooms in Australia

THEING, d Plan Oscillatoria)
Alexandrine, South Australia. [ Anabaena circinalis
¢,e.f P.D. Baker & M.D, Burch, Australisn Water Quality Centre, South Australia)

(Photos a,b.d P.D. Baker;

nata (and Anabaens) e Nodularia spun







Plate 32

32 a Lynghya with scytonemin-rich laminated sheath (trichome ~12 pm  diam.). b Gloeocapsa cf, sanguinea. with
reddish "gloecocapsin”™ in sheaths (cells -5 um diam.). ¢ Sevtonema sp. (Culture B- 3cy.j) showing old filament
grown under high irradiance (rich in sheath scytonemin) and new branches grown under low imadiance without
scytonemin (axial filament ~14 pm diam.). d Laminated microbial mat from hypersaline pond at Guerrero Negro,
Baja California, S. Mexico: upper section had remained under sun throughout the moming, while lower section had
been covered with < 10 % transminance filter for 1.5 h; dark coloration is caused by accumulation of “oscillatorian”
cyanobactena that have migrated to the surface. (Photos: a,c.d R.W. Castenholz; b F. Garcia-Pichel)




Plate &

6 u, b, ¢ Octopus Spring, Yellowstone National P a Overview, with letters indicating approximate locations of
tures in Plates b streamers in high flow; ¢ conical structures in quiescent pools at
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Plate 20 b

nobacteria at southern Victoria Land in the Antarctic. a Cold desert lan
nated cryploendolithic microbial communities in b
Williams)
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Lokality a spoleCenstva

* Lokality: 1/ terestrické — vinhké
skaly, zdi budov,
kmeny stromu, puda,
mechy a jatrovky

2/ akvatickeé

- lenitické

- lotické - fluviatilni




Spolecenstva

» Fytoplankton — euplankton

- mero-, pseudoplankton

* Neuston — epineuston

- hyponeuston

 Metafyton




SpolecCenstva

* Fytobentos - rhizobentos

- epifyton

-epizoon

- epiliton

- epi-/endopsammon
- epi-/endopelon

- endofyton

* Fytoedafon

» Kryofyton




OLIGOTROPHIC EUTROPHIC

Littoral —

> @ Epilimnion @

Hypolimnion

Planktonic Associations Benthic Associations

1. Neuston 6. Epilithic

2. Pelagic Planktonic 7. Epiphytic

3. Metalimnion 8. Epipelic / Episammic
4. Hypolimnion 9. Deep Macroalgae

5. Tycoplankton 10. Profundal







Castice ve vodnim sloupci

« Seston — abioseston, tripton

- bioseston
— plankton (bakterio-, fyto-, zoo-)

- nekton
i)
« Fytoplankton — euplankton '
— cely ziv. cyklus ve volné vodeée
- meroplankton - vétsina . f»‘*

- pseudo-/tychoplankton

- bentické, Navicula, Nitzchia
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Pevnina: normalizovany vegetacni index




Ekosystém

Rozsah NPP .
gC-m *rok’’

rasové lavice
a koralové utesy

1 000 -3 000

2’ | sti fek a brakické vody

500 — 4 000

oblasti vystupnych proudy

400 — 1000

kontinentalni Self

300 — 600

volny ocean

| — 400

—

pevninsky

sladkovodni mokiady

800 — 4 000

tropické destné pralesy

1 000 — 5 000

lesy mirného péasu

600 — 2 500

zemedelska puda

100 — 4 000




NPP biomasa
(gm™, tkm™) svetovd (kg m™) svétova
plocha : NPP ——  biomasa
tvp ekosvstému (10%km?) od-do  pramér (107t) od-do pramér  (1074)

tropicky deitny les 1 1000-3500 @@ 6-80 765
1000-2500 i A 6-60

7,0
tropicky sezonni les 7.5 wiras -
jehliénaty les mirného pasma 5,0 600-2500 1300 6,5 6--200
70
0

L

opadavy les mirného pasma 600-2500 1200 8,4 6-60
borealnt les 12, 400-2000 300 9,6 6-40
pasmo lest a krovin 8,5 250-1200 700 6,0 2-20
savana 15,0 200-2000 900 13,5
travinné biomy mirného pasma 9,0 200--1500 600 5,4
tundra a vysokohorské oblasti 8,0 10-400 140 1,1
poustni a polopoustni kroviny 18,0 10-250 90 1.6
extrémni pousté, skaly, pisek aled 24,0 0-10 3 0,07
obdélavana plida 14,0 100-3500 650 9,1
baziny a mocaly 2,0 800-3500 2000 4,0
jezera a vodni toky 2,0 100-1500 250 0,5
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kontinenty celkem 149 773 115

volny ocean 3320 2-400 125 41,5
zony vystupujicich hlubinnych vod 0,4 400-1000 2 -

kontinentalni selfy 26,6 200-600 360 9.6
rasove lavice a koralove utesy 0,6 500-4000 2500 1,6
ricni delty 200-3300 1500 2,1

oceany celkem 36 152 55,0

celkem ( 170




ytoplankton
Productivity

‘Carbon assimilation in
‘marine and freshwater
‘ecosystems




Populace fytoplanktonu

« adaptace k zivotu v pelagialu — dlounhodobé udrzeni se ve
vodnim sloupci

 Z evolucniho hlediska — staré prostredi, objevilo se nekolikrat

- diverzita forem a adaptacnich
strategii

* mnozstvi vzdalené pribuznych fylogenetickych skupin



Velikost a tvar

<1 um - 1,5 mm Volvox globator,

v mori Noctiluca miliaris 1 mm




Figure 2. Planktonic unicellular flagellates: (a) Two variants of’
Ceratium hirundinella; (b) overwintering cyst of C. hirundinella, with
vegetative cell for comparison; (¢) empty case of Peridinium cf. willei
to show details of exoskeleton and flagellar grooves; (d) Mallomonas
caudata; (€) Rhodomonas minuta var. nannoplanktica; (f) Cryptomonas
cof. ovata; (g) Phacus longicauda; (h) Euglena sp.; (j) Trachelomonas
hispida. Scale bar, 10 um. (Original photographs by Dr H. M.

Fi 2 "

: ];gu(rg) IA’T:{())I;;Irr;Oc;lle_u?lg:eélula; planktonic ‘algae’: (a) Synechococcus
i ra judayi; (c) Step anodiscus astraea (= S. ;

?‘éayr.cm‘trum pingue; (¢) Closterium acutum-type. SE:aIe l:);) nl‘[{;l), i Lt
riginal photographs by Dr H. M. Canter-Lund.) e ) |




Figure 3. Coenobial phytoplankton. Colonies of the diatoms of (a)
Asterionella formosa, (b) Fragilaria crotonensis, and (c) Tabellaria
focculosa var. asterionelloides and of a fenestrated-disc colony of
Pediastrum duplex. Scale bar, 10 um. (Original photographs by Dr
H. M. Canter-Lund.)

1 G ©

= S
Figure 5. Colonial phytoplankton: motile colonies of (a) Volvox
aureus, with (b) detail of cells, (c) Eudorina elegans, (d) Uroglena sp.,
and (¢) Dinobryen divergens; and non-motile colonies, all in India ink
to show mucilage, of (') Microcystis aeruginosa, ( g) Gemellicystis
neglecta and (h) Diciyosphaerium pulchellum. Scale bars, 10 pm.
(Original photographs by Dr H. M. Canter-Lund.)




Figure
Melos

latoria agardhii var. isothrix, (¢) Oscillatoria redekei (note polar

0 (I') Apha cHOM fi quae (with one akinete formed
and another differentiating) and Anabaena flos-aguae (g) in India ink,
to show muecilage and (h) enlarged to show two heterocysts and an
akinete. Scale bar, 10 gm. (Original photographs by Dr H. M,
Canter-Lund.)

oy




Species

V (pm)

SA/V (um™1)

A. Unicells
Synechococeus sp.

Cryptomonas cf. ovata

Rhodomonas minuta var.
nannoplanktica

Ceratium hirundinella
Mallomonas caudata
Chromulina sp.
Chrysococcus sp.
Kephyrion sp.
Chrysochromulina parvula
Cyclotella praeterissima

Cyclotella meneghiniana
Stephanodiscus hantzschii

Stephanodiscus astraea

Synedra ulna

Monodus sp.
Ankistrodesmus falcatus
var. spirilliformis

Ankyra judayi

Chlorella sp.

Closterium aciculare
Cosmarium depressum
Staurastrum pingue

Staurastrum paradoxum
Staurastrum sp.

18

5-10

2710 (1950-3750)
1658

700-2700

72 (39-105)

134

120-127

43740 (19080-62670)

41 000-70000
4200
3420-10000
440

520

65

50

85

760 (540-980)
1600

600

800

180-1200
5930 (2220-12010)
18870
310-15800
7900

4900
13001950
105

30

26

30

24 (3-67)

45

33

30

4-200 (b)
4520

4000

7780
400-30000 (b)
9450 (4920-16020)
20000

20000

35

1030 (820-1300)
942

108 (74-140)
154

9600 (7350-12360)
3490

315

310

78

113

460 (380-540)

780
404

1980 (980-3330)
4410

4100
2890

113
110
95
60 (12-128)

50
47

4550
2770

6150 (3660-9350)

1.94

0.381 (0.35-0.42)
0.568

1.50 (1.33-1.90)
1.15

0.219 (0.197-0.253)
0.831

0.716

0.596

1.20

1.33

0.605 (0.551-0.704)

0.488
0.673

0.334 (0.277-0.441)
0.234

0.519
0.590

1.94
3.67
3.65

2.50

1.01
0.356

0.651 (0.584-0.744)




Species

V(um?)

SA (pm?)

SA/V (um~)

B. coenobia
Dinobryon sp. (10 cells)

Asterionella formosa (8 cells)

Fragilaria crotonensis
(10 cells)

Tabellaria flocculosa var.
asterionelloides (8 cells)

Dictyosphaerium pulchellum
(40 cells)

Pediastrum boryanum
(32 cells)

Scenedesmus quadricauda

C. filaments
Anabaena circinalis
(20 cells)
Aphanizomenon flos-aquae
(50 cells)

Oscillatoria agardhii

var  jenthrix

1 o)
Melosira granu/ata (10 cells)

Melosira italica var.
subarctica (10 cells)

D. mucilaginous colonies
Microcystis aeruginosa
(individual cells,
30-100 pm?)
Uroglena cf. lindii
(individual cells,
~ 100 pm?3)
Eudorina unicocca
(cells 120-1200 um?)
Volvox globator
(cells ~ 60 pm?)
Sphaerocystis schroeteri
(cells 80—1200 um?)

7000 (6000-8500)
8000

5160 (4430-5890)
6000

2320-8000

6230 (4970-7490)
6660
6400-20000

13800
6520-13600
900

16000

1000
140-1000

2040 (1310-3590)
29000
610
2316-4300
~ 15400
46600
8470
15900
5930 (4740-7310)

4.2 (0.034-97) x 108
0.058-0.100 x 108

2.2(0.12-3.43) x 108

0.090 x 108

1.15 (0.065-22.4) x 10°

47.7 x 108

51 (11.5-87.1) x 10?

5350 (4810-6020)

6690 (6130-7250)
6936

9190 (8010-10370)
10060

9800

1540

18200

908

2110 (1570-3080)
6200
990
5200
24 300
4915

4350 (3780-4960)

126 (5-1020) x 10°

81 (12-100) x 10?

53.1 (7.8-385) x 10®
636x 10°

6.65 (2.46-9.50) x 10?

0.764 (0.708-0.802)

1.30 (1.04-1.38)
1.16

[.48 (1.39-1.61)
1.51

0.710

1.71

1.14

1.03 (0.858-1.20)
0.214
1.62

0.338
0.521

0.453-0.580
0.734 (0.679-0.797)

0.030 (0.011-0.147)

0.037 (0.32-0.097)

0.046 (0.017-0.120)
0.013

0.13 (0.109-0.214)




Velikost a tvar

* autotrofie — nutnost
prijmu zivin z roztoku

+ presuny v ramci bunky
difuzi a transportem na
molekularni urovni

* bunky vetsinou malée
a s vyhodnym pomerem
plocha/objem

 pomer S/V se skalou
velikosti pomeérne
konzervativni

* prirozeny vyber

Nominal SA (um?)

—
o
F
1

e
o
w
ER

T
T

10° 10°
Nominal volume (um?)

ioure 6. Log/log plots of mean surface area to volume ratio
E;’%i [V m™) c%f selected ‘algae’ diata from Table 3. _Thc l(;:rg; .
regression line is fitted to the points (O represeiltanégTsE) i
quasi-spherical mucilaginous colonies (Log SA -—SA. e %2 % :
The upper line is the equivalent regression (Log = (..) L
V+ 0.49) fitted to points representing all other forms .
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Rustova kfivka a specificka rustova
rychlost

[
—
L¥]
o
E
=
=
o
151
e
<
E
=
=
=
o
E
—1

nN—-—InN,=In2, t=G

G- n2  log,2
. 0

Age of culture

Fig. 2.1. The characteristic pattern of growth shown by a unicellular alga in a culture of limited
volume. (1) lag phase, (2) exponential phase, (3) phase of declining relative growth rate, (4) sta-
tionary phase, (5) death phase.




Table 2.1. Relative growth rates u' in log;o day units, and mean doubling times G in hours, of
various planktonic and nonplanktonic algae grown in continuous light of intensities approxi-
mately saturating for photosynthesis

Species G  Temp.°C Reference

Chlorophyceae
Chlorella pyrenoidosa . 25 Sorokin 1959
Nannochloris sp. ; 33 Thomas 1966
Dunaliella tertiolecta 16 McLachlan 1960
Scenedesmus quadricauda . 25 Osterlind 1949

Xanthophyceae
Monodus subterraneus 15 Fogg et al. 1959
20 Fogg et al. 1959
25 Fogg et al. 1959
30 Fogg et al. 1959

Prymnesiophyceae
(Haptophyceae)
Isochrysis galbana ; 30. Kain and Fogg 1960
Hymenomonas
(Cricosphaera) carterae : . Parsons et al. 1961
Chrysophyceae
Pavlova
(Monochrysis) lutheri ; . Antia and Kalmakoff 1965

Bacillariophyceae
Asterionella formosa s : Lund 1949
Asterionella glacialis

(japonica) Kain and Fogg 1958

Phaeodactylum tricornuium ‘ 25 Spencer 1954
Skeletonema costatum 18 Parsons et al. 1961
Coscinodiscus sp. 18 Parsons et al. 1961
Coscinodiscus pavillardii 28 Findlay 1972
Chaetoceros sp. : 29 Thomas 1966

Dinophyceae
Amphidinium carterae : 18 Parsons et al. 1961
Prorocentrum micans 20 Kain and Fogg 1960
Ceratium tripos 20 Nordli 1957

Cyanobacteria
Anacystis nidulans : 4] Kratz and Myers 1955
Anabaena cylindrica 25 Fogg 1949
Anabaena flos-aquae 20 Foy 1980
Oscillatoria limnetica 20 Foy 1980
Gloeotrichia echinulata 26-27  Zehnder 1963




0.06

Surface/volume ratio

Fig. 2.7. The relation of relative growth rate (¢'), log,, units per day, to surface/volume ratio in
the tropical marine diatom Coscinodiscus pavillardii. Data of Findlay 1972,




Zmeny abundance v prirodnich podminkach

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

|\ [ koncentrace bunék ras

¥ [ specificka ristova rychlost
S sedimentace
G .predace

Pa...ccooreeee parazitismus

D JR odumirani z jinych pri€in

e Zareni
e teplota

e ZIVINy



Vlastnosti vody

« kromé rtuti jedina kapalina anorganického puvodu
Vv prirode

* unikatni vlastnosti diky vodikovym mustkim

- vysoke body tani a varu

- vysoke skupenskeé teplo tani, vyborny akumulator
tepla

- vysoké povrchové napéti
- vyborné rozpousted|o

* nejvetsi hustota pri 3,94°C



Rozpustene soli

* destilovana voda neexistuje v zadnem prirozeném
prostredi na Zemi

« koncentraci iontu ve vodé ovliviiuje klima, geologické
podlozi, topografie, biota, Cas

* morska voda — pomerne staly obsah lontu, ale i tady
rozdily (Rudé more 41 promile, Cerné more 18 promile)

* morske rasy toleruji vyssi salinitu, ale optimalni jsou
casto nizsSi nez prirozene koncentrace

» chemicke faktory meéne vyznamne nez fyzikalni



Rozpustené plyny

» Kyslik — mnozstvi ve vode zavisi na parcialnim tlaku v
plynné fazi, teploté, salinité

» konstantne produkovan do vody, Casta supersaturace,
protoze jeho rovnovazny stav se vzduchem je relativne
dlouhodoby

» naopak pod eufotickou vrstvou pouze spotreba —
vycerpani kysliku, pfi anoxii uvolnovani zivin ze
sedimentu

« distribuce kysliku — zakladni ekologicky faktor

- informace o fotosynteze, bakterialni aktivite, stratifikaci,
atd.



Rozpustené plyny
* Dusik — maly primy vliv a biologicky vyznam

» Oxid uhlicity

-200x rozpustnejsi nez kyslik

-zdroj uhliku

-Clanek uhliCitanového cyklu

-morska voda — pomérné stalé pH = stalé poméry iontu
-sladka voda — velké kolisani pH 1,7 — 12

- Fasy vyuzivaji zejmena hydrogenuhliCitan a oxid uhliCity



volny CO,
+H,CO,




Slunecni zareni a teplota

 Slunce jedinym vyznamnym zdrojem tepla pro Zemi
* nerovnomerna distribuce
* pro rasy nezbytné pro fotosyntézu

* ve vodnim prostrfedi prunik od nékolika cm do asi 100 m

« distribuce tepla pusobena nejen pronikanim zareni, ale
zejmena turbulenci vody — stratifikace a cirkulace
vody v nadrzich



