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Mur

Salzach

Study sites 
in Salzburg -
Austria

Water abstraction sites at 20 
power plants at mainly wadeable
rivers at 63 river stretches (40 
water abstraction sites, 23 full 
water sites), 

Residual flow < MALF
Residual flow > MALF

Hydropeaking < 1:5

Hydropeaking > 1:5



Characteristics of the assessed
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Aim of the study

• Evaluation of the existing hydromorphological
significance criteria used to pre-classify the current
ecological status of rivers with regard to the EU 
Water Framework Directive for
macrozoobenthos and fish with regard to:
•• EcologicallyEcologically acceptableacceptable minimumminimum flowflow at at waterwater

abstractionabstraction sitessites

•• Central Central questionquestion: : cancan thethe good good ecologicalecological
statusstatus ((WFDWFD--terminologyterminology) ) cancan bebe
achieved/maintainedachieved/maintained whenwhen usingusing thisthis
significancesignificance criteriacriteria ??



Methods



Structure of the residual flow assessment
Significance criteriaSignificance criteria

• Ecologically acceptable flow > Natural absolute daily minimum 
flow (nat. ADMF)

• MALF residual > MALF (as total annual discharge load)

Testing for ecological 
relevance – is more water 
needed?

• Fish ecological judgement 
using Fish Index Austria

• Macrozoobenthos,

• Hydraulic habitat analysis

• Habitat modelling

Testing and validating additional  
parameters to define the ecologically 
acceptable flow

• Maximum depth in the cross section of the 
minimum (“pessimum”) riffle

• v_mean in the cross section of the pessimum
riffle

• Mean thalweg depth

• Residual pool depth as a measure for 
morphology



Additional parameters for determining
ecologically acceptable minimum flow

≥ 0,30,600,40≥ 0,30,30Epipotamal

≥ 0,30,500,30 (0,402)≥ 0,30,20 (0,302)Hyporhithral

≥ 0,30,300,30≥ 0,30,20Metarhithral

≥ 0,30,250,25≥ 0,30,20Epirhithral (≤ 3% Gefälle)

≥ 0,30,200,20≥ 0,30,15Epirhithral (3-10% Gefälle)

≥ 0,30,150,15≥ 0,30,10Epirhithral (> 10% Gefälle)
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Measurement & sampling design

Macrozoobenthos (Saproby and species specific analysis)

Lower end of 
residual flow 
stretch

Upstream water 
abstraction

Upper end 
of residual 
flow stretch

Downstream 
water 
abstraction

Fish ecological status (Fish Index Austria)

Hydraulic & habitat mapping



Measurements at  200 m sections 

Discharge

Wetted width

Maximum depth pessimum riffle

Mean Profile flow velocity at 
pessimum riffle

Pool depths (n=5)

Riffle depths (n=5)

=> Mean thalweg depth

At three discharges (< MALF, MALF, > MALF) 

Additional measurements
Width at MAF 
Bankfull width
Local slope

Standard residual flow assessmentStandard residual flow assessment
(Guideline for defining ecologically acceptable (Guideline for defining ecologically acceptable 

flow, Salzburg, flow, Salzburg, JJäägerger et al. 2008)et al. 2008)

KW Maria Sorg Restwasserstrecke

0,00

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0,45

0,50

0,00 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00 1,10 1,20

Q [m³/s]

Tm
in

 [m
]



Hydraulic signatures for ecological modelling at different 
scales, Yann Le Coarer, Aquatic Ecology (2007) 41:451–459

Hydraulic mapping mapping Hydraulic mapping mapping (after (after ParasiewiczParasiewicz, 2007), 2007)

Target: systematic and stratified 
assessment of depth-flow velocity 
patterns at different discharges- Hydro-
morphological units HMU) for 
orientation and stratification (7-15 
measurements per HMU).

Characterisation of Characterisation of instreaminstream sediment sediment 
incl. qualitative assessment of incl. qualitative assessment of 
embeddednessembeddedness and proportion of fines, and proportion of fines, 
instreaminstream structures (different types structures (different types -- no, no, 
existing, abundant), shoreline structure existing, abundant), shoreline structure 
and land useand land use



Pressure/Site Site 1 Site 2 Site 3 Site 4
Water abstraction
Hydro-peaking
Morphological change
Temperature change
Impoundment
Connectivity loss
Embeddedness
Catchment Land use
Sediment flushing
Water quality

Identification of pressure 
combinations and main pressures
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Main results
hydraulic
mapping



Results hydraulic mapping: Changes of 
flow velocity distributions with

decreasing discharge



Reducation of substrate moving
discharges (MAF+20%)

KW Spannberg 2003 
Wasserfassung

Vergleich natürliche Jahresganglinie  mit Jahresganglinie in Ausleitung
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Dynamic discharge in residual 
flow stretches

KW Winkler 2003 
Wasserfassung

Vergleich natürliche Jahresganglinie  mit Jahresganglinie in Ausleitung
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KW Winkler 2004 
Wasserfassung

Vergleich natürliche Jahresganglinie  mit Jahresganglinie in Ausleitung
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After After flushingflushing

FlushingFlushing of of sedimentssediments fromfrom
impoundmentsimpoundments

DuringDuring flushingflushing

DuringDuring flushingflushingBeforeBefore flusingflusing



Reduction of substrate moving
discharges (MAF+20%) and percentage

of area with medium/high fine sediments
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Reduction of days with sediment moving discharges



Summary results hydraulic
mapping

• At ADMF the highest flow velocity classes were lost in 
most situations – maintained above MALF.

• Below ADMF flow velocities between 0,0 – 0,4 became 
dominant
– loss of river type specific flow variability and habitats.
– increased sedimentation of fines and

• Below ADMF a significant loss of wetted width in relation 
to the wetted width at MALF leading to significantly 
reduced ecologically available wetted habitats.  

• Below ADMF limits for connectivity for fish like maximum 
depth at the pessimum profile and minimum flow 
velocity in thalweg are undercut – sometimes these 
parameters require more water to be fulfilled!



Main results
biology



Relationship between slope and 
fish biomass

(Spearman-Rho, r=-0,469**, p=0,000). (Spearman-Rho, r=-0,364**, p=0,005)

HydraulicHydraulic stress as stress as factorfactor
highlyhighly negativelynegatively correlatedcorrelated
withwith fishfish biomassbiomass



Changes in length-frequency
distributions of brown trout

All age classes!

2

3



Mean length and mean weight of 
brown trout at natural and 

residual flow sites
Natural 

discharge
Residual 

discharge

I

Residual 
discharge

II

Natural 
discharge

Natural 
discharge

Residual 
discharge

I

Residual 
discharge

II

Natural 
discharge
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Biotic characteristics in significantly
abstracted sites with good ecologcial status

VarianceVariance of of fishfish lengthlength

Good (n=7) Moderate or worse (n=13)

JudgementJudgement of of lenghtlenght--
frequencyfrequency distributiondistribution

Good (n=7) Moderate or worse (n=13)

BiomassBiomass

Good (n=7) Moderate or worse (n=13)



Abiotic parameters explaining the good 
ecological status at significantly abstracted sites

Good (n=7) Moderate or worse (n=13)

MeanMean waterwater depthdepth MeanMean subtsratesubtsrate sizesize

Good (n=7) Moderate or worse (n=13)

Good (n=7) Moderate or worse (n=13)

Relative Relative roughnessroughness



35 % of significantly abstracted
sites with good ecological status

• Situated in smaller and steeper rivers, with two of 
them being situated at the upper end of the fish 
bearing zone.

• Situated within the trout region with brown trout 
being the only dominant species. 

• Larger mean choriotope size lead to higher 
values of relative roughness -> habitat 
heterogeneity -> different size classes of trout -> 
higher variance of fish lengths -> better judgement 
of the age distribution. 

• The biomass was always considered as satisfying
and biomass KO criterion was never actuated.



Results Macrozoobenthos –
reduction of rheophilous species
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Saproby Index failed to assess the impact of water
abstraction on ecological status!



Conclusions
• ADMF represents a valid base for determining the ecologically 

acceptable base flow -> additional parameters help to maintain 
important functions like connectivity. 

• Experiences: in steep alpine rivers in some cases its hard to reach
the cut value for minimum depth (15-20 cm), in lowland rivers the
trend goes to discharges bigger ADMF to maintain flow velocities
and depth, some types of rivers show a trend to decreasing
minimum flows (climate change) which also needs to be
considered adequately – next step is regionalisation!

• ADMF = a natural catastrophic event -> a dynamic component to 
this minimum base flow to maintain the river type specific flow 
variability is recommended, contributing to the maintenance of 
natural geomorphologic (e.g. sediment quality) and ecological 
processes linked to natural flow patterns. 

• ADMF and hydromorphological cut values implemented in 
National Water Act for WFD!



Thank you for your attention!Thank you for your attention!

andreas.zitek@boku.ac.at


