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Predicting the occurrence 
of macroinvertebrates
The habitat requirements of macroinvertebrates vary widely. Eawag is developing a 

model for the prediction of benthic community composition in surface waters. In the 

future, the model could be used to support integrated river management and to predict 

the possible consequences of different management options or climate change.

In the coming decades, the state of our surface waters will be 

strongly influenced by warming of the climate and changes in land 

use. As a result of warming, water temperatures in rivers will rise 

and water flows will be altered; social and demographic changes 

will affect inputs of pollutants from agriculture, urban areas, 

industry and transport. The impacts of such changes on fresh-

water ecosystems and organisms are not yet fully understood. 

However, with the aid of computer models, available knowledge 

of the processes occurring in surface waters can be integrated 

and described in quantitative terms. Modelling can thus help to 

predict the effects of environmental changes on ecosystems. 

Here, we use the example of an invertebrate community model to 

illustrate how predictive models are constructed, what difficulties 

are encountered during their development and how uncertainties 

can be accounted for.

Key role of macroinvertebrates in surface waters. The term 

“macroinvertebrates” covers a wide variety of organisms visible 

to the naked eye, including insect larvae, freshwater amphipods, 

mussels, snails, leeches and many others. Macroinvertebrates, 

which generally live on the river bed or in sediments, serve im-

portant functions within the ecosystem: they shred leaf litter 

(converting it into a usable form for other organisms), filter organic 

particles from the water or graze algae. They also represent a vital 

link in the food chain, providing a food source e. g. for brown trout.

These fascinating organisms also contribute to the biodiver-

sity of freshwater ecosystems. The various species have adapted 

to widely differing environmental conditions. Some species only 

occur in particularly clean water, while others tolerate high levels 

of pollution with organic matter or have special properties en-

abling them to cope better with pesticides. Some species prefer 

The particular macroinverte-

brates occurring in a river or 

stream will depend on its nature 

and state.
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abundance or biomass of the various taxa could in principle also 

be predicted (as with ERIMO), this would require extensive test-

ing and possibly also further refinement of the model.

Whether certain species occur at a given site or not depends 

on numerous factors, e. g. various environmental conditions 

(Fig. 1). Taking these influencing factors into account, our model 

simulates the most important processes that determine the 

occurrence of taxa, or increases or decreases in taxon biomass 

– growth (through food intake and reproduction), respiration (con-

version of biomass into energy) and death rates. These processes 

depend on the basal metabolic rate (i. e. the amount of energy 

expended at rest). They are also influenced by the specific require-

ments of the various taxa and by environmental conditions (Fig. 2).

As complex as necessary, as simple as possible. Models of 

this kind always involve gross simplification of highly complex 

natural systems. The art, therefore, is to find an appropriate com-

promise between simplicity and complexity (i. e. an approximation 

to reality). Simplicity is desirable as it makes a model easier to 

apply. For example, it is useful to limit the amount of input re-

quired – ideally to data which has already been collected or which 

can be estimated from available information. A simpler model also 

requires less computing time, which is an important consideration 

in the application of methods for quantifying uncertainties or sen-

sitivity analysis. The latter is used to evaluate the robustness of a 

model by showing how small changes in input parameters affect 

the results.

The complexity of a model can only be increased – providing 

a more realistic picture – if it is possible to describe the relevant 

interactions and influencing factors quantitatively. And greater 

complexity is only desirable if the predictive capabilities or univer-

sality of the model are thereby increased – i. e. if it is transferable 

to different situations or sites. For example, we can develop a 

model which effectively describes the occurrence of macroinver-

tebrates in the Mönchaltorfer Aa catchment. If this model also de-

livers good predictions for the Gürbe and Thur rivers, then not only 

is it more useful for practical purposes, but we can also be more 

certain that the individual processes are correctly represented. 

In this case, the model can more readily be used to predict the 

effects of changes in environmental conditions. However, there 

are always limits to such “universality”. It would be unreasonable 

to expect a model to work for rivers of all types – for the Rhine at 

Basel and also for a mountain stream in the Alps.

Information from online databases. The specific properties 

of the various macroinvertebrate taxa are obtained from data-

bases which are available online. These were compiled using 

contributions from numerous researchers. For example, data on 

habitat preferences and feeding types is taken from the web-

site www.freshwaterecology.info [4]. For the pesticide sensitivity 

of taxa, reference is made to the SPEAR (SPEcies At Risk) data-

base [5].

The SPEAR system – based on biomonitoring data typically 

collected by water protection authorities – indicates the percent-

age of species at risk. If many sensitive species occur, it can be 

assumed that pesticide exposure is minimal at the site in ques-

tion. If pesticide-tolerant species predominate, this suggests 

that pesticides represent a problem. In our model, we take this 

information on sensitivity into account by increasing the death 

rate for sensitive taxa at sites where we expect to see pesticide 

contamination. This is a highly simplified description of the influ-

ence of pesticides on communities. We adopt a similar procedure 

in the case of pollution with organic matter, which may lead to 

oxygen depletion in surface waters. For this purpose, we use the 

saprobic system, which is well established in Central Europe as a 

means of classifying water quality [6].

To date, we have tested the model at four sites in the catch-

ment of the Mönchaltorfer Aa, a tributary of Lake Greifen in Can-

ton Zurich. For these sites, we can use monitoring data collected 

over a period of years by the Cantonal Office for Waste, Water, 

Energy and Air (AWEL) [7]. This includes information on the oc-

currence and abundance of macroinvertebrate species, recorded 

in accordance with the Swiss Modular Concept of stream assess-

ment (regional level). Also available for these areas is data on 

nutrients, pesticides, discharge and water temperatures. We are 

thus in a position to estimate the environmental conditions at the 

four sites which are required as input for the model (see Table).

Successful real-life tests. Many of the factors used as input 

for the model – e. g. taxon-specific growth or death rates – are 

uncertain. In such cases, we do not operate with fixed values 

but define, for each parameter, a probability distribution which 

reflects existing knowledge/uncertainty as to the value. In order 

to estimate the effects of these uncertainties on the overall un-

certainty of the results, we use a mathematical method known as 

Monte Carlo simulation to generate a probability distribution. On 

this basis, we can calculate for each macroinvertebrate taxon the 

Environmental conditions at four sites in the Mönchaltorfer Aa catchment.

Site 1 

Upstream 

of WWTP

Site 2 

Down-

stream 

of WWTP

Site 3 

Upstream 

of WWTP

Site 4 

Down-

stream 

of WWTP

Mean water 

temperature (°C)

10.3 12.4 9.6 11.4

Temperature regime Moderate Warm Moderate Warm

Mean leaf litter 

 input (g/m2/year)

170 260 500 420

Proportion of 

 surface shaded (%)

15 26 90 95

Current regime High High High Moderate

Pesticide pollution ? Yes No Yes

Water quality 

(saprobic class)

I: oligo-

saprobic 

zone

II: b -meso -

saprobic 

zone

I: oligo -

saprobic 

zone

II: b -meso -

saprobic 

zone

Mean phosphate 

concentration 

(mg/L)

0.01 0.03 0.05 0.04

Mean nitrogen 

concentration (mg/l)

3.3 8.0 2.1 7.6




