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Kolob€h vody v biomu Zem¢
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Kolobéh vody v biomu Zemé
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Vodana Zemiav CR a SR

Tabulka 1
RozloZen{ vody v biosféfe (podle riznych eutori cestavil Wetzel, 1983)

Objem X Doba
v tis. km® obnoven{
oceény 1370 000 97,61 37 000 rokd
polémnfled aledovce 29 000 2,08 16 D00 roku
podzemnf voda (voln# pohyblivé) 4 000 0,29 300 rokd
sladkovodn{ jezere a jiné nddrie 125 0,009 i-100 roka
slané jezera 104 0,G08 10-1000 rokn
pidnf vihkost 67 0,005 |- 280 dna
feky : 1,2 0,00009 | * 12-20 dnu
atmosférické vihkost 14 0,060 8 9 dnt

Tabulka 2 ) ) o | Less
Dlouhodobd charekteristika vodnfho reZimu nadeho tizem{ (BlaZej & kol., 1981)
Délka tokt 3
& odtoki Odhead mnoZstvi
Prﬁmégo}fnfch Primeér rod. odto s oot po;rodr e o
sk ““};nk)m (mil.m™>.rok™)
5 8
{mm) (mll.m':’) (mil.m5) (%)
CR 668 52 630 15 148 28,8 36 860 ng
SR 743 36 370 12 592 34,6 gl 684 1 549
CSFR celkem 696 89 000 27 740 31,2 58 544 2 442

*)y Udaje plat{ bez odtoku Dunaje




Zasoby vody - jezera

¥

1 000 krm

2. Rozloha nékterych wvelkych kontinentélnich vodnifch nédrz{ (vie ve stejném meéritku):

1 jezero Athobaska, 2 Velké MedvEdf{, 3 Ladoga, 4 Aralské, 5 Balka$, 6 Onéga, 7 Winnipeg,

8 Neusiedlerské, 9 Bajkal, 10 Velké Solné, 11 Velké Otroéf, 12 Cerné mofte, 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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Figure 3-6. The history of the Launrentian Creat Lake 1, Cary substage; 2, Late Cuary;
3 Cany-Valders interstadial, low water in eastern basing, marine transgression in Ontario Basi 1
1. Valders maxinnm; 5, Post-Munkuto retreat; 6, Postglaciat thermal maximum; 7, Lake Nipis-

rom IHutchinson, G, E.: A Treatise on Limnology.

s with triple drainage; 8, Modern lTakes. (IF
Vol I, New York, John Wiley & Sons, Inc., 1957, after various sources; sce Hough, 1958, for

detaily,) - ‘
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Se#iky v zikladnich povodnich CSSH .
Pramen: Smémé vodohospodifské pléﬁ}-éﬁﬁﬂ




Podzemni vody
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Obr. 1 Ochrana vadohospodéfsky vyznamnych fizemi. Qznadeni chrin¥nych oblasti piirozent akumulace vod : bodun{nich —vddoroyné Srafovini,

povrchovych — svislé $rafovéni, povodf vodarenskych tokd — bez Trafovéni. o R Sy

1- Labe, 2 — Mal4 Upp, 3 - Metuje, 4 - Divok4 Orlice, 5 - Zdobriice, 6 — Chrudimka, 7— Klejnarka, 8 - Vrchlice, 9- Kameénice, 10 - Cernd Desna,
" 11— Jizera, 12 Jizera, 13— MalSe, 14 - Blanice, §5 — Hamersk{ potok, 16 ~Ostruin4, 17 - Brzina, 18 = Strisky potok, 19 - Stavidts, 20 — Borovsky

potok, 21 — Zelivka, 22 ~ Me, 23 - Radbuza, 24 — Uhlava; 25 - Stfcla, 26 - Kliava, 27 — Stroupinsk§ potok, 28~ Lomnick§ potok, 29 — Libocky

potok, 30— Libava, 31 - Rolava, 32 - Tepid, 33 — Pramensky potok, 34 - K¥imovsky§ potok, 35— Bilina, 36— Loupnice, 37~ Bil§ potok, 38 - Chiipskd

Kamenice, 39 — Rybny potok, 40 — PliseZnice, 41 —~ Cern4 Voda, 42— Flbisky potok, 43 — Cernd, 44 — Moravice, 45 — Ostravice, 46 - Mordvka, 47

~ Lomn#, 48 — Cerny potok, 49 — Cernd Nisa, 50~ Kouba, 51 - Morava, 52~ Desnd, 53 — Nemilka, 54 — Oslava, 55  Stanovice; 56 — Juhyng, 57 -

— Velicka, 58 — Velkd Han4, 59 — Mal4d Hand, 60 — FrySticky gotok, 61 = Dfevnice, 62 — Kolela&, 63 — Ludkovicky potok, 64 — Velicka, 65 — Ochoz,

66 — Pstruhovy potok, 67 — Svratka, 68 — BEl4, 69 ~ MarSovsky potok, 70 — Brtnice, 71 — Oslava, 72 — Kyjovka, 73 — Vlira o

. T




Voda zaklad zivota na Zemi

Led Voda pti 0 °C
hustota v kg.m™ 916,8 999,87
meérnéa tepelna kapacita v k}'.kg'i.K'I 2,04 4,21
mé&rné tepelné vodivost v J.em s LK 0,023 9 0,005 86
meérna elektricka vodivost
(konduktivita) v Q *.cm™ 2,72.107° 1,11.10°°

rychlost zvuku v m.s | 3 300 1 500




Voda zaklad zivota na Zemi

hustota maximaéIn{ (pfi 3,94 °C) v kg.m™
hustota p¥Fi 25 °C v Kg.m™3

dynamické viskozita (p¥i 25 °C) v Pa.s™!
kinematick4 viskozita (pfi 25 °C) vm?2. s!
teplota t&nf (p#i 101 325 Pa) ve °C

teplota varu (p¥i 101 325 Pa) ve °C

mérné skupenské teplo tdnf v ].g!

mérné skupenské teplo varu v J.g!
mérnd tepelnd kapacita (pfi 15 °C) v J.kg L.K™!
povrchové napétf (pfi 25 °C) v N.m™!
relativn{ permitivita (pfi 25 °C)

1 000,000
997,075
0,890.10°3
0,89.10°°
0,000
100,000
333,7
2 255,5
4 186
71,97.107°
78,54




Voda zaklad zivota na Zemi




Hustota vody
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Viskozita (dynamicka) vody

Vnitini tfeni — odpor prostiedni (vody) proti vlastnimu

pohybu nebo jiné Castici.
100x vyssi nez viskozita vzduchu
Jednotka Pa.s.

Zavislost na teploté

Dynamicks Kinematickd
Teplaia viskogifa ¥ viskozita
vl vPa.sg!.10° vme.s . 107
0 1,787 100,0 1,771
5 1,561 84,8 1,561
10 1,506 78,7 1,504
15 1,158 63,7 1,139
20 1,002 56,0 1,004
X 0,890 49,8 0,892




Adhezivni a kohezivni
vlastnosti

» Koheze (soudrznost) - adheze (prilnavost)

* Vziajemny pomér uréuje smocitelnost
(hydrofili1) nebo nesmocitelnost
(hydrofobii)

* Dusledky:
— organismy dychajici vzdusny kyslik

— organismy dychajici rozpustény kyslik




Povrchové napéti vody

e zavislost na teplot€ a mnozstvi rozpusténych latek
e vytvoreni stabilizaCni plochy — specifického mikroprostredi

* neuston — epi, hypo, pleuston

epineuston

hyponeuston

4. Ukfizka pifsluinfkii neustonnfch organismii. Epineuston: 1 Chromatophyton rosanoffi,
2 Botrydiopsis arhiza, 3 Neustococcus emersus. Hyponeuston: 4 Lampropedia hyalina, 5 Navicula
sp., 6 Codonosiga botrytis, 7 Arcella sp. (podle Ruttnera, 1962)




Tepelné vlastnosti vody

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

Vysoké hodnoty skupenského tepla tuhnuti a varu

Velmi mala schopnost molekuldrniho prenosu tepla

Dusledky pro ekosystém a organismy:

akumulator tepla v bidmu — pomalu se zahfiva a pomalu ochlazuje
vysoka tepelna kapacita a stabilita, i¢inné tlumeni cirkadialnich a
cirkanulanich vykyvu

veskery prenos pohybem vody a predavanim

teplotni stratifikace




Tepelny rezim vod

o Zdroje tepla
— Slunec¢ni radiace
— Geotermalni zdroj
— Antropicky faktor
o Ztraty tepla
— Vyzarovani
— Vyparné (skupenské) teplo
— Odvod tepla do terestickych systému
— Odtok oteplené vody ze systému




Tepelny rezim vod
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Z.areni a voda
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7. Absorpee riiznych barev svételného spekira vii& hladinovym hodnotdm po prichodu

G riiznymi vrstvami vodniho sloupce: A velmi produktivn{ (eutrofnf) jezero s hustym fyto-

planktonem, B mélo produktivn{ (oligotrofn{) jezero, v némz zelend sloZka spektra proniké
nejhloubéji (podle Goldmana et Horneho, 1983)




Z.areni a voda
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Z.areni a voda

* Pruhlednost vody

— Zakal vody
e Anorganicky
e VegetaCni
* Barva vody
— SkuteCna (primarni) barva vody

— Druhotna (sekundarni) barva vody




Pohyby vody

» Stojaté vody — lenitické systémy
— vertikalni pohyby
— seiche
— proudéni vyvolané vétrem — vinéni

— proudéni vyvolané pritokem nebo odtokem
* Tekouci vody — loticke systémy

— jednosmérné proudéni po spadnici — laminarni nebo
turbulentni

— u velkych tokt kombinace s vinénim a pritoky




Pohyby vody
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Pohyby vody

Figure 7-1 Stages in vortex formation during shear insta.bility on the interface of a stratifizd
twe-layer system. (From Mortimer, C. H.: Mitteiluugen Int. Ver. Limnol., 20:131, 1974.}
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- Figure 7-6 Diagrammatic rapresentation of ihe helical ficw =f Langmir currents in surface

sate i ati i
waters with aggrezation of organic matter between streaks at the "“nes of divergence.

. Figure 7-3 Surface wave indicating wavelength (A), height (h), and attenuation of amplitude
(h/2, the displacement positive o r.2gative from the equilibrium in a sinusoidal wave) of the cy-

cloid movement with depth:




Dalsi fyzikalni vlastnosti vody

» Hydrostaticky tlak
* Vodivost vody

* Redox potencial
o 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




Kolobé¢h uhliku

Co, v roztoku
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Hydrogen — uhli¢itanovy systém
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Zivinovy rezim

* Hlavni Ziviny — N, P, K
— Pomér 600C : 20N : 1P
— Biodostupné formy

* Esencialni ziviny
— Ca, Mg, Fe, Mn, Si1

» Sira a sulfan




Kolobéh dusiku

rostlinna
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M ve srazkach
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Kolobéh fostoru
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Kolobéh siry
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Organicke latky (organic matter)

o Zakladni formy
— Rozpustene — DOM
— Koloidni — COM
— Partikulované — POM

 POM - velikostni kategorie
— Hrubé — CPOM vétsi Imm
— Jemné — 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
13035 - itfite
NH* sirmonium

Dissolved orgenic nitrog=n (DON)

Particul: -2 organic nitrogen (PON)

Phosphofus

Dissolved incrganic phosphorus (DIP)
PO, > orthephosphate

Dissolved organic puusphorus (DOP)

Particulate organic phosphate (POP)

Particulate inorganic phosphorus (PIP;

Tortal

dissolved
nitrogen
(TDN)

Total
dissolved

phosphorus
(TDP)

Total

nitrogen

Total
phosphorus




Kolobéh zivin

Nutrient dynamics

Terrestrial
ecosystem

Water
column

Stream bed

Interstitial
water

Inputs from landscape Retention on stream banks

Bank and floodplain erosion and floodplains

Litterfall and blow-in Deposition on banks

Throughfal and floodplain
\ Rainfall \
L

N /N 7

Solute
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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 1 ™', (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 =4 0.065-0.33
Lot (France) 0.001-0.013 - 0.32-0.52
Meuse (Belgium) <0.005-0.6 <0.002-0.66 : <0.1-6.3
Tees (UK) 0.025-1.27 0.017-0.280 0.166-1.05
Upper Volga 0.018-0.26 0.53-1.4 0.58-0.93
Wye (Wales) near 0-0.13 - . 0.1-2

Tropical rivers, generally less influenced by human activities
South America

Amazon g
Mainstem 0.012 - .40
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 - 0.001-0.10
White Nile 0.005-0.10 - 0.010-0.09
Orange 0.003-0.10 - 0.030-1.40
Asia
Gombak 0.010-0.41 0.05-0.08 0.40-0.88
Sumutra 0.0070 - 0.175
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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
(dekompozitori)




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, DOC = dissolved organic carbon).

Energv
souree C-source
Photoautotrophs
Plants. Cyanobacteria Lighi CO-
pigmented sulphur bacteria Light CO:
suiphur-free purple bacteria Light CO;
Chemolithcautotrophs
colorless sulphur §* " COa
bacteria (*; Ho3, 8, g1 $203) 5% CO-
nitrifying bacteria NH. CO-
N0, COs;
iron-oxidizing bacteria Fe3* CO;
methane bacteria H- CO-
H> LG2
Chemolithoheterotrophs
Desulfovibrio H-> DOC
Chemoorganoheterasranhs
animals POC PO
aecrobic bacieria, fungi DOC DOC
denitrifying bacteria DOC DOC
desulphurica.g vaciara DOC DOC

e-donatoy e-acceptor
H-C CO-
H;S CO.’.‘
H-O CO»
5* O>
5= NO;
NH. 0-
NO- O:
FC:* 03
H-) 02
Ha NO3
Ha SO,
POC O3
DOC O
DOC NGs3
DOC Sta




Energie v ekosystému

SOLAR RADIATION

i 1018 X108 |
. / Kcal /SYS/YR
{I .
ALLDCHTHONOUSIMPOETIJJI f v
SAGEBRUSH BS5TO “,ﬂ.fuﬁ/ £ i
GRASSES . .'1,%1' /AL MBS
INSECTS 980 | g%y "

STREAM IMPORT
DOM 118,734 o
FPOM 109,830 »
CPOM
AP 87,000
TP 1,500

STREAM EXPORT
oM 116,734 102
POM  130,478x107

=—CPOM

AP 114,000

JP - 2,500




Celkova trofie systému
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Celkova trofie systému

TABLE 22-28  Comparison of Invertebrate Feeding Group Ratios and Stream Lcosystem Parameters for the
Kalamazoo River, Southeastern Michigan®

Parameter

Streant width (m)
Trophic status
PIR ratio
Transport, CPOM /i POM
Storage, CPOM / FPOM
POM, storage/ transport
Mean annual
Invertebrates m 4 x 10°
Shredders/total collectors

Filtering collectors/gathering collectors

Scrapers/shredders

.‘\-L'f';ipt'l'hf[.‘ihl't't!lil‘l'.‘; Fototal collectonrs)

Streant order

3 §

I 5 10 45

[ Teterotrophic Autotrophic IHeterotrophic Autotrophic
0.47 1.43 0.90 1.23
0.022 0.016 0019 0nxa
(.36 0.11 0.15 (.10
0.10 0.16 0.23 0.16
9.6 5.0 63.6 41.7
0.22 0.003 0.002 0.001
0.67 0.42 0.45 .50
18 12.23 3.99 16,91
0,08 0.24 0.11 0.05

Sre— S —— AT : e > g o >
All invertebrate data used were means of fall=winter and spring~summer densities m = of individuals 0.5

(extracted Tfrom Cummins of al., 1981 P = grass annual primary production; R = annual community respiration,
; [} .

POM = particulate organic matrer (CPOM = coarse POM and FPOM = fine POM).
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