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Summary
Background and Aim

The current degraded state of Dutch waterbodies is characterized by an altered hydrology
and poor habitat and water quality, leading to poorly functioning ecosystems, and the subsequent absence of species that are sensitive and characteristic for pristine water bodies.
This has raised the awareness to halt further ecosystem degradation and to restore ecosystems to recover biodiversity. However, restoration measures remain often ineffective, which
may be attributed to a lack of knowledge of measure-effect relations and a lack of considering multiple stressors acting on larger scales.
Previously, the research on multiple stressors has often been approached from an abiotic
viewpoint, with a focus on physical-chemical water quality assessment. However, this is an
incomplete characterization of the multiple stressor situation, as it disregards the translation of physical-chemical changes into actual impacts on biota. Hence, there is a need to
depart from biology in unravelling multiple stressors impacts on aquatic ecosystems.
To be able to select measures to effectively restore aquatic ecosystems, we need to increase
our knowledge of the interactions between the multitude of simultaneously acting stressors,
their scale- and context-dependency and their impact on aquatic ecosystems departing
from a biotic point of view. Therefore, the aim of this thesis was to explore biology-based
approaches to unravel multiple stressor impacts in aquatic ecosystems (Chapter 1). The aim
was addressed firstly by exploring available building blocks for simulating macroinvertebrate
responses to multiple stressors. Next, we constructed an appropriate context for expressing ecological conditions. Tools for simulating macroinvertebrate responses to multiple
stressors within this context were constructed. Finally, an outlook towards an improved understanding of multiple stressor impacts in the future was given.
To gain an overview of the limitations and building blocks for simulating macroinvertebrate
responses to multiple environmental stressors, we evaluated existing approaches and concepts
(Chapter 2). For this purpose, requirements for a multiscale model for simulating macroinvertebrate responses to multiple stressors were formulated and a conceptual model was
designed. We concluded that such a model 1) is tailored to a specific type of water and region,
2) accounts for environmental constraints acting on multiple scales, 3) considers dispersal and
biotic constraints, 4) accounts for interactions between these stressors, and 5) reports the
uncertainty associated with the results. Furthermore, the knowledge gaps that remain to be
addressed to comprehend multiple stressor effects on aquatic ecosystems were highlighted.
One of the remaining knowledge gaps concerns the lack of species-specific stressor-response
data. Also, considerable efforts are needed to better include stressor interaction effects.
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A biology-based context for expressing macroinvertebrate-based
ecological water quality
One of the requirements of being able to assess and simulate macroinvertebrate responses
to multiple stressors is defining the appropriate context for expressing the ecological conditions (Chapter 2). Such a context-specific approach was created by classifying the Dutch
surface waters into biology-based regional water types (Chapter 3). As opposed to many
existing classifications based on a priori defined geographical and environmental boundaries, this classification was based on the similarity in macroinvertebrate species composition. An objective measure to identify boundaries between classes on multiple scales was
used. The resulting biology-based classes were identified and characterized by local and
regional environmental conditions. The low explanatory power showed the limited value of
these environmental variables and the added value of taking biology as a starting point. By
departing community classification from species composition, the unknown environmental,
geographical, and biotic drivers influencing species composition are accounted for. The final
classification provided the context for water management purposes, like ecological water
quality assessment, stressor identification and tracking ecological developments over time.
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The context-specific approach was further analysed in Chapter 4, where we aimed to explore
how to adequately express macroinvertebrate diversity. We showed that ranges and associations between diversity and diagnostic indices were different in lotic versus lentic waters
in comparison to all waters. This result showed the importance of considering context. We
further recommended that the index-specific as well as the complementary properties of
the indices need to be considered to characterize species assemblages, and as such to make
appropriate choices in the use of diversity indices in future water management. Hence, in
Chapter 3 and 4 we showed the importance of the context of a specific water type and a
specific region in assessment and simulations.

Tools for quantifying macroinvertebrate responses to multiple
stressors
Building upon the biology-based context from the previous chapters, next, we studied
how ecological conditions could be expressed in response to the multiple environmental
stressors. In Chapter 5, we quantified the cumulative stress acting upon macroinvertebrate
assemblages in lowland streams, accounting for impacts on multiple spatial scales. The
method made it possible to identify the contribution of individual stressors to the overall
multiple stress at a given location, to diagnose the causes of deterioration and to identify
the sources of the most stringent stressors.
To further investigate the suitability of the different techniques for studying multiple stressor
impacts and answering to the requirements described in Chapter 2, a network approach
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was adopted in Chapter 6. The ecological status of stream sites was predicted using a
Bayesian Network, which was data-driven and supported by expert knowledge. Although
the predictive performance was still limited, the approach illustrated the potential of this
type of models in gaining a better understanding of multiple stressor impacts on macroinvertebrates assemblages. Chapter 5 and 6 both contributed to the development of tools to
support the choice of appropriate restoration measures to successfully improve macroinvertebrate-based ecological water quality.

Recommendations and outlook

Building upon the insights from the previous chapters, in the synthesis, I described the main
concepts and developments that need to be addressed to move towards a future understanding of multiple stressor impacts on macroinvertebrate assemblages (Chapter 7). Advancements in three domains are required: the use of ecological theory, the development
and use of appropriate techniques and methods, and the subsequent application of the
advanced knowledge and improved techniques in the practice of water management.
Firstly, all efforts in water management should be based on the solid fundament of ecological theory. This includes the consideration of stressors acting on multiple temporal and
spatial scales and impacting ecosystem structure and functioning, and the consideration of
assemblage filters that govern macroinvertebrate species distribution patterns.
Building on this theory, methods and techniques can be developed and used to better
quantify multiple stressor impacts on macroinvertebrates. By using robust datasets and experimental techniques, we will be able to derive cause-effect relationships in a biology-based
context (Chapter 3), within a specific region and for a specific water type. Reporting uncertainty will clarify the outcome.
Water management needs effective restoration options. The above-mentioned theories,
techniques and methods can support the selection of these options. Conversely, the
practice of water management can further enhance the development of techniques and
the testing of theories. Goal-oriented monitoring schemes can be tailored to objectives to
serve management as well as research. Predictive tools, such as developed in Chapter 5
and 6, can be used for scenario analysis and to diagnose stressor impacts. This supports the
selection of measures within the context of a catchment, water type and region. Finally, we
can integrate the knowledge that is present in multiple disciplines of both water research
and water management to optimally address ecological water quality issues.
With the combined efforts of science and practice, we can formulate advanced theory,
further develop and apply new methods and scientifically test our understanding in practice.
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An increased insight in how multiple stressors impact aquatic ecosystems will contribute to
effective restoration and support the recovery of biodiversity in densely populated landscapes. Hence, it is concluded that a deeper understanding of multiple stressor impacts on
aquatic ecosystems may be reached by departing from biology.
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