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«GRAADMETERS BIODIVERSITEIT AQUATISCH 

Soorten van zoete wateren 

Zoetwatervissen zijn geschikte graadmeters voor aquatische systemen, vooral van stromende wateren. 
1. De meeste soorten zijn eenvoudig herkenbaar 
2. Er wordt op veel plaatsen, regelmatig onderzoek naar vissen gedaan [er is geen gecoördineerd netwerk] 
3. Er is een gradiënt in soorten van zeer gevoelig tot weinig gevoelig voor milieuvariabelen 
4. Trekkende vissoorten zijn geschikt om verbindingszones van de EHS te karakteriseren 

De Nederlandse zoetwatervissen zijn in vijf hoofdgroepen te verdelen (naar Cazemier 1993). In onderstaande 
tabel zijn alle soorten opgenomen met extra aanduiding (*) van de rode lijstsoorten (Staatscourant juni 1998). 

Tabel 1. Nederlandse zoetwatervissen 

1. Brakwatersoorten 

2. Zoetwatersoorten a. rheofiele soorten 
(rivier- en beekvissen) 

b. limnofiele soorten 
(stilstaand water soorten) 

Ubiquisten 
(zowel in stromend als stilstaand 

water voorkomend) 

- Driedoornige stekelbaars 
(Gasterosteus aculeatus) 

*- Beekprik (Lampetra planeri) 
*- Beekforel (Salmo truuta fario) 
*- Vlagzalm (Thymallus thymallus) 
*- Gestippelde alver 

(Alburnoides bipunctatus) 
*- Kop voorn (Leuciscus cephalus) 
*- Winde (Leuciscus idus) 
*- Barbeel (Barbus barbus) 
*- Sneep (Chondrostoma nasus) 
*- Elrits (Phoxinus phoxinus) 
*- Serpeling (Leuciscus leuciscus) 
- Bermpje 

(Noemacheilus barbatulus) 
*- Kroeskarper (Carassius carassius) 
- Karper (Cyprinus carpio) 
*- Bittervoorn (Rhodeaus sericeus) 
- Zeelt (Tinea tinea) 
*- Vetje (Leucaspius delineatus) 
- Blankvoorn (Rutilus rutilus) 
- Rietvoorn 

(Scardineus erythrophthalmus) 
- Brasem (Abramis brama) 
- Kolblei (Abramis bjoerkna) 
- Snoek (Esox luceus) 
- Snoekbaars 

(Stizostedion lucioperca) 
- Baars (Perça fluviatilis) 
- Tiendoornige stekelbaars 

(Pungitius pungitius) 
- Pos (Gymnocephalus cernuus) 
- Alver (Alburnus alburnus) 
*- Kwabaal (Lota lota) 
- Meerval (Silurus glanus) 
- Rivierdonderpad (Cottus gobio) 
- Riviergrondel (Gobio gobio) 
*- Grote modderkruiper 

(Misgurnus fossilis) 
- Kleine modderkruiper 

(Cobitis taenia) 
*- Vetje (Leucaspius delineatus) 



3. Katadrome soorten 

4. Anadrome soorten 

Paaien in zee, groeien grotendeels 
in zoet water op 
Paaien in zoet water en groeien 
grotendeels in zee op 

5. Allochtone soorten Uitheemse soorten 

- Giebel (Carassius auratus gibelio) 
- Bot (Platichtys flesus) 
*- Aal (Anguilla anguilla) 
*- Zeeprik (Petromyzon marinus) 
*- Rivierprik (Lampetra fluviatilis) 
*- Houting/Marene complex 
(Coregonus lavaretus/ oxyrhinchus) 
*- Steur (acipenser sturio) 
*- Elft (Alosa alosa) 
*- Fint (Alosa fallax) 
*- Zalm (Salmo salar) 
*- Zeeforel (Salmo trutta trutta) 

- Regenboogforel 
(Oncorhynchus mykiss) 

- Bronforel 
- Chinese graskarper 

(Ctenopharyngodon idella) 
- Roofblei (Aspius aspius) 
- Blauwneus (Vimba vimba) 
- Zonnebaars (Lepomis gibbosus) 
- Amerikaanse hondsvis 

(Umbra pigmaea) 
- Bruine Amerikaanse 
dwergmeerval (Ictalurus nebulosus) 
- Zwarte Amerikaanse 
dwergmeerval (Ictalurus melas) 

Voorgesteld wordt de volgende soorten op te nemen: 
voor kleine beken: 
beekprik 
rivierdonderpad 
bermpje 

voor riviertjes: 
kopvoorn 
serpeling 
winde 

voor grote rivieren 
zalm 
fint 
barbeel 

Omdat er meestal visstandsopnamen gemaakt worden, kan m.b.v. de gehele vissengemeenschap een betere 
beoordeling gemaakt worden dan alleen per soort mogelijk is. Aanwezigheid van rode lijst-soorten kan dan 
tegelijk meegenomen worden. 

Libellen worden via een gecoördineerd netwerk gemonitored. Het gaat vnl. om imagoos, zodat er in de meeste 
gevallen geen uitspraken over de toestand van wateren, waar de larven leven, gedaan kunnen worden. Het is wel 
mogelijk om trends te signaleren, hoewel hier voorzichtig mee moet worden omgegaan. Klimatologische 
omstandigheden kunnen vooral trekkende soorten tijdelijk in ons land brengen, zonder dat er sprake is van 
voortplanting. 

Kokerjuffers en dan met name de larven hebben een grote indikatorische waarde voor de toestand van het water 
waarin ze voorkomen. Er is geen gecoördineerd netwerk, maar er wordt in de rivieren (RIZA) en in een aantal 
regio's (water- en/of zuiveringsschappen) regelmatig geïnventariseerd. Op het IBN worden verspreidingsge-
gevens verzameld en op kaart bijgehouden. De soorten uit tabel 2 zijn zeldzaam (z) en vertonen een dalende 
trend (t) of zijn van internationale betekenis (i). 



Tabel 2. I-t-z- soorten van kokerjuffers 

In deze lijst staan it, tz en iz soorten. De volgorde is volgens Higler 1995. 

Hydroptila sparsa tz Het i-criterium is bepaald t.o.v. de beide Duitse deelstaten, die aan de 
Hydroptila tineoides tz Nederlandse oostgrens grenzen en aan België. Naar mijn mening is het 
Psychomyia pusilla tz een zeer belangrijk criterium voor in ons land algemene soorten, die in 
Hydropsyche instabilis tz de genoemde deelstaten en België bedreigd zijn. Ze zijn dan nooit z en 
Oligostomis reticulata tz (gelukkig) ook niet t, maar wel van belang voor het beleid/beheer. Het gaat 
Odontocerum albicorne tz steeds om soorten van ondiepe stilstaande wateren. 
Triaenodes simulans tz itz komt daarom niet voor, want als er nog maar een of een paar vindplaatsen 
Erotesis baltica iz over zijn, valt er in nationaal verband niet veel aan bescherming (van koker-
Athripsodes albifrons tz juffers) te doen, tenzij het een duidelijk (hydrologisch) afgebakend gebied 
Ceraclea nigronervosa tz betreft 
Oecetis notata tz 
Oecetis testacea tz 
Paroecetis struckii iz 
Limnephilus fuscicornis tz 
Limnephilus incisus it 
Limnephilus stigma tz 
Limnephilus subcentralis iz 
Anabolia brevipennis tz 
Lepidostoma hirtum tz 
Lasiocephala basalis tz 

Naast deze soorten komen er zeer goede indikatoren voor specifieke situaties voor, vooral m.b.t. de meer 
extreme milieus zoals zure wateren, kalkrijke bronnen, snelstromende beken. Jaarlijkse inventarisatie is evenwel 
onmogelijk. 

Andere macrofauna-soorten 

De soortbenadering voor minder populaire groepen als wantsen, kevers, slakken, bloedzuigers, platwormen e.d. 
leent zich minder voor de graadmeter bepaling, omdat 
1. er geen landelijk netwerk van waarnemers bestaat 
2. de herkenbaarheid vaak moeilijk is 
3. er heel moeilijk een jaarlijkse opname te maken is. 

Een uitzondering is de beekschaatsenrijder, Gerris najas. Dit dier is groot en specifiek genoeg om te 
herkennen, komt in Nederland alleen op stromend water voor en altijd in groepen en is bovendien in de loop van 
de jaren een aantal keren landelijk geïnventariseerd. Een gerichte actie op bekende vindplaatsen en aanvullend 
op mogelijk geschikte plaatsen, geeft een indikatie van voor- of achteruitgang. 

Levensgemeenschappen van zoete wateren 

Bij de beoordeling van de toestand van zoete wateren wordt altijd een groot deel van de totale 
levensgemeenschap in beschouwing genomen. Soorten moeten worden gedetermineerd (afhankelijk van de 
bewerking tot indices tot familie-, geslachts- of soortniveau). Een uitputtend overzicht van de huidige stand van 
zaken is te vinden in bijlage 1. Toepassing van indices zoals hieronder aangegeven staan in bijlage 2. 

Er zijn een groot aantal indices bedacht om (delen van) de levensgemeenschap in zoete wateren getalsmatig te 
beschrijven. De indices zijn in de tabellen 3, 4 en 6 gerangschikt in drie categoriën. 
1. Diversiteitsindexen. Het gaat steeds om het aantal soorten en het aantal individuen per soort, die in een 

formule op elkaar betrokken worden. Er ontstaat één getal, waarvan de waarde betrekkelijk is. De maten zijn 
goed te gebruiken in één water in de tijd en in zeer goed vergelijkbare wateren in de ruimte. 

2. Saprobie-indexen. Hierbij wordt de mate van organische belasting uitgedrukt in klassen of zones, die zeer 
geschikt met kleuren op kaart gezet kunnen worden. Er kleven een aantal bezwaren aan deze methode, zoals 
de toedeling van geprefereerde klasse aan soorten, die vaak geografisch gebonden zijn en het gebruik van de 
methode in alle typen wateren, terwijl het systeem voor stromende wateren ontwikkeld is. Hoe groter de 
vervuiling, hoe beter het systeem werkt. 



3. Biotische indexen. Deze indexen beschrijven de "kwaliteit" of "integriteit' van het ecosysteem. Ze zijn soms 
erg grof en altijd afhankelijk van expert justment. Ook hier geldt dat ze geografisch beperkt zijn, tenzij er 
uitsluitend met familie-niveau gewerkt wordt. De resultaten worden uitgedrukt in een getal. 

Voor stromende wateren in Nederland heb ik een biotische index ontwikkeld, waarbij gekeken wordt naar het 
aantal soorten dat karakteristiek is voor zones in deze wateren en daarnaast naar de verdeling van alle soorten 
die op een bemonsteringspunt zijn aangetroffen over zg. fidelity-klassen. Beide benaderingen zijn gebaseerd op 
expert justment, veldonderzoek in een aantal beken van zo natuurlijk mogelijke kwaliteit en literatuurgegevens. 
De methode is getoetst in verschillende stroomgebieden en functioneert vooral goed bij vergelijking van 
dezelfde bemonsteringspunten in de tijd (Higler & van den Hoek 1996) en vergelijking van beken van één 
stroomgebied met elkaar (Bis & Higler 1998). 
De resultaten worden uitgezet als eenvoudige histogrammen, die zonder kennis van de achterliggende 
systematiek gelezen kunnen worden. 

In fig. 1 wordt de fauna op hetzelfde bemonsteringspunt in de Hierdense beek in de tijd vergeleken . 
In de beide jaren zijn in totaal 66 soorten verzameld, waarvan slechts 13 gemeenschappelijk. Het 
bemonsteringspunt wordt op basis van enkele eenvoudige abiotische kenmerken aan een bepaald type 
toegeschreven, waarbij een lijst van soorten hoort die min of meer karakteristiek is voor dat type (Verdonschot 
et al., 1992). Deze soorten zijn verdeeld in fidelity klassen, die aangeven dat een soort niet voor dat type wordt 
genoemd (0), er wel voor kan komen in lage (1), middelmatige (2) of hoge abundantie (3), redelijk karakteristiek 
is voor het type (4-6) of uitsluitend in het beschreven type voorkomt (7-9). 
Uit fig. 1 blijkt dat vooral het aantal soorten in de klassen 4-6 en 7-9 toegenomen is, waaruit geconcludeerd kan 
worden dat het bemonsteringspunt in 1995 een hogere mate van natuurlijkheid had dan in 1972. 

In tabel 8 wordt aangegeven hoeveel soorten uit de verschillende stromend water zones aangetroffen zijn op 
hetzelfde bemonsteringspunt. S2 etc. staan voor resp. bovenloop, middenloop, benedenloop van een min of meer 
geïdealiseerde beek, een referentie van goede kwaliteit laaglandbeek (Verdonschot 1993), en een klein riviertje. 
Er blijkt een toename in de tijd van vooral bovenloopsoorten, hetgeen op goede stroomsnelheid en hoge 
zuurstofwaarden duidt. 

Tabel 8. Vergelijking verdeling karakteristieke soorten over de bemonsteringen 1972 en 1995 
Karakteristieke soorten (aantal per cenotype) 

Jaar S2 S6 R9 
1972 10 8 5 
1995 15 9 5 

R3 
1 
4 

5" 



Bijlage 3 gaat in op waterplanten en waterplantenvegetaties. 
Hierbij gelden dezelfde overwegingen als hiervoor al gemeld zijn. Hoe specifieker een biotoop is, des te 
makkelijker het is om een of een paar karakteristieke soorten als graadmeter te bestempelen. 
Voorbeelden zijn de waterlobelia en Sparganium angustifolium voor vennen, Myriophyllum alterniflorum 
of bepaalde Potamogeton-soorten voor beken. Het optreden van Typha in vennen betekent juist dat er iets mis is 
in de natuurlijke geachte toestand van vennen (lijkt op sabropiesysteem-aanpak), terwijl deze soort in eutrofe 
wateren juist normaal is. Ook hier geldt: graadmeter waarvoor? 

Biodiversiteit aquatisch ZOUTE WATEREN 

Soorten 
Er zijn soorten die door hun sleutelpositie in het ecosysteem geschikte graadmeters zijn. Dit betreft bijvoorbeeld 
toppredatoren (zeehond, aalscholver, roodkeelduiker) 
schelpdiereters (scholekster) 
langlevende bodemorganismen (noordkromp) 
kenmerkende bodemorganismen (zwaardschede). 

Sommige soorten of soortcombinaties, die in banken of velden voorkomen zijn eveneens zeer geschikt als 
graadmeter omdat het monitoren resulteert in meetbare oppervlaktes (mosselbanken, zeegrasvelden, kwelders). 

De vraag is wel waarvoor deze soorten een graadmeter zijn. Toename van de zeehond kan betekenen dat het 
milieu steeds meer in de richting gaat van een gewenste toestand, omschreven als "natuurlijk" of op basis van 
tellingen van vroeger. De draagkracht voor een soort wordt dan bepalend voor de maximale of optimale 
aantallen; in het geval van de zeehond de hoeveelheid beschikbare vis of beschikbare droogvallende platen. 
De scholekster wordt primair beperkt door de hoeveelheid beschikbaar voedsel, i.e. schelpdieren. Omdat hierbij 
zowel strenge winters als schelpdiervisserij een beperkende rol spelen, zijn lange termijn waarnemingen 
onontbeerlijk om de natuurlijke toestand te kunnen bepalen. 
Stabiele mosselbanken zijn nagenoeg afwezig, hoewel de voorwaarden voor vestiging aanwezig zijn. Het 
graadmeterschap zou dan duiden op de ongestoordheid van de geschikte plaatsen. 
Aalscholvers, die momenteel in de Waddenzee toenemen, zijn vermoedelijk ook goede graadmeters voor de 
stand van (jonge) vis en gelden dan als een vliegende indicator van de visstand. 

Levensgemeenschappen 
Een belangrijke aanvulling op de mariene systemen is de indeling in gebieden als kriterium voor de 
beschouwingen over biodiversiteit. 
De bodem van het Nederlands Continentaal Plat kan onderscheiden worden in een zuidelijk zandig deel en een 
noordelijk siltig deel. De overgangszone (het Friese Front) bevat klei. De Doggersbank is evenwel ondiep en 
zandig, terwijl de diepe gedeeltes daarnaast (Silver Pit) juist een kleibodem hebben. 
In het zuidelijk deel komen keiharde zanden voor (Zeeuwse en Vlaamse banken) en kleibanken (Brown Bank). 
Het deel Pettumer Polder bevat heel grove zanden en de Texelse Keien daarnaast grote stenen (eindmorene). 
Deze bodemkarakteristieken en verschillende watermassa's samen onderscheiden de Kustzone, de Zuidelijke 
Bocht, het Kustfront, het Friese Front en de centrale Noordzee, waarvoor verschillende ecosystemen zijn te 
beschrijven 
Biodiversiteit wordt zo per fysio- of ecotoop benaderd. Er wordt onderscheid gemaakt in 
1. aantal soorten 
2. ecosysteemfuncties 
3. verandering in de productiviteit 

Hiervoor wordt verwezen naar GONZ II (1998) en Red lists of biotopes, fllora and fauna of the Trilateral 
Wadden Sea Area (1996) 
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< < Integrated ecological assessment methods as a basis for sustainable 
CATCHMENT management 

Piet F.M. Verdonschot 
Institute for Forestry and Nature Management, P. O. Box 23, 6700 AA Wageningen, The Netherlands 

ABSTRACT 

During the last century the environmental problems increased from sewage discharge in the first decennia 
towards climate change today. An increase in scale of threats implies an increase in scale of assessment and 
assessment. Physico-chemical, biological and ecological assessment evolved but did not stop deterioration. 
Sustainable catchment management meets ecological integrity and needs advanced integrated ecological 
assessment. 
The development in assessment runs parallel to the techniques evolved. Eight major groups of assessment 
approaches are distinguished; indices (saprobic, diversity, biotic), multimetrics and rapid techniques, physico-
ecological, catchment scale, ecosystem components, assemblage/ community, process and non-taxonomical 
assessment. 
The relation of these assessment approaches with major ecological catchment compounds as defined in the 5-S-
Model are given. An increasing trend in objectives, measures and complexity is observed as well as a decreasing 
level of scale, type and partly taxonomy. For a long time the algorithms used were restricted to single summary 
measure. Only recently multivariate analysis was introduced. The often used reference condition is discussed 
and at least needs to be strictly defined. 
Nine concepts in lotie ecology are confronted with assessment. Two major groups of concepts are distinguished. 
One is related to catchment scale functioning of streams and the other to in-stream habitat related processes and 
diversity. The 5-S-Model is a first attempt to comprise this knowledge in management. Finally, integrated 
ecological assessment is based on three major approaches: an ecological typology approach, an ecological 
catchment approach and a societal approach. Ecological typology implies a nested multiple parameter approach 
based on regional ecological stream typology where types are scaled and different taxonomie groups are 
incorporated. The ecological catchment approach implies a nested multiple scale approach which couples natural 
and anthropogenic features and dynamics of the catchment both in space and time. The societal approach adds 
the human activities to the first two. The application of these three approaches is initiated. 
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1. INTRODUCTION: WHAT IS THE PROBLEM? 

Hydrological changes, physical disturbance (habitat alteration, urban land use), and point and non-point sources 
of pollution (chemical contamination, surface runoff, agriculture) are responsible for a broad scale deterioration 
of lotie ecosystems (among others Petts 1990, Boon 1992, Kristensen & Hansen 1994). Some examples: the 
increase in human population density in river catchments is related to an increase in the annual mean phosphorus 
load, and the increase in percentage agricultural land in river catchments up to 50-90 % is related to an increase 
in annual mean nitrate and total nitrogen concentration in streams (Kristensen & Hansen 1994). Deterioration is 
not only increasing at a local or regional scale. Pringle (1998) showed that also the type of environmental 
problems is increasing in scale from sewage problems in the first half of this century up to global problems like 
spread of exotic species, increase in persistent synthetic chemicals and climate change nowadays. These 
examples indicate why control and assessment have become a priority for local, regional, national and 
international authorities. Not at last because of the economic losses (Statzner & Sperling 1993, Fore, Karr & 
Wisseman 1996). Furthermore, an increase in scale of threats implies an increase in scale of assessment. 
One of the main difficulties of preventing ecological deterioration is the lack of suited ecological 
methods/techniques. For a long time first chemical and later biological monitoring was the most appropriate 
mean of detecting effects of human activities on the aquatic community. Traditional this was only done when 
problems occurred (e.g. smell, visible pollution, fish kill; Kolkwitz & Marsson (1908), Ellis (1937), Forbes & 
Richardson (1913) and Hynes (I960)). Mostly, chemical or uni-dimensional biological assessment of water 
quality were used (Hellawell 1978, Newmann 1988, Cairns & Pratt 1993). Organic waste pollution, de-
oxygenation and toxic stress were the principal components focused on in the evaluation of river systems 
(Sladecek 1973, Hellawell 1978). Biological assessment was mostly directed to the component water and its 
dissolvents, and was descriptive. 

Biological assessment uses indicator species or the overall community as the natural monitor of the state of the 
environment. Biological assessment is defined as the systematic use of biological responses to evaluate changes 
in the environment with the intent to use this information in a quality control program (Matthews et al. 1982). 
The biological approaches are based on the premise that physical and chemical parameters used in monitoring of 
water quality are only surrogate measures of the overall biological quality (Karr & Dudley 1978). It is possible 
that maintenance of high water quality standards in terms of physico-chemical parameters may not stop biotic 
degradation if habitat, hydrological or other disturbances are of greater importance (Miller et al. 1988). 
Recently, these biological assessments more and more appeared to be inadequate. Most traditional biological 
assessment methods no longer provide a sufficient tool to integrated water management due to their restricted 
approach to one or a few aspects of the water ecosystem (Knoben et al. 1995). A number of human disturbances 
are not fundamentally chemical (Davis & Simon 1995) or physical. The biological assessments appeared to be 
low-sensitive, superficial, robust to natural variation, and unpredictable and confounded by the co-occurrence of 
other environmental disturbances. Furthermore, using biotic indices (e.g. Woodiwiss 1980, Chandler 1970, 
Armitage et al. 1983) the condition of sites near the ends of the measuring scale are easy to judge but moderately 
degraded sites appear not (Tolkamp 1985). Therefore, assessment methods are widening and more and more 
include other in-stream characters, the riparian zone and sometimes even the whole catchment. 
Sustainable stream management implies the supporting and maintaining of a balanced, integrated, adaptive 
community of organisms having species composition, diversity and functional organisation comparable to that 
of the original or natural stream in the region (Frey 1975, Cairns 1975, Karr & Dudley 1981). In such healthy 
stream its inherent potential is realised, its condition is stable, its capacity for self repair when perturbed is 
preserved, and minimal external support for management is needed (Karr et al. 1986). This management 
objective meets the ecological integrity of streams and implies advanced ecological assessment. 
In ecological assessment the corresponding environment is added to the biological one (Odum 1971). The lotie 
system is then measured by using a variety of parameters which vary in sensitivity to different types of 
disturbance (e.g. habitat degradation, Nelson 1990; landscape change , Roth et al. 1996; hydrological 
fluctuations, Richter et al. 1996; and so on) The more parameters added, the higher probability of an accurate 
diagnoses like a doctor might make on a single patient (Fore, Karr & Wisseman 1996). Surely, this doesn't 
account endlessly but still. Integrated ecological assessment is becoming an important component of any 
strategy for implementing sustainable ecosystem management (Slocombe 1993, Jensen & Bourgeron 1994) but, 
until now, is especially conducted when major land management or regulatory decisions need to be evaluated 
(Jensen et al. 1996). 

The goal of integrated ecological assessment is to assess the effect of human activities on ecological resources 
on integrated levels of scale in space and time and to translate the results into management measures to be taken 
and evaluated. Its primary objective should be to restore and maintain the ecological (hydrological, physical, 
chemical and biological) integrity/health of streams and rivers. In this article I will evaluate some more 
important developments in and applications of theoretic and applied lotie ecology which add to the contents of 
integrated ecological assessment. 
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2. LOTIC ECOLOGICAL ASSESSMENT: WHAT DO WE HAVE? 

2.1 Assessment methods 

2.1.1 Indices assessment 

The assessment of water or ecosystem quality for management purposes has until now been based 
on physico-chemical or biological data, or on a combination of these. Arguments for the different 
use of physico-chemical and biological assessment and their complementary value are often 
discussed (Metcalfe 1989, Knoben et al. 1995). The first and classic assessment system was the 
saprobic system which focused on species presence in relation to organic pollution (Kolkwitz & 
Marsson 1902, 1908/9, Liebmann 1962). It was quantified by Pantle & Buck (1955) and Zelinka & 
Marvan (1961) and extended and reviewed by a number of European authors (see Knoben et al. 
1995 (fig 2.4)). Three techniques were essential in the first 85 years in Europe (Newman 1988, 
Metcalfe 1989), namely: 
• Saprobic indices; Saprobic indices are based on the principle that organic pollution tolerance of aquatic 

organisms differs. In the modern saprobic indices the tolerance is described in indicator values (1 to 5), 
weights (tolerance ranges) and the species abundances. The saprobic indices are extensively reviewed by 
Sladecek(1973). 

• Diversity indices; diversity indices are based on the principle that species diversity decreases under 
increasing disturbance/stress. The most widely used diversity measure is the Shannon-Weaver formula 
(Shannon & Weaver 1949). It uses the number of species and their individual abundances. A review and 
comparison of diversity indices is reported by Hellawell (1986) and evaluated by, amongst others, 
Washington (1984) and Boyle et al. (1990). 

• Biotic indices; Biotic indices and biotic scores use both a saprobic index and a diversity measure and thus 
combine taxa richness and (mostly organic) pollution tolerance. They were introduced by Woodiwiss (1964), 
adapted several times (e.g. Tuffery &Verneaux 1968, BMWP 1979, De Pauw & Vanhoren 1983) and 
recently considerably modified (Andersen et al. 1994). An overview is given by De Pauw et al. (1992) and 
Metcalfe (1989). 

The relation of these approaches with major ecological catchment components as defined in the 5-S-Model (see 
paragraph 3.3; Verdonschot et al. 1998) is limited to substances (organic components) and the intrinsic value of 
species (Table 1). All these approaches relate to in-stream features. 

2.1.2 Multimetrics and rapid assessment techniques 

In recent years multi-metrics and rapid assessment techniques for biological monitoring of water quality have 
become popular in the US. These techniques emphasise a low cost approach through reduced sampling and 
efficient data analysis. Mostly, a multimetric approach using a number of single metrics to assess environmental 
degradation is applied. A metric is defined as a characteristic of the biota that changes in some predictable way 
with increased human influence. Ideally, metrics use measurements of biological attributes that adhere to sound 
ecological principles (Karr et al. 1986). 
A single metric, reflecting a single attribute of the biota, reflects a specific stressor. A multimetric approach that 
encompasses several aspects of the structure and functioning of the community and its response to disturbance 
may therefore be a more powerful tool for evaluation of deterioration (Barbour et al. 1996). The multimetric 
concept was introduced by Karr (1981). His Index of Biological Integrity (IBI) was restricted to fish related 
metrics concerning species richness and composition, trophic composition and fish abundance and condition. 
These metrics reflect the ecosystem characteristics of food source, water quality, habitat structure, flow regime 
and biotic interactions. Later adaptations included the benthic macro-invertebrate assemblage (e.g. Invertebrate 
Community Index (ICI); Ohio EPA 1987, Plafldn et al. 1989, Kerans & Karr 1994), or the macrophytes (Nelson 
1990). Barbour et al. (1992) presented the conceptual base for the multimetrics approach in which the benthic 
community health is composed of community structure, community balance and functional feeding groups, and 
in combination with habitat quality, an integrated assessment is obtained. 



Until now, the metrics remain based on ecological attributes of biological communities. Six major groups of 
metrics can be distinguished (adapted after Resh & Jackson 1993; Thorne & Williams 1997): 
• Richness measures (e.g. no. of taxa, no. of EPT taxa, no. of Chironomidae taxa); often these metrics are 

considered to be sensitive to organic pollution, 
• Enumerations (e.g. no. individuals, % of the total EPT taxa (sensitive) and chironomids (tolerant), % 

dominant taxon, no. intolerant taxa, % Oligochaeta, sediment tolerant taxa); often these metrics consider an 
increase in dominance of one or more taxa due to pollution, 

• Diversity measures (e.g. Shannon-Wiener Index, sequential comparison index); often these metrics are 
considered to decrease with increasing disturbance, 

• Similarity/loss measures (e.g. no. of taxa in common, community loss index, Bray-Curtis index); these 
metrics use comparisons between sites (reference versus disturbed sites), 

• Tolerance/intolerance measures or biotic indices (e.g. Hilsenhoff s family biotic index, BMWP score, ASPT 
score); these metrics rely on the assignment of (in-)tolerance values to taxa and include richness, 

• Functional measures (e.g. % of functional feeding groups); these metrics use the alteration in food types 
under different types of disturbance. 

All metrics relate to disturbance in the environment. The major assumptions are that single metrics increase or 
decrease along an increase in disturbance. Scores of individual core metrics are aggregated to calculate the 
multimetric score (e.g. Karr 1981, Barbour et al. 1996) The multimetrics establish relative values for each single 
metric based on comparison of values for the best available habitat (with minimal human disturbance) to those 
areas which are strongly disturbed. The values usually are classified as: 5 (close to natural), 3 (somewhat 
deviated from natural) and 1 (disturbed). The metrics lack sensitivity to contaminants though these could 
provide different information (Fore et al. 1995). 
Peeters et al. (1994) used indirect (thus biotic data) multivariate techniques, to distinguish between six stream 
types in The Netherlands. Based upon all data they defined ten metrics related to current velocity, saproby, 
trophy, four substrate types and three functional feeding groups. For each metric indicator taxa (mainly family 
level) were given. For each stream type the metrics were divided in (five) different quality levels. The 
percentage of indicator taxa present in a new sample were scored at the metrics-scales of the relevant stream 
type. 
The relation of major groups of metrics with major ecological catchment components as defined in the 5-S-
Model are limited to substances (organic components and other pollutants) and the intrinsic value of the 
community (Table 2). All metrics relate to in-stream features. 

2.1.3 Physico-ecological assessment 

The physical habitat of streams can be assessed with a number of methods, for example the 'River Corridor 
Survey' (RCS;NRA 1992), the 'Habitat Evaluation Procedure'and 'Habitat Suitability Index' (HEP/HSI; US 
Fish and Wildlife Service 1981), the 'Qualitative Habitat Evaluation Index'(QHEI; Ohio EPA 1989), the Rapid 
Bioassessment Protocol (RBP; Plafkin et al. 1989), the River Habitat Survey (RHS; Raven et al. 1997) and the 
German stream structure assessment ('Gewässerstrukturgütekarte'(GSG); Friedrich et al. 1993). They include 
metrics like substrate type, instream cover, channel morphology, riparian zone and bank erosion, pool/glide and 
riffle-run quality and gradient. These categories are in some approaches further separated in secondary 
categories. Habitat quality assessment evaluates physical stream characteristics. But the habitat conditions are 
controlled by the fluvial processes. 
Thus, an important new development in physical/hydrological assessment are the 'instream flow-habitat 
models'. Their primary application is the design of environmentally acceptable flow regimes. Most instream 
flow models oversimplify the complexity of stream ecosystems such as describing flow regimes based on the 
average daily discharge or the mean annual flow (Gordon et al. 1992). More sophisticated are the 'Instream 
Flow Incremental Methodology' (IFIM; Bovee 1982) and the 'Riverine Community Habitat Assessment & 
Restoration Concept' (RCHARC; Nestler et al. 1989). Herein, habitat preferences offish are developed and used 
to predict habitat availability at different flow levels. 
Richter et al. (1997) introduced the 'Range of Variability Approach' (RVA). RVA characterises ecologically 
relevant attributes of a flow regime and translates these into more simple, flow-based management targets. The 
RVA is based on the use of 32 Indicators of Hydrologie Alteration (IHA; Richter et al. 1996) which can be 
grouped into five statistic groups (Richter et al. 1997): (1) magnitude of monthly water conditions, (2) 
magnitude and duration of annual extreme water conditions, (3) timing of annual extreme water conditions, (4) 
frequency and duration of high/low pulses and (5) rate/frequency of water condition changes. 
The relation of physico-ecological assessment techniques with major ecological catchment components as 
defined in the 5-S-Model is mainly focused on stream hydrology, structures and bank vegetation (Table 3). Most 
techniques relate to features of the riparian zone and some in-stream. 
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2.1.4 Catchment scale assessment 

Catchment assessment mainly deals with the impact of land-use on the stream system. Land-use activities are 
often evaluated in catchments using geographic information systems and image processing (GIS; Angermeier & 
Bailey 1992; IP; Allan & Johnson 1997). Hereby, land-use categories are scored (e.g. dominance > 50 %, Hall et 
al. 1994). Hall et al. (1994) discussed chemical, biological, physical habitat and land-use evaluations though did 
not come to an integration of approaches over different scales. GIS and image processing technology allow 
quantitative assessment of lateral, longitudinal and vertical components of the landscapes that interact at a 
variety of spatial and temporal scales to influence streams (Johnson & Gage 1997). The use of GIS is meant: 
• to summarise landscape properties that contribute directly to the structure and functioning of aquatic 

systems such as climate, catchment and riparian land-use, geology and hydrography, and 
• to derive secondary data synthesising knowledge about the landscape over multiple scales. These 

hierarchically nested classification systems are useful for assessment. 
The objective of many catchment studies was to develop empirical models of ecosystem processes. These 
objectives are best achieved using extensive sampling designs and analysed by using gradient analysis, 
regression and multivariate techniques that explain or predict species composition (or other response variables 
such as physical and chemical attributes) from gradient or patterns in environmental conditions. 
Several studies have shown that land use characteristics do relate to the biological and physico-chemical 
characteristics of streams. Martin ( 1996) showed a linear relation between the percentage of agricultural land in 
the catchment and the phosphor concentration in helocrene springs. Relations between agricultural versus forest 
land use were also found by Jacobson et al. (1992), Hall et al. (1994), and Johnson et al. (1997). Furthermore, 
Roth et al. (1996) found that measures of land use were superior predictors of stream ecological integrity, in 
terms of IBI and HSI than were most local measures. 
The relation of catchment scale assessment with major ecological catchment components as defined in the 5-S-
Model is focused on all components (Table 4). Most techniques relate to features of the catchment though the 
scale is limited to the interaction between catchment and stream. 

2.1.5 Ecosystem components assessment 

The System for Evaluating Rivers for Conservation (SERCON) is a broad-based and consistent technique for 
stream evaluation and provides a simple way of communicating technical information to decision makers (Boon 
et al. 1997). SERCON uses attributes of physical descriptors, catchment characteristics, physical and chemical 
characteristics of channel and floodplain, biotic characteristics, and aquatic impacts, to evaluate a catchment 
section. Hereby, six conservation criteria (physical diversity, naturalness, representativeness, rarity, species 
richness and special features) are used along with impacts. The attributes are classified and scores are assigned 
to each of these classes. The actual score is multiplied by a weight to obtain the criterion score. 
For Dutch water management, the general method of ecosystem description and assessment was developed 
(AMOEBE; Brink et al. 1991). The approach compares a reference condition (for the river Rhine defined as the 
historical condition of 1900-1930) with the actual state. Parameters include species of different organism groups 
(key species) and abiotic conditions representative of ecosystem compartments. The strengths are that it present 
different ecosystem compartments and is a strong visual integrating presentation tool. 
The relation of ecosystem components assessment with major ecological catchment components as defined in 
the 5-S-Model is also focused on all components (Table 5), though mutual interactions are often less clear. Most 
techniques relate to different isolated features of the floodplain or catchment. 

2.1.6 Assemblage /community assessment 

From the beginning of the eighties, with the upcoming multivariate analysis techniques, ecologists started to 
explore relationships between taxa lists and accompanying environmental parameters. 
Wright et al. (1984) used multivariate analysis techniques to classify unpolluted running water sites and to 
predict community types from environmental data. The results were used in the River Invertebrate Prediction 
and Classification System (RIVPACS). RIVPACS offers a prediction of the macro-invertebrate fauna to be 
expected at a given site from a small number of environmental parameters recorded. By comparing the fauna 
observed (at species or at family level) with the expected or 'target' fauna predicted, a measure of site quality 
can be obtained (Wright et al. 1989). 
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The Australian River Assessment Scheme (AUSRIVAS) is based on the RIVPACS model. The difference is that 
the major habitat are sampled and modelled separately. Furthermore, different models are used for different bio-
regions in Australia. 
Verdonschot (1990) conducted a large extensive data collection and multivariate analysis of macro fauna in 
surface waters in the Netherlands. He described macrofaunal site groups which are recognised on the basis of 
environmental variables and the abundance of organisms. Therefore no clear boundaries were described between 
the groups, only a recognisable centroid. Each group showed a limited internal variation. These site groups and 
their environment were defined as cenotypes. The cenotypes are mutually related in terms of key factors which 
represent major ecological processes. The cenotypes and their mutual relationships form a web. This web offers 
an ecological basis for the daily practice of water and nature management (Verdonschot 1991). The web allows 
the development of water quality objectives, provides a tool to monitor and assess, indicates targets and guides 
the management and restoration of water bodies. The web is included in a software package named EKOO 
(Verdonschot & Nijboer 1997). The main modules in this package are (1) the assignment of a newly sampled 
site to one of the cenotypes, (2) the characterization of a new sample in terms of diversity and biotic features 
(metrics), and (3) the option to choose a target for a newly sampled site and to establish a set of measures to 
reach this target. 
The relation of assemblage/community approaches with major ecological catchment components as defined in 
the 5-S-Model is focused on almost all components and mutual interactions are clear (Table 6). All 
assemblage/community approaches relate to in-stream features. 

2.1.7 Process andnon-taxonomical assessment 

The use of processes like nutrient spiralling, P/R ratio (Odum 1975), mineralisation/degradation rate 
(Aleksandrova et al. 1986), community respiration (Grimm & Fisher 1984), primary production and others is 
very limited. Until now, they are not used for water management purposes. 
Non-taxonomical assessment is defined as assessment based on non-taxonomical characteristics. In fact the 
taxonomical entities are grouped into non-taxonomical categories. Two examples are the functional group and 
species trait assessment. Functional group assessment is based upon functional groups, such as the macro-
invertebrate functional feeding groups but it can also be growth forms in macrophytes. Cummins & Wilzbach 
(1985) developed a key to the macro-invertebrate functional feeding groups and mutual score between pairs of 
groups. Groups can be scored for habitat-organic resource categories. Ratios can be calculated and related to 
general ranges in three groups of stream orders. Recently, the species traits approach was introduced by 
Southwood (1977, 1988) and applied in the Upper Rhone (Statzner et al. 1994). 
The relation of functional and non-taxonomical approaches with major ecological catchment components as 
defined in the 5-S-Model is focused on species (Table 7). All functional and non-taxonomical approaches relate 
to in-stream features. 

2.2 Assessment characteristics 

2.2.1 General features 

All groups of assessment methods discussed in paragraph 2.1 are evaluated for a number of general features. 
One of the most important features is the objective for which the method was developed. The objectives (Table 
8) reflect the trend in deterioration and along that the development of methods in time. Catchment scale, 
ecosystem components and assemblage/community assessment methods all show characteristics necessary for 
integrated ecological assessment. 
Parallel a development towards a smaller scale and a specific stream type is clear (Table 8). There is a general 
tendency to régionalise the approach. Fundamental ecosystem properties tend to vary across regions and thus 
influence the potential species assemblages that can occur at any location. Therefore, approaches become more 
regional. A second argument comes from a major problem in the use of indicator organisms to determine 
representative reference communities and conditions to which assessed sites can be compared to. As a result of 
biogeographical distribution of species and typological differences between streams an optimal assessment can 
only be achieved through regional adaptations (Tolkamp 1984, Verdonschot 1990, Seager et al. 1992) per 
stream type. Stream types can only be defined at a regional or smaller scale. For example, in using the saprobic 
index in different stream types in Germany Braukmann (1997) showed the change in range of saprobic scores 
related to different stream types. This observation logically explains the large number of modifications in all 
assessment techniques. Ecoregions are the basic geographic unit for establishing reference conditions in North 
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America in multimetric assessment. These ecoregions comprise large, relatively homogeneous, climatological 
and geomorphological landscape ecological areas (Omernik 1987). Knoben et al. (1995) note that these reflect 
rather political than ecological regions but also pleas for the development of European ecoregions. From the 
above it can be argued that ecoregions are even too large units for integrated ecological assessment. 
Most assessment methods use uni-dimensional measures except for the assemblage/community assessment. The 
latter is also the most complex method to develop for selected stream types in a certain region. 
Though almost all groups of assessment techniques regard the biota as indicator of the quality of the 
environment, they differ in extend to which they respond to this environment (Table 9). Only the physico-
ecological assessment, beside using bank vegetation and in-stream macrophytes as a structure parameter, does 
not really uses biological indicators. A number of assessment methods detect degradation, regardless of the 
factor(s) responsible for that degradation. In others the response ranges from substances (organic pollution) to 
the whole environment. Integrated ecological assessment ask for the latter as well as identification of each of the 
stressers/environmental parameters. 

2.2.1 Algorithms 

Most assessment methods analyse the effect of one, some or many environmental variables on taxa that 
comprise a community. A number of statistical techniques that can be used for assessment is given by Hellawell 
(1986), Norris & Georgis (1993) and Johnson & Gage (1997). Techniques used are mostly single summary 
measures like saprobic, biotic and diversity indices beside gradient analysis, classification and clustering, path 
analysis, structural equation modelling, analysis of variance, statistics, and fuzzy logic. Norris & Georgis (1993) 
divide the analysis options into two groups; univariate and multivariate approaches. The insight that can be 
obtained from the univariate statistics is limited because: 
• different but compensating trends appear non-significant in composite variables, 
• derived measures do not always change monotonically along gradients, and 
• the natural variability of individual taxa is hard to quantify. 
Multivariate approaches are able to detect subtle differences across taxa in space and time (Jongman et al 1987). 
With multivariate approaches patterns of variability in groups of taxa and/or environmental variables can be 
detected. It can be argued that these provide more information than does variation in single parameters (Norris & 
Georgis 1993). The greatest shortcoming of such approaches is that the underlying ecological mechanisms 
(cause-effect) still remain unclear. Table 10 shows the major groups of statistics and their features. 

Most assessment methods evaluated are limited to single summary measures or sometimes other univariate 
statistics (Table 11). Assemblage/community assessment uses all techniques within the group of multivariate 
statistics. This stresses the objectives of the assemblage/community approach; to detect subtle changes in taxa 
composition along complex gradients. Integrated ecological assessment needs this subtle approach. 

2.2.2 Scale of measurement 

Most traditional assessment systems (Table 8; column 4), like metrics, saprobic and biotic indices (Hellawell 
1986), use a uni-dimensional points or series of conditions expressed in a singular measure. This uni-
dimensional scale of measurement is illustrated in figure 1A. The scale of measurement has a reference or 
optimum stage (O; figure 1 A) in ecosystem development on the one side (e.g. oligosaprobic) and the severely 
disturbed one (D; figure 1 A) on the other (e.g. poly saprobic). Two major problems arise by using this uni-
dimensional approach: (a) the end point of the scale of measurement, especially the optimal one or the reference 
condition, is difficult to define, and (b) the uni-dimensional scale of measurement does not correspond to 
ecological reality. It does not meet the multitude of interacting factors that the daily practice of management is 
confronted with. 
To meet the multitude of interacting factors, it is necessary to describe different conditions in stream ecosystem 
development. Hereby, not only all different stages between reference and severely disturbed conditions are 
meant, but also different reference conditions with each its own series of intermediate or less to more disturbed 
ones. Therefore, a web of developmental stages/conditions was proposed (the web approach; Verdonschot 
1991). Each condition is described by its average community as well as by its ranges of abiotic variables. 
Hereby, a list of abiotic parameters is even more important than a list of rare and/or characteristic species. These 
developmental stages are termed cenotypes, which actually means community types. The cenotypes are 
mutually related by key factors. Figure IB illustrates a web of cenotypes (circles) and their interrelations (ar-
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rows). Such a web serves as a reference framework for management. The term reference is used here in the 
sense that one can refer to it, e.g. refer to the optimal stage or reference condition as well as to a disturbed one. 
Key factors that link cenotypes can be conditional as well as operational. System conditions are conditional and 
differentiate between major groups of cenotypes, like upper, middle and lower courses of streams. In general, 
management does not change such environmental factors like geology, slope of the area, or rainfall. Thus, 
interactions between cenotypes based on conditional key factors are quite persistent. Operational key factors 
differentiate within a major group of cenotypes and even within such grouping a further refinement is possible 
down to habitat types. Stream hydrology, for example, can differentiate between permanent and intermittent 
upper courses, intermittent streams can further be refined in short and long term intermittence (Fig. 2. Inter
actions based on operational key factors can change through both natural as well as anthropogenic causes. 
Cenotypes related by operational key factors are therefore manageable. Operational key factors can be changed 
in a desired direction, thus steered by water management. Species are the response factors. 
Integrated ecological assessment needs such a web of cenotypes which also implies a multi-dimensional scale of 
measurement. 

2.2.3 Reference condition/site 

Under undisturbed conditions, a stream ecosystem is optimally developed (Verdonschot & Schot 1987). Any 
anthropogenic disturbance will affect the stream system and cause it to change, often set it back in development 
(Fig. 3). In figure 3, disturbance is expressed in terms of decrease in community structure and function. The 
intensity of human interference will decide the extent of ecosystem change. It is of importance to management to 
assess the magnitude and the direction of these changes. Not only the change between a previous and a present 
developmental condition (assessment) but also between a present and a future one (prediction) (Armitage 1994). 
Disturbance can lead to different developmental stages as expressed in Figure 3, point A. Also, recovery is not 
simply the reverse disturbance, other developmental stages, as expressed by B in figure 3 may also occur. 
Most methods to assess the condition of a stream use the comparison of a test stream with a (regional) reference 
stream (Wright et al. 1984, Hosper & Brink 1989, Kerans & Karr 1994). The reference stream is assumed to 
represent the best attainable condition of the test stream. Often, especially in Europe, reference streams which 
are natural or pristine lack. In such cases, water management uses a desired, pursued or almost 'natural' condition 
as a reference. These all are subjective conceptions and each concept has different definitions which are often 
used in confusion. Higler & Verdonschot (1992) discussed a number of features related to a reference condition: 

(a) naturalness (climax) 
What is natural in an aquatic ecosystem? The 'natural' condition is often defined as the condition which 
develops self-maintaining under the given climatological, geographical, geomorphological and 
biogeographical circumstances. This definition refers to the potential system that occurs without human 
influences. Under such conditions many stagnant waters would gradually be filled in and become 
terrestrial without natural or human interference. Even certain streams would gradually become semi-
aquatic; wetlands or floodplain swamps. The latter often conflicts with the objectives of water 
management and nature conservation. Naturalness in the sense of the endpoint of a succession (a 
climax) cannot be the only criterion to define the reference condition. Although, it is possible to choose 
a well developed stage out of the succession series as a stage to be pursued. Naturalness and succession 
are conceptions often confused. 

(b) dynamic equilibrium 
Streams are continuously stressed by the key factor current velocity. The current causes a 
dynamic or meta-stable balance in the sense of the dynamic equilibrium (Huston 1979). On 
the other hand the current velocity can change quickly during periods of drought and spates. 
This disturbance can be more or less predictable but always sets the stream back in 
development (Poff & Ward 1990). Most streams will probably never reach an endpoint in 
development, the dynamic equilibrium, but still can be diverse according to the intermediate 
disturbance hypothesis (Ward & Stanford 1983). 

(c) historical information 
The reference condition in terms of the 'former' or 'original' condition can be known from 
historic literature. It thus refers to a condition at a certain moment in the past. For example, 
for the river Rhine, the AMOEBE approach uses information available from the period of 
1900-1930 (Hosper & Brink 1989). It can also concern paleolimnological data. These 
historic conditions are often called natural. But at that time these data were also subject to 
human disturbances or to different environmental circumstances (Dam, 1987). This is even 
true when going back to the Middle Ages. Thus, also historic information cannot be the only 
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criterion to describe the reference condition but this information can be used to support 
knowledge on the reference condition as well as on the processes related to present 
deterioration. 

(d) uniqueness 
The actual reference condition refers to the condition which actually can be measured. This 
condition differs from one water to another. In fact, each fully developed stream has unique 
own features. This great differentiation hampers an exact description of the reference 
condition. Therefore, the reference condition should be described in dynamic terms (e.g. 
ranges of patterns and processes) and thus fit within a certain stream type. Question remains 
which extent of ranges are acceptable. These will be defined by the scale of the objectives. 

(e) future uncertainties 
The reference condition can refer to the potential optimal condition taking the present and 
future conditions into consideration. It is predictable that future environments will differ 
from the present ones due to future developments in society. Changed human activities will 
lead to new environmental circumstances and thus induce new species combinations. Even a 
reduction in todays human disturbances or restoration of former conditions does not 
automatically imply the return of former communities. It often concerns irreversible 
processes. Thus, a reference condition based on historic or actual descriptions does not 
imply that it will occur in future. Furthermore, one should answer to the question of which 
human influence is accepted (e.g. construction of dikes) and which is not acceptable (e.g. 
channelisation). 

The argumentation above points out that one should not try to define only one chosen condition as a static 
reference condition. Furthermore, there are no objective criteria for this choice. Therefore, the objective should 
emphasise the developmental direction towards an ecologically optimal or reference condition. The reference is 
therefore better to be defined as the ecological optimal developmental condition chosen. This directional process 
is described as ecosystem development (Verdonschot 1991). The degree of ecosystem development informs 
about the actual condition of the stream and its potential development (Figure 1). For water management the 
choices which will direct this development are most essential. 
How are the actual condition and the potential directions in ecosystem development (in the direction of target or 
optimal condition) of a stream obtained? Therefore, is important to get: 
• knowledge of the former or historical conditions and their development towards the actual condition (in other 

words knowledge of the actual development of former potentials), 
• knowledge of the actual condition (the actual ecosystem development) in terms of ranges of abiotic and 

biotic parameters and of abiotic operational and conditional key factors, 
• knowledge of relevant ecological principles and processes (like scale, hierarchy, concepts of uccession, 

stability, diversity, stress, and resilience), thus the streams intrinsic character, and 
• knowledge of the potential ecological developmental series in different directions (these can be deduced 

from a web of stream types). 
To describe the development of a stream a list of abiotic conditions is even more important than a list of rare 
and/or characteristic species. 

2.2.4 Taxonomical group and level 

Assessment methods make use of different taxonomical groups as indicated for the indices used in Europe 
(Table 12). Most multimetrics in North America use fishes and/or macro-invertebrates. 
The use of certain taxonomical groups is related to the objective and scale of the study, the knowledge of the 
group, the presence in the respective water type, the expected information and the ease to handle. These 
characteristics are indicated in Table 13. The response scale of different taxonomical groups in space and time is 
illustrated in figure 4. 
Resh & Unzicker (1975) and Resh & McElravy (1993) argued the importance of the use of species level in 
assessment. The use of species level increases the information content and the performance of analysis 
techniques. Thus, the more subtle information is wanted the better it is to use species level. The species level is 
the result of the speciation mechanisms that emphasised ecological specialisation in the past. On the other hand, 
the use of higher taxonomical levels is more easy (keys are available which is not always true for species), it 
reduces costs and handling time and it is also effective when strong environmental differences or gradients 
occur. 



In the assessment methods presented a high number of applications of indices and multimetrics use higher 
taxonomical levels (Table 8 and 14). The use of multiple taxonomical groups is restricted to the ecosystem 
components and assemblage/community assessment. 
Combining the taxonomical identification level with the abiotic conditions (Table 9) used in the assessment as 
well shows a gradient from Biotic indices towards assemblage/community assessment (Table 15). The diagonal 
through table 15 runs parallel to the use of single summary measures (left upper corner) towards multivariate 
analysis techniques (right lower corner). 
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3. LOTIC ECOLOGY: WHAT DO WE KNOW? 

3.1 Scale and hierarchy 

Ecological systems can be described at many different scales (Levin 1992). Large watersheds are comprised of 
tributaries and their catchments, tributaries contain multiple stream reaches, each reach potentially includes 
riffles, pools and other habitat units, and these habitat units each contain multiple microhabitats (Frissell et al. 
1986, Sedell et al. 1990). The concepts of scale and patterns are interwoven (Hutchinson 1953). Streams and 
stream catchment systems, and the multitude of processes that form them exist within a hierarchical framework 
(Allan & Starr 1982, Frissell et al. 1986). Hierarchy theory suggests that ecosystems may be described at 
different spatial scales and that levels of ecosystem organisation at coarser scales bound the range of ecological 
properties that emerge at finer scales (Allen et al. 1984).Thus, nature is ordered into nested levels whereby lower 
levels are constrained by higher levels. Hierarchical relationships, for example, have been invoked to explain 
'top down' and 'bottom up' control of food webs. The hierarchy theory provides a framework for the description 
of the components of an ecosystem and their scaled relations. Scale dependency is very significant because the 
relationship between ecological processes (and the patterns they create) change with spatial scale (Turner 1990). 
Four items within this theory need to be understood to explain stream patterns and processes (O'Niell et al. 
1986, Jensen et al. 1996): 

(1) The whole/part duality: Every component of a stream is a whole and apart at the same time. For example, 
the stream is part of the catchment. However, at smaller spatial scale the stream is made up of substrate 
mosaics. Then the stream is the whole and the substrates are the part. 

(2) Patterns, processes and their interactions can be defined at multiple spatial and temporal scales. These 
scales need to be clearly identified in any study. 

(3) There is no single scale of ecological organisation that is correct for all purposes. This is important because 
most of us often only provide information at one or a limited number of scales. 

(4) The definition of an ecological hierarchy (component patterns and processes) is always dictated by the 
objectives of a study. 

Implementation of hierarchy theory in the description stream ecosystems is achieved through explicit 
characterisation of the scaled relations that exist between the patterns of interest and the ecological factors 
(processes) that determine these patterns. Patterns are nested in space and time (Fig. 5A). Patterns are 
determined by four characteristics: 
(1) system conditions (conditional characteristics; Fig. 5B), 
(2) biotic and abiotic processes or environmental constraints (operational characteristics; Fig. 5C), 
(3) human disturbances (operational characteristics; Fig. 5D) including management/recovery (Fig. 5E), 
(4) species characteristics like distribution patterns (response characteristics; Fig. 5F). 
To characterise lotie ecosystems one has to relate pattern and processes at all scales of interest. To match 
patterns and processes, ecological hierarchies such as the four characteristics mentioned should be recognised 
and superimposed. Therefore, the hierarchical arrangement of those characteristics requires statements about: (1) 
the spatial and temporal bounds of each, and (2) the order in which they are nested. 
Integrated ecological assessment should be conducted at multiple spatial and temporal scales dependent on the 
type of (policy) questions, issues or objectives which are being addressed. The (multiple) scale of observation is 
defined by the boundaries of the system under study, where scale represents either a temporal or a spatial 
dimension. The smallest resolvable area (grain) and the area influenced by the phenomenon studied (extent) 
influence the manner in which systems are sampled, analysed and interpreted. Most assessments focus on 
existing stream ecosystem patterns which represent static structures at a fixed spatial scale. These spatial scale 
should be extended in at least two levels, the first one lower than the scale of the phenomenon under study. Even 
such assessments, however, cannot ignore the dynamic nature of these patterns. Thus, systems dynamics should 
also be included in integrated assessment. This is a major feature of temporal scale in ecological assessment. 
In conclusion, multiple scale integrated ecological assessment facilitate improved catchment management 
decisions and place more localised ecosystem management strategies into proper context. Regional integrated 
ecological assessments than supports in the development of management plans and local integrated ecological 
assessment can evaluate the execution of these plans. This is the 'top down' interaction in water management 
policies. But policies can not be made without knowledge and information. The information content of water 
management application needs the 'bottom up' interaction. This implies the description of fine scale typologies 
by local managers which support execution of local plans. Aggregation of types sets the frame for regional and 
catchment management. Thus, integrated ecological assessment is in fact multi-scale ecological assessment 
which needs a 'bottom up' approach as a basis. 
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3.2 Concepts 

Stream ecosystems are composed of groups of interacting, interdependent parts (e.g. species, resources) linked 
to each other by the exchange of energy, matter, and information. Stream ecosystems are considered complex 
because they are characterised by strong interactions between components, feedback loops, significant time and 
space lags, discontinuities, thresholds, and limits (Costanza et al. 1993). Ward (1989) introduced the concept of 
the four dimensional nature of stream ecosystems with a longitudinal, lateral, vertical and temporal component 
(Fig. 6). In a catchment perspective these four dimensions need to be broadened. 
At least for 40 years, attention was focused on the longitudinal component of a stream as a sequence of interlin
ked zones (lilies & Botosaneanu 1963, Hawkes 1975) or as a longitudinal continuum (Vannote et al. 1980, 
Wallace et al. 1977). Hynes (1975) widened the view on the longitudinal component and included the 
catchment. Thus, Hynes introduced spatial scale in thinking about streams. Often the effect of downstream 
activities on up-stream stretches are forgotten. Channelisation down-stream effects the discharge and erosion 
patterns up-stream (Schumm 1977). A weir down-stream acts as a migration barrier and thus changes biotic 
components and interactions up-stream. Thus, the longitudinal component has an up-stream and a down-stream 
part. 
The lateral component, the interaction between stream, riparian zone and floodplain, got more and more 
attention in the last decennium (Petersen et al. 1987, Naiman & Décamps 1990). In thinking about this 
component one often includes the riparian zone and the inundated areas in the floodplain. This component 
should be broadened to include the 'dry' floodplain and areas higher up. In fact, it should include the spatial area 
of the catchment as a whole as there will always be transport of silt and substances towards the stream. 
The vertical component includes the groundwater flow (Brunke & Gonser 1997) and the hyporheic community 
(Stanford & Ward 1988). To this vertical interaction also the exchange between stream and air such as 
evaporation and deposition of substances should be added (e.g. Kristensen & Hansen 1994). The use adult 
insects make, during a very important stage of their life history, of the air space above and around stream must 
not be forgotten. 
The temporal component includes the length of the organisms life histories as well as for example morpholo
gical changes in meander patterns over long periods of time or abrupt changes through channalization (Boon 
1992). Also within a stream the processes in time and space are conceptualised, such as in the patch dynamics 
concept (Townsend 1989). The temporal component should include not only processes going on but also historic 
developments (Kondolf & Larson 1995). All these additions to the four dimensional nature of stream ecosystems 
are about ecological connectivity between components. 
In the light of the foregoing, several ecological concepts on streams should be taken into account 
when using and developing ecological assessment systems. To evaluate the potential role of these 
concepts in assessment several structural and functional features of stream ecosystems are evaluated 
(Table 16). 
The first concept "the four dimensional nature of lotie systems" identifies in general terms all interactions and 
functioning of the stream as integral part of the whole catchment and can as such be used as a frame for 
integrated water management (Fig. 7). The next four concepts all deal with the effect of stream hydrology on the 
functioning of the stream and its direct surrounding, thus the longitudinal and lateral interactions. The Habitat 
Template and Patch Dynamics Concept deal with the species and their biotic and abiotic interactions at the scale 
of the habitat. The last two concepts in Table 16 deal with an important aspect of the species themselves; 
diversity and support nature conservation. Both groups of concepts affect different scales or can be applied at 
such. They could be very important tools in the application of assessment at different scales. 
1. The group of concepts dealing with stream functioning (concepts 2, 3, 4 and 5) indicate the importance of the 

stream as a continuum with or without discontinuities. But all concepts imply a more or less gradual shift in 
species composition along the stream gradient. Therefore, it is necessary, one way or another, to identify and 
arrange ecological types. For water management, whom can not deal with a gradient in environmental 
circumstances, this is of high practical value. Assessment, though based on sites, prefers to refer to larger 
more or less homogeneous stream lengths or sections. In defining stream types, thus entities whereby clear 
boundaries between the entities are not required but which only have a recognisable centroid, and whereby 
each entity may show limited biotic and abiotic internal variation, the continuum of a stream is partitioned. If 
discontinuities occur these mostly are 'natural' boundaries between types. The concepts add important 
knowledge on processes which causes and can be managed between these types. 

2. The concepts dealing with habitats and patches in streams can be applied in two ways. Firstly, there is a 
relationship between patch dynamics and diversity (Fig. 8) and between K-selective, r-selective and adverse 
taxa. Diversity depends on the relation between temporal and spatial variability. Secondly, these concepts 
most probably can be used also at higher scale levels. Surprisingly, this was not done yet. 
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The concepts add important knowledge on processes and interactions that act and can be managed between these 
types and are thus valuable to integrated ecological assessment.. 

3.3 5-S-MODEL 

In order to make the proper choices in stream and catchment management, one has to understand the functioning 
and interactions (dominance and feed back) of the controlling factors. All the considerations on concepts, scale 
and hierarchy provide a conceptual basis for 'catchment ecology' which I should define as stream ecology 
embedded into a landscape ecological frame. To simplify the ecological complexity of catchment ecology the 5-
S-Model was formulated. This conceptual model provides guidelines for assessment and management 
(Verdonschot et al. 1998). The main structure of this model is shown in Fig. 9. The five main components are: 
1. System conditions comprise the processes related to climate (temperature, rainfall), geology and 

geomorphology (like slope, soil composition). System conditions are composed of ultimate controlling 
factors and are boundary conditions for a stream. The system conditions set the possibilities and limits for 
stream ecosystem functioning. Ultimate controlling factors continuously interact with a stream at a high 
hierarchical scale level in space (the catchment), as well as in time (± 100 years). Generally, system conditi
ons can not be changed by management. Human activities influence this level through, for example, 
atmospheric deposition and climate change. Stream rehabilitation does not focus on these factors but one 
has to consider the effects of these boundary conditions as well as the long term effects of change. 

2. Stream hydrology characteristics are set by the system conditions. Stream hydrology comprises, at the 
scale level of catchment, the hydrological processes, like infiltration, ground water flow, seepage, run off 
and discharge. At the level of stream and habitat stream hydrology comprises hydraulic processes, like 
current velocity and turbulence. Stream hydrology refers to the water quantity parameters. The direction of 
the water flow strongly influences the direction of all other parameters in the system. The two main 
directions of flow are one running from the boundary of the catchment towards the stream (lateral) and one 
running from source to mouth of the stream (longitudinal). 

3. Structures of the stream valley and the stream itself are strongly determined by the hydrological and 
hydraulic processes of stream hydrology. Structures imply the morphological features of the longitudinal 
and transversal shape of the stream bottom, banks and bed, as well as the substrate patterns within. 
Structures also refer to cut off meanders, terrestrialization, sand deposits and others in the stream valley. 
The dynamics of these structures directly relate to the dynamics in hydrology and hydraulics. 

4. Substances comprise the dissolved components like nutrients, organic matter, oxygen, major ions and 
contaminants. Substances directly follow the water flow. From catchment boundary towards the stream the 
amount of dissolved substances increases. Also from source to mouth this increase is visible. Substances 
refer to the water quality parameters. 

Stream hydrology, structures and substances together compose the group of controlling factors that directly 
determine how the stream community functions. These controlling factors take an intermediate position in 
between the high scale and low scale levels, and include the latter. 
5. Species are the response to the functioning of all above mentioned groups of controlling factors. Species 

and their communities are the actual goal of ecological stream management and rehabilitation. 
Controlling and response characteristics are not solely related to one of the mentioned groups of factors. There 
are mutual interactions. Structures, for example, can respond to the action of stream hydrology but can also 
reduce discharge fluctuations. Or species can be adapted to stream hydrology but, for example, trees can operate 
on stream hydrology and morphology. Despite a dominant hierarchical effect, a feed back is always present. 
Thus, factors interact on different hierarchical scale levels and with different intensity. 
Knowledge of the hierarchy in factors and processes acting in space and time in streams, allows us also to infer 
the direction and magnitude of potential changes due to human activities (Naiman et al. 1992). Changes which 
refer to disturbance as well as to restoration, and the time involved/needed (Niemi et al. 1990). Human 
disturbances can be seen as a sixth 'S ' ; the 'S ' of Steering. The disturbance and restoration of streams is steered 
in a negative or positive direction. Integrated ecological assessment includes these aspects. 
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TOWARDS INTEGRATED ECOLOGICAL ASSESSMENT; WHAT DO WE NEED? 

4.1 A framework for integrated ecological assessment 

Over the last century various aspects of stream management such as water quality assessment, water 
resource management, water quantity management, flood defence, fisheries management and nature 
preservation and development, resulted in the development of physico-chemical, physical, biological 
and ecological assessment approaches. There has been a change in management from responding to 
problems in the past to detecting them in an early stage and even to predict and prevent them in the 
future. The number of objectives in water management have increased strongly to this change (e.g. 
Raven et al. 1998). This is also true for these aspects related to assessment or in a broader sense to 
ecological tools. Until the seventies assessment mainly dealt with either organic pollution or intrinsic 
natural values, the latter used to assess major anthropogenic impacts like dam construction, 
channelisation and mining. With the increase in impact of human activities on streams and thus the 
loss of biological values the need for nature conservation and nature development grew. 
The increase in types and scale of threats lead to an increase in management objectives. Recently, the Dutch 
water management objectives which are related to ecological objectives were discussed. Table 17 an 18 
summarise the objectives, need for information and fields for which ecological tools should be adapted or 
developed in the Netherlands. 

Three major approaches can be deduced from these and the foregoing discussions (Fig. 10). Firstly, integrated 
ecological assessment needs a frame where scale, hierarchy and concepts of the catchment and diversity are 
integrated: an ecological catchment approach. Secondly, the abiota and biota should be made operational in an 
ecological typology approach; entities which can be applied in the daily practice of water management. Thirdly, 
actual demands or consequences of society should be included: a societal approach. Overall, it also implies that 
assessment is just one aspect of sustainable catchment management. 

4.1.1 Ecological typology approach; a nested multiple parameter approach 

Patterns of variability in groups of taxa related to groups of environmental variables provide subtle information 
on the ecosystem functioning. Ecological typology implies the recognition of ecological entities in a continuum 
(Hawkes 1975) and is a strong tool to detect ecological patterns. In ecological typology, a type is described in 
terms of a general average state (comparable to a class) of a group of taxa with a certain range of biotic variation 
and under a certain range of (groups of) environmental factors (comparable to a zone) whereby types grade into 
one another (comparable to a continuum; Verdonschot 1990). Ecological types can be put into a framework in 
which all developmental stages of stream ecosystems are represented and mutually related by the processes of 
change between them. This framework is based on the concept of Warren et al. (1979; Fig. 11). Types and their 
interrelations in terms of variables compose a web. As seen in the web in figure 1 different more or less defined 
conditions and different directions of potential development from the actual condition should be available. The 
web serves as a reference framework. In the web different states of less and more optimal stream cenotypes were 
described; an ecological optimal or reference condition, intermediate or target conditions, and the present 
conditions. The target stage represents conditions in between the present and the reference condition. From a 
management point of view, these target stream cenotypes have an important practical use. Target types are to be 
used as a standard ('norm') and can be accomplished within a plan period of about five to twenty years. In 
contrast to the optimal type, which only can be reached in the long term. 

Until now these webs were developed at one scale level and mostly for one taxonomie group. Both should 
change in future applications: 
(a) One should be able to aggregate types to higher scales or split them to lower ones. Therefore, it is necessary 

to start to define webs at the lowest scale, thus at the habitat level (Fig. 4). These types can be aggregated at 
higher scales; a 'bottom up' approach. If types are described as assemblages on habitat level, taken the 
present concepts (paragraph 3.2) into consideration, tools can be developed for local management as well as, 
through aggregation, for regional and national policies. The higher scale aggregates the habitat types into 
stream-reach types, whole stream types and even catchment types. A type at a higher level can be seen as a 
window through which the lower scale types still can be seen. Types are mutually related as a nested chain 
hierarchically ordered. The hierarchy in related types can be seen parallel to syn-taxonomy in vegetational 
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science where syn-taxonomical units as classes, orders and associations are nested and used (Braun-Blanquet 
1928). As a consequence dominant taxa differentiate between types at higher scale and rare taxa at lower 
scale. Furthermore, such webs can only be used within the region they were defined, 

(b) Until now the typology approach mainly concerned macro-invertebrates. In future more taxonomie groups 
should be included in an ecological typology. Types should be composed of at least macrofauna, diatoms, 
macrophytes, and fishes. This implies combining taxonomical groups which act at different scales into one 
type. Therefore, the respective groups should be incorporated in the types and applied as indicators at their 
relevant scale. 

This so called nested web approach (see bottom line in Table 15) meets the following ecological requirements; it 
includes (groups of) abiotic and biotic variables, both abiotic and biotic variables are mutually related, it meets 
the variety of development stages, and if nested considers a stream as part of its catchment. 
The nested web approach is applicable in integrated ecological management because it is; 
(1) able to assess stream ecosystem quality and disturbance at different scales whereby interactions are taken 
into account, 
The web can be used as an assessment system. Therefore, one can assign quality classes to the cenotypes. The 
web is constructed out of the whole variety of disturbed and undisturbed conditions. Dependent on the value a 
water manager adds to a certain developmental condition, the quality for such type will be established. 
If a new sample is assigned to a certain type by using association or multivariate statistics, its quality is thereby 
determined. This quality assessment can also be used as standards for policy makers. For a large region, one can 
formulate goals. For example, 20 % of all streams should belong to a certain reference condition. Water 
managers can use such policy decisions to make up management plans for catchments, streams and/or habitats in 
their region. Secondly, one can also assign or even refine a quality class by extracting several metrics from the 
types as well as the new sample and compare both. 
To use types in assessment both multivariate analysis techniques and multi-metrics are available and useful. 
Dependent on scale and objectives more refined or more robust techniques can be used. This implies that at a 
high scale single summary measures at higher taxonomical levels will suffice, at a regional both taxonomical 
level and algorithm should be more sophisticated while at the local level only refined approaches will be 
successful. 
(2) able to predict effects of management policies and applications at different scales, 
The web of types can be used to predict the effects of a certain choice for the future. In prediction, direction and 
amount of change between a present and a future condition is established. Two approaches are available. Firstly, 
one decides to change an actual human activity which at the moment affects the stream ecosystem. The actual 
condition is known as well as the predicted change in key factors. This abiotic change is projected on the web 
and the effects in terms of operational factors can be deduced. Secondly, one chooses to obtain a target type or 
target species. From the web, the operational key factors which have to be changed to reach the target, are 
extracted. Management measures are taken to establish the change. 
(3) able to evaluate stream ecosystem development at different scales, 
A decision support system or expert system based on the knowledge gathered by using the 5-S-model and the 
web can be used to set up a proper integrative habitat-stream-catchment management plan. For example, in the 
project EKOO (Verdonschot 1990) such an expert system was developed at one scale for a region in The 
Netherlands. This to make choices in key factors to be changed and management options to be chosen. The 
expert system is computerised and consists of assignment techniques, metrics and a decision key. The decision 
key is used to obtain a proper set of measures to be taken to reach the chosen target 
(4) able to support monitoring and evaluation of management undertaken at different scales. 
The web of types can be used as a monitoring system. In monitoring, one takes samples at different moments in 
time. After a sample is taken, it is compared with the former ones. The difference informs about the type, the 
direction and the nature and amount of change because individual environmental parameters are identified. 
Large changes become visible in the web as changes between types. Small changes are detected in terms of the 
direction and 'distance' of a sample to the average of the nearest type. Change in 'distance' indicates change at 
the respective sample within a type. Both, amount and direction of change can be compared to the chosen, 
desired change. In evaluation procedures, this step is important to see whether targets of management are 
accomplished or not. It also informs about the necessity of additional measures or corrections in actual 
management procedures. 

4.1.2 Ecological catchment approach; a nested multiple scale approach 

The joint management of land and water within entire catchments to ensure stream integrity is emerging as a 
response to the recognition of increasing degradation of stream systems (Allan et al. 1997). Much of the 
rationale for stream catchment management derives from the idea that a catchment is a topographically and 
hydrologically defined unit; the catchment approach (Hynes 1975). The hierarchical organisation of the 
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catchment is recognised (Frissell et al. 1986). However, there is limited understanding of the relative 
importance of local versus regional versus supra-regional factors. Certain processes are likely to be primarily 
under local control while others depend on factors acting over larger areas. As an example, studies on buffer 
strips showed that riparian zones are important to the stream and their width buffers the influence of the human 
activities in the catchment (Osborne & Kovacic 1993). Thus, land use becomes less important relative to riparian 
land use (Allan et al. 1997). Remains the question about the relative importance of local versus regional, and 
catchment wide influences on the stream ecosystem. Roth et al. (1996) and Allan et al. (1997) concluded that 
local and riparian conditions are important but that regional landscape conditions may be of greater importance. 
The assessment they used related different metrics to a number of different scale parameters. Multiple regression 
showed the importance of regional land use. Secondly, local measurements added independent information. 
Catchment approaches often focus on the spatial scale. The temporal scale must not be forgotten because it is as 
important. Especially, system dynamics is one of the most explicit features at the temporal scale. 
The 5-S-model (Fig. 9) provides a frame to apply principles of scale and hierarchy with the dominant ecological 
key factors in catchment management. The definition of important factors was supported by knowledge of lotie 
concepts. Though spatial relationships should be analysed and presented by using Geographic Information 
Systems (GIS) and Image Processing (IP). A classification of geographical areas with comparable system 
conditions (ecoregions) and with knowledge on all relevant key factors in the catchments support GIS. The 
temporal scale needs statistical techniques which support trend-analysis and deal with dynamic features like flow 
fluctuation, seasonality and erosion-sedimentation dynamics. 

It will be clear that different scales of habitat, stream and catchment must be included. To combine the 
ecological catchment approach with the ecological typology it is necessary to combine the nested web of types 
with the 5-S-model keeping the lotie ecological concepts in mind. The 5-S-Model can be used to identify the 
conditional and operational key factors at different scales and can integrate the webs of types at each scale as 
well as between scales. 
An example of such application is presented for spring areas in the Netherlands by Verdonschot 
(1996). 

4.1.3 Societal approach; a nested multiple functional approach 

Boon (1992) added a fifth dimension to Ward's 'four dimensional nature of lotie systems'. This fifth dimension 
is conceptual and adresses basic questions of philosophy, policy, and practice; thus questions on 'why', 'what' 
and 'how' from the societal point of view. Also Naiman et al. (1992) argued for a new perspective on catchment 
management that recognises the need to find a balance between ecological, economic and social values within a 
long-term framework of sustainability and human use. This meets a number of problems such as different 
governmental authorities to work together and a co-ordination of spatially and temporal autonomic 
developments in human use. Previously, the tradition in stream assessment was to report on different societal 
aspects in isolation, such as on chemical water quality related to effluent discharges of sewage or industry, or 
bank erosion related to drainage intensity or urbanisation. A more multi-disciplinary approach is needed based 
on the principles of a catchment approach. Human uses, economic and societal values are part of integrated 
catchment management. Only in such a way catchments can be managed sustainable. 
Integrated catchment management needs decision support systems to weigh different interest of society 
including water quality, natural values and biodiversity. Through the use of GIS in combination with knowledge 
on cause-effect relationships and weights added to human uses the whole can be incorporated in integrated 
ecological management. 

4.2 Application of integrated ecological assessment 

Application of integrated ecological catchment management or assessment of a new stream site concerns the 
following steps; 
(1) Ecological framework 
a. construct; construct a nested web of stream types including target and/or reference conditions by the 

principles described in paragraph 2.2.3 and 4.1.1. 
b . gather; gather data on human actvities in the catchment and weigh their impact on the stream system. 
c. map; map spatial data on system conditions and human uses of the catchment at multiple scales. 
(2) Application for a new site/sample 
a. establish; establish the objectives and the scale or multiple scales relevant. The objectives of course 

establishes part of the web of types (see l.a) and the scales (see l.b) to be used. 
b. measure; measure by standardised methods or collect data on the actual abiotic and biotic key parameters at 

the relevant scale of the stream system, establish the relevant key factors in the catchment according the 5-S-
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model, identify all human activities and quantify the most important ones in terms of operational parameters 
for the stream system. 

c. identify; compare the actual condition with the web of types at the relevant scale(s), identify the actual type, 
the conditional and operational key factors, and actual factors (and causes) of disturbance. 

d. choose; choose at the scale of the objective the target (and reference) type and thus the desired ecological 
development within the web of types, which will always be limited by the conditional key factors within the 
catchment. 

e. identify; identify the operational factors that influence/disturb the sample and identify the operational key 
factors to be managed under the given natural system conditions. 

f. plan; plan the measures to be taken, based on the key factors to be changed and thus processes to be altered 
(steered), taking the system conditions and present and future human uses (see l.c) of the catchment into 
account. 

g. execute; execute the chosen measures. This asks for a detailed plan as well as a careful guidance during 
execution. 

h. evaluate; monitor, assess and evaluate the effects of the measures and the direction of development towards 
the target planned. 

5. CONCLUSIONS 

In the last century a development took place from assessment of organic pollution towards integrated ecological 
catchment management. Nowadays, assessment is more than a few colours on a map! Assessment methods 
which establish and report on the state of streams are required to meet at a range of local, regional and 
(inter)national needs. An underlying consistency of approach which is based on flexibility on different scales, 
hierarchy and subtle information on structure and functioning (processes) of ecological entities and their mutual 
interactions, meets monitoring requirements and is able to assimilate and communicate meaningful information 
to all those with a relevant interest. This is the prime concern of an integrated ecological assessment system 
(Raven et al. 1998). Integrated ecological assessment is a multivariate approach. 
Monitoring and assessment do not go without a next step. Assessment is not meant as the endpoint of 
management. Assessments should lead to action. Action in terms of conservation, management and 
rehabilitation. It is evident that such conservation and management programmes must include an understanding 
of the basic ecological processes responsible for the origin and maintenance of organisms, habitats and 
landscapes. One of the first concerns of stream ecosystem rehabilitation projects based on ecological processes 
must be the integrity of the water system (Tockner & Schiemer 1997). Restoration of the flow regime is one of 
the most neglected aspects in stream restoration (Henry & Amoros 1995, Verdonschot et al. 1998). To 
implement this scaled integrated ecological assessment three major questions were dealt with. 

(1) What do we have? 
In total eight major groups of assessment techniques were distinguished and analysed. They 
differ in; 
• objectives, 
• operational scales and (group of) stream/river types assessed, 
• algorithms used, 
• parameters (taxonomie groups and levels) used, and 
• catchment components to which they respond. 
(2) What do we know? 
Ecological hypothesis showed two major aspects to include in assessment; 
• hierarchy in components 
• multiple scales 
Both are included in the 5-S-model. 
The leading concepts in lotie ecology showed two major applications; 
Firstly, they support water management. This concerns; 
• catchment concepts (River Continuum Concept, Nutrient Spiralling Concept, Flood Pulse Concept, Serial 

Discontinuity Concept) and ecological connectivity 
• patterns and processes 
Secondly, they support nature conservation in terms of biodiversity. This concerns; 
• species distribution/interactions and diversity (Dynamic Equilibrium Model, Intermediate Disturbance 

Hypothesis, Habitat Template Concept, Patch Dynamics Concept) 
(3) What do we need? 
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(a) First of all a differentiation in ecological region and stream and river type are essential starting points. 
(b) The stream ecosystems should be described in a catchment context which means over multiple scales; an 
ecological catchment approach. These system description should be uniform. 
(c) Each stream and river type must be defined in ranges of abiotic and biotic terms at different scales; an 
ecological typology approach. Types are placed in a nested web with relations between types named in terms of 
steering key factors (processes) and be quantified. The web is extended with target (standard) and reference 
conditions. 
(d) All human activities in the catchment are recognised whereby the impact on the stream/river type is 
quantified; a societal approach. The latter asks for knowledge on cause-effect relationships. 
These four items bring water management and nature conservation together and offer a framework over multiple 
scales (Fig. 12). 
The implementation of these needs means the necessity of techniques to describe, develop, monitor, asses, 
evaluate and test; knowledge on cause-effect relationships; techniques to survey, prioritise, predict, aggregate 
and split; techniques for trend-analysis and knowledge- and expert-systems. One should not forget the coherency 
between these tools. The whole of tools should be supported by a standardisation of techniques and methods, a 
communicative presentation and a well thought public relations. 
In final conclusion, integrated ecological assessment is not always everything everywhere. Though it is a 
catchment approach, it does not mean to know everything of the catchment but to know everything of the 
ecologically relevant interactions within the catchment in relation to the stream system functioning. Integrated 
ecological assessment above all concerns interactions (ecological connectivity). It is better be defined as 
integrated ecological methods because it is more than four colours on a map. It supports sustainable water 
management which needs not only to assess but also to monitor, evaluate, predict, restore etcetera. The 
ecological assessment methods chosen are always objective dependent but should imply multiple scales. The 
methods and techniques are constructed 'bottom up' and use the advantages of existing tools. Therefore, all 
advantages of the high number of available tools should be used. Furthermore, such a multiple scale and 
multidisciplinary approach always asks for co-operation. 

2V 



REFERENCES 

Allan D.J. & Johnson L.B. 1997. Catchment-scale analysis of aquatic ecosystems. Freshwater Biology 
37: 107-111. 
Allan D.J., Erickson D.L. & Fay J. 1997. The influence of catchment land use on stream integrity 
across multiple spatial scales. Freshwater Biology 37: 149-161. 
Allan T.F.H., Hoekstra T.W. & O'Niell R.V. 1984. Interlevel relations in ecological research and 
management: some working principles from hierarchy theory. Gen. Tech. Rep. RM-110, US Dept. of 
Agriculture, Forest Service, Rocky Mountain Research Station, Fort Collins, Colorado. 
Allan T.F.H. & Starr 1982. Hierarchy: Perspectives for ecological complexity. Univ. Chicago Press, 
Chicago. 
Aleksandrova N.G., Moroz T.G., Polishchuk V.S. & Rossova E.Y. 1986. Combined evaluation of water 
quality of the lower Dnepr. Water Resources 4: 589-596. 
Andersen M.M., Riget F.F. & Sparholt H. 1994. A modification of the Trent index for use in Denmark. 
Wat. Res. 18: 145-151. 
Angermeier P.L. & Bailey A. 1992. Use of a geographic information system in the conservation of 
rivers in Virginia, USA. In: P.J. Boon, P. Calow & G.E. Petts (eds), River conservation and 
management. John Wiley & Sons, New York. 
Armitage P.D. 1994. Prediction of biological responses. In: P. Calow & G.E. Petts (eds.), The 
rivers handbook. Hydrological and ecological principles. Blackwell Sc. Publ. 2: 254-275. 
Armitage P. D., Moss D., Wright J.F.& Furse M.T. 1983. The performance of a new biological water 
quality score system based on macroinvertebrates over a wide range of unpolluted running water sites. 
Water Research 17 (3): 333-347. 
Barbour M.T., Plafkin J.L., Bradley B.P., Graves C G , Wisseman R.W. 1992. Evaluation of EPA's 
rapid bioassessment benthic metrics: metric redundancy and variability among reference stream sites. 
Environmental Toxicology and Chemistry 11: 437-449. 
Barbour M.T, Gerritsen J , Griffith G.E, Frydenborg R, McCarron E , White J.S. & Bastian M.L. 
1996. A framework for biological criteria for Florida streams using benthic macroinvertebrates. J. N. 
Am. Benthol. Soc. 15: 185-211. 
BMWP 1979. Biological monitoring working party. The 1978 national testing exercise. Technical 
Memorandum 19. Water Data Unit, Reading, UK. 
Boon P.J. 1992. Essential elements in the case for river conservation. In: P.J. Boon, P. Calow & G.E. 
Petts (eds), River conservation and management. Wiley & Sons, Chichester, 11-34. 
Boon P.J, Holmes N.T.H, Maitland P.S., Rowell T.A, Davies, J. 1997. A system for evaluating rivers 
for conservation (SERCON): development, structure and function. In: P.J. Boon & D.L. Howell (eds), 
Freshwater quality: defining the indefinable? The Stationary Office, Edinburgh. 299-326. 
Boyle T.P., Smillie G.M, Anderson J.C. & Beeson D.R. 1990. A sensitivity analysis of nine diversity 
and seven similarity indices. J. Wat. Poll. Contr. Fed. 62: 749-762. 
Bovee K.D. 1982. A guide to stream habitat analysis using the instream flow incremental 
methodologies. US Wildlife Service Instream Flow Information Paper no. 12. Report no. FWS/OBS-
82/26. USFWS Instream Flow Group, Fort Collins, USA. 
Bradshaw A.D. 1988. Alternative endpoints for reclamation. In: J.J. Cairns (ed.), Rehabilitating 
damaged ecosystems. CRC Press, Boca Raton, II: 69-85. 
Braukmann U. 1997. Zoocoenological and saprobiological contributions to a general regional typology 
of brooks. Arch. Hydrobiol. 26: 1-355. 
Braun-Blanquet J. 1928. Pflanzensociologie. Springer, Wien. 3e Aufl. 
Brink B.J.E. ten, Hosper S.H. & Colijn F. 1991. 1991. A quantitative method for description and 
assessment of ecosystems: the AMOEBA approach. Marr. Poll. Bull. 23: 265-270. 
Brunke M. & Gonser T. 1997. The ecological significance of exchange processes between rivers and 
groundwater. Freshwater Biology 37: 1-33. 
Cairns J. Jr. 1975. Quantification of biological integrity. In: J. A. Kusler, M.L. Quammen & G. Brooks 
(eds), Mitigation of impacts and losses. Proc. Nat. Wetland Symp. Berne. 276-282. 
Cairns J. Jr. & Pratt J.R. 1993. A history of biological monitoring using benthic macroinvertebrates. In: 
D.M. Rosenberg & V.H. Resh (eds), Freshwater Biomonitoring and Benthic Macroinvertebrates. 
Chapman & Hall, New York. 10-27. 
Chandler R.J. 1970. A biological approach to water quality management. Wat. Poll. Control 69: 415-
422. 
Costanza R, Wainger L , Folke C. & Maler K. 1993. Modeling complex ecological economic systems. 
BioScience43: 545-555. 

25-



Cummins K.W. & Wilzbach M.A. 1985. Field procedures for analysis of functional feeding groups of 
stream macroinvertebrates. Appalachian Environmental Laboratory, Univ. Maryland, Frostburg, USA. 
18 p. 
Dam H. van 1987. Acidification of moorland pools: a process in time. Thesis, Agricultural Univ. 
Wageningen. 175 p. 
Davis W.S. & Simon T.P. 1995. Biological Assessment and criteria: Tools for water resource planning 
and decision-making. CRC Press, Boca Raton. 
De Pauw N. & Vanhoren G. 1983. Method for biological quality assessment of watercourses in 
Belgium. Hydrobiologia 100: 153-168. 
De Pauw N., Ghetti P.F. & Manzini D.P. 1992. Biological assessment methods for running waters. In: 
Newman et al. (eds), River water quality: ecological assessment and control. 
Ellis M.M. 1937. Detection and measurement of stream pollution. Bull. US Bur. Fish. 48: 365-437. 
Forbes S.A. & Richardson R.E. 1913. Studies on the biology of the upper Illinois river. Bull. Illinois 
State Lab. Nat. Hist. 9: 481-574. 
Fore L.S., Karr J.R. & Wisseman R.W. 1996. Assessing invertebrate responses to human activities: 
Evaluating alternative approaches. J. North Amer. Benth. Soc. 15 (2) : 212-231. 
Fore S.A., Guttman S.I., Bailer A.J., Altfater D.J. & Counts B.V. 1995. Exploratory analysis of 
population genetic assessment as water quality indicator. Ecotoxicology and Environmental Safety, 30: 
36-46. 
Frey D. 1975. Biological integrity of water: an historical perspective. In: R.K. Ballantine & L.G. 
Guarraia (eds), The integrity of water. EPA, Washington. 127-139. 
Friedrich G. 1990. Eine Revision des Saprobiensystems. Z. Wasser Abwasserforsch. 23: 141-152. 
Friedrich G. 1992. Objectives and opportunities for biological assessment techniques. In: Newman et al. 
(eds), River water quality: ecological assessment and control. 
Friedrich G., Hesse K.J. & Lacombe J. 1993 .Die ökologische Gewasserstrukturkarte. Wasser und 
Abwasser 11, Kassel. 
Frisseil CA., Liss W.J., Warren CE. & Hurley M.D. 1986. A hierarchical approach to classifying 
stream habitat features: viewing streams in a watershed context. Environmental Management 10: 199-
214. 
Frissell C.A. & Bayles D. 1996. Ecosystem management and the conservation of aquatic biodiversity 
and ecological integrity. Water Resources Bulletin 32(2): 229-240. 
Gordon N.D., McMahon T.A. & Finlayson B.L. 1992. Stream hydrology: An introduction for 
ecologists. John Wiley, Chichester. 
Grimm N.B. & Fisher S.G. 1984. Exchange between interstitial and surface water: implication for 
stream metabolism and nutrient cycling. Hydrobiologia 111: 219-228. 
Hall L.W. Jr., Fisher S.A , Killen W.D. Jr., Scott M.C., Ziegenfuss M.C. & Anderson R.D. 1994. Status 
assessment in acid-sensitive and non-acid-sensitive Maryland coastal plain streams using an integrated 
biological, chemical, physical, and land-use approach. Journal of Aquatic Ecosystem Health 3: 145-
167. 
Hawkes H.A. 1975. River zonation and classification. In: B.A. Whitton, (ed.), River ecology. Studies in 
ecology, Univ. Calif. Press 2: 312-374. 
Hellawell J.M. 1978. Biological surveillance of rivers. A biological monitoring handbook. NERC, 
Stevenage, 333 p. 
Hellawell J.M. 1986. Biological indicators of freshwater pollution and environmental management. 
Elsevier, London. 546 p. 
Henry CP. & Amoros C. 1995. Restoration ecology of riverine wetlands: I. A scientific base. 
Environmental Management 19: 891-902. 
Higler L.W.G. & Verdonschot P.F.M. 1992. Ökologische Bewertung von Fliessgewässern in den 
Niederlanden. Limnologie aktuell 3: 97-110. Gustav Fischer Verlag, Stuttgart. 
Hosper S.H. & Brink B.J.E. ten 1989. Naar toetsbare ecologische doelstellingen voor het waterbeheer: 
de AMOEBE-benadering. H20 22 (20): 612-617. 
Huston M. 1979. A general hypothesis of species diversity. Am. Nat. 113: 81-101. 
Hutchinson G.E. 1953. The concept of pattern in ecology. Proceedings of the National Academy of 
Sciences (USA) 105: 1-12. 
Hynes H.B.N. 1960. Biology of polluted waters. Liverpool Univ. Press, Liverpool. 202 p. 
Hynes H.B.N. 1975. The stream and its valley. Verh. Int. Verein. Limnol. 19: 1-15. 
lilies J. & Botosaneanu L. 1963. Problèmes et méthodes de la classification et de la zonation écologique 
des eaux courantes, considérées surtout du point de vue faunistique. Mitt. Int. Verein. Limnol. 12: 1-57. 
Jacobson R., Kazyak P., Janicki D., Wade D. & Wilson H. & Morgan R.P. 1992. Feasability of using an 
index of biotic integrity (IBI) approach for synthesizing data from a Maryland biological stream survey. 
Rep. prep, by Versar Inc., Columbia, Maryland. 

iL 



Jensen M.E. & Bourgeron P. 1994. Ecosystem management: principles and applications (Vol. II). Gen. 
Tech. Rep. PNW-GTR-318, US Department of Agriculture, ForestService, Pacific Northwest Research 
Station, Portland. 
Jensen M.E., Bourgeron P., Everett R., Goodman I. 1996. Ecosystem management: a landscape ecology 
perspective. Water Resources Bulletin 32(2): 203-216. 
Johnson L.B. & Gage S.H. 1997. Landscape approaches to the analysis of aquatic ecosystems. 
Freshwater Biology 37: 113-132. 
Johnson L.B., Richards C , Host G.E. & Arthur J.W. 1997. Landscape influences on water chemistry in 
midwestern stream ecosystems. Freshwater Biology 37: 193-208. 
Jongman R.H.G., Braak C.J.F, ter & Tongeren O.F.R. van 1987. Data analysis in community and 
landscape ecology. Pudoc, Wageningen. 299 p. 
Junk J.W., Bayley B.P. & Sparks E.R. 1989. The flood pulse concept in river-floodplain systems. 
Canadian Special Publication of Fisheries and Aquatic Sciences. 
Karr J.R. 1981. Assessment of biotic integrity using fish communities. Fisheries 6: 21-27. 
Karr J.R. & Dudley D.R. 1981. Ecological perspective on water quality goals. Environmental 
Management 5: 55-68. 
Karr J.R., Fausch K.D., Angermeier P.L., Yant P.R. & Schlosser I.J. 1986. Assessing biological 
integrity in running waters: a method and its rationale. Special Publ. 5. Illinois Natural History survey, 
Urbana. 
Kerans B.L. & Karr J.R. 1994. A benthic index of biotic integrity (B-IBI) for rivers of the Tennessee 
Valley. Ecol. Appl. 4 (4): 768-785. 
Knoben R.A.E., Roos C. & Oirschot M.C.M. van 1995. Biological assessment methods for 
watercourses. UN/ECE task force on monitoring & assessment, Lelystad, Volume 3: 1-86. 
Kolkwitz R. & Marsson M. 1902. Grundsätze für die biologische Beurteilung des Wassers nach seiner 
Flora und Fauna. Mitt. Aus d. Kgl. Prüfungsanstalt für Wasser Versorgung u. Abwässerbeseitigung 1 : 
33-72. 
Kolkwitz R. & Marsson M. 1908. Ökologie der planzlichen Saprobien. Ber. dtshen. bot. Ges. 26: 505-
519. 
Kolkwitz R. & Marsson M. 1909. Ökologie der tierischen Saprobien. Int. Rev. Hydrobiol. 2: 126-519. 
Kondolf G.M. & Larson M. 1995. Historical channel analysis and its application to riparian and aquatic 
habitat restoration. Aquatic Conservation: Marine and Freshwater Ecosystems 5: 109-126 
Kristensen P. & Hansen H.O. 1994. European rivers and lakes. Assessment of their environmental state. 
European Environment Agency, EEA Environm. Monogr. 1, Copenhagen, 122 pp. 
Levin S.A. 1992. The problem of pattern and scale in ecology. Ecology 73: 1942-1968. 
Liebmann H. 1962. Handbuch der Frischwasser und Abwasserbiologie. Band I, R. Oldenburg, Munich. 
588 p. 
Martin D. 1996. Influence du mode d'utilisation du sol sur les caractéristiques chimiques de certaines 
sources aquifers. Faculté de Sciences Economiques de Potiers. Int. rapp. IBN, Leersum. 1-23. 
Matthews R.A., Buikema A.L., Cairns J. & Rodgers J.H. 1982. Biological monitoring: Part IIa: 
receiving system functional methods, relationships and indices. Water Res. 16: 129-139. 
Metcalfe J.L. 1989. Biological water quality assessment of running water based on macro-invertebrate 
communities: history and present status in Europe. Environmental Pollution 60: 101-139. 
Metcalfe-Smith J.L. 1994. Biological water-quality assessment of rivers: use of macroinvertebrate 
communities. In: Calow P. & Petts G.E. (eds.), The rivers handbook. Hydrological and ecological 
principles. Blackwell Sc. Publ. Vol. 2: 144-170. 
Miller K.L., Leonard P.L. & Hughes R.M. 1988. Regional applications of an index of biotic integrity 
for use in water resource management. Fisheries 13 (5): 12-20. 
Naiman R.J. & Décamps H. 1990. The ecology and management of aquatic-terrestrial ecotones. MAB 
series, Volume 4 UNESCO, Paris. Parthenon Publishing Group, New Jersey. 
Naiman R.J., Lonzarich D.G., Beechie T.J. & Ralph S.C. 1992. General principles of classification and 
the assessment of conservation potential in rivers. In: In: P.J. Boon, P. Calow & G.E. Petts (eds), River 
conservation and management, Wiley & Sons, Chicheste. 93-124. 
National Rivers Authority 1992. River Corridor Surveys: Methods and Procedures. Bristol. 
Nelson W.G. 1990. Prospects for development of an index of biotic integrity for evaluating habitat 
degradation in coastal systems. Chemistry and Ecology 4: 197-210. 
Newman P.J. 1988. Classification of surface water quality. Heinnema, Oxford. 
Nestler J.M., Milhous R.T. & Layzer J.B. 1989. Instream habitat modelling techniques. In: J.A. Gore & 
G.E. Petts, Alternatives in regulated river management. CRC Press, Boca Raton. 295-315. 
Niemi G.J., DeVore P., Detenbeck N., Taylor D., Lima A., Pastor J., Yount J.D. & Naiman R.J. 1990. 
Overview of case studies on recovery of aquatic systems from disturbance. Environmental Management 
14:571-587. 

9 



Norris R.H. & Georgis A. 1993. Analysis and interpretation of benthic macroinvertebrate surveys. In: 
D.M. Rosenberg & V.H. Resh (eds), Freshwater Biomonitoring and Benthic Macro invertebrates. 
Chapman & Hall, New York. 234-286. 
Odum E.P. 1971. Fundamentals of ecology. Saunders Company, Philladelphia. 574 p. 
Odum E.P. 1975. Ecology, second edition. Holt, Rinehart & Wiston, London. 244 p. 
Ohio EPA 1987/1989. Biological criteria for the protection of aquatic life. Vol. I, II, III. Ohio 
Environmental Protection Agency, Columbus, OH. 
Omernik J.M. 1987. Ecoregions of the conterminous United States. Ann. Assoc. Am. Geol. 77: 118-
125. 
O'Niell R.V., DeAngelis D.L., Waide J.B. & Allen T.F.H. 1986. A hierarchical concept of the 
ecosystem. Princeton Univ. Press, Princeton, New Jersey. 
Osborne L.L. & Kovacic D.A. 1993. Riparian vegetated buffer strips in water quality restoration and 
stream management. Freshwater Biology 29: 243-258. 
Pantle E. & Buck H. 1955. Die biologische Überwachung de Gewässer und die Darstellung der 
Ergebnisse. Gas und Wasserfach, 96 (18): 604 p. 
Peeters E.T.H.M., Gardeniers J.J.P. & Tolkamp H.T. 1994. New methods to assess the ecological status 
of surface waters in the Netherlands. Part 1: Running waters. Verh. Int. Verein Limnol. 1914-1916. 
Petersen R.C., Madsen B.L., Wilzbach M.A., Magadza C.H.D., Paarlberg A., Kullberg A. & Cummins 
K.W. 1987. Stream managemen: emerging global similarities. Ambio 16: 166-179. 
Petts G.E. 1990. Water, engineering and landscape: development, protection and restoration. In: D. 
Cosgrove & G. E. Petts (eds),Water, Engineering and Landscape. Water control and landscape 
transformation in the modern period. Belhaven Press, London. 188-208. 
Plafkin J.L., Barbour M.T., Porter K.D., Gros S.K. & Hughes R.M. 1989. Rapid bioassessment 
protocols for use in streams and rivers: benthic macroinvertebrates and fish. EPA 444/4-89-001. U.S. 
Environmental Protection Agency. Washington. 
Poff N.L. & Ward J.V. 1990. Physical habitat template of lotie ecosystems: recovery in the context of 
historical pattern of spatiotemporal heterogeneity. Environmental Management 14: 629-645. 
Pringle CM. 1998. Managing riverine connectivity in complex landscapes to protect 'remnant natural 
areas'. Verhandl. Int. Verein. Limnol. (in press). 
Raven P.J., Holmes N.T.H., Dawson F.H., Fox P.J.A., Everard M., Fozzard I.R. & Rouen K.J. 1998. 
River Habitat Quality: the physical character of rivers and streams in the UK and Isle of Man. 
Environment Agency, Bristol. 
Raven P.J., Boon P.J., Dawson F.H., Ferguson A.J.D. 1998. Towards an integrated approach to 
classifying and evaluating rivers in the UK. Aquatic conservation 8: 383-393. 
Resh V.H. & Unzicker J.D. 1975. Water quality monitoring and aquatic organisms: the importance of 
species identification. J. Wat. Pollut. Contr. Fed. 47: 9-19. 
Resh V.H. & McElravy E.P. 1993. Contemporary quantitative approaches to biomonitoring using 
benthic macroinvertebrates. In: D.M. Rosenberg & V.H. Resh (eds), Freshwater biomonitoring and 
benthic macroinvertebrates. Chapman & Hall, New York. 159-194. 
Resh V.H. & Jackson J.K. 1993. Rapid assessment approaches to biomonitoring using benthic 
macroinvertebrates. In: D.M. Rosenberg & V.H. Resh (eds), Freshwater biomonitoring and benthic 
macroinvertebrates. Chapman and Hall, New York. 195-233. 
Richter B.D., Baumgartner J.V., Powell J. & Braun D.P. 1996. A method for assessing hydrologie 
alternation within ecosystems. Conservation Biology 10(4): 1163-1174. 
Richter B.D., Baumgartner J.V., Wigington R. & Braun D.P. 1997. How much water does a river need? 
Freshwater Biology 37: 231-249. 
Roth N.E., Allan J.D. & Erickson D.L. 1996. Landscape influences on stream biotic integrity assessed 
and multiple spatial scales. Landscape Ecology 11(3): 141-156. 
Schumm S.A. 1977. The fluvial system. John Wiley & Sons, New York. 
Seager J., Milne I., Rutt G. & Crane M. 1992. Integrated biological methods for river water quality. In: 
Newman et al. (eds), River water quality: ecological assessment and control. 
Sedell J.R., Reeves G.H., Hauer F.R., Stanford J. A. & Hawkins C.P. 1990. Role of réfugia in recovery 
from disturbances: modern fragmented and disconnected river systems. Environmental Management 
14:711-724. 
Shannon CE. & Weaver W. 1949. The mathematical theory of communication. University of Illinois 
Press, Urbana. 
Slâdecek V. 1973. System of water quality from the biological point of view. Ergebnisse der 
Limnologie 7:1-128. 
Slocombe D.S. 1993. Implementing ecosystem-based management: Development of theory, practice 
and research for planning and managing a region. BioScience 4: 612-622. 
Stanford J.A. & Ward J.V. 1988. The hyporheic habitat of river ecosystems. Nature 335: 64-66. 

18 



Statzner B. & Sperling F. 1993. Potential contribution of system-specific knowledge (SSK) to stream-
management decisions: ecological and economic aspects. Freshwater Biology 29: 313-342. 
Statzner B., Resh V.H., Roux A.L. 1994. The synthesis of long-term ecological research in the context 
of concurrently developed ecological theory: design of a research strategy for Upper Rhône River and 
its floodplain. Freshwater biology 31: 253-263. 
Southwood T.R.E. 1977. Habitat, the templet for ecological strategies? J. Anim. Ecol. 46: 337-365. 
Southwood T.R.E. 1988. Tactics, strategies and templets. Oikos 52: 3-18. 
Thorne R.S.T.J. & Williams W.P. 1997. The response of benthic macroinvertebrates to pollution in 
developing countries: a multimetric system of bioassessment. Freshwater biology 37: 671-686. 
Tockner K. & Schiemer F. 1997. Ecological aspects of the restoration strategy for a riverfloodplain 
system of the Danube River in Austria. Glogal Ecology and Biogeography Letters 6: 321-329. 
Tolkamp H.H. 1984. Biological assessment of water quality in running waters using 
macroinvertebrates: a case study for Limburg, The Netherlands. Wat. Sei. Techn. 17: 867-878. 
Tolkamp H.H. 1985. Using several indices for biological assessment of water quality in running water. 
Verh. Internat. Verein. Limnol. 22: 2281-2286. 
Townsend CR. 1989. The patch dynamics concept of stream community ecology. J. N. Am. Benthol. 
Soc. 8(1): 51-63. 
Tuffery G. & Verneaux J. 1968. Methode de determination de la qualité biologique des eaux courantes. 
CERAFER, Paris. 21p. 
Turner M.G. 1990. Landscape changes in nine rural counties in Georgia. Photogrammetric Engineering 
and Remote Sensing 56: 379-386. 
US Fish and Wildlife Service 1981. Habitat Evaluation Procedures (HEP). ESM 102 USFWS, 
Washington. 135 p. 
Vannote R.L., Minshall G.W, Cummins K.W, Sedell J.R. & Cushing CE. (1980): The River 
Continuum Concept. Can. J. Fish. Aquat. Sei. 37: 130-137. 
Verdonschot P.F.M. & Schot J.A. 1987. Macrofaunal community types in helocrene springs. Ann. Rep. 
Res. Inst. Nature Management, Leersum 1986: 85-103. 
Verdonschot P.F.M. 1990. Ecological characterization of surface waters in the province of Overijssel 
(The Netherlands). Thesis, Wageningen, 1-255. 
Verdonschot P.F.M. 1991. The web-approach: a tool in water management. In: Ecological Water 
Managemenet in Practice (Proceedings of the technical meeting held in Ede, The Netherlands, 3 
October 1990). Proc. and Inf. CHO-TNO, 45: 59-76. 
Verdonschot P.F.M. 1996. Towards ecological spring management. Crunoecia 5: 183-194. 
Verdonschot P.F.M. & Nijboer R.C 1997. Typology of macrofaunal assemblages applied to water and 
nature management; a Dutch approach. The RIVPACS International Workshop, 16-18 September 1997, 
Oxford, UK. 
Verdonschot P.F.M, Driessen J.M.C, Mosterdijk H.G. & Schot J.A. 1998. The 5-S-Model, an 
integrated approach for stream rehabilitation. In: H.O. Hansen & B.L. Madsen, River Restoration '96, 
Session lectures proceedings. International Conference arranged by the European Centre for River 
Restoration: 36-44. National Environmental Research Institute, Denmark. 
Vitousek P.M. & Reiners W.A. 1975. Ecosystem succession and nutrient retention: a hypothesis. 
Bioscience 25: 376-381. 
Wallace, J.B, Webster, J.R. _& Woodall, W.R. (1977): The role of filter feeders in flowing waters. 
-Arch. Hydrobiol. 79: 506-532. 
Ward J.V. 1989. The four dimensional nature of lotie ecosystems. J. North Amer. Benth. Soc. 8 (1): 2-
8. 
Ward J.V. & Stanford J.A. 1983. The intermediate-disturbance hypothesis: an explanation forbiotic 
diversity patterns in lotie ecosystems. In: T.D. Fontaine & S.M. Bartell, Dynamics of lotie ecosystems. 
Ann Arbor Science, Collingwood. 347-356. 
Ward J.V. & Stanford J.A. 1983. The serial discontinuity concept of lotie ecosystems. In: T.D. Fontaine 
& S.M. Bartell, Dynamics of lotie ecosystems. Ann Arbor Science, Collingwood. 29-42. 
Warren C E , Allen M. & Haefner J.W. 1979. Conceptual frameworks and the philosophical 
foundations of general living systems theory. Behavioral Sc. 24: 296-310. 
Washington H.G. 1984. Diversity, biotic and similarity indices. A review with special relevance to 
aquatic ecosystems. Water Res. 18 (6): 653-694. 
Woodiwiss F.S. 1964. The biological system of stream classification used by the Trent River Board. 
Chem. Indust. 11:443-447. 
Woodiwiss F.S. 1980. Biological monitoring of surface water quality. Summary report, Commission of 
the European Communities. Severn Trent Water Authority. UK. 45 p. 

2? 



Wright J.F., Moss D., Armitage P.D. & Furse M.T. 1984. A prelimnary classification of running-water 
sites in Great Britain based on macroinvertebrate species and the prediction of community type using 
environmental data. Freshwater Biology 14: 221-256. 
Wright J.F., Armitage P.D., Furse M.T. 1989. Prediction of invertebrate communities using stream 
measurements. Regulated Rivers; Research & Management 4: 147-155. 
Zelinka M. & Marvan P. 1961. Zur Präzisierung der biologischen Klassification er Reinheit fliessender 
Gewässer. Arch. Hydrobiol. 57: 389-407. 

io 



FIGURES 

Fig. 1. Reference conditions and scale of measurement approachess: A. An assessment approach with a fixed endpoints 
O, for optimal or reference, and D for 'death water'. It expresses a singular series of ecosystem developmental stages. B. A 
reference framework with several developmental stages situated in different directions (a network). Stages are more or less 
defined as indicated by closed circles with an P (present), open ones with a T (target), and dotted ones with an O 
(optimal/reference), respectively. 

Fig. 2. Nested ecological typology. Each higher scale type includes all lower ones. 

Fig. 3. Pathways of ecosystem disturbance and recovery. Circles indicate developmental stages (adapted from Bradshaw 
1988). The figure is further explained in the text. 

Fig. 4. Scale of response of different taxonomie groups. 

Fig. 5. Hierarchical relationships of ecological structures and processes. A. Persistence period versus spatial scale of 
environmental units (after Frissell et al. 1986). B. Persistence period versus spatial scale of system conditions. C. 
Persistence period versus spatial scale of system processes. D. Scale of disturbances over time and space. E. Scale of 
restoration and management over time and space. F. Response time versus spatial scale of dispersion. 

Fig. 6. The four dimensional nature of lotie ecosystems and their ecological connectivity (after Ward 
1989). 

Fig. 7. Some catchment concepts projected in the major operational dimension of the catchment. 

Fig. 8. Patch dynamics concept, life history strategy and diversity (after Townsend 1989). 

Fig. 9. Main structure of the 5-S-model with key factors and functional aspects. 

Fig. 10. Tripod of tools in integrated ecological assessment. 

Fig. 11. The capacity of a biological community. Each biological community possesses a realised and a 
potential capacity. The potential capacity is the predetermination of all possible states and structures which can 
evolve from the present system. The interaction of system capacity and the state of the environment determine the 
system structure realised at any moment (the realised capacity). If the environment at any time had been 
different, another sequence of capacities actually realised would have been the result (adapted from Warren et 
al. 1979). 

Fig. 12. Integrated ecological assessment joins water management and nature conservation, and supports policies and 
practical management. 
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Table 1. The relation of some saprobic, diversity and biotic indices with the major components of the 5-S-
Model. 

Saprobic 
indices 
Diversity 
indices 
Biotic 
indices 

System 
conditions 

Stream 
Hydrology 

Structures Substances 
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organic 

V 

organic 

Species 
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all 
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all 
V 

macrofauna,al 
gae 

Spatial 
scale 

in-stream 

in-stream 

in-stream 

Table 2. The relation of the major groups of metrics with the major components of the 5-S-
Model (diversity and biotic indices are given in Table 1). 
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Spatial 
scale 

in-stream 

in-stream 

in-stream 

in-stream 

in-stream 

3% 



Table 3. The relation of some physico-chemical assessment techniques and the major 
components of the 5-S-Model (abbreviations see text). 

RCS 

HSI/HEP 

QHEI 

RBP 

RHS 

GSGK 

IFIM/ 
PHABSIM 

RCHARC 

IHA/RVA 

System 
conditions 

V 

land-use 

V 

slope 

V 

geomor-
phology, 
land-use 

V 

geomor-
phology 

Stream 
hydrology 

V 

major habitat 
parameters 

V 

flow 

V 

flow 

V 

flow 

V 

flow 

V 

flow 

V 

flow 

V 

hydrology 

Structures 

V 

channel, riparian 
zone 

V 

major habitat 
parameters 

V 

channel, substrate, 
riparian zone 

V 

channel, substrate, 
riparian zone 

V 

channel, substrate, 
riparian zone 

V 

channel, substrate, 
riparian zone 

V 

depth, substrate, 
cover 

V 

depth, substrate, 
cover 

Substances 

V 

major habitat 
parameters 

Species 

V 

macrophytes 

V 

fish 

V 

bank 
vegetation, 

macrophytes 
V 

bank 
vegetation 

V 

bank 
vegetation 

V 

bank 
vegetation 

V 

fish 

V 

fish 

Spatial 
scale 

river 
corridor 
in-stream 

river 
corridor 

river 
corridor 

river 
corridor 

river 
corridor 
in-stream 

in-stream 

in-stream 

Table 4. 
Model. 

The relation of catchment scale assessment and the major components of the 5-S-

Catchment 
scale 
assessment 

System 
conditions 

V 

Stream 
hydrology 

V 

Structures 

V 

Substances 

V 

Species 

V 

multimetrics 

Spatial 
scale 

catchment 

lh 



Table 5. The relation of some ecosystem component assessment techniques and the major 
components of the 5-S-Model (abbreviations see text). 

SERCON 

AMOEBE 

System 
conditions 

V 

geology 

Stream 
hydrology 

V 

flow 

V 

Structures 

V 

channel, 
substrates, 

riparian zone 
V 

Substances 

V 

chemistry 

V 

Species 

V 

all 

V 

target 

Spatial 
scale 

catchment 

floodplain 

Table 6. The relation of some assemblage/community approaches and the major components 
of the 5-S-Model (abbreviations see text). 

RIVPACS 
AUSRIVAS 

EKOO 

System 
conditions 

V 

geomorpho-
logy 

V 

geomorpho-
logy 

Stream 
hydrology 

V 

current 

Structures 

V 

channel, 
substrates 

V 

channel, 
substrates 

Substances 

V 

water 
chemistry 

V 

water 
chemistry 

Species 

V 

macrofauna 

V 

macrofauna 

Spatial 
scale 

in-stream 

in-stream 

Table 7. The relation of process and non-taxonomic assessment and the major components of 
the 5-S-Model. 

Process 
features 
Functional 
feeding 
groups 
Species traits 

System 
conditions 

Stream 
hydrology 

Structures Substances 

V 

nutrients 

Species 

V 

functioning 
V 

macrofauna 

V 

macrofauna 

Spatial 
scale 

in-stream 

in-stream 

in-stream 

Jv 



Table 8. Some general differentiating features of groups of assessment techniques discussed. 

ASSESSMENT 
METHOD 
Saprobic indices 

Diversity indices 

Biotic indices 

Multimetric assessment 

Physico-ecological 
assessment 
Catchment scale 
assessment 
Ecosystem components 
assessment 
Assemblage/community 
assessment 

Objective 

organic 
pollution 

water 
quality 

(organic) 
pollution 

water 
quality 
riparian 
quality 

land-use 
effect 
system 
quality 
system 
state 

Spatial scale/ 
Stream type 

High/ 
None 
High/ 
None 
High/ 
None 
High/ 

Ecoregion 
High/ 
None 

Moderate/ 
None 

Moderate/ 
Main types 

Low/ 
Stream types 

Taxonomical 
Level 

Species 

Species 

Higher taxa 

Higher taxa 

-

Higher taxa 

Species and 
higher taxa 

Species 

Scale of 
measurement 

uni-
dimensional 

uni-
dimensional 

uni-
dimensional 

uni-
dimensional 

uni-
dimensional 

-

uni/multi-
dimensional 

multi
dimensional 

Complexity 

Simple 

Simple 

Simple 

Moderate 

Moderate 

Moderate 

Moderate 

High 

Table 9. 
environment. 

Response of groups of assessment methods to the major components of the abiotic 

ASSESSMENT 
METHOD 

Saprobic indices 
Diversity indices 
Biotic indices 
Multimetric assessment 
Physico-ecological 
assessment 
Catchment scale assessment 
Ecosystem components 
assessment 
Assemblage/community 
assessment 

System 
conditions 

* 

Stream 
hydrology 

* 

* 
* 

* 

Structures 

* 
* 

* 
* 

* 

Substances 

* 

* 
* 

* 
* 

* 

is-



Table 10. Some features of assessment related statistical analysis techniques (HG = hypothesis 
generating, HT = hypothesis testing). 

Univariate 
statistics 

Multivariate 
statistics 

Group 

Single 
summary 
measures 
Analysis of 
variance 
Multiple 
regression 

Classification 
Association 
Ordination 

Objective 

species <-> factor 

'state' 

comparison 

exploratory 

assemblage <-> 
complex 

grouping 
comparison 
exploratory 

Generation 

HG 

HT 

HT 

HG 
HG(T) 
HG 

Testing 

Yes 

Yes 

Yes 

Pattern 
analysis 

Single 

Single, 
Multiple 

Multiple 
Multiple 
Multiple 

Prediction 

No 

Yes 

Yes 

No 
No 
(Yes) 

Major use 

Quantify the state of an entity in a 
single measure 

Test differences between entities mean 
and variable 
Quantifies explained variance and 
predict response of entities 

Groups similar entities 
Compares entities 
Groups similar entities and relates them 
to others 

Table 11. Statistical approaches used in different assessment methods. 

ASSESSMENT 
METHOD 
Saprobic indices 
Diversity indices 
Biotic indices 
Multimetric assessment 
Physico-ecological 
assessment 
Catchment scale 
assessment 
Ecosystem components 
assessment 
Assemblage/community 
assessment 

Univariate 
single 

* 
* 
* 
* 
* 

* 

ANOVA 

(*) 

* 

Regression 

* 

Multivariate 
Classification 

* 

Association 

* 

* 

Ordination 

* 

Table 12. Number of times different organism groups are used in 44 saprobic, diversity and biotic 
indices (references from De Pauw et al. 1992). 

No. of times used 

Macro-
invertebrates 

29 

Diatoms and 
periphyton 

9* 

Macrophytes 

1 

Fish 

2 

Macrofauna and fish 

2 
1 time also plankton was included 

il 



Table 13. Some major characteristics of biotic components in assessment. 

Taxonomie 
group 

Identification 
level 

Sample 
frequency 

Algae 

Macrophytes 

Macrofauna 

Fishes 

High (species) 

Low (family) 

Low 

High 

Scale 

Low 

High 

Moderate 

Moderate/H 
igh 
Low 

High 

Moderate 

Low 

Ease to 
handle 
No 

Yes 

Yes/No 

Yes 

Yes/No 

Yes 

Yes 

No 

Present 
knowledge 
Low 

High 

Moderate/ 
High 
High 

Moderate 

High 

-

-

Information about 
Structure 

Low 

Good 

High 

Moderate 

High 

Low 

Moderate/ 
Low 
High 

Processes 

Moderate 

Low/ 
Moderate 
Moderate/ 
High 
Low 

High 

Low/ 
Moderate 
Moderate 

High 

Table 14. Number of groups of assessment techniques using different structure, process, 
taxonomie and non-taxonomic parameters. 

STRUCTURE PARAMETERS 
Taxonomie 

Higher level 
Species level 
Assemblages/Community 
Multiple groups 

Non-taxonomic 
Functional feeding groups 
Species traits 

PROCESS PARAMETERS 

number of groups 

4 
5 
1 
2 

1 
1 

>4 

• # 



Table 15. Relationships between taxonomical identification level and ecological level of groups 
of assessment methods. 

Taxo
nomical 

1 

i 

Syntaxo-
nomical 

ABIOTIC: -> none + factor + factor-
complexes 

Higher taxa 

Species 

Assemblages/ 
Communities 
Ecosystems 

Biological Aut-ecological Syn-ecological 

Biotic indices 
Multimetrics 

Catchment scale 
Saprobic indices 
Diversity indices 

Ecosystem components 
Assemblage/ 

Community 
Web approach 

Nested web approach 

Table 16. 
ecology. 

Some characteristics of major ecological catchment and habitat concepts in lotie 

Ecological Concept 
Four dimensional 
nature of lotie 
systems 
River Continuum 
Concept 
Serial Discontinuity 
Concept 
Nutrient Spiralling 
Concept 
Flood Pulse 
Concept 
Habitat Template 
Concept 
Patch Dynamics 
Concept 
Dynamic 
Equilibrium Model 
Intermediate 
Disturbance 
Hypothesis 

no. 
1 

2 

3 

4 

5 

6 

7 

8 

9 

Key theme 

longitudinal, lateral, 
vertical and temporal 
exchange 
longitudinal gradient 

discontinuity through 
human interference 
longitudinal nutrient 
cycling 
lateral exchange of 
substances 
r, K, A selection in space 
and time 
competition versus 
disturbance 
dynamic equilibrium in 
systems 
non equilibrium 
maximises diversity 

Direction 

Conceptual, four 
directions 

Longitudinal, 
lateral 
Longitudinal 

Longitudinal, 
lateral 
Lateral, temporal 

Spotwise 

Spotwise 

Conceptual, 
temporal 
Conceptual, 
temporal 

Spatial 
scale 
Catchment 

Stream, valley 

Stream 

Stream, valley 

Lower reach, 
valley 
Stream section 

Stream section 

Independent 

Independent 

5-S-Model 

Scale, 
Hierarchy 

Stream 
hydrology 
Stream 
hydrology 
Substances 

Stream 
hydrology 
Species, 
Structures 
Species, 
Structures 
Species 

Species 

Reference 

Ward 1989 

Vannote et al. 
1980 
Ward& 
Stanford 1983 
Wallace et al. 
1977 
Junk et al. 1989 

Southwood 
1977 
Townsend 1989 

Huston 1979 

Ward& 
Stanford 1983 
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Table 17. Summary of results of a discussion by Dutch water and nature managers on ecological 
objectives and tools needed for the future. 

FRAMEWORK 

DIFFERENTIA TION = BASIS 

• region 
• stream/river type 

MULTIPLE SCALES = ECOLOGICAL CATCHMENT APPROACH 

• uniform system description 
MULTIPLE WEBS = ECOLOGICAL TYPOLOGY 

• regional ecological typology 
• target (standard) and reference conditions 

MULTIPLE ACTIVITIES = SOCIETAL NEEDS 

• human activities in the catchment 
• cause-effect relationships 

TOOLS 

OTHERS 

techniques to describe, develop, monitor, asses, evaluate and test 
knowledge on cause-effect relationships 
techniques to survey, prioritise, predict, aggregate and split 
techniques for trend-analysis 
knowledge- and expert-systems 

coherency between tools 
support (pr, standardisation, presentation) 

Table 18. Relation between framework and objectives in ecological water management in The Netherlands. 

OBJECTIVES 

Monitor/Describe 
Asses/Test/Standardise 
Develop/Evaluate 
Cause-analysis/Prioritise 
Survey/Predict 
Aggregate/Split 
PR/Integrate/Present 

FRAMEWORK : needs 
Ecological 
catchment 
approach 

• 

(•) 
• 
• 

Ecological 
typology 

• 
• 
• 

• 
• 
• 

Societal 
needs 

• 

3$ 



« Toepassing van waterplanten in ecologische (beoordelings-)instrumenten. 

Gertie Arts, IBN-DLO 

Samenvatting 

Doelstelling 
De doelstelling van de benadering met waterplanten is tweeledig. Op de eerste plaats zal worden 
toegespitst op de rol die makrofyten (waterplanten) (kunnen) spelen als bio-indicatoren. Van deze 
toepassing wordt in een aantal ecologische instrumenten gebruik gemaakt. Ecologische instrumenten 
zijn methoden of technieken bedoeld om met behulp van ecologische parameters zoals een 
levensgemeenschap, een biodiversiteitswaarde of een trofiewaarde te genereren (Verdonschot et al., 
1997a). In de huidige situatie worden aan ecologische instrumenten meer eisen gesteld dan alleen 
(biologische) beoordeling. Er bestaat een grote behoefte aan ecologische instrumenten voor onder 
meer evaluatie, waardering, normering, monitoring en voorspelling. Dit vergt aanpassing en 
combinatie van bestaande instrumenten alsmede ontwikkeling van nieuwe instrumenten. Deze 
ontwikkelingen en de rol die waterplanten hierin zouden kunnen spelen vormen de tweede 
doelstelling. 

Macrofyten als bio-indicatoren 
Makrofyten vormen een organismengroep met voor toepassing in waterkwaliteitbeoordeling gunstige 
eigenschappen (Seddon, 1972; de Lange & van Zon, 1977; Hellawell, 1986; Claassen, 1987; 
Bloemendaal & Roelofs, 1988). Indien aanwezig bepalen macrofyten in belangrijke mate de structuur 
en het functioneren van de biocoenose. Ze zijn direct afhankelijk van een aantal fysisch-chemische 
parameters in water en bodem. Causale verbanden van waterplanten met fysisch-chemische 
parameters zijn nog vrij schaars vastgesteld, echter op grond van correlatieve verbanden alléén 
blijken in veel gevallen al redelijk betrouwbare uitspraken te kunnen worden gedaan (Bloemendaal & 
Roelofs, 1988). Ze zijn gemakkelijk met het blote oog waarneembaar, goed determineerbaar en 
veelal plaatsgebonden. Door hun betrekkelijk lange levensduur vormen zij een afspiegeling van 
(overheersende) milieufactoren op de (middel)lange termijn. Een representatief proefvlak kan in het 
veld snel worden vastgesteld en opgenomen. 
Desondanks zijn makrofyten relatief weinig voor biologische waterbeoordeling gebruikt en in gebruik 
in vergelijking met andere organismengroepen. De meest populaire groep in dit opzicht vormen de 
macro-evertebraten (Hellawell, 1977). De algen vormen de tweede populaire groep. De reden 
hiervoor is dat in de tijd dat met biologische waterbeoordeling werd begonnen het accent vrijwel 
uitsluitend lag op het terugdringen van lozingen, met name organische, en men geïnteresseerd was in 
de kwaliteitsverbeteringen die optraden na sanering. Biologische waterbeoordeling gebaseerd op een 
saprobiesysteem geeft hierin inzicht (Van Gijsen, 1987). Macro-evertebraten en algen (als 
periphyton) worden direct beïnvloed door de mate van organische belasting en hebben een relatief 
korte responstijd. Ze werden daarom als indicatoren gebruikt. Macro-evertebraten zijn bovendien het 
meest populair omdat er veel indices bestaan gebaseerd op macrofauna en de methodiek relatief 
simpel is (Hellawell, 1986). Sinds de jaren zeventig is het waterkwaliteitsbeheer verschoven van het 
saneren van lozingen naar beheer van de waterkwaliteit en vervolgens ook instandhouding van 
aquatische ecosystemen. Deze verschuiving naar een meer ecologisch gericht waterbeheer vraagt 
daarop toegesneden methodieken en instrumenten. 
Niet ten behoeve van biologische waterbeoordeling, maar wel als biologische typologie sec, wordt de 
samenstelling van biocoenosen reeds van oudsher toegepast in de vegetatiekunde (Westhoffet al., 
1942, 1946; Westhoff & Den Held, 1969; Schaminée et al., 1995). Daarbij wordt de vegetatie als 
insteek genomen en als indicatie voor het totale biotische en abiotische milieu. Een relatie met 
gemeten fysisch-chemische parameters (synecologie) wordt echter nauwelijks gelegd. Daarvoor in de 
plaats worden vaak (te pas en te onpas) de zogenaamde Ellenberggetallen (Ellenberg, 1979; 1992) 
gebruikt: relatieve waarden voor een aantal factoren waaronder stikstof. Een van de weinige studies 
waarin aquatische vegetatietypen zijn gekoppeld aan een groot aantal fysisch-chemische kenmerken 
van water en bodem betreft van Katwijk & Roelofs (1988). De syntaxonomische benadering voldoet 
niet volledig in aquatische ecosystemen. De opname-methodiek blijkt niet zonder meer van 
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toepassing (Den Hartog, 1982) en de floristische scheiding van waterplantengemeenschappen blijkt 
minder strikt te zijn (Den Hartog & Segal, 1964). Waterplanten vertonen als gevolg van hun 
pionierkarakter een lage trouwgraad (Den Hartog, 1982). Alternatieve indelingen zijn gemaakt op 
basis van voornamelijk structuur (groeivormen) (Den Hartog, 1981; Den Hartog & Segal, 1964). 

Beoordelingsmethoden op basis van waterplanten 
Tabel 1 geeft een overzicht van beoordelingsmethoden die gebaseerd zijn op macrofyten of waarvan 
macrofyten deel uitmaken. Voor opname in de tabel is als criterium gehanteerd dat de methode leidt 
tot een beoordeling of waardering. Methoden of systemen van beschrijvende aard of methoden alleen 
voor het vastleggen van monitoringsgegevens zijn buiten beschouwing gelaten. Tabel 1 illustreert de 
diversiteit aan de bestaande beoordelingsmethoden. Opvallend is dat met uitzondering van enkele 
methoden aan het einde van de jaren zeventig en Provinciale typologieën gekoppeld aan een 
waardering, het gaat om relatief recent ontwikkelde methodieken. Dit bevestigt de bewering dat 
biologische beoordeling op basis van macrofyten in het verleden relatief weinig aandacht kreeg. 
Vooral in Holoceen Nederland werd biologische beoordeling op basis van macrofyten toegepast en 
werd de methode De Lange en Van Zon (1977) gebruikt. Voor een overzicht hiervan wordt verwezen 
naar Gonggrijp (1981). 

Tabel 1 : Een aantal beoordelingsmethoden gebaseerd op macrofyten of waarvan macrofyten deel uitmaken. 

Beoordelingsmethode 

Autecologisch: macrofyten 

De Lange & van Zon 

Karteringsmethode CABO 

Waterkwaliteitsklassensyst.Z-H 

ICHORS 

De Lyon & Roelofs, 1986 

Referentie 

De Lange & van Zon, 1977 

De Boer & De Gooijer, 1980 

Clausman, 1980 

Barendrecht & Bootsma, 1991 

ABIOFLOR en Arts et al., 1998 

autecologisch geïntegreerd: meerdere organismengroepen 
AMOEB E-benadering 

SEND 

vegetatietypen 
vegetatietypologie met waardering 

typologie met soort-toetsing 
kleine wateren N/Z Holland 

STOWA-
systemen 
normdoelstellingen Prov. Utrecht 

Ten Brink & Hosper, 1989; Claassen et al., 1992 

Prov. N-H, 1997 

o.a.Den Held & Clausman, 1985 

Prov. N-H en Z-H, 1992 

STOWA, 1992; 1993;1994a,b 

Fellinger et al, 1996; van Leerdam et al., 1996 

typologie met toetsing op gemeenschapsniveau 
netwerken Verdonschot et al. 1997 

Resultaat 

waardering 

trofie-indicatie 

waterkwaliteitsklasse 

voorspelling, milieu-indicaties 

voorspelling, afleiden waterkwaliteit 

toetsing aan streefbeeld 

normen per water type op 3 niveau's 

waardering, trofie-indicatie 

waardering 

kwaliteitsniveau 

ecol. normdoelstellingen op 3 
niveau's 

positionering t.o.v. streefbeeld 

De toepassing van de gepresenteerde methoden is vaak specifiek. Landelijk of regionaal, in het 
werkveld van natuur of water en ten behoeve van beleid of beheer. De methode van De Lange en Van 
zon is voor zover mij bekend niet meer in gebruik. Netwerken worden momenteel ontwikkeld en zijn 
nog niet in gebruik als instrument. 

Ecologische instrumenten: meer dan alleen beoordeling 
Beoordeling is geen doel op zich. Het is een middel om de huidige toestand te beschrijven, te 
vergelijken met referentietypen, streefbeelden of anderszins geformuleerde doelen en op grond 
daarvan beheers- en beleidsmaatregelen te initiëren of bij te sturen. In die zin wordt van ecologische 
instrumenten veel meer gevraagd dan alleen beoordeling. Piet Verdonschot is er in zijn voordracht 
reeds op ingegaan. Daarbij gaat het om monitoring, signalering, evaluatie, toetsing, waardering, 
normering, ontwikkeling, oorzaakanalyse, prioritering, verkenning en voorspelling. Er is behoefte aan 
instrumenten ten behoeve van beleid en beheer op verschillende schaalniveau's en in verschillende 
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werkvelden. Beoordelingsmethoden op basis van macrofyten spelen zich afin een specifiek werkveld, 
maar ook zoals tabel 2 laat zien op een specifiek schaalniveau. Blijkbaar zijn beide zeer bepalend 
voor de aard van de methodiek. In tabel 2 is eveneens het niveau van de ecotopen opgenomen. Op 
vergelijkbare wijze als soorten worden ook ecotopen door RWS aan een referentie getoetst. 

Tabel 2: Rangschikking van beoordelingsmethoden naar verschillende schaalniveau's. 
Schaalniveau Beoordelingsmethode 
Ecosystemen 
Ecotopen Amoebes 
Levensgemeenschappen Netwerken 
Vegetaties Vegetatietypologie met waardering 
Plantensoorten De Lange & van Zon, 

waterkwaliteitsklassensysteem Z-H, 
CABO-systeem, Amoebes, ICHORS, 
SEND, De Lyon & Roelofs, STOWA-
systemen, Kleine wateren systeem N/Z 
Holland, Normdoelstellingen Prov. 
Utrecht 

Ik wil nu verder inzoomen op het niveau van de levensgemeenschappen. Op dit schaalniveau zullen 
ecologisch-typologische netwerken worden gebouwd als basis voor aquatische natuurdoeltypen. Deze 
netwerken kunnen dienen als een ecologisch instrument ten behoeve van onder meer monitoring, 
benoemen van doelen (streefbeelden), beoordeling, evaluatie en sturing. 

Ecologisch-typologische benadering 
De ecologische-typologische benadering beoogt het onderscheiden van ecologische 
gemeenschapstypen, die getypeerd worden door biotische en abiotische parameters en in relatie tot 
elkaar geplaatst zijn middels sturende factoren. Het geheel resulteert uit bewerking van gegevens van 
waterbeheerders, welke aan een strenge selectie zijn getoetst, met behulp van multivariate analyse
technieken. Afhankelijk van de levensgemeenschappen in het betreffende watertype zijn bepaalde 
organismengroepen leidend in de analyse en worden in een later stadium typen op basis van 
verschillende organismengroepen in een matrix gekoppeld. Groepen waarvan minder gegevens 
beschikbaar zijn worden op basis van kennis aan de typen toegevoegd. Daarnaast worden 
referentietypen in de netwerken opgenomen. Deze zullen gebaseerd zijn op informatie in tijd 
(referentiesystemen uit historische literatuur) en ruimte (referentiesystemen in omringende landen). 
Abiotische toestandsvariabelen, procesvariabelen, indicatoren en beheers- en inrichtingseisen worden 
aan de typologie toegevoegd. Typen worden zo ten opzichte van elkaar geplaatst in 
ontwikkelingsreeksen. De completer ontwikkelde, minder gedegradeerde levensgemeenschappen 
kunnen beleidsmatig tot natuurdoeltype worden gekenmerkt. Ze vormen de eindtermen voor natuur
en waterbeheer in wateren waaraan de hoogste ecologische doelstelling of een natuurfunctie is 
toegekend. Natuurdoeltypen worden niet alleen gekenmerkt door indicatoren, maar ook door 
doelsoorten ('bedreigde soorten'). Kenmerk van de ecologisch-typologische benadering is dat de 
typologieën bottum-up worden gebouwd. Dit levert in eerste instantie gedetailleerde netwerken met 
vele subtypen, welke tot hogere niveau's (typen en hoofdtypen) kunnen worden geaggregeerd. 

De eerste netwerken voor macrofyten, gebaseerd op verwerking van opnamen en fysisch-chemische 
gegevens, betreffen de zoete duinwateren (Janssen, 1998). Een deelnetwerk zal worden getoond. In 
tegenstelling tot hetgeen de star begrensde type-aanduidingen doen vermoeden, zijn de typen geen 
starre eenheden, maar kunnen geleidelijk in elkaar overgaan. Referentietypen, welke als streefbeelden 
kunnen worden gekozen, zijn nog niet in dit netwerk opgenomen. Referentie-onderzoek in 
vergelijkbare ecosystemen buiten Nederland is binnen ons onderzoek financieel een knelpunt. Bij 
deze zou ik willen pleiten voor meer aandacht hiervoor, ook bij andere instituten. Goede 
beschrijvingen van referentiesystemen zijn essentieel voor ijking van onze systemen en om de goede 
potenties voor systemen in Nederland in te kunnen schatten. 
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Conclusies 
Na publikatie van de methode De Lange & van Zon (1977) werden pas aan het einde van de tachtiger 
en in het begin van de negentiger jaren andere methoden op basis van waterplanten ontwikkeld. De 
meeste biologische beoordelingsmethoden zijn autecologisch van aard. Soms worden ze op 
vegetatieniveau geaggregeerd. De vegetatiekunde sec, waarbij waterplantenvegetaties als indicatie 
worden genomen voor het totale biotische en abiotische milieu, wordt reeds veel langer toegepast. 
Echter, meetgegevens op de niveau's van vegetaties en levensgemeenschappen ontbreken of zijn 
schaars. Koppeling van levensgemeenschappen en vegetaties aan abiotische (sturende) factoren is m.i. 
essentieel om ecosystemen beter te kunnen begrijpen en daardoor in stand te houden en te herstellen. 
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DIVERSITY INDICES 

Metrics 

Richness 
number of species 

present 

Abundance 
total number of 

organisms present 

Eveness 
uniformity in the 
distribution of 

individuals among 
the species 

Algorithms 

Willams's 
Alpha Index 

(Fisher et 
a/.,1943)1 

X 

X 

log.A' 

" " S 

S- no. of 
species in 
community; 
N- no. of 
individuals in 
community; 
cc - index of 
diversity 

Information 
Theory Index 

(Shannon, 
1948)2 

X 

X 

X 

H = -ii(^r 

n, 
ln(—) 

H- homogenity; 
N- total no. of 
individuals in 
community; 
rif no. of 
individuals of j -
th species 

Diversity Index 
(Simpson, 

1949)3 

X 

X 

X 

N(N-l) 
l-diversity index; 
nr no. of 
individuals of j-th 
species; 
N- no.of 
individuals in 
community; 

Diversity Index 
(Shannon & 

Weaver, 1949)4 

X 

X 

X 

N &2 N 
H'-diversity index; 
N- total no. of 
individuals in 
community; 
nr no. of 
individuals of j-th 
species; 

Diversity 
Index 

(Margalef, 
1951)5 

X 

X 

S-l 
D = In (N) 
D- diversity 
index; 
S-no.of 
species in 
community; 
N- total no. of 
individuals in 
community 

Diversity 
Index 

(Menhinick 
1964)6 

X 

X 

S 

l-diversity 
index; 
S-no.of 
species in 
community; 
N- no. of 
individuals ir 
community 
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SAPROBIC INDICES 

NTERPRETATORY 
VARIABLES 

Taxonomie level 

Water type 

related to 
substances -
parameters 

Algorithms 

Number 
of saprobic zones 

Kolkwitz & 
Marsson1 

(1909) 
Kolkwitz2 

(1950) 

species 

all waters 

BOD5 

H2S 

saprobic 
zones with 
accompanying 
species 

4 

Pantle & 
Buck3 

(1955) 

species 

all waters 

BOD5 

H2S 
BSB5 

S_2>A 
Z*. 

/'- number of 
species, 
s,-saprobic 
value of i-th 
indicator 
species; 
h, -the 
quantitative 
abundance 
of i-th 
species 

4 

Knopp4 

(1955) 

species 

all waters 

BOD5 

H2S 

Relative 
puri ty= 

U[o+ß+a+p) 

o- indicative 
value of oligo-
saprobic 
species; 
ß- indicative 
value of ß 
meso- saprobic 
species; 
a- indicative 
value of a 
meso- saprobic 
species; 
p- indicative 
value of poly-
saprobic 
species 

4 

Zelinka & 
Marvan5 

(1961) 

species 

all waters 

BOD5 

H2S 
BSB5 

S= 

Zte, 
s,-saprobic 
value of i-th 
indicator 
species ; 
h, -the 
quantitative 
abundance of 
i-th species; 
gr indicative 
weight of i-th 
species 

5 

Sladecek6 

(1973) 

species 

all waters 

BOD5 

H2S 
BSB5 

S= 

ZJ,A& 
Z*,S, 

i -number of 
species; 
s,-saprobic 
value of i-th 
indicator 
species, 
/), -the semi
quantitative 
abundance of 
i-th species, 
gr indicative 
weight of i-th 
species 

9 

Tolkamp & 
Gardeniers7 

(1977) 

species 
genus 
fami ly 

lowland 
streams 

T 
pH 

o2 
K123= 
(%Erist.+Chir.gr) 
x1 + (% Hirud.gr) 
x3 + (%Gam.+ 
Calopt.gr) x5 

Kl2345= 

(%Erist.gr)x1 + 
(%Chir.gr) x2+ 
(%Hirud.gr) 
x3+(%Gam.gr) 
x4+(%Calopt. 
g r )x5 

5 

Friedrich8 

(1990) 

species 

running 
waters 

BSB5 

NH4-N 
0 2 

S= 
n 

Z J .A& 
i=i 

i=i 

i -number of 
species; 
s, -saprobic 
value of i-th 
species; 
/)rthe semi
quantitative 
abundance 
of i-th 
species 
g, -indicative 

weight of i-
th species 

7 

S Organisms are coupled into 5 pollutational groups: Eristalis (polysaprobic), Chironomus (poli-/a-mesosaprobic), 
Hirudinea (a-mesosaprobic), Gammarus (^/oligosaprobicj, Calopteryx group (oligosaprobic). 
Stream character is estimated according to formula: B=£taxa f taxon stream factor 100%, and is atrributed to series of physic 
variables: stream width, stream depth, current velocity, bank form, shading, aquatic plants, substrate types, water colour, 
degree of upkeep, degree of regulation or canalisation, effluent outfalls. 
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http://Hirud.gr
http://Calopt.gr
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TAXONOMIC 
GROUP 

Bacteria 
Cyanobacteria 
Mycophyta 
Chrysophyceae 
Bacillariophyceae 
Xantophyceae 
Dinophyceae 
Euglenophyceae 
Chlorophyceae 
Conjugatophyceae 
Rhodophyceae 
Flagellata apochr. 
Bryophyta 
Anthophyta 
Rhizopoda 
Helioza 
Ciliata 
Porifera 
Coelenterata 
Turbellaria 
Nematoda 
Rotatoria 
Oligochaeta 
Hirudinea 
Gastropoda 
Bivalvia 
Cladocera 
Copepoda 
Ostracoda 
Malacostraca 
Isopoda 
Amphipoda 
Hydracarina 
Ephemeroptera 
Plecoptera 
Odonata 
Hemiptera 
Magaloptera 
Trichoptera 
Diptera 
Coleoptera 
Bryozoa 
Pisces 
Amphibia 

Kolkwitz & 
Marsson1 

(1909) 
Kolkwitz2 

(1950) 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Pantle & 
Buck3 

(1955) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Knopp4 

(1955) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Zelinka & 
Marvan5 

(1961) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Sladecek6 

(1973) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Tolkamp & 
Gardeniers7 

(1977) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Friedrich8 

(1990) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

V* 



BIOTIC INDICES 

INTERPRETATORTY 
VARIABLES 

Algorithm 

Total score 

TBI 
Woodiwiss 

(1964)1 

TBI = 
Abundance of 

key groups 
related to total 

number of 
groups present 

0 -10 
max. value-

good quality 

Chandler 
biotic score 

(1970)2 

Chandler's score 
= 

X points scored 
according to 
increasing 

abundance of 
taxa (present, 
few, common, 
abundant, very 

abundant) 

0-100 
max. value-

good quality 

BMWP 
Armitage et 
al. (1983)3 

BMWP score = 
£ points 

scored of all 
families 

present in a 
sample 

0-150+ 
max. value-

good quality 

ASPT 
Armitage et 
al. (1983)3 

ASPT= 
BMWP total 

score / 
number of 

scoring taxa 

0-10+ 
max. value-

good quality 

OQR 
LQI 

Extance et al. 
(1987)4 

. . . X + Y 
OQR= 

2 
y( - s tandard s\ O l u l IVJCll \J 

BMWP ratings for 
habitats: (1 ) rich 
riffles; (2) poor 
riffles and pools; 
Y-standard ASPT 
ratings for habitats: 
(1) rich riffles; (2) 
poor riffles and 
pools; 

LQI = 
standard 

indicative value 
obtain on basis of 

OQR 

OQR: 1 - 6+ 
LQI: A -1 

max. value or A -
good quality 

I 
Tuff( 
Vern 

(19 

IE 
Abund 

key g 
related 

numl 
groups 
(accord ii 

and 
hab 

0-
max. 

good 
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BIOTIC INDICES 

TAXONOMIC GROUP 

Cyanobacteria 
Bacillariophyceae 
Euglenophyceae 
Chlorophyceae 
Dinophyceae 
Conjugatophyceae 
Plecoptera 
Trichoptera 
Ephemeroptera 
Odonata 
Coleoptera 
Mollusca 
Crustacea 
Megaloptera 
Hemiptera 
Diptera 
Turbellaria 
Hirudinea 
Oligochaeta 
Nematoda 
Hydracarina 

Taxonomie 
level 

TBI Woodiwiss 
(1964)1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

species 
genus 
family 

presence 

Chandler's 
biotic score 

(1970)2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

species 
genus 
family 

presence 

ASPT 
Armitage et 
al. (1983)3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

family 

BMWP 
Armitage et 
al. (1983)3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

family 

LQI 
Extance et al. 

(1987)4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

family 

Tuf 
Ver 

(1! 

sp 
g« 
fa 

pre 
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