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Project goal

The conservation of aquatic biodiversity is a central objective of Dutch nature conservation policy. In the face of 

ongoing land use changes, this endeavour is especially challenging due to the limited availability of space and 

resources. Management schemes for wetland ecosystems have traditionally focused on the level of individual 

water bodies (e.g. EU Water Framework Directive). An integrated, landscape-oriented approach, nevertheless, 

offers much better guarantees for the effective and sustainable conservation of regional aquatic biodiversity. 

However, scientific knowledge on how such an approach can best be implemented is lacking. It is essential that 

the limited resources available for nature conservation are allocated to measures which result in maximal effects. 

Land use potentially has strong effects on regional or gamma diversity through a variety of mechanisms. Intensive 

land use results in the deterioration of local habitat quality and leads to reduced local or alpha diversity. Large-

scale intensive land use can also lead to a decline in beta diversity through homogenisation of the environment 

and changed connectivity patterns. We still do not know which of these alternative mechanisms have the strongest 

impact on regional biodiversity. However, such knowledge is a prerequisite if one wants to remediate negative 

effects of changing land use on aquatic biodiversity and develop an effective and affordable conservation strategy 

for agricultural landscapes. 

The aim of the project is to (1) provide a mechanistic understanding of the factors that determine aquatic 

biodiversity in Dutch agricultural landscapes, with special attention for rare species, species of conservation 

concern and functional groups, (2) reveal the pathways through which land use change (agricultural intensification 

and de-intensification, urbanisation) can affect landscape biodiversity, (3) identify how the response patterns of 

ecologically contrasting groups of aquatic organisms differ and (4) use this information to develop a strategic 

framework for the cost-effective management of landscape biodiversity for multiple organism groups.

Study design

We selected the ditch networks of the Western Peat district as model system for our study. These ditches are 

home to a wide variety of aquatic plants and animals. Based on accessibility and prevailing land use, we selected 

regions of ±200 hectares each. Within each region, we sampled the ditch network at 24 localities, following a 

stratified random design. At each of these localities, we assessed the community composition and biodiversity of 

zooplankton (water fleas) and macrophytes and measured key environmental factors that are generally known 

to be important in driving the community composition and diversity of these organism groups (e.g., water and 

soil nutrients, turbidity, ditch morphology and fish presence). In cooperation with another ‘Biodiversiteit Werkt’-

project (‘Linking microbial diversity to the functioning of soil food webs’ – Prof. P. de Ruiter), we are also be 

looking into the (functional) microbial diversity of ditch banks in some of the regions in our study. Over the course 

of three field seasons (summer 2012, 2013 and 2014) we sampled 21 different regions, accumulating data on over 

500 ditch communities and their local environmental conditions. The replicated factorial design across meta-

communities/regions allows for a more formal analysis of the effect of land use practices on the spatial structure of 

aquatic biodiversity.
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Conceptual and analytical framework
Spatial patterns in meta-community structure can arise due to a spatially structured environment (for example, 

when high nutrient inflow from a local farm reaches only one part of an area and not another). Alternatively, 

meta-communities may also be shaped by dispersal limitation, as not all species may be able to reach all sites. 

From a management perspective it is essential to know how the regional community is shaped, as a system with 

strong dispersal limitation will require a different management strategy than a system with an overall poor 

habitat quality. A good spatial model describing the connections between sites in the landscape is imperative for 

an adequate study of the spatial patterns present in communities. Using Moran Eigenvector Maps analysis we 

constructed different spatial models describing alternative patterns of connectivity in the ditch landscapes of our 

study. More specifically, we constructed three models, one based on geographical distance between sites, one 

based on hydrological connectivity (width weighted distance via the ditch network) and one based on the number 

of hydrological barriers in the ditch network between sites (bridges, dams, sluices). Using a variation partitioning 

approach we tried to evaluate the relative ability of the three models to explain spatial patterns in our community 

data.

Figure 1 | Sampling macrophytes in the field in Polder Oukoop. Photography: Marlies Gräwe

Results

Preliminary analysis of helophyte data revealed that in all of the regions studied, total regional biodiversity 

(gamma diversity) is largely determined by a beta diversity component, i.e. by differences in the community 

composition among sites (Figure 2). This implies a large spatial community turnover, caused by lack of dispersal 

between sites and/or high environmental heterogeneity. To further examine these differences in community 

composition we studied the spatial patterns in the helophyte community. As an illustration of future analyses, 

we present here the spatial patterns of a single region for helophyte community data (Figure 3). We observed 

clear spatial patterns in the communities (combined model adjR2: 0.286, p<0.001) and all three spatial models 

(Geographical distance, Width weighted hydrological distance, Presence of hydrological barriers) were statistically 

significant. Only the model accounting for the hydrological network explained unique variation (non-overlapping 

parts of the circles). Together with the fact that the explained variation of the hydrological model is also much 

larger than that of the other models (adjR2=0.0249) this indicates that in this region spatial patterns in the 
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helophyte community are best described by the hydrological network model. The observed superiority of the 

hydrological network model is a likely cause of the mechanisms represented by this model. Patterns described by 

the geographical model may represent wind or waterfowl dispersal while patterns described by the hydrological 

network model may show the signature of water-based dispersal between localities. Our results shown here are in 

agreement with existing knowledge of water being an important dispersal vector for helophyte vegetation.

Figure 2 | The regional species richness (gamma) of helophyte vegetation divided into its average local species 

richness per site (alpha) and the difference in richness between sites (beta) for each of the sampled regions A-U. 

Figure 3 | Venn diagram showing the variation partitioning of helophyte community composition within a region 

explained by different spatial models created using Moran Eigenvector Map analyses (Geographical distance, 

Width weighted hydrological distance, Presence of hydrological barriers). The values shown are adjusted R2 

values of whole models and individual partitions; symbols are used to indicate significance (*=p<0.05, **=p<0.01, 

***=p<0.001).
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Next steps

While the study of spatial patterns in itself gives some insights into how diversity is structured in our study 

landscapes, it is but a first step. To understand the underlying processes shaping these patterns it will be important 

to account for the local environment in these analyses. Part of the spatial signal will undoubtedly be due to 

environmental heterogeneity. In addition, by linking our spatial analysis results with known dispersal traits of 

species we will be able to further examine to what extent dispersal limitation may have been important as a 

driver of spatial community patterns (cooperation with Dr Merel Soons, Utrecht University). To make full use of 

our study design these analyses will of course be carried out on all of our study regions and organism groups 

(bank, helophyte and aquatic vegetation and zooplankton). Furthermore, differences between regions in meta-

community structure will need to be identified and linked to land use practices and landscape structure. Such 

knowledge can then be used to make more informed management choices and to support the development of 

cost-effective strategies for the conservation of aquatic biodiversity in polder landscapes.
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