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Voda na Zemi
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Kolob¢h vody v biomu Zemé¢
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Kolobéh vody v biomu Zemé
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Voda na Zemiav CR a SR

Tabulka 1

RozloZenf vody v blostéfe (podle riiznych autort eestavil Wetzel, 1983)

Objem
v tis. krn®

X

Doba
obnoven{

oceény

sland jezera
padnf vlhkost

feky

polérnf led a ledovee
podzemn( voda (voln& pohyblivé)
sladkovodn{ jezera a jiné nidr¥e

atmosférickd vihkost

1370000
28 000
4 000
125
104
67
1,2
14

97,61
2,08
0,29
0,009
0,008
0,005
0,000 09
0,000 9

37 000 roku
16 000 roki
300 roka
1-100 rokt
10-1000 roka
.. 280 dna
12-20 dnd

9 dnt

Tabulka 2

Dlouhodobé charakteristika vodnfho reZimu naseho tizemnf (BlaZej a kol., 1981)

Pramér roénich
srdZek

(mil.m™)

{mm)

Primeér rod. odtoki

(mil.m®)

()

Délka tokl

s plochou poved(

nad 5 km?
(km)

Odhad mnoZstvi
podzemnfch vod
(mil.m™>.rok™)

—

CR
SR
CSFR celkemn

52 630
36 370
88 000

668
743
696

15 148
12 592
27 740

36 860
21684
58 544

852
1590
2 442

—

*) Udaje plat{ bez odtoku Dunaje




Zasoby vody - jezera

2. Rozloha nékterych wvelkych kontinentélnich vodnfch nédrzi (vie ve stejném meéritku):

1 jezero Athobaska, 2 Velké Medvédf, 3 Ladoga, 4 Aralské, 5 Balkas, 6 Onéga, 7 Winnipeg,

8 Neusiedlerské, 9 Bajkal, 10 Velké Solné, 11 Velké Otro&(, 12 Cerné more, 13 Kaspické mofTe,

14 jezero Cad, 15 Viktoriino, 16 Njasa, 17 Innaren, 18 Tanganjika, 19 Zenevské, 20 Vattern,

21 Titicaca, 22 Nicaragua, 23 Hofejsi, 24 Michigan, 25 Huron, 26 Erie, 27 Ontario, 28 Tana,
) 29 Rudolfovo, 30 Mrtvé mofe, 31 Balaton




Vyvoj jezernich systému
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Podzemni vody




Vodohospodaisky vyznamneé
oblasti CR

Obr. 1 Ochrana vadohospodatsky viznamnych fizem§. Qznadeni chrén¥nych oblasti piirczent akumulace vod : podze
pevrchovych — svislé rafovini, povodi vodarenskch tokidl — bez &rafovani. . T > 5
1 - Labe, 2— Mals Upp, 3 — Metuje, 4 - Divok4 Orlice, 5— Zdobrice, 6 — Chrudimka, 7— Klejnarka, 8 — Vrchlice, 9 - Kamenice, 10— Cerna Desna,
" 11— Jizera, 12 - Yizera, 13 — Malge, 14— Blanice, }5 — Hamersky potok, 16 <Ostruznd, 17 — Brzina, 18 - StrZsky potok, 19 - Stavisi&, 20 — Borovsky
potok, 21 — Zelivka, 22 ~ M¥e, 23 — Radbuza, 24 — Uhlava, 25— Sifela, 26 — Kli¢ava, 27 — Stroupinsky potok, 28~ Lomnicky potak, 29 — Libocky
potok, 30 - Libava, 31 - Rolava, 32 - Tepi4, 33 - Pramensky potok, 34 - K¥imovsk§ potok, 35— Bilina, 36— Loupnice, 37 Bily potok, 38 - Chijbski

lﬁn_ich —vddoroyné Srafovini,

Kamenice, 39 — Rybny potok;, 40— Ptisednice, 41 ~ Cerna Voda, 42— Flaisky potok, 43 - Cernd, 44 — Moravice, 45 — Ostravice, 46 — Moravka, 47
~Lomnd, 48 — Cerny potok, 49 — Cerna Nisa, 50 ~ Kouba, 51 - Morava, 52 — Desn4, 53 — Nemilka, 54 — Oslava, 55 — Stanovice; 56 — Juhyn®, 57 -
~ Velitka, 58 — Velkd Han4, 59 ~ Mald Hand, 60 — FryStacky gotok, 61 —'Dfevnice, 62 — Kolela&, 63 — Ludkovicky potok, 64 — Velitka, 65 — Ochoz,
66 — Pstruhovy potok, 67 — Svratka, 68 — BEl4, 63 ~ MarSovsky potok, 70 — Brinice, 71 — Oslava, 72 — Kyjovka, 73 - Vlira

BE ¥ 4




Voda zaklad zivota na Zemi

Led Voda pfi 0 °C
hustota v kg.m™ 916,8 999,87
meérna tepelné kapacita v k].kg'I.K'l 2,04 4,21

mérné tepelna vodivost v ].w:rrlfl.s'l.l{'1 0,023 9 0,005 86
mérné elektricka vodivost

(konduktivita) v o lem™ 2,7’2.1{]‘B

rychlost zvuku v m.s | 3 300




Voda zaklad zivota na Zemi

hustota maximéln{ (p¥i 3,94 °C) v kg.m™>
hustota pFi 25 °C v Kg.m™

dynamické viskozita (p¥i 25 °C) v Pa.s™!
kinematick4 viskozita (pfi 25 °C) v m?2. s!
teplota tan{ (p¥i 101 325 Pa) ve °C

teplota varu (pfi 101 325 Pa) ve °C

meérné skupenské teplo tdnf v J.g!

meérné skupenské teplo varu v J.g?

mérnd tepelna kapacita (pfi 15 °C) v J.kg L.K!
povrchové napéti (pfi 25 °C) v N.m™!
relativnf permitivita (pfi 25 °C)

1 000,000
997,075
0,890.1073
0,89.107°
0,000
100,000
333,7
2 255,5
4 186
71,97.10°3
78,54




Voda zaklad zivota na Zemi




Hustota vody

gpecs hmotnost

hustota pfi 4 “C

1,00000
1,00085
1,00169
1,00251
1,00818

35 (moPskd voda, prdmér) 1,02822

» Termicka stratifikace

* Vysoka hustota (775x) —

» Stavba t€l a velikost vodnich
organismu




Viskozita (dynamicka) vody

Vnitini tfeni — odpor prostiedni (vody) proti vlastnimu
pohybu nebo jiné ¢astici.

100x vyssi nez viskozita vzduchu

Jednotka Pa.s.

Zavislost na teploté

Dynamicks Kinematické
Teplﬂ_t o viskozita b 4 viskozita
. - £ a 2 A -8
e L vPa.s?. 10 vm©.s .10




Adhezivni a kohezivni
viastnosti

* Koheze (soudrznost) - adheze (prilnavost)

* Vzajemny pomer urcuje smocitelnost
(hydrofili1) nebo nesmocitelnost
(hydrofobii)

e Dusledky:
— organismy dychajici vzdusny kyslik

— organismy dychajici rozpustény kyslik



Povrchove napéti vody

» zavislost na teploté a mnozstvi rozpusténych latek
e vytvoreni stabilizacni plochy — specifického mikroprostiedi
 neuston — epi1, hypo, pleuston

epineuston

hyponeuston

4. Ukézka pifsluinfkl neustonnfch organismii. Epineuston: 1 Chromatophyton rosanoffi,
2 Botrydiopsis arhiza, 3 Neustococcus emersus. Hyponeuston: 4 Lampropedia hyalina, 5 Navicula
sp., 6 Codonosiga boirytis, 7 Arcella sp. (podle Rutinera, 1962)




Tepelne vlastnosti vody

Velka mérna tepelna kapacita (3. nejvyssi po H, He)

Vysoke hodnoty skupenského tepla tuhnuti a varu

Velmi mala schopnost molekularniho pfenosu tepla

Dusledky pro ekosystém a organismy:

akumulator tepla v biomu — pomalu se zahtiva a pomalu ochlazuje
vysoka tepelna kapacita a stabilita, a¢inn¢ tlumeni cirkadialnich a
cirkanulanich vykyvi

veskery pirenos pohybem vody a predavanim

teplotni stratifikace



Tepelny rezim vod

« Zdroje tepla
— Slunecni radiace
— Geotermalni zdroj
— Antropicky faktor
« Ztraty tepla
— Vyzarovani
— Vyparné (skupenske) teplo
— Odvod tepla do terestickych systému
— Odtok oteplené vody ze systemu



Tepelny rezim vod
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Z.areni a voda

vinova delka, pm
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bilé a zelené
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7. Absorpece riiznych barev svételného spektra vii&i hladinovym hednotim po prichodu

O riiznymi vrstvami vodntho sloupce: A velmi produktivnf (eutrofn{) jezero s hustym fyto-

planktonem, B mélo produktivnf (oligotrofni) jezero, v némZ zelené sloZka spektra proniké
nejhloubé&ji (podle Goldmana et Horneho, 1983)




Z.areni a voda
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Z.areni a voda

* Pruhlednost vody

— Zakal vody
* Anorganicky
* Vegetacni
* Barva vody
— Skutecna (primarni) barva vody

— Druhotna (sekundarni) barva vody



Pohyby vody

e Stojaté vody — leniticke systemy
— vertikalni pohyby
— seiche
— proudéni vyvolane vétrem — vinéni

— proudéni vyvolane ptitokem nebo odtokem

e Tekouci vody — loticke systémy

— jednosmeérné proudéni po spadnici — laminarni nebo
turbulentni

— u velkych tokt kombinace s vinénim a pritoky
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Figure 7-1 Stages in vortex formation during shear instability on the interface of a stratifiad
twe-layer system. (From Mortimer, C. H.: Mitteiluugen Int. Ver. Limnol., 20:131, 1074.)

. Figure 7-3 Surface wave indicating wavelength (1), height (h), and attenuation of amplitude
(h/2, the displacement positive or r2gative from the equ’librium in a sinuscidal wave) of the cy-

cloid movement with depth.

DIVERGENCE
CONVERGENCE

figure 7=-6 Diagrammatic representat &l g i ents 1a s ace
14 ion of the helical ficw = Langm*ir curr ts in surf
by re
waters with agpreszation of organic matto between streaks at tho nes of dlvcrgc 1ce.




Dalsi fyzikalni vlastnosti vody

* Hydrostaticky tlak

* Vodivost vody

* Redox potencial
. pH
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Kolob¢h kysliku
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Kyslikovy rezim

Rozpustény (mg/l)
Relativni syceni (%)

Procesy s kyslikem
— Biochemicka spotieba kysliku — BSK (BOD)
— Chemicka spotreba kysliku — ChSK (COD)

Anoxie — anaerobie: amoniak, sulfan



Kolobéh uhliku
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Hydrogen — uhli¢itanovy system
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Zivinovy rezim

e Hlavni ziviny — N, P, K
— Pomér 600C : 20N : 1P
— Biodostupn¢ formy

* Esencialni ziviny
— Ca, Mg, Fe, Mn, S1

e Sira a sulfan



Kolobéh dusiku
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M ve sraZkach
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Kolobéh fosforu
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Kolobéh siry
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Organicke latky (organic matter)

» Zakladni formy
— Rozpusténe — DOM
— Koloidni — COM
— Partikulované — POM

 POM - velikostni kategorie
— Hrubé — CPOM v¢Etsi Imm
— Jemne — FPOM do 500 um
— Ultra jemné UFPOM



Kolobéh zivin

Nut ient dynamics

TABLE 13.1 Major forms of nitroger. and phosphorus found in natural waters (After Meybeck, 1982). Nitrogen
is also present as dissolved N, gas (not shown)

Nitrogen

Dissolved inorganic nitrogen (DIN)
NO7T nitrate
3037 itEite
NH*™ surmonium

Toral

dissolved Total

nitrogen nitrogen

Dissolved orgenic nitrog=n i (TDN)
genic nitrog=n (DON)

Particul: .2 organic nitrogen (PON)

Phosphofus

Dissolved iucrganic phosphorus (DIP) Total
PO’ orthephosphate dissolved
phosphorus Total

Dissolved organic puusphorus (DOP) (TDP) phosphorus

Particulate organic phosphate (POP)

Particulate inorganic phosphorus (PIP]




Kolobéh zivin

Nutrient dynamics

Inputs from landscape Retention on stream banks
Terrestrial Bank and floodplain erosion and floodplains
ecosystem Litterfall and blow-in Deposition on banks
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Kolobéh zivin

Terrestrial environment
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Nutrient dynamics

TABLE 13.2 Phosphorus and nitrogen concentrations representative of various large river systems from different
regions. Values indicate range across sites or seasons measured in mg 171, (Sources: Golterman, 1975; Whitton,
1975b; Sioli, 1984)

PO,-P NH,-N NO;-N

Temperate rivers, receiving various amounts of anthropogenic inputs

Glama (Norway) 0.002-0.008 =2

Lot (France) 0.001-0.013 -
Meuse (Belgium) <0.005-0.6 <0.002-0.66
Tees (UK) 0.025-1.27 0.017-0.280
Upper Volga 0.018-0.26 0.53-1.4
Wye (Wales) near 0-0.13 =

Tropical rivers, generally less influenced by human activities

South America
Amazon
Mainstem 0.012
Andean streams - very low
Whitewaters 0.015 very low
Clearwaters <0.001 very low
Blackwaters 0.006 very iow
Upper Parana 0.02-0.18 0.02-0.62 1.03-0.86

Africa

Blue Nile 0.002-0.12
White Nile 0.005-0.10
Orange 0.003-0.10

Asia
Gombak 0.010-0.41
Sumutra 0.0070




Kolobéh zivin a org. hmoty
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Organismy dle zdroje energie

* Autotrofni org. - producenti

* Heterotrofni org.- konzumenti
— Kouskovaci (drti€1) — shredders
— Sbéraci — collectors
— Seskrbavaci (spasaci) — scrapers (grazers)
— Dravci (predators)

* Heterotrofni org. - destruenti
(dekompozitorfi)



Organismy dle zdroje energie

TABLE 4.1
Nutritional types of organisms and the primary resources used for obtaining energy and
synthesizing biomass (POC = particulate organic carbon, BOC = dissolved organic carbon).

Energy
source {C-source e-donatoy g-acceptor

Photoautotrophs
Plants. Cyanobacteria Light COa ; COx

pigmented sulphur bacteria Light CO; CO-

suiphur-free purple bacteria Light COs

Chemgolitheautotrophs
colorless sulphur

bacteria (¥; Ha3, 8§, o1 $203)
nitrifying bacteria

iron-oxidizing bacteria
methane bacteria

Chemolithoheterotrophs
Desulfovibrio

Chemoorganohetesrsironhs
animals

aerobic bacieria, fungi
denitrifying bacteria
desulphuriziig vacieiia




Energie v ekosystemu
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Celkova trofie systemu

DETRITUS POOL
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Celkova trofie systemu

TABLE 22-23  Comparison of Invertebrate Feeding Group Ratios and Stream Ecosystem Parameters for the

Kalamazoo River, Southeastern Michigan

Stream order

Paramicter X §

Stream width (i) ] 10 48
Itophic status [eterotrophie Autotrophic Ieterotrophic Autotrophi
P/R ratio 0.47 .13 (.90 .23
Transport, CPOM /¥ POM 0.022 0.016 0019 0.022
Storage, CPOM / FPOM 0.36 0.11 0.15 0.10
POM, storage/transport 0.10 0.16 0.23 016
Mecan annual
Invertebrates m % x 10° 19.6 - 15.0 63.6 41.7
Shredders/total collectors 0.22 0.003 0.002 0.001
Filtering collectors/gathering collectors 0.67 0.42 0.45 .50
Scrapers/shredders .18 12,23 3.99 16,91
Scrapers/ (shredders + total collectors) 0,08 0.24 0.11 0.0

All invertebrate data used were means of fall=winter and spring=summer densities m = of individuals 0.5
(extracted from Cummins ef al., 1981). I = gross annual primary ;w'mh]clinn; R = annual community respiration,
POM = particulate organic matter (CPOM = coarse POM and FPOM = fine POM).
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