


Zaklady hydrobiologie Il.

Ekosystémy — casti ekosystému

Jan Helesic



(Eko) Systemovy pristup

* Podzemni vody
* Prameny
* Hyporheal

* Tekouci vody

* Stojaté vody
* Jezera
* Poficni tuné
 Umelé nadrze

* Mokrady



Podzemni vody — stygon (al), phreaton (al) —
phreatic system
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Podzemni vody — zakladni charakteristiky

e Zvoden — aquifer
e /70Nna saturace

Z6na saturace Hranice zvodné
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Kvarterni sedimenty — aluvia rek
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Krasove systemy

NON KARSTIC TERRAINS SINKHOLE
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FLOODED KARST
ANNEX SYSTEMS
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FIGURE 5  Representation of a karstic system.



Porosita, permeabillita, dispersivita,
koeficient infiltrace

POROSITY, necessary

"to determine the available volume
for the water between the grains"
(defines the content of the
reservoir)

DISPERSIVITY, necessary

"to determine the capacity of the
matrix to generate mixing of waters
of different compositions"

(defines the dispersion in the

reservoir)
empty  full
PERMEABILITY, necessary Joik
"to determine the pressure to be T Ty D
exerted to overcome the resistance b
h 4 x ng: "
offered by the solid matrix to the H o= THE AQUIFER : a "filter di -
movement of the water" = g Ay (BTN st mni) ¢
(defines the flux through the & s \) THE UNDERGROUND WATER :
el O Urrrrr a transport "vector"

Rychlosti proudéni: mm/s az cm/s. Pratok: ml —I/s, krasové systémy m3/s.
Pomocna metoda — méfeni vydatnosti vrtu (I/s)



Caso-prostorova skala a rychlost procesu

ENVIRONMENTAL STRUCTURING PROCESSES
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Zakladni vlastnosti

* Podminky
 relativné stala teplota vody (kopiruje primérnou teplotu na povrchu)
* omezeny prostor (vyjimka krasy)
* relativnée stalé chemické slozeni vody a vyssi mineralizace
* nizky obsah kysliku (max. jednotky mg/l), relativné vyssi obsah oxidu
uhlic¢itého
* Zdroje
e chybi svétlo

* omezeny vstup organickych latek jen FPOM, UFPOM a hlavné POM (vyjimka
kras)



Podminky - prostor
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FIGURE 1  The interstitial habitat and some of the subterranean-dwelling organisms. Diagram
composed, mainly, after video pictures taken in the Lobau miniaquifer. A, Proasellus slavus
(Isopoda); B, Niphargus sp. (Amphipoda); C, Bathynella sp. (Syncarida); D, Parastenocaris
sp. (Copepoda, Harpacticoida); E,E,, Cryptocandona kieferi and Kovalevskiella sp. (Ostra-
coda); F, Acanthocyclops gmeineri (Copepoda, Cyclopoida); G, Oligochaeta; H, Bythiospeum
sp. (Gastropoda); 1, bacterial biofilm.



Zdroje — organicka hmota

Climate Geology
Hydrology Geomorphology
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Adaptace organismu

Chybi svetloCivné organy — zakrnélé nebo chybéjici oci

Neni nutny pigmentovany télni pokryv — organismy jsou bezbarvé nebo bilé

Prodlouzené télo, casto biciky

Nizka pohyblivost, adaptace na nizky obsah kysliku

Chemotaktilni organy — brvy, stétiny atd.
* Feromonova komunikace
* V rozmnozovacim cyklu neni zpravidla sezonnost

 V/Sezravci (sbéraci a seSkrabavaci) a predatori



Organismy
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FIGURE 1 A classification of groundwater fauna based on its phenology and its presence or
absence in various groundwater environments.



Stygo-phreatobiont

Troglochaetus beraneckii, vzicny piipad
mnohoStétinatého Zerva, ktery v tietihordch
efel z moti do podzemaich vod.
ije i v Ceskoslovensku

Marifugia cavatica, mnohoftétinatec
7 jeskyni dindrského krasu. V krouZku
vipenaté schrinky, v nichi Zerv Zje

Dina absolowi, podzemni pijavice
z dindrského krasu

4 I itiows, podzemni druh
¥ ickych vod.

L e
Neddvno jsme ho zjistili v pofiénich
podzemnich vodéch Dunaje u Bratslavy

Bathynella natans, priklad Zivych
zkamenélin, jejichZ starobylost ie zotisohrna

Niphargus, studnini bleivec, Zije b&ind
v nadich riiznych podzemnich vodich



Komunikace s

okolnimi systemy —
biotopy (habitaty
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Prameny — krenon (al)



Hydrogeologické typy pramenu

Zakladni typy pramenu
podle klasifikace Schoellera (1955)

kontaktni prameny depresni prameny

vylevné prameny

ol ol e SR W

soukloné prelivné prameny
(bariérovy pramen)

protiklon& prelivné prameny

pramen na lomu svahu udolni prameny



Historicka
klasifikace

Limnokrén — studanka
Rheokrén — primy vyver
Helokrén — pramenny mokrad

Obr.l2.
Schématické gnidzornéni zdkladnfich typd prament.

A = Limno B = Rheokren, C = Helokren,
Pr:pultnékvr;:{ :eékované,’zvodnﬂé Z4rkovend,
nepropuotné‘plx (Bx PAVIOVSKIJ a ZADIN)



Casové hledisko klasifikace pramen

* Permanentni prameny — trvale tekouci cely rok
* Periodické prameny — krasové vyveracky

* Intermitentni prameny — tecou od predjari do |éta, v pozdnim |été
jsou zpravidla bez vody

* Efemerni prameny — tecou jen jednou za nékolik let, jen pri vysokych
hladinach podzemni vody



Specifické typy pramenu

e Nival — pramen (pramenisté) se zdrojem ve sn&hovych polich. Casto
jen docCasny a typicky svym slozenim dle slozeni snéhové vody.
Vodnost se casto meni behem dne, dle tani snéhu.

e Kryal — pramen (prameniste) se zdrojem vody z ledovce. Typicka
diurnalni rezim dle tani ledovce, mnohdy mohutné pritoky az desitky
m3/s.
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Soucasna klasifikace

Diptera-  Ephydridae, Chisonomidae,
Coleoptera - Dyuscidac, Hydrophilidae
Hemiptera - Saldidae, Corixidae
Odonata -  Coenagrionidae, Libellulidae
Moda Pntchard, 1591
Ostracoda Tuxen, 1944
x Hayford et al,, 1.95

PERMANENT THERMAL (235 "C) SPRINGS

ﬁ

-| Plecoptera - Nemoundae
Diptera - Coironomic ae
Trichopera Williams &
Acari Hogg, 1988
W Vilkams &
? ipoda Williams,
I Ostracoda (unpubl.)
PERMANENT COLD SPRINGS
IN GLACIATED REGIONS

‘ Wilkams &
Oswracoda will
Bivalvia (unpubl.)

-N d
Trichoptera
Acan
Oligochaeta
Dipuera - Ceratopogoni
Nematoda
TEMPORARY COLD SPRINGS

Gastropoda Webb et al, 1995
Amplipoda Gooch & Glazier, 1991
Trichopiera Tilly, 1968
Binali Odum, 1957
ol 1
Diptera - Chironomidae
Turbellaria
Plecoptera - Nemouridae |
Epbemeroptera !

PERMANENT COLD SPRINGS IN

©_ NON-GLACIATED REGIONS
igeern - Byfiopdiisn Webb et al.
Amphipoda e
Bivalvia 1995
Coleoptera
Nemawda
Diptera - Culicidae, Chaoboridae

Tabanidue

PERMANENT BRACKISHWATER SPRINGS
(~17.000 ppm TDS)

l

Diptera-  Ephydridae, Chironomidac
Hemiptera - Saldidae
Coleoptera - Hydraenidae Ring, 1991

PERMANENT SALINE SPRINGS

(> 3. 000 ppm TDS)




Opravnenost klasifikaci
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Zakladni charakteristiky

* Pfechodova zona, ale neni typicky ekoton

* Primarné nizké koncentrace rozp. O, — dle typu ruzné rychlé
dosycovani

* Vzdy vyssi koncentrace rozp. CO,
* \/ySSi mineralizace vody — zdroj podzemni voda

* Prvni primarni producenti — dle typu a mineralizace rtizna specificka
spolecenstva

* Obcasny a pravidelny vyskyt stygobiontu a stygofilU



Habitaty pramenist
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Organismy
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PiredoZibry pli rodu praménka (Bythinella)
Zije i masové v pramenech a pramennyjch
struZkich. Na obrézku rizné naSe druhy

Surirella spiralis a Diatoma hiemale,
typické rozsivky studenych pramend

Crenobia alpina, studenomilné plodténka &
horskfch potokii, kterou nalezneme =
i v pramenech ni%in

Larva komérce rodu Dixa z helokrennich
prameni

Dospdli strunovci Zji velmi fasto
v pr;Pgimedl. V krouzku zvétieny zadni
a piednf konec t¥la

chrostika Lepidostoma hirtum

Larvy
(nahote) a podvatky rodu Leuctra (dole)
vystupuji z pramennych struZek

do vlastniho pramene

7, 7 1 1

: kory§
z naSich pramennych vod




Proc studovat populace v pramenech?
Prameny jako evolucni model.
e pramenisté mohou byt diky —

specifickym podminkam
izolovana

e pro permanentni (bleSivec) faunu
je terestrické prostredi bariérou

e pusobeni antropickych vlivu
pouze v.omezeném rozsahu

* nehrozi genetické ,,znecisténi”
populaci rybarskym
managementem




Modely komunikace mezi pramenisti

Stream
hierarchy

— L J@J

=== migradni bariéra (Finn et al. 2007)



Hyporheal — podricni vody
(Psammolittoral)
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Historie vyzkumu

» predpoklad, ze ¢ast ricni fauny obyva sedimenty pod ricnim dnem a vykazuje vertikalni distribuci -
Kiihtreiber (1934)

* kopani jam ve freatické zoné (Chappuis 1942)
* termin ,hyporheic” pouzil poprvé Orghidan (1959)

* hyporeal (intersticidl) jako soucast podzemnich vod, rozvinut ve stérkovitych sedimentech, pro ficni faunu
plni funkci refugia a lihné (Schwoerbel 1961)

* u nas se vyzkumu ve freatické zoné vénoval O. Stérba (60.-70. léta)

» ,ekotonalni” pristup: hyporeal jako ekoton mezi systémem povrchovych a podzemnich vod; diverzita zde
ale dosahuje jen stfrednich hodnot! (Gibert et al. 1990)

* rlzné pristupy ovlivnény pouzZitou vzorkovaci metodou: freatobiologové vs. limnologové



r

Ekotonalni a hyporeicky pristup

Groundwater/surface water ecotone
(Gilbert et al. 1990)

Groundwater/surface water linkage
(Triska et al. 1989) (Bretschko)
SW = surface water

GZ = grounwater zone
IHZ = interactive hyporheic zone

SWS = surface water system
GWS = groundwater system

E1 = ecotone where groundwater
flows into river

E2 = ecotone where river recharges
groundwater

1SS = surface sediments

1BS = bed sediments
[

SHZ = surface hyporheic zone

SW/GZ interface




Slozeni vody jako dukaz existence hyporealu

Rouge River
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Komunikace s podzemni a povrchovou vodou

' Obr.8.
Schéma vzé jemného propojeni Moeni-a podzemi vody., A = vymina vody pfi -
ﬁ‘ m‘mg{’x goiu,pa ?vﬂj na vody pii pohydblivé hladin® podzemni vody fg:r;.

‘0br.9.
Schéma vzéjemného propojen{ tekoucich vod a sousednich ekosystémi.
A = povrehovy tok, B = podzemni pof{in{ vody redl), C = pod-

(
zemni vody, 5 = soud, Narudeni h‘““%&“ ace se retdizovd
pro jevi ve vdech ekosystémech. (Ex )



Hyporheal
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Komunikace mezi povrchovou a podzemni vodou

kolmatacni vrstva

Downwelling

stream water
(High dissolved oxygen,
arganic matter,
nutrients,
subsurface fauna)

Stream

Groundwater

Upwelling
hyporheic water
(Low dissolved oxygen,
organic matter,
nutrients,
subsurface fauna)

horizontalni proudéni, infiltrace, exfiltrace, kapilarni sily
zavisi na propustnosti dna, povrchovém prutoku a prutoku hyporealem

variabilita v podélném a pricném profilu i v ase

Gravel bar |

Upwelling zone

B N
‘ Subterranean water flow |

Dawmwelling. zans A7 Surface water flow |
l\

Gravel Bar |
Head

s Upwelling zone Downwelling zone ~ Tail

Miribel Canal (France), from Dole-Olivier et Marmonier (1992)



(Bio)chemické procesy

N2 fixation

Water tabie

-
AR A s A AR e wE Ve W A AR AR R WM AP AR A2

3 Aerobic respiration

bl I T P

O Primary production

O Excess O; relative to organic carbon, low HS , NH,
@ Excess organic carbon relative to Oy, NO5
® Excess organic carbon relative to Oy, NO3, SO,



Koncepce cyklu dusiku v hyporhealu
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Organismy hyporealu (hyporheos) —

distribuce v podélnim a pricné
profilu

Podélny profil — stérkova lavice Pricny profil — slepé rameno - ri€ni koryto

— stations M P A Me v G
abundant head /" SYRhpE S 0 — :
_ 7 b Cryptocandona kieler g :
— Pseudocandona zschokkei ) o (W) .
Niphargopsis casparyi OJ U a O a
3 Paras!anocaris sp. O a (W) O 0
—— Niphargu. sp. 0 ' O ;
Pseudocandona Iriquelra O c, B
Fabaeformiscandona wegelini [ O . Proasellus walteri o O a
Niphargopsis casparyi o O B‘"’W"" i ’ B 0 8
Niphargus rhenorhodanenfis D [:I m - 2 i 0 D
Pseudocandona zschokkei o 5] O Satonnole 5p. ] o 0
Proasellus walleri a a D Microcharon ’w D D D
Alona phreatica o o Niphargus renei 0 (W) |
Parastenocaris sp. D [:l Troglochaelus beranecki - P * .
Salentinelia sp. o U .
Pseudocandona triquelra o - absent
. , 0O rare
iipk.argus renei =] : | P
Proasellus sp. 0O ) D dTinan)
|
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Potravni retezec a tok energie

AUTO = HERBIVORE >

MICRO,
MEIOFAUNA

ENERGY
BASIS

ALLO

PREDATORS

DETRITIVORE=

1

Autochtonni org. material — foticka vrstva, zelené fasy, rozsivky, sinice
Allochtonni org. material (POM, CPOM, FPOM, DOM)

= [istovy opad - sezonni zavislost
= eroze brehovych partii

= biofilm - bakterie, houby, prvoci a jejich
produkty, na povrchu POM
(jemnozrné sedimenty maji
zvySuje kvalitu potravy (C:N)
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Funkce hyporheosu aneb co delaji a jak ziji

* hrabani — bioturbance, rozruSovani sedimentu, zmeéna velikosti pdrt a rychlosti vody v nich,
oxydace a transport org. latek, disperze bakterii a spor

* vymésovani — tvorba , bobki“ (, pellets”), zdroj DOC a NH**

» spasani biofilmul - zvySovani mikrobialni aktivity

* rozmélnéni potravy — rozklad a mineralizace ,,pohrbené” POM, zpristupnéni OM dalSim
detritovoriim a baktériim

* biologické interakce — predace a kompetice, ,,top down” kontrola meiofauny vétsimi
bezobratlymi

e pohyb mezi HZ a povrchovym tokem — migrace temporarni i permanentni fauny, vyplaveni
béhem povodni poskytuje potravu povrchovym predatorim

* emergence hmyzu — prenos energie do terestrického systému




Funkce hyporhealu v ekosytemu

* Kumulace, destrukce a utilizace organické hmoty
 Nitrifikacni a denitrifikacni cyklus

* Hospodareni s fosforem

* Refugium pro epibentické organismy pri disturbancich

 Biotop pro pravy hyporheos (hyporheobionti) - permanetné v
hyporhealu

* Biotop pro temporalni organismy (larvy vodniho hmyzu, ...) —
hyporheofiolové



Hypotéeza - refugium
Testovani na zakladé vzorkovani v terénu a experimentul na koryté

* hypotéza 1: ubytek fauny z ricniho dna béhem povodné by mél
byt minimalni, pokud je HZ hlubsi, nez vrstva dna zasazena
vyplachem - nepotvrzeno: ztraty 50-90 %

* hypotéza 2: fauna by se meéla pohybovat pri zvySenych pritocich
do vetsich hloubek - potvrzeno castecnée, experimentalné pro
Copepoda a pakomary zjisténa rychlost 5-23 cm/s

* hypotéza 3: je HZ nejdulezitéjsi zdroj pro rekolonizaci po povodni?
- potvrzeno castecneé - vodni sloupec a povrchovy sediment stejné
dulezity




Hyporheofilni organismy — zéna pro vyvoj
larvalnich statdii

FROM OTHER STREAMS

LEVEL %
oF . /
WATER | | N

TABLE

. ..-.: :'-.‘: 'l’, 7 A §‘9
- \ \‘~ A!"!!“-‘.m- 3;5,’:-‘ - X /\ *“
GROUNDWATER




Tekoucli vody — loticky
ekosystem

Pramenna struzka, potok, ficka, reka a veletok



Prostor a Cas — Ctyrrozmerny prostor




Catchment Geology, ‘Natural-(,:u.ltural
Climate, Land-use Setting

Discharge

‘Channel-Floodplain
Geometry

e e Primary Controlling

Substratum Variables
Nutrients |

Pollutants
Harvest

* ? Feedbacks
(e.g., nutrient spiraling)

Competition

Native species Non-native species

Predsion  BiOproduction  Disease

Riverine Foodweb
Biotic Interactions

Genetic and Biogeographic /

Legacies




Riéni krajina (river, fluvial landscape, riverine
landscape, riverspace)

' Landscape ‘
o l ;
Organismal ——— Ferturbation
biology & ecology s
ecology climatology

Community
ecology a

Biogeography Geomorphology

Fluvial

Biogeography geomorphology

Organismal
biology&
ecology

Stream
ecology b



Casoprostorova $kala

HABITAT
10'-10° years ¢~ (}*

5 --;;:}":uf_ Leaf and stick
R SRS detritus in
NN mmgn
Aquatic and
: semi- aquatic
104-103m vegetation
DRAINAGE ~ FLOODPLAIN REA
BASIN 10°-10” years 2 : 1CH
10%-10° years ) 10°-10 years  sand silt
y over cobbles MICROHABITAT

10°-10" years

FIGURE 7.4. Hierarchical organizations of a stream system and its habitat sub-systems. Linear
spatial scale, approximated to second- or third-order mountain stream, is indicated (adapted from

Frissell et al, 1986)
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Reka a jeji zaplavové uzemi (aluvium)

FLOODPLAIN

EUPOTAMON EUPOTAMON PARAPOTAMON PALAEOPOTAMON

braided channel channel with abandoned
upstream end

écmifctm& hardwood softwood j herbaceous oo preferential '
forest forest forest vegetation subflow



Reka a jeji zaplavové uzemi (aluvium — fiéni
Krajina)

* Eupotamon — prutocna cast ricni sité po cely hydrologicky rok
e Parapotamon — slepé rameno, prutocny usek za vyssich vodnich
stavu, trvale vSak napojen na tok

* Plesiopotamon — mrtvé rameno, prutocné jen za vyssich vodnich
stavu, zbytek roku oddélen od toku, komunikace jen hyporhealem

* Paleopotamon — poricni tin nebo jezero, pritocné jen za extremnich
prutoku (50 letd voda a vice), ¢asto az na ri¢nich terasach v
historickém zaplavovém uzemi



Environmental heterogenei

Maximum

connectivity

Eupotamal
=

Parapotamal

4|

Plesiopotamal

Palaeopotamal

L

Maximum
individuality

Flood pulse

Dry phase



A\ 4

znice

Priklady — reka Lu




Geomorfologicka klasifikace

V-shaped valley, Alluviated
Valley wall/headwater moderate gradient Active glacial valley mountain valley Alluviated lowlands
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Cirka-anualni casova Skala

- permanentni (perenni) toky
- iIntermitentni toky

- efemerni toky
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Complete drying Headwater drying Mainstem drying Midreach drying Patchy drying
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Klasifikace dle proudeni

la rge rlvers

\small rwers\\
\ N\

R
large
s Iarge lowland foothill
i streams \
streams
J AN N\
ditches \ \
foothill N\
lowland streams \mountain)
0,14 streams streams
0, 05 T \ \
-{marshes seapagecarsas \\springs
\
—————— - — —— — ——
0,01 BB B e p o T T 17Tl T Tt T 1
0,01 0,05 0,1 0,5 1 5 10 50
Cc
t

Fig. 1. Typology of running waters based on hydraulic factors (Higler & Mol, 1984; slightly modified).R = hydraulic radius (m);
C, =terrain factor (1 n J' *): n = roughness; J = ground slope.



Geomorfologie - hydraulika

GCEOMORPHIC FEATURES
CANYON [BRAIDED |MEANDERING

PARAMETER
hsViream Surface | _
 Area: Discharge | LOW ) HIG% MEDIUM
Rliz?;c:tign | LOW HIGH MED!UM
gg_:_;*;; LOW HiGH | MEDIUM-
Fl%?daed SMALL | LARGE | MEDIUM




High Channel Substratum Composition

Sand & Silt

Low
High Water Temperature
Maximum
M.M//
- - . Minimum il
Low e
High Native Biodiversity

Low - — .
Heacwater Headwater Montane Montane Piedmont Piedmont Coastal Estuary
Stream Transiton Floodplain Transition Valley Transition Floodplain

Floodplain .




Spad, proudéni a substrat dna
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Spad, proudeni a substrat dna

Physical factors of importance to the biota

TABLE 3.2 Some terms and equations useful in describing streamflow (Adapted from Davis and Barmuta, 1989;
and Carling, 1992)

Terms
U

Us

Equations
Re

Fr

D/k

R'.t

Mean velocity

Shear velocity

Water depth

Height of surface
roughness elements

Kinematic viscosity

Acceleration due to gravity

Bulk flow
Reynolds number

Re = UD/»
Froude number

Fr = Ov(gD)
Relative roughness

Roughness Reynolds
number
Re,. = Unk/ v

Thickness of
laminar sublayer
§=11.50/U.

500 <Re < 10°-10*

Measured at 0.6 depth from surface or from velocity
profile

Estimated from fine-scale velocity versus log depth profile
at nearbed depths

Total depth, surface to bottom
Difficult to quantify; methods described in text

1.004 x 10~ %m?2s~! at 20°C
9.8m?s”!

Re < 500 == |aminar flow
== transitional flow

Re > 10%-10* == turbulent flow
Fr<1 == gub-critical flow
Fr=1 == critical flow
Fr>1 . == super-ctitical flow

Height of roughness elements relative to water depth;
influences flow type

Describes flow near streambed

Res < § . == hydraulically smooth flow
5 <Res <70 == transitional flow

Re. > 70 == hydraulically rough flow

Describes region of viscous flow

dlk<1 =% hydraulically smooth flow

§/k>1 == hydraulically rough flow




Units of total depth
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Proudéni a koryto toku

N §

bar head /_)\\

™

z
% bar tail — £
G ¢
o riffle crest
o
\ in”QXion
()
2 .
9 crossing
> -
b _
% N'j Pool (W) \
[+ w ,‘ poo'.
crossing

(a) \®

(b)

FIGURE 7-5 Models of flow seructure in (a) straight and (b) meandering channels. (From Carling, 1992,
after Thompson, 1985. Secondary flows and the poolriffle unit: a case study of the processes of meander devel-
opment. Earth Surface Processes and Landforms 11:631-641, © John Wiley & Sons Limited. Reproduced



Substrat — drsnost dna

TABLE 3.3 Theclassification of mineral substrates by particle size, according

to the Wentworth Scale (After Cummins, 1962; Minshall, 1984)

Size Category

Particle Diameter

(range in mm)

Phi (¢p) Value

i

(—log, smallest diameter)

Boulder

Cobble
Large
Small

Pebble
Large
Small

Gravel
Coarse
Medium
Fine

Sand
Very coarse
Coarse
Medium
Fine
Very fine

Silt

>256

128-256
64-128

32-64
16-32

8-16
4-8
2-4

1-2
0.5-1
0.25-0.5
0.125-0.25
0.063-0.125

<0.063

<-8




Habitat - klasifikace

* Pelal

e kal, bahno, jil, Castice mensi nez 0,063mm
 Argilal

* jemnozrnné sedimenty (pisek, detrit), Castice mensi nez 0,063mm
 Psammal

* PiscCité sedimenty, ¢astice 0,063 —2mm)
* Akal

* Jemny Stérk a detrit, 2 —20mm
e Lithal

e Kameny a balvany, vétsi 20 mm
* Phytal

* Rasy a vy&&i rostliny
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Rheobionti, rheophiloveé, rheoxenové

(b) Baetis subalpinus
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Prutok — objem vody v koryte a v aluviu
(horska reka)

— — <:| [— —>
= Winter Spring Summer Autumn
HA L___,}%{_1 SM /




Vstupy energie — kolobeh latek

 Svetlo a teplo

* Allochtonni organicka hmota — CPOM, FPOM, DOM

e Autochtonni organicka hmota
* Primarni producenti
* Narosty ras, makrofyta

* Konzumenti
* Bentos
e Potamoplankton
* Nekton

e Destruenti — biologicky aktivni povrch, biofilm



coLumn

INTERSTITIAL

TRANSPORT
WATER Solute '>

1 SUBSURFACE EXCHANGES l



Spiralni kolobeh

voda «

S=v.h
kde S = spirdln{ délka, v = primérné rychlost pfesunu létky (m . s™), h = &as (s).

S=8Sv+SR,
kde Sv=délka dréhy biologicky vyuZitelnych rozpusténych latek, Sg = délka obratu ldtkového
cyklu.
§=NT__
(Mvp . 3)’

p - udténé létky z vod)
kde N = celkovy pfenos litky (Ziviny) tokem (g . 87), Nvp pfestup rozp \
do dna (g. m™2. s™%), § = §ffka toku (m). Ukazatel Npv pfedstavuje vystup rozpuiténych latel
ze dna do vody a za rovnovéZného stavu toku je roven Nvp.
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Spiralni kolobeh — v prostoru




Spiralni kolobeh - biofilm
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Spiralni kolobeh - aluvium

nutrient {} PP
cycling U

EVT




Floocd-tolerant - -
trees

Terrestrial
shrubs

T

Most river- .
spawning fish
start to breed.

Annual
terrestrial
grasses

Lake and river

Maximum spawning:

production of

young-of-yecar
and predators

aquatic vegetation
input of nutrients : P

associated with -—"? fol.low I?_O\fing

1 ittoral; fish
flood waters and : 2 :.mmﬂ::b" and invertebrate
suspended solids; | g > oider aquatic vegetation production high.
release of
nutrients from
newly flooded soil

Maximum
biomass of
aquatic vegetation

Young and adult
fish disperse
and feed,
dissolved

£ oxygc_:n_(DO)
g oy Ut oo ol or pcrmutung.

Consolidation of
sediments;

Many fish
respond to
drawdown by
stranded aquatic vegetation, finding deeper
mineralization of nutrients . water

moist soil plant
Runoff germination

of nutrients
resulting from
decomposition

Regrowth of
terrestrial
grasses and shrubs

Fish migrate

Consolidation
of sediments

to mainr channel,
permanent lakes
or tributaries.

Runoff and
concentration
of nutrients
resulting from
decomposition

.

Decomposition of
most remaining aquatic vegetation

Aquatic/terrestrial transition zone
———

- (floodplain)

PP



Spiralni kolobeh — tvary spiral

EFFECT. ON NUTRIENT RESPONSE
RETENTION  BIOLOGICAL CYCLING ECOSYST. STABILITY
MECANISM ACTIVITY RATE OF SPIRAL ADDITION ECOSYST.
RECYCLING  LOOPS NUTRIM.
Fast , Short
CONSERVATIVE
/ / (1>E)
Slow Short
STORING
/ \ (1>E)
Fast : Long
INTERMEDIATE
N\ / CONSERVATIVE \
(12E)
Slow Long ;
EXPORTING
\ \ (12E) \

}: Import , E:

Export




Spirala, organismy a toky energie

35. Zékladnf vztahy v ekosystému tekoucich vod. Mimo zarén. vanou &st: V atmosféra,

P podloif, OEL a PEL odsun a pisun energie a litek tokem, S slu1 ‘ *n{ zhfen{, MV migrace

~ avysazovén{ ryb, OV odlov ryb, sbér bmbntly?h aj., T ztréty potencionélnf energie ve formé&

tepla. V zarémované &ésti: Z zésobnik energie a #vnych litek, F fytoplankton, VD vegetace

dna, SOL sedimenty a organické litky, ZO filtrétoFi, B mikrobidln{ organismy, NZ nekar-

nivorn{ zoobentos, KZ karnivorn{ zoobentos, VR velké druhy ryb (H. T. Odum, 1983,
upraveno)



Zdroje organicke hmoty
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Rozklad organicke hmoty
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Kolobéh a transformace N
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Kolonizace a sukcese

C. R. TOWNSEND
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Drift — sukcesni a udrzovani mechanismus

* Cesky termin — snos — pasivni pohyb ve vodnim sloupci

* Nékolik typu
* Emergentni drift
e Terestricky drift
e Katastroficky drift
e Organicky drift (zivé nebo topici se organismy)

* Poproudovy a protiproudovy drift (aktivni)



Drift — sukcesni a udrzovani mechanismus




Drift - priciny

e Zmeény prutoku — minima a maxima

* Ledoveé drenice

* Emergence — lihnuti vC. kukleni, vylézani na sous
 Rozmnozovani — vlastni aktivni hledani sex. partnera a kopulace
e Ovipozice — kladeni vajicek

* VVnitro a mezidruhové vztahy (kompetice, predace, ...)
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Obecna sukcesni krivka

Cns

Faze: startovaci, exponencialni, vrcholova, stabilizacni - oscila¢ni



Strategie preziti organismu tekoucich vod

NejCastejsi disturbance — vyschnuti toku

Faze temporatnich tokl dle Williams D.D a Hynes H.B.N. (1977):

DRY - FLOW - FLOW+ICE - FLOW - POOLS - DRY

Summer - Fall - Winter - Spring - Early Summer - Summer

Formy prezivani organismt v dobé sucha:

CYSTY - Tubificidae
VAJICKA - Ancylus, vodni hmyz (Ephemeroptera, Diptera -
Chironomidae )
LARVY, VYVOJOVA STADIA - Amphipoda, Ostracoda, Cyclopoida,
Plecoptera, Diptera
KUKLY - Diptera - Tipulidae
DOSPELCI - Gastropoda, Hemiptera, Coleoptera, Hirudinea



Zivotni

strategie

Selection type

r K A
Properties of the habitat:
Favourability Variable High Low
Predictability Low High High
Community attributes:
Diversity Low High Low
Interspecific competition Occasional, Frequent, Rare
can be intense often diffuse
Investment . in defence
~ mechanisms: Low High Low
‘Specialization: Low High Low
Population or species
attributes:
Capacity for dormancy Variable Low Variable
Vagility High Intermediate Low
Geographical distribution  Wide Restricted Variable
Parthenogenesis Variable Low High
Life span Short Intermediate  Long
Maturity Early Intermediate  Late
Rate of development Rapid Intermediate  Slow
Fecundity High Intermediate Low
Population density Very variable More constant, Variable,
near carrying below car.
capacity capacity
Rate of increase High Intermediate  Low
Density dependence Weak at low Moderate, Weak
dens.; strong compensating
& overcomp. at high density
at high density
Key factors Adult losses: Juvenile Mortality
mortality & mortality; at all stages;
migration variation variation in
in fecundity  fecundity &
rates of

development



Hlavni produkcni slozka - bentos

* Fytobentos — narosty, perifyton — primarni producenti

e Zoobentos — konzumeti

* Bakteriobentos — destruenti, biologicky aktivni povrchy, biofilmy —
jednoduché houby a plisne, bakterie

e Mikro (pod 50 um, meio (50um az 1mm)a makrobentos (vice jak
1mm)
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Fig. 102. The role and position of meiobenthos in a compilatory energy flow diagram.
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numbers with asterisks represent biomass values (gCm™?)
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Makrozoobentos — potravni specializace

WATEF% COLUMN - SUSPENDED ORGANIC MATTER
PHYTOPLANKTON, ZOOPLANKTON, DRIFT

 COLLECTORS

GATHERING COLLECTORS ?

PREDATORS A/%

SHREDDERS \ SCRAPERS

| Y ¥ v
BOTTOM SEDIMENT ‘
DETF!IT_US, PHYTOBENTHOS, FUNGI, BACTERIA
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Seskrabavaci (spasaci)

Nutrients
Light (N, P, etc) DOM FPOM

| / \
W\\\ T E T s

Photosynthesis

Mncroproducers
(perlphyr.on ‘ Flocculation and
microbial uptake

- ﬁ.\»_

Macroproducers  ¢,I-
{

! /ﬁ'f'f ‘33:
; z’r/}—:\ NN
o | B2 A

Scraper feces:
sloughed producers FPOM

_/

Shredder and
Piercers Scrapers collector feces




Sberaci (aktivni — filtrujici - site stavejici)

Terresmal

\\\\\\\\\\\\\\\\\\\\\\\\EE@R N \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

DOM flocculation and

) Feces and fragment_s FPOM mlcroblal uptake

/\/ s \
.- \ . \ '.
| (“\—\{") Feces <«—— Gathering colle

.....

ctors
.;

e
6
‘1. \ C




Potravni sit tekoucich vod
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FIGURE 6.14 lLotic food webs. (a) A simplified view of a food web in a woodland stream. Energy inputs include
fallen leaves, subsequently colonized by microbes; small autotrophs, primarily diatoms; and DOM and FPOM,
originating from external sources and upstream. Feeding categories are based on divisions of Table 6.1: shredders
include Pterornarcys, Tipula and Pycnopsyche; Stenonerna is a deposit feeder, Sirmuliernr is a filter feeder and
Glossosorna is a grazer. Examples of predators include Nigrornia (Megaloptera) and two fish (Cottus and Salr»no).
(Modified from Cummins, 1973.) (b) Food web for a species-poor small stream in southern England. Primary con-
sumers include: (e) Psidiwsn sp., (f) Simuliidae, (g) Niphargus aquilex, (h) microcrustacea, (i) other microinverteb-
rates, (j) Heterotrissocladius rmarcidus, (k) Micropsectra bidentata, (1) Prodiarnesa olivacea, (m) Oligochaeta,
(n) Leuctra nigra, (o) Nerurella picteti, (p) Brilla modesta, (q) Polypedilurn albicornis, (r) Tipulidae, (s) Potarno-
phylax cingulatus. Predators include: (t) Macropelopia goetghebueri; (u) Trissopelopia longirnana, (v) Zavrelimyia
barbatipes,(w) Plectrocinerniaconspersa,(x) Sialis fulginosa. Note that the predator Séalis can be four energy transfers
removed from the base of the food web. (Modified from Hildrew et al., 1987.)
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RCC — distribuce organismu

Schematic representation of the continuum

medified from Cummins (1975)
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Rybi pasma a llliesova klasifikace
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