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Part 1 

Generalities to bioindicators 



Biological Methods  

to Assess Water Quality 

 
 

• Physiological methods 
= experimental - ecological methods 

 

• Ecological methods 

 = descriptive - analytic field methods  

  

                                                                         



Ecological Methods = 

Bioindication 

  

• Community of organisms reflects the 

situation of the ecosystem 

 

• Single Taxa have specific optima and 

tolerance ranges for selected 

environmental factor  

 = Bioindicators 



Tolerance Range 

 

• Euryoecious 

 

 

• Stenoecious 

= Indicator?!             

 



Part 2: 

TI for Austria 



Key Cooperation partners TI 

• Pipp Eveline IBK 

• Pfister Peter Arge Limnologie IBK 

• Van Dam Herman Aqua Sense, NL 

• Binder Nico IBK 



Primary assumptions for TIAustria 

• River algae only 

• Species level mainly 

• Environmental niche expressed in situ 

(related to numerical data) 

• (A) All algae including diatoms primarily or 

(B) diatoms alone  



AUSTRIA 

• Stepwise Module approach 

• Option for All algae method 

• Option for separate Diatom 
method 

• Aquatic mosses and 
Macrophytes combined 
biological quality element 
(rivers) but used as 
independent metric! 



Pfister P. & E. Pipp (2013): Phytobenthos Austria: In English 

From Rott et al. 2003 



Main recent activities Austria  
PIPP, E. & E.ROTT 1993 140 sites, reference species 

groups 

ROTT, E., HOFMANN, G., 

PALL, K., PFISTER, P. & 

E.PIPP 1997 

450 sites, Saprobic 

Indication/ BOD, TP 

 

ROTT, E., PIPP, E., 

PFISTER, P., VAN DAM, H., 

ORTLER, K., BINDER, N. & 

K. PALL 1999 

700 sites, Trophic 

Indications/ TP, TN 

 

PFISTER, P. & E. PIPP 2006 

and 2013 (in English) 

1800 sites (2250 datasets),  

Assessment of ecological 

status (based on Trophic Indication, 

Saprobic Indication and Reference 

Species metric) 



Benthic algae approaches in rivers in 

Austria comprise EQR based on 

1. Trophic indication according to 

Rott et al. 1999; Rott et al. 2003, 

Algol.Stud.110 

2. Saprobic indication system 

according to Rott et al. 1997 

3. RI Reference species Index/ 

community approach by Pfister/ 

Pipp 2006, 2013 resp. 

 



From: Rott et al. 2003 Algol. Studies 110: 91-115. 



Environmental variables 

targeted for TI 

• TP (acid-treated, non filtrated) 

• NO3 

• NH4 

• pH 

• Conductivity 

• Cl 

• SO4 



The dataset Austria 

from Binder (2001) 

3 examples following  



Three 

examples from 

Austria (Binder 

2001) 

 

Oligotrophentic 

 

 

 

Hypertraphentic 

 

 

 

 

Mesotraphentic 



• Weighted average (from Binder 2001) 



An Indicator taxon has 

preferences / a niche 
• Statistical models for niche : median, ln 

transformed data / preference spectra – 

frequency plots 

• 20 points over whole range / range 

classes set from environmental data 

spectrum +/- deshrinking (data based) 

• Additional empirical settings 

• Indicating weight is related to niche 

extension 

 



 

Preference spectra of indicators for TP along 8 trophic classes (from Binder 

2001 mod. from Rott et al. 1999) 





Key Trophic 

Indication 

methods 

applied to 

Austrian Site 

diatom data 

(From Rott 

et al. 2003) 



Part 3 

Regional calibration example 



What the WFD means with Ecoregions 

Aus: Amtsblatt der Eur.Gem. 

2000 L 327/71 



From: Beltrami (2010) 

General trial for a local calibration 

of diatom species in relation to TP 

(River Adige catchment) 

Examples on following 3 pages 









Part 4 

Reference species approach 

Austria 



Benthic algae data related to 

Austrian bioregional stream types 
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Bioregionen

Alpine Molasse

Bayerisch- Österr. Alpenvorland

Bergrückenlandschaft- u. Ausläufer d. ZA

Flysch

Gew. d. inneralpinen Beckenlandschaften

Granit- u. Gneisgebiet d. Böhm. Masse

Grazer Feld u.ostmurisches Grabenland

Helvetikum

Kalkvoralpen

Nördliche Kalkhochalpen

Östliche Flach- u. Hügelländer

Schweizerisch- Vorarlberger Alpenvorland

Südalpen

Unvergletscherte Zentralalpen

Vergletscherte Zentralalpen

#S Messtellen Phytobenthos

Fließgewässer

Phytobenthos-Meßstellen

Österreich

After Wimmer et al. 2000 



TI based site classification CCA Austria (based on taxon. 

Composition and dominance (From Pipp E. pers. comm.) 
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All samples for 

Trophic Index TI 

Pearson's r = 0,952 



Reference species for ecological quality 

 monitoring of rivers in Austria  

(mod. from Pister & Pipp 2006, as in following 5 pages) 

 

Bioregion specific 

Reference species 

(Examples) 
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Chamaesiphon fuscus X X X X X X X X X X 

Chamaesiphon geitleri X X X X X 

Schizothrix tinctoria X X X X X X X X X X X 

Nitzschia fonticola X X X X X X X X 

Hildenbrandia rivularis X X X X 

Diatoma mesodon Achnanthes biasolettiana 

Gomphonema pumilum Bangia atropurpurea 

Fragilaria arcus Cymbella minuta 

Phormidium corium Hydrurus foetidus 

Hyella fontana Phormidium autumnale 

General reference species (Examples)  



Trophic reference status for different bioregions in Austria / preliminary 



 EQR based on TI  all algae / 

Austria  

Ecological  

Quality class  

Acc. to TI 

oligotroph 
oligo-  

mesotroph 
mesotroph 

meso- 

eutroph 1 

meso- 

eutroph 2 

 I - high > 0,80 > 0,80 > 0,80 > 0,80 > 0,80 

 II - good 0,64 - 0,80 0,57 - 0,80 0,58 - 0,80 0,57 - 0,80 0,59 – 0,80 

 III - moderate 0,53 – 0,63 0,45 - 0,56 0,47 - 0,58 0,45 - 0,56 0,41 - 0,58 

 IV - poor 0,41 - 0,52 0,32 - 0,44 0,33 - 0,46 0,32 - 0,44 0,28 - 0,40 

 V - bad 0,40 0,31 0,32 0,31 0,27 

Trophic reference classification 
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Achnanthes altaica A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes biasolettiana A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes biasolettiana var.subatomus B + + + + +
Achnanthes bioretii B + + + + + + + + + + +
Achnanthes chlidanos A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes curtissima A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes daonensis A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes daui B + + +
Achnanthes exilis B + + + + + + + + + + + + + + + + + +
Achnanthes flexella B + + + + + + + + + + +
Achnanthes flexella var.alpestris A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes grischuna A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes kryophila A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes laevis A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes lapidosa B + + + + +
Achnanthes laterostrata A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes levanderi A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes marginulata B + + +
Achnanthes minutissima A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes minutissima var. gracillima A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes minutissima var. scotica A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes montana A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes nodosa A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes oblongella B + + + + + + + + +
Achnanthes oestrupii A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes petersenii A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes pusilla A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes rechtensis A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes subatomoides B + + + + + + + +
Achnanthes suchlandtii A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
Achnanthes trinodis A + + + + + + + + + + + + + + + + + + + + + + + + + + + + +

Ecoregional distribution diatoms 



Module: Reference species 



Trophic reference status for different bioregions in Austria / preliminary 



What are for Austrian methods  

Advantages 

• Fine tuned ecoregional 

approach 

• All algae 

• Clear geochemical 

responses 

• Clear altitudinal 

responses in accordance 

with higher „natural“ 

nutrient concentrations in 

lower altitudes  

 

 

Problems 

• Poor representation of 

heavily polluted sites 

• Reference conditions of 

lowlands hard to define 

• Unclear toxicological 

responses 

• Link to macrophytes open 



Part 4 

Developments in 

Switzerland 



Switzerland focus on diatoms and macroalgae – 

conditions in praxis  

(Hürlimann J. pers. Comm. Maps and info available 

from: www.bafu.admin.ch/publikationen/.). 
 

  

 • Nation-wide uniform method development 

• Central databank abiotic and biotic data (private 

initiative) 

• Annual ringtests for qualification of labs 

• Calibration check, regional verification all 10 

years postulated 



Achnanthes minutissima var. jackii (RABENHORST) LANGE-BERTALOT 

Oligotraphentic 



Achnanthes bioretii GERMAIN 

Oligotraphetic 

Alpine 



Fragilaria arcus (EHRENBERG) CLEVE 

Oligo alpine 

lotic 



Achnanthes biasolettiana GRUNOW 

Oligo-meso 

Chemical  

scores 
Habitat 

preference 



Achnanthes minutissima var. saprophila KOBAYASI et MAYAMA 

Eutraphentic 



Part 3 

Navicula accomoda 

Saprophilous 

Polytraphentic 



General Conclusions 1 
• Standardization is fossilisation (Prof. John 

LUND) = i.e. we tend to be self-sufficient  
and to loose information  

• Strong relation of algal approaches to key 
issues (monitoring targets – criteria specific 
for eutrophication N vs P, organic 
enrichment , acidification etc.) indispensable 

• Multimetric recommended – no mathematical 
averaging e.g. of all plants 

• A joined EU effort would be desirable 
(Biogeographic and ecological databank! On 
the way?) 



Conclusion part 2 
• Both diatoms and all algae methods can 

be used for: 

 (A) Bioregional and (B) criteria specific 
ecological quality classification of running 
waters – all algae more criteria specific?! 

• We miss (A) A coordinated taxonomic 
approach for the Alps, (B) integration of 
knowledge on small streams and springs 
(to be suppl. by M. Cantonati) 

• Mapping network approach (especially for 
rare- redlist? taxa) Alp wide 



Key points for future development 

 my personal recommendation 

• Test species responses / preference graphs 

for regions / river types against key 

variables (incl. Experimental testing!) based 

on a common databank  

• Avoid progressing divergence between 

taxon expertise and hindered progress of 

autecological knowledge 

• Use all algae approach for specific issues 

• Do not mix indices mathematically 

 

 



Table 5. Common diatom taxa from high altitude streams in the E- and S-Alps with a focus on glacial streams and niche descriptors supplemented 

by maximum frequency (D = dominant, R = rare but widespread, SD = subdominant), geochemical data from Cantonati et al. 2001 (n.d. no data; for 

abbreviations see Table 4) and trophic values from Rott et al. 1999 (for details see Table 4).  

 

Taxon Microhabitat 

preference 

Maximum 

frequency 

Geochemical 

preference 

TW 

Achnanthes acidoclinata Lange-Bertalot I SD ACB n.d. 

Achnanthes biasolettiana Lange-Bertalot F SD ALF 1.3 

Achnanthes bioreti Germain A R IND 1.8 

Achnanthes daonensis Lange-Bertalot F R CN n.d. 

Achnanthes flexella (Kützing) Brun F R CN 0.3 

Achnanthes helvetica Lange-Bertalot F R ACF 0.6 

Achnanthes kryophila Petersen F R n.d. n.d. 

Achnanthes lanceolata (Brebisson) Grunow F D ALF 3.3 

Achnanthes marginulata Grunow A SD ACF/ACB 0.2 

Achnanthes minutissima Kützing F D CN 1.2 

Achnanthes subatomoides (Hustedt) Lange-Bertalot & Archibald F SD ACF 2.1 

Adlafia bryophila (Petersen) Lange-Bertalot A SD IND 1.3 

Brachysira brebissoni Ross I SD ACF 1.1 

Brachysira neoexilis Lange-Bertalot I SD CN 1.2 

Brachysira vitrea (Grunow) Ross I SD ACF 0.7 

Cocconeis placentula var. euglypta Ehrenberg I SD ALF 2.3 

Cymbopleura subaequalis (Grunow) Krammer  R CN 1.0 

Diadesmis gallica var. perpusilla (Grunow)Mann A SD CN 1.2 

Diatoma hyemalis (Roth) Heiberg F SD CN 1.0 

Diatoma mesodon (Ehrenberg) Kützing F D CN 0.7 

Encyonopsis falaisensis Krammer & Lange-Bertalot I R CN 0.4 

Encyonema neogracile Krammer agg. I R ACF 0.6 

Encyonema minutum (Hilse) Mann agg. F SD IND 2.0 

Encyonema silesiacum (Bleisch) Mann agg. F D IND 2.0 

Eunotia exigua (Brebisson) Rabenhorst F SD ACB 0.5 

Eunotia intermedia (Krasske) Nörpel-Schempp & Lange-Bertalot I R ACF 0.6 

From: Rott et al.2006, Hydrobiol.562:195-216 

Species traits / based on multivariate„preference spectra“ 



Thank you for your 

attention 
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