
• bank and bed erosion - stabilizing role of plant root systems
• critical erosion capacity

= the lowest velocity needed for a transport of a particle 
of a given size
- lowest for sand (ca 20 cm s-1)

Erosion

Geomorphology
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Sediment load

Geomorphology

• Suspended load (plaveniny) – usually majority of the total load (5-50 × more than bedload), 
increases turbidity

• Bedload (splaveniny) – <5-10% of the total load but strong impact on the channel shape
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• Washload – 0.5 µm-0.625 mm, clay, silt and very fine sand, 
may never settle out

Sediment load

Geomorphology
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Effect of discharge on sediment transport

• stream capacity = total load of sediment the stream can carry 

Geomorphology
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Abiotic environment: Current
Abiotic Environment

• boundary layer theory (Davis 1986, Vogel 1994)
• laminar (viscous) sublayer
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Hydraulic variables 
Abiotic Environment
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Influence of substrate roughness on the 
stream flow

• low relative height of roughness elements to channel depth 
→ very komplex turbulent flow

• the role of wood and vegetation

Abiotic Environment
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Hydraulic variables II
Abiotic Environment
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Near-bottom flow conditions

• very variable
• FST – hemisphere method 

Statzner B. & Müller R. (1989) : Standard hemispheres as indicators of flow characteristics in 
lotic benthos research. Freshwater Biology 21, 445 - 459.

• shear stress (tractive force, smykové napětí) 

Abiotic Environment
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Adaptations of biota to current

Abiotic Environment

Baetidae Heptagenidae
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Adaptations of biota to current II

Abiotic Environment

Ditsche et al. 2013: Epeorus - on smooth 
substrate biofilm significantly increases the 
friction force of claws

Simuliidae
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Response of biota to current

Hydropsyche instabilis (Hydropsychidae): v ~ 15-100 cm/s

Plectrocnemia conspersa (Polycentropodidae): v ~ 0-20 cm/s

Abiotic Environment

Edington (1968)
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Infuence of current on biota
Abiotic Environment

• drag cost, dislocation
• increases food, nutrient and gas

supply
• increases difusion rate on microbe

membranes

• active and passive colonization: drift, 
refugee (debris dams, zones of
transition, channel edges, hyporheic
zone)

You created this PDF from an application that is not licensed to print to novaPDF printer (http://www.novapdf.com)

http://www.novapdf.com/


Temperature

• influences physic-chemical processes
• influences biological processes - methabolic 

rate, distribution of organisms along river’s 
length and in different geographic regions, 
leaf breakdown, nutrient uptake, production

• seasonal variation
Amazon river ~ 291 °C
temperate streams:  0-25 °C
high altitude and latitude: max. ~ 15°C

• cumulative temperature

Abiotic Environment
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• at the source – T close to that one 
of groundwater

• max. diel variability in wide but 
shallow rivers (~ 4th order)

• spatial variability

Variability in water temperature
Abiotic Environment
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• increase residence time and surface area exposed to solar radiation
• surface-released dams
• deep bottom-released dams

The effect of impoundment on water 
temperature

Abiotic Environment
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• stenothermal vs. eurythermal
• cold-water fishes – max. 25°C
• warm-water fishes – Esocidae, Cyprinidae – max. ~ 30 °C

• specialized taxa – desert fish (up to 40°C), some invertebrates (up to 50°C), some Cyanobacteria (up 
to 75°C)

• importance of phylogenetic origin - Plecoptera (Hynes 1988), Odonata (Corbet 1980)

• cue, regulation and synchronization of insect life cycles – food availability and competition vs. 
predation risk

• high altitudes – short period of fast growth, long periods of dormance
• higher temperature → smaller adults → smaller fecundity

• temperature optimum – max. fecundity

Temperature requirements of organisms 
Abiotic Environment
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Abiotic Environment
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Abiotic Environment

Factors influencing water temperature in streams

(Caissie 2006, Freshwat. Biol.)
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Primary producers

• benthic algae, vascular plants, bacteria, protists
• macrophytes – angiosperms, bryophytes (mosses, liverworts), 

filamentous growth forms of algae
• periphyton, phytoplankton

• epilithon
• epipelon

• epipsammon
• epixylon

• epiphyton

Primary production
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Benthic algae
Primary production
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Primary production

Primary production

• gross vs. net promary production
• biomass accrual per time for macrophytes
• small autotrophs – open stream gas 

exchange, light and dark bottle (chamber) 
exposure, radiotracer uptake

• max. 1-6 g C m-2d-1

• in shaded stream of temperate zone – 0.01-
0.1 g C m-2d-1

• after elimination of grazers, biomass 
significanly increases

• scour, export and burial
• release of DOC
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Influence of light and seasonal variation

• high light – filamentous algae
• low light – diatoms, cyanobacteria
• limiting factor in small streams in forested areas

• seasonal variation
• studies: shaded vs. unshaded sites, effects of experimental clear-cutting

• masking effect of herbivory or limiting concentrations of nutrients

Primary production

Light intensity
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Influence of nutrients

• limiting factors generally in freshwaters: 1) P –, 2) N:P < 16:1 (10-
30:1) → N becomes limiƟng, 3) Si and trace metals

• constant supply of nutients in running waters – relative 
„physiological enrichment“

• thickness of periphyton mats

• colimitation by N+P

Primary production
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Influence of flow

• high streamflow – scouring and abrasion
• different community composition in different flow conditions 

(diatoms, Cladophora)
• different growth form in different flow conditions

Primary production
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Phytoplankton
Primary production

• potamoplankton, displaced cells 
from benthos, backwaters and 
impoundments

• diatoms, cyanobacteria, 
Chlorophycae

• large lowland rivers, slow water 
current

• export up to hundreds km 

• residence: tens of days
• 1-2 doubling per day
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Heterotrophic energy sources

• allochtonous sources usually dominate the photosynthetic ones
• mineralization, storage or export

Decomposition
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Leaf breakdown

• the loss of leaf mass is loglinear
• Wt = Wi × e-kt (Webster & Benfield 1986)

Wt ... dry mass at time t

Wi ... initial dry mass
k  (days-1) ... measure of breakdown rate

• breakdown rate depends on tempetarure, N 
availability, pH, hydrological regime

• autumn-shed, the loss in april is ca 85%

Decomposition
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Brakedown rate
• high N concentration – fast breakdown
• lignin and celulose – slow breakdown

Decomposition
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Leaf breakdown

Decomposition

1

2
3
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Microbial decomposition

• aquatic hyphomycetes dominate during 12-18 weeks, up to 
30 species, only 2 dominant, nearly no succession

• bacteria dominate terminal stage
• synergic and antagonistic interaction

Decomposition
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Invertebrate shredders
• aquatic insects (e.g., Tipula) and crustaceans
• detritovores significantly accelerate decomposition

Decomposition
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