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FLUVIALNI EKOSYSTEMY struktura

iparian zone, |}
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FIGURE 6.1. Rivers are often subdivided into pools (slow to zero flow) and riffles (faster flow, turbulent), and
within these are habitats such as open water and profundal and littoral zones. Below, where water exchanges,
is the hyporheic zone and laterally, the river interacts with bankside vegetation in the riparian zone.



FUNKCNE-PROCESNI ZONY

struktura

/FUNCTIONAL PROCESS ZONES (FPZ)/

Thorp et al. (2006)

 hydromorfologicky definované plosky utvarené geomorfologickymi

charakteristikami povodi a prutokovym rezimem
e propojeni geomorfologie, hydrologie a ekologie/biologie

e umoznuje hodnotit vztahy struktur a funkci ekosystému na rtiznych

prostorovych a ¢asovych skalach



KONEKTIVITA RiICNICH SYSTEMU

e dynamika metapopulaci a kontinuita krajinnych struktur
* hydrologicka konektivita

e pohyb latek a organismu, prenos energie



FLUVIALNI EKOSYSTEMY laterdlni dimenze

Stream-Floodplain-Riparian System

Riparian buffer function:
= Transform and remove nutrients from adjacent uplands
F lain f
= QOverbank flow + enhanced hyporheic exchange attenuates peak flow and
retains/transforms nutrients & sediment
tream function:
= Hyporheic flow & retention in deep pools retains and transforms nutrients
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FLUVIALNI EKOSYSTEMY laterdlni dimenze

e flood pulse concept

e telescoping concept

Minor Major Main
secondary secondary channel
channels  channels
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Density Fig. 1 Lateral gradients in commumnity
. : . parameters and production of benthic
E;J;Ii:ﬁ;l&ﬁ:ﬂlgiﬁgun invertebrates in a large flood plin river: the
P Middle Parand. Modified from Marchese &
- Excurra de Drago (1992),




FLUVIALNI EKOSYSTEMY laterdlni dimenze
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16, 3. A section of lower Keokuk Pool on the Upper Missis-
sippi (A-G) with a projection of the stabilized system by the end
of the century (H) (unpublished data from R. V. Anderson, R. E.
Sparks, J. W. Grubaugh, K. S. Lubinski, and R. W. Gorden).



FLUVIALNI EKOSYSTEMY flood pulse concept

FLOOD PULSE CONCEPT (TEORIE PERIODICKYCH ZAPLAV)

ricni niva (floodplain) — je periodicky ovliviovana transportem vody a
rozpusténého/partikulovaného materidlu

aquatic — terrestrial transitional zone (ATTZ)

velké toky (pomeérné dlouhé zaplaveni ATTZ, rozsahlé a ¢asové omezené
stojaté vody v ficni nivé)

malé toky (kratké zaplavové pulsy v ATTZ, ve kterych se vyskytuje tekouci voda

pouze po kratka obdobi)



FLUVIALNI EKOSYSTEMY flood pulse concept
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FIG. 2. The moving littoral in the transition zone (ATTZ) of a
river-floodplain system in the central Amazon, with estimates of
annual production (P) and biomass (B). Estimates are as dry weight
per hectare. The H,S zone has no dissolved O,. The indicated
zones are as follows: (1) Phytoplankton C14 (Schmidt 1973b}), (2)
annual terrestrial plants, (3) perennial grasses, (4) floodplain (vér-
zea) forest, and (5) emergent macrophytes (from Junk 1985c and
unpubl. data). Periphyton are not included, but preliminary data
of periphyton on macrophytes from T. R. Fisher (pers. comm.)
indicate a total productivity in the floodplain of the same order as
phytoplankton (Bayley 1989).




FLUVIALNI EKOSYSTEMY

Modely laterdlni dimenze a jeji dynamiky
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Fig. 10 Species richness peaks for different faunal and floral
components (including native and non-native species) along a
Danube-floodplain transect (idealized curves, modified from
Tockner, Schiemer & Ward, 1998). The connectivity gradient
extends from the main channel to the edge of the flood plain, a
distance of about 1 km.

TELESCOPING ECOSYSTEM
MODEL
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Fig. 3 A conceptual model depicting how floodplain water
bodies, that exhibit essentially uniform conditions during the
period of inundation, re-establish their individuality during the
dry phase (based on a modification of the telescoping ecosystem
model of Fisher o al., 1998). Eupotamal refers to the main
channel or side channels with both upstream and downstream
connections to the main channel; parapotamal refers to side
channels with onlv downstream connections to the main
channel; plesiopotamal refers to a former braided channel that is
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FLUVIALNI EKOSYSTEMY RIPARIA

MOUNTAIN BRAIDED MEANDERING
HEADWATER REACH REACH
REACH PN /\ Q
"_\"W
CHANNEL single thread, multiple thalweg, single thread,
PATTERN straight braids meanders
CHANNEL constrained highly migrating
STABILITY unstable
FLOODPLAIN little or moderate expansive
DEVELOPMENT none
WETLAND narrow pioneer pioneer to
VEGETATION riparian community mature
corridor stages
AQUATIC lotic lotic lotic
HABITAT semi-lotic semi-lotic

lenlic

INTERACTIVE
PATHWAYS

Figure 7.7 Three-reach model river-riparian system and some general features that distinguish reaches.
Arrows indicate the relatively strengths of interactions along longitudinal (horizontal arrows), vertical
lvertical arrows), and lateral (oblique arrows). From Ward and Stanford 1995.



FLUVIALNI EKOSYSTEMY RIPARIA

Fig. 3.4 Comparison of riparian relationships of pristine streams and rivers of various order.
Systems depicted in (a) and (b) show a high influence of riparian vegetation, in
(d) intermediate influence, and in (c), (e) and (f) low influence. (Adapted fromm Cummins
et al., 1984.)
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FLUVIALNI EKOSYSTEMY RIPARIA

Biologické funkce pobrezni zony

e transport vody
e toky Zivin
e produkce organické hmoty

* dynamika dekompozice o plosky se lisi vlastnostmi

* informacni toky * hranice mezi ploskami ovliviiuji toky

* mikro-klimatické podminky - konektivita je zdsadni
charakteristika
* organismy hraji dileZitou roli

 dilezZitost skaly



FLUVIALNI EKOSYSTEMY DREVNI HMOTA

= dfevni hmota v korytech tokl ovliviiuje lokdlni korytotvorné procesy po
milidny let
= odumrelé drevo je dileZitym prvkem prirozenych tok( v mirném

klimatickém pdsu

= béZné aplikovanou praxi spravci tokd je odstrariovani dreva z koryta,
zatimco nékteri védci podporuji navraceni drevni hmoty do toki v ramci
revitalizacnich opatreni

= souhrnny vliv na tvar koryta a jeho dynamiku je pozorovatelny v ramci
rtiznych prostorovych a casovych méritek

» hydraulika, transport sedimentu, eroze brehd, vznik tini, iniciovani
sedimentace a vzniku stérkovych lavic

= velké klady mohou spustit procesy na urovni morfologie useku toku i
interakce reky a jejiho zdplavového uzemi



FLUVIALNI EKOSYSTEMY DREVNI HMOTA

= vdlouhodobé perspektivé mohou toky bohaté na drevni hmotu zadrzet
vice sedimentd, mit nizsi miru jejich transportu a vétsi spdd nez toky
chudé na drevni hmotu

= nejvétsi geomorfologicky vyznam maji velké stabilni klady, které
katalyzuji smérovani a ukladani drobnéjsi drevni hmoty a sedimentu.
Relativni velikost klady vuci rozméru koryta je pomérné spolehlivym
ukazatelem potencidlni stability drevni hmoty v koryte

= toky s vysokym prisunem velké a potencialné stabilni drevni hmoty
mohou vykazovat znacnou vertikalni variabilitu topografie dna
nezavisle na vnéjsich faktorech (kolisani klimatu, casové vykyvy prisunu
sedimentt nebo tektonické aktivity)

= v nékterych typech tokt muze byt vliv reZimu drevni hmoty srovnatelny
s vlivem sedimentacniho nebo prutokového rezimu



FLUVIALNI EKOSYSTEMY DREVNI HMOTA
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Multiple-scale effects of stream corridors on
biological and chemical characteristics
of small streams
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Motivations

e lack of explanatory variables at scales between stream
stretch and catchment

e searching for method based on remote sensing data

Study aims

e to classify stream corridors on the basis of riparian

vegetation types and land use adjacent to stream
channel

 to test relationships among chemical/biological
parameters and stream corridor characteristics



STREAM CORRIDORS

ecotone — transition between land an

riparian vegetation — shading, buffer zon
material

target of stream regulations and restor
measures

place where land-originated pressures in
dynamics of fluvial ecosystems




Analyses of aerial photos
(RIP method)

Development of scoring systems for riparian/bank zone and river
floodplain (type of riparian vegetation and land use in floodplain)

e combination of floodplain LU and riparian
vegetation characteristics representing
potential risks and barriers

e e.g. arable land adjacent to stream may
reflect in elevated fine sediment transport
to fluvial systems; character of riparian
vegetation may regulate resulting
sediment input to streams




spatial definition of stream corridors

CORINE

200 m-wide buffer zone along
stream network

RIP method

bank zone (up to 5 m from
banks)

floodplain zone (up to 10 m
from banks)

minimum length of classified
stream segment =20 m
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FLOODPLAIN
cropland
urban/unvegetated

meadow
forest

RIP classification

BANK
bare
grass
woody scattered
woody continuous
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RIP scoring system

FLOODPLAIN SCORE BANK SCORE

FLOODPLAIN F_code F_score BANK B _code B_score
cropland both C2 - bare both B2 -
cropland x urban Ccu bare x grass BG 2
urban both U2 3 grass both G2 3
cropland x meadow CM 4 woody continuous x bare  WCB 4
meadow x urban MU 5 woody continuous x grass WCG 5
forest x cropland FC 6 woody scattered both WS 6
forest x urban FU 7 woody continuous both WC2 -
meadow both M2 8

forest x meadow FM 9

forest both F2 -

BF SCORE = (1/Fscore)/Bscore



RIP scoring system
visualization and scale-dependent analyses
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STUDY SITES

23 sites, catchment area 16-51 km?
altitude 244-485 m a.s.l.




RIP scores vs. CORINE

.




ARABLE LAND (Corine 211)

RIP scores vs. CORINE

URBAN LAND (Corine 112)

correlation coefficient (r)

0.2

0.1 0.2 0.5 1 2 5 10 all catch

= bank score

= floodplain score

correlation coefficient (r)

o
N

0.1 0.2 0.5

1

2 5 10 all catch

1 bank score

u floodplain score




riparian scores

RIP scores vs. CORINE

10

\.\ FLOODPLAIN score |r=-0.9242
"o BANK score r=-0.9313

-10 0 10 20 30 40 50
arable land in entire stream corridor (%)

| ‘




WATER CHEMISTRY

variable score corridor extent upstream (km)
0.1 0.2 0.5 1 2 5 10 all
. Bank
chloride Floodplain -0.50 -0.47
Bank -0.42
BOD5
Floodplain -0.49 -0.52
amonium Bank
Floodplain | -0.43 046 057 054 -0.52
nitrite Bank -0.49
Floodplain -0.64 -0.63 -0.68
] Bank
nitrate )
Floodplain
Bank
tho-phosphat
ortho-phosphate Floodplain -0.48
Bank
hosphat
phosphate Floodplain




Bank score x nitrate concentration in water

nitrate (spring) mg/l

50

45 L

40 t
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25t
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10 ¢+

B_Wscore_99999:a127: y = 135.4601 - 20.0286*x;
r=-0.8778, p = 0.00000;r 2=0.7706
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MACROINVERTEBRATES vs. RIP scores

Spearman rank correlation (r, N=23)

variable score corridor extent upstream (km)
0.1 0.2 0.5 1 2 5 10 all
Saprobic index Bank 2l i
P Floodplain | 053  -049  -055 | -0.66 062 053
ASPT Bank . 0.67 0.61
Floodplain 0.47 0.49 0.60 0.68 0.65 0.56
number of sensitive taxa Bank 0.58 0.59 0.42 0.56 0.70 0.64
Floodplain 0.65 0.65 0.68 0.69 0.59
Gathering collectors Bank RULEls A
g Floodplain | 057  -056  -0.60 058  -0.48
Bank 0.48 0.43
EPT-t %
axa (%) Floodplain 0.54 0.62 0.51 0.45
Bank -0.51 -0.54 -0.46 -0.43
H o,
Oligochaeta (%) Floodplain -0.51 -0.58
Bank
. . o
Chironomidae (%) Floodplain -0.44
Bank 0.54
E
number of EPT taxa Floodplain 066
number of Coleoptera taxa Bank e
P Floodplain 0.47
Bank -0.47
f chi i
number of chironomid taxa Floodplain 0.65




ASPT index

MACROINVERTEBRATES vs. RIP scores
ASPT

CORINE

r=-0.8487

0 10 20 30 40 50 60
Arable land in corridor 5 km upstream (%)

ASPT index

Floodplain RIP-score

r=0.8759

4 5 6 7 8
FLOODPLAIN score (5 km)
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EPT taxa richness and BANK score (5 km)

MACROINVERTEBRATES vs. RIP scores
EPT taxa richness

(similar pattern was found for Stone-dwelling taxa index — Braukmann)

(r, N=23)

correlation coefficient (r)
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Conclusions

newly developed scoring system of stream corridors based on
aerial maps (RIP)

water chemistry is predominantly linked to large scale
characteristics of stream corridor (10 km or entire stream
network buffer)

(F-score combines agriculture and urban pressures)

most of studied macroinvertebrate parameters was related to
corridor characteristics within 2 or 5 km upstream the site

combination of both methods for corridors classification can
result in efficient explanation of chemical and biological
characteristics of fluvial ecosystems (e.g. first 2 km of RIP
combined with large scale CORINE)
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FLUVIALNI EKOSYSTEMY VERTIKALNI DIMENZE

WATER TABLE

= downwelling a upwelling zony toku

= kyslikové poméry

= Ziviny a dalsi mineralni latky iis _ _ i
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.85

8.218&rep=repl&type=pdf
= DOM, POM

= biota (pronikdni do substratu, komunikace s podzemnimi vodami,
refugia)

m
~220 gradien;
'dient

high Water sur;r;:;' -—

L

riffle-pool spacing

(meander wavelength)

Figure 2. Step-pool and pool-rifie morphalogies (from Church, 1852, Channel morpholagy and typology, in Calow, P, and Petts,
G.E, eds, The rivers handbook: hydrological and ecological principles; Malden, Blackwell Scientific Publications. Reproduced with
hing Lid. ).

permission of Blackwell Pu



VERTIKALNI DIMENZE DOWNWELLING/UPWELLING

Hyvdrobiologia 444: 183195, 2001,
© 2000 Kluwer Academic Publishers. Printed in the Netherlands,

[ . 7 . . . . P .
[} Biological, chemical and physical characteristies of downwelling and
dO Wn WEIIIn g a up W6//In g zony to ku upwelling zones in the hyporheic zone of a north-temperate stream

Rob J. M. Franken', Richard G. Storey & D. Dudley Williams

P ey Sace -—
e sl ee Ittt . T FLOW

T W -
- RIFFLE

Figure I. Conceptual diagram of surface-water advective flow
through the hyporheic zone of a stream bed riffle-pool sequence and
the relationship to groundwater distribution. Line A represents the
region of surface water infiltration (downwelling) and line B rep-
resents the region of expected underflow return (upwelling) to the

surface (by permission of Hendricks, 1993, and J. N. Am. Benthol.
S0c.).



VERTIKALNI DIMENZE DOWNWELLING/UPWELLING

= downwelling a upwelling zony toku

water surface

groundwater
upwelling

gradient 3 less aerobic/more anaerobic

obic - :
e upwelling zone

downwelling zone

Streams and

—=p arrows indicate underflow path Ground Waters

more oxidizing environment

. more reducing environment

Exditedt by
Jeremy B. Jones  Patrick J. Mulholland




VERTIKALNI DIMENZE DOWNWELLING/UPWELLING

= downwelling a upwelling zony toku

Streams and
Ground Waters

indicates interstitial advective flow » \ ‘, P

=tTYY oxidized microzone at sediment-water interface b




VERTIKALNI DIMENZE GRADIENTY LATEK

upland riparian
vegelQn vegetation

|
riparian *| UPland
vegetation vegetation -

zone
water table

/ bedrock
| ?"‘" —_— s

\K_

groundwater

flows \ :/ groundwater zone
streamwater I""‘-—T—--I_.._[ interactive

groundwater NH, DOC NO, O, — surface

interface DON

FIGURE 2 Conceptual model of hyporheic exchange and nutrient linkage in Little Lost Man  FIoIE
Creek, California. Adapted from Triska et al. (1989b), Ecology 70:1893-19035, copyright by KRS
the American Geophysical Union. '




VERTIKALNI DIMENZE GRADIENTY LATEK

d i i o v, v . o Vv
veugp;?:tlon o atafio = 20 dnu vypoustény roztoky chloridu a dusi¢nanu

vegetation

do povrchové vody

LD mp vt = pozorovdni v sonddch na brehu

exchange flows

vI/v

= chlorid >90% ricni vody v sonddch <4m od koryta

water ta

":I 11 = 0% v sonddch 10m od koryta
groundwater

flows

sreamwater {-——~—{—-[ = dusicnany — vyssi i nizsi koncentrace nez by
grpun ater NH DOC N , . ’ . JoO
interface DON odpovidalo konzervativnim chloridum

= zvysené koncentrace — nitrifikace v
podpovrchovém transportu

= snizené koncentrace — denitrifikace béhem
transportu



VERTIKALNI DIMENZE GRADIENTY LATEK

upland riparian
vege tatlon vegetation

18 riparian *| upland
H : vegetation | Vegetation-
H s sample wells Vadose
exchange flows hyporheic channel Zone
G - zone zone
e I'l- water table
- ¢
bedrock bedrock Zone of
groundwater Saturation
flows |_ groundwater zone
streamwater ]"“'-]-—--[ interactive
groundwater - NH, DOC NO, O surface
interface DON 2

lateralni promichavani prokyslicené vody

" rozsahlé na jare, pokles na podzim (pokles priutoku, mikrobidlni respirace a
nitrifikace)



FLUVIALNI EKOSYSTEMY VERTIKALNI DIMENZE

Lateral distance Fagt 9 m 'q dm - B m
from water line A .

Time since last [ (90 SRR : S &
inundation 7 _Q-fﬁﬁya_ P Addays (127 days 398 days

Figure 1. Diagram of parafluvial hyporheic zone and of sampling design with photographs of sieved sediment sampled. The four locations
were spaced laterally at 2 m intervals beginning at the water line and encompassed 1 m of elevation change. Note changes in sediment
moisture and texture with changes in inundation history.

Biogeosciences, 14, 42204241, 2017
https//doi.org/ 10.5 194/ bg-14-4229-2017
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Biogeochemical cycling at the aquatic—terrestrial interface is linked
to parafluvial hyporheic zone inundation history

Amy E. Goldman, Emily B. Graham, Alex R. Crump, David W. Kennedy, Elvira B. Romero, Carolyn G. Anderson,
Karl L. Dana, Charles T. Resch, Jim K. Fredrickson, and James C. Stegen



VERTIKALNI DIMENZE R
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FIGURE 4 Identification of hyporheic flowpaths using chemical tracers. In this plan-view map
of the stream, solid contours are percent stream water, dashed contours are hydraulic head,
closed circles are wells sampled for chemistry, and triangles are staff gages. Note the less ex-
tensive penetration of stream water into hyporheic flowpaths during the higher baseflow study,

when higher groundwater levels oppose stream-water inputs to the subsurface. (Modified from
Harvey et al., 1996.)



VERTIKALNI DISTRIBUCE ZIVIN FOSFOR

SURFACE WATER SUBSURFACE HYPORHEIC
DOWNWELLING UNDERFLOW PATH UPWELLING
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FIGURE 1 Tsopleth contours of hyporheic soluble reactive phosphorus (SRP; pgP L™1) pat-
terns along a longitudinal transect beneath a riffle pool on July 16, 1989, in a northern Michi-
gan stream. Isopleths are based on 135 determinations for SRP; n = 3 at each depth (5) at each
meter (9) along the transect. Surface water SRP concentration was <2 pgP L~!, Depth is mag-
nified relative to distance in order to illustrate detail of the phosphorus contours. Depth O (y-
axis) is the streambed surface. Meter 1-2 (x-axis) represent a downwelling zone. Meters 3-7
represent a subsurface flowpath. Meters 7-9 represent an upwelling zone. (From Hendricks and
White, 1995, with permission.)



VERTIKALNI DIMENZE VLIV VEGETACE

= pokles rychlosti proudéni na dolnim konci vytvari nepriznivé podminky pro
rostliny (usazovadni pisku a jemnych sedimenta)

= zakorenéni na hornim konci pahorku (hummock) a vegetativni cast splyva
po proudu (timto smérem takeé prirtsta)

water surface

Streams and

sround Waters



VERTIKALNI DIMENZE VLIV VEGETACE

= predni cast struktury — prokyslicend voda vstupuje do sedimentu, rostliny
vyuzivaji predevsim rozpustény fosfor a dusik z povvrchové vody, uvolnuji
madlo kysliku do sedimentu

= podél struktury mikrobialni aktivita — redukcni podminky, mobilizace
rozpusténého reaktivniho fosforu a amoniaku

= rostliny rostouci na doInim konci struktury vyuZivaji predevsim N a P ze
sedimentt (uvolnuji vice kysliku v rhizosfére)

water surface




VERTIKALNI DISTRIBUCE BIOTY MEZO-SKALOVE VLIVY
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FIGURE 2 Mesoscale variables influencing the distribution of subsurface macrofauna in
streams. See text for detailed explanation of impacts of pollution, flooding, and drying.



MIKRO-SKALA

VERTIKALNI DISTRIBUCE BIOTY
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FIGURE 1 Microscale variables influencing the distribution of subsurface macrofauna in
streams. Biotic interactions such as predation and competition are not included. Double-head-
ed arrows signify that the interactions may occur in both directions. Some interactions have

been omitted for clarity of the diagram.



VERTIKALNI DISTRIBUCE BIOTY BIOTA

= meiofauna (50-1000 um)

= makrofauna (> 1000 um)

= virnici, korysi, malostétinati Cervi, larvy hmyzu
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Fii. 1. A.— Theoretical organization of surface-subsurface water exchanges in a downstream bounded unconfined valley
segment. B—Predicted distribution patterns of organic matter (prediction 1), temperature (prediction 2), and insects (prediction
3} in the hyporheic zone along the longitudinal dimension of valley segments. U —Predicted vertical distribution patterns of
epigean (prediction 4) and hypogean (prediction 5) taxa at the tails of bars in downstream and upstream reaches of valley
segments. DR = downstream reach, UR = upstream reach.



VERTIKALNI STRUKTURA METODY

= jnjektaz nereaqujici latky

= Cerpdni vody ze sond

odbér sedimentu (freeze core)

instalace logerd, gelové naplné
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Location of study sites at Svratka River
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Function 2

VERTIKALNI DIMENZE

SEDIMENTS
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VERTIKALNI DIMENZE DISTRIBUCE KOVU
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Phalaris translocation factor between root and shoot (MVR/MVB) displayed against bioconcentration
factor between subsurface sediments and Phalaris roots (MVC/MVR) — mean * standard error.
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Callitriche translocation factor between root and shoot (CLR/CLB) displayed against bioconcentration
factor between subsurface sediments and Callitriche roots (CLC/CLR) — mean * standard error.



VERTIKALNI DIMENZE DISTRIBUCE KOVU

Significant correlations (Pearson r, N=13; p<0.05) among metal concentrations in different submatrices
related to plants (B = plant shoots, R = plant roots, S = plant-associated surface sediments, C = subsurface
sediments washed from plant roots).

Metal Phalaris Callitriche
As BxR BxC;Sxall
Cd RxS -

Co RxC BxR
Cr - BxC, BxR
Cu BxR RxC;Sxall
Mo - RxS;RxC
Ni - -

Pb - BxR;BxC;RxC
Sb RxC BxC;RxS
Vv - RxS

Zn BxS BxR;CxS
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