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The evidence presented in this thesis illustrates the potential consequences of 
intensive agricultural management on aquatic ecosystems. North Holland’s 
agricultural ditches are ecologically degraded and this is reflected by the 
invertebrate, macrophyte and microbial communities. Moreover, there has been 
a substantial decline in the number of species supported in these ditches over 
recent decades. At the beginning of this thesis I compared the ecosystems of 
intensively managed agricultural wetlands to a house of cards and posed two 
questions:  

1. What are the key environmental drivers which structure the house of 
cards, and  

2. Can the stability of the structure be improved in order to keep it 
standing?  

 
I will now review the evidence provided in this thesis in view of these two 
questions. 
 
Habitat fragmentation and environmental instability in agricultural landscapes 
 
The degradation of habitats in agricultural landscapes, brought about by habitat 
fragmentation, reduced habitat size and environmental instability poses major 
threats to biodiversity (Sala et al. 2000; Donald & Evans 2006; Hendrickx et al. 
2007; Griffen & Drake 2008). Fragmentation and regular disturbance events 
have repercussions for population dynamics, breeding success, individual 
fitness and ecosystem functioning (Laurance 2002, 2008; Fahrig 2003; Donald 
& Evans 2006; Hendrickx et al. 2007). This thesis shows how aquatic 
invertebrates in North Holland’s drainage ditches are structured by these 
factors. Patterns of macrophyte growth provide patches of desirable habitat, 
amongst open bare sediment, while environmental conditions in drainage 
ditches exhibit temporal patchiness with individual ditches having high nutrient 
concentrations and fluxes in micro-ions, thus the two dominant environmental 
filters acting on aquatic invertebrates in the province are: 1) a decline in 
macrophyte habitat (emergent and submerged vegetation) and 2) widespread 
eutrophication in combination with abiotic instability (Chapters 2, 3 and 5).  
 Invertebrates in North Holland’s drainage ditches were strongly related 
to the presence of vegetation (Chapters 2 and 3). Moreover, ditches which 
contained submerged macrophytes in conjunction with high emergent 
vegetation coverage were distinctive in the microbial and invertebrate 
communities they supported (Chapter 4). Being linear water bodies the main 
structural habitat in ditches is associated with bank slope and vegetation (Higler 
& Verdonschot 1989; Verdonschot et al. 2012a). In general, North Holland’s 
agricultural ditches are U shaped in cross-section with straight banks and edges. 
In comparison, organically rich peatland soils provide soft banks, with some 
having gentle slopes that provide larger areas of habitat. Furthermore, under 
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the right abiotic conditions they can support diverse macrophyte communities 
(Lamers et al. 2002; Armitage et al. 2003; Herzon & Helenius 2008). The 
habitats provided by drainage ditches, particularly in peatland environments, 
can potentially support a diverse invertebrate community, including rare species 
(Painter 1999; Williams et al. 2003; Nijboer & Verdonschot 2004; Verdonschot 
et al. 2011).  
 In the Netherlands drainage ditches are cleared of vegetation on an 
annual basis, this creates a high level of disturbance which is tolerated only by 
fast growing, pioneer species like Phragmites australis and Typha angustifolia which 
can recover quickly. Submerged vegetation is negatively impacted by regular 
cutting and vegetation clearance is contributing to plant communities in ditches 
becoming dominated by algae and floating macrophytes (van Zuidam & Peeters 
2012). Painter (1999) reported that the number of rare invertebrate species 
increased with the quantity of detritus, bank slope, the age of the ditch, 
macrophyte coverage and the time since the ditch was last cleaned. In this study 
Painter found that ditches cleared every 4 years along alternating 50 m stretches 
supported the most diverse plant communities. Thus the annual clearance of 
vegetation seen in Dutch drainage ditches is contributing to the loss of 
macrophyte species by excluding those unable to recover from regular cutting 
and ultimately causing the homogenization of macrophyte habitats. Moreover, 
vegetation removal may result in the loss of invertebrate eggs and larvae 
collected and removed along with plant material, causing a reduction in the 
recruitment of invertebrates. For example, Twisk et al. (2000) found that the 
presence of caddisfly larvae was related to the frequency, timing and machinery 
used to dredge sediment and clear vegetation. 
 The second environmental filter affecting aquatic invertebrates in the 
province is wide-spread eutrophication in combination with abiotic variability. 
The most eutrophic drainage ditches are dominated by a few invertebrate taxa 
(Chironomidae larvae, Gammaridae and Gastropods) which have invested in 
traits that allow them to tolerate harsh abiotic concentrations, such as air 
breathing, haemoglobin production and resistance to sulphide and nitrate 
toxicity (Chapters 3 and 5).  The pressures of eutrophication are also reflected 
by epiphytic diatom communities in the province, with a reduction in species-
turnover evident under increasing eutrophication in peatland environments 
(Goldenberg et al. 2014). Because agricultural drainage ditches are hydrologically 
managed, with mineral rich waters let-in during dry periods, the stability of 
abiotic conditions is related to hydrological connectivity. In chapter 3 we see 
evidence of this in the conditions of a semi-isolated ditch which contained a 
rich invertebrate fauna, submerged vegetation and lower concentrations of 
macro-ions and nutrients in comparison to the surrounding ditches (Chapter 3). 
This ditch was located in the middle of the Wormer and Jisperveld, a degraded 
peatland, where the majority of the ditches contain no submerged vegetation at 
all. It would be of great interest to sample more of these isolated and semi-
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isolated ditches in the province, to determine if these could be supporting 
source populations from which recruitment takes place, to recolonize ditches 
which experience regular abiotic disturbance events. If so, hydrologically 
isolated ditches could play an integral role in invertebrate population dynamics, 
as the loss of species from a ditch may only be transient if dispersal is not a 
limiting factor and the regional pool of species is large enough (Giller et al. 
2004).  
 Active dispersal is generally rare in aquatic invertebrates. This is likely 
to be related to the reproductive trade-offs commonly associated with flight 
(Bilton et al. 2001). Alternatively, many species employ passive dispersal 
methods such as wind dispersal, phoresy or crawling (Bilton et al. 2001).Yet, in 
North Holland there is a strong presence of insects exhibiting good dispersal 
abilities (Chapters 3 and 5). This observation, in combination with the high 
species-turnover between individual ditches (Chapter 5), suggests that species 
community composition is in a state of perpetual turn-over, with species 
occurrence in any given ditch dependent upon the stability and habitat quality 
at that time.  
 
Mechanisms underlying aquatic invertebrate distribution 
 
Spatial and temporal features in the environment may be considered as a 
template upon which biodiversity is determined from a selection of species with 
the best adaptations (Stearns 1976; Townsend & Hildrew 1994). As a species 
life-history strategy (LHS) reflects its evolutionary response to environmental 
conditions, so can analysis of LHS composition reveal how the environment is 
being experienced by the invertebrate community (Stearns 1976; Verberk et al. 
2008a b, 2013). The expression of insect LHS in the province of North Holland 
reflects the role of strong dispersal abilities and tolerance to eutrophication and 
abiotic disturbance in determining a species chance of survival and 
reproduction (Chapters 3 and 5).  
 In agricultural landscapes biodiversity is often impacted by multiple 
stressors which act as the key environmental filters in this context. For 
example, eutrophication, increased water abstraction and annual vegetation 
removal are common stressors to aquatic communities, which occur together in 
agricultural systems. These act simultaneously on an organism causing either a 
synergistic effect (i.e. when the combined effects is larger) or an antagonistic 
effect (i.e. when the cumulative impact is smaller) (Folt et al. 1999). Most crucial 
to a community’s ability to deal with multiple stressors is the existence of 
species co-tolerances, that is – the alignment of a species tolerance to multiple 
stressors which occur together in the environment (Vinebrooke et al. 2004). The 
most abundant species collected in North Holland ditches were Chironomidae 
larvae (specifically, Chironomus and Glyptotendipes spp.) which persisted under 
high concentrations of nutrients and macro-ions. Moreover, their relative 
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abundance increased under harsh conditions as a result of other species 
declining in number.  This illustrates the species adaptation to this harsh 
environment, possibly as a consequence of having co-tolerances for 
eutrophication and high concentrations of micro-ions, such as bicarbonates and 
sulphates (Chapter 5). 
 Chapter 2 covers the serious decline in submerged macrophyte species 
richness shown in peatlands in recent decades. Decline of macrophyte 
communities in these environments is related to sediment bound P 
concentrations, disturbance from regular vegetation cutting, low sediment 
stability and lack of seed stock (Barko et al. 1991; van Zuidam & Peeters 2012; 
van Zuidam et al. 2012). Indeed North Holland’s remnant peatlands have 
particularly high sediment P concentrations, unstable sediments and are 
consequently dredged regularly. In addition, emergent vegetation is cut back 
every year, often to ground level. The decline of these plant communities 
signifies the overall health of the ditch ecosystem and the combination of 
eutrophication, and regular disturbance from abiotic variability and vegetation 
removal are clearly underlying both invertebrate and microbial community 
structure (Chapters 2, 4 and 5).   
  In this thesis several environmental filters are identified, namely loss 
of macrophyte habitat (Chapters 2, 3 and 4), widespread eutrophication 
(Chapters 3 and 4), variation in abiotic conditions (Chapter 5) and habitat 
fragmentation. There are few species who appear to do well under such 
conditions and the lower the number of species the greater the likelihood that 
ecosystem functioning will be affected (Loreau 1998; Hooper et al. 2005). The 
likely implications of biodiversity loss on the functioning of agricultural 
ecosystems will now be discussed.  
 
The potential consequences of biodiversity loss in North Holland’s drainage ditches 
 
Biodiversity is declining at an alarming rate globally and land use intensification 
is considered to be the main contributor to past and predicted future 
biodiversity loss, particularly in freshwater environments (Sala et al. 2000; van 
Eerden et al. 2010). Over recent decades there has been a dramatic decline in 
macroinvertebrate diversity in North Holland’s agricultural peatlands, which 
appears to be coupled with the decline in submerged macrophyte diversity and 
associated habitat loss (Chapter 2). These peatlands represent a habitat which 
was once dominant in the region, supporting a diversity of plant and animal life. 
Yet the wetlands have been heavily exploited and land use intensity has 
increased dramatically over recently decades (Kleijn et al. 2004; Busch 2006; 
Donald & Evans 2006; van Eerden et al. 2010).  
 The response of a community to a changing environment is subject to 
a variety of interactions such as co-tolerances to multiple stressors, trophic 
interactions and the sequence and identity of species loss (Chase 2003; Petchey 
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et al. 2004; Vinebrooke et al. 2004).  Moreover, fundamental ecosystem 
functions can be affected. Cardinale et al. (2002) provide evidence of how a 
reduction in biodiversity can influences functions like organic matter processing 
through interspecific facilitation. In addition, regional processes like dispersal 
and disturbance can influence the degree to which biodiversity affects 
ecosystem functioning (Cardinale et al. 2004).  In truth, it’s very hard to 
ascertain what the overall consequences of biodiversity loss on ecosystem 
function will be because the intricacies of species-environment interactions 
often result in case specific conditions (Gessner et al. 2004). Yet, what is certain 
is that if biodiversity in agricultural landscapes continues to decline, ecosystem 
processes, like organic matter processing, nutrient cycling and the breakdown 
of contaminants will be affected (Hooper et al. 2005; Balvanera et al. 2006). 
Fundamentally, in the case of North Holland the reduction in macrophyte 
growth has implications for water quality as loss of plants reduces sediment 
stability and nutrient dynamics (Barko et al. 1991; Palmer et al. 2000; Horppila & 
Nurminen 2001). The stabilization of macrophyte communities could then 
serve to ameliorate the negative impacts associated with increased land use 
intensity. 
 But perhaps one of the most important implications of biodiversity 
loss is that a reduction in diversity is associated with a decline in overall 
ecosystem stability and resilience to environmental disturbances (Pimm 1984; 
Folke et al. 2004; Balvanera et al. 2006). Increased frequency and intensity of 
disturbances are anticipated as a result of land use intensification and climate 
change (Sala et al. 2000). Ultimately, if too much biodiversity is lost from North 
Holland there will be a greater chance of further extinctions with potential 
consequences for key ecosystem process. 
 
Considerations for the management of agricultural wetlands 
 
There is an evident decline in the biodiversity of agricultural landscapes seen in 
many terrestrial and aquatic species and this is largely associated with increased 
land use intensity (Hendrickx et al. 2007; van Eerden et al. 2010)  (Chapter 2). 
Invertebrates can be considered as the ‘canaries’ of freshwater systems, due to 
their intermediate trophic position, largely resident life-style and relatively fast 
life-cycles. Thus invertebrates provide information on ecosystem health that is 
not perceivable from abiotic parameters and can indicate changes in the 
ecosystem much faster than vegetation. 
 The European Water Framework Directive (2000/60/EC; WFD) 
principally seeks to 1) define and set environmental objectives for the 
improvement of chemical and ecological conditions in fresh and coastal waters, 
and 2) develop methods to implement and achieve these objectives (Junier & 
Mostert 2012). The review of ecological conditions of North Holland’s 
waterways that has come about through the WFD has revealed that current 
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nutrient levels, particularly phosphorus, in waterways pose a major obstacle to 
achieving these goals. Van der Bolt et al. (2003) came to the striking conclusion 
that agricultural production in The Netherlands would need to be reduced by 
two-thirds to achieve the goals of the WFD. Certainly the current rates of 
manure application are leading to an increase in soil phosphorus levels, yet 
there appear to be no plans to take measures to reduce agricultural nutrient 
inputs (Ligtvoet et al. 2008; Junier & Mostert 2012). Alternatively, to achieve 
higher ecological quality scores the focus has been on design measures to 
restore structural habitat such as the development of nature friendly banks 
(natuurvriendelijke oevers, in Dutch). 
 Agri-environment schemes (AES), another measure which focuses on 
the creation of habitat, have been introduced by the EU (under EU regulation 
1257/1997) and some North American states in response to the observed 
decline in diversity in birds, terrestrial invertebrates and aquatic invertebrates. 
In fact over 1.6 billion euros is estimated to be spent annually on AES in 
Europe alone (Donald & Evans 2006). Yet, there appears to be a lack of 
reliable data available to determine the effectiveness of AES, while mixed 
reports on their apparent success likely arises from the ad-hoc manner in which 
they are often implemented (Kleijn et al. 2004). An important factor is likely to 
be the size of the habitats created by AES, as many protected areas consist of 
small marginal strips of land. This is likely to be why they have been reported to 
benefit insects but not necessarily birds (often the target group), which require 
larger habitats and so regularly leave AES areas (Kleijn et al. 2004). Thus, for 
management strategies to successfully increase biodiversity in agricultural 
landscapes the requirements of habitat size and quality for biota must be met. 
Moreover, it is of fundamental importance that the location of existing habitats 
and the dispersal abilities of species be considered when designing new habitat, 
for example nature friendly banks (natuurvriendelijke oevers) should be 
accessible from established habitats. Moreover, if we are to get the most out of 
such measures sound monitoring data is essential to determine where measures 
have been successful and where they have not. Without adequate monitoring 
data there is no certainty on the effectiveness of habitat improvement schemes, 
nor is it possible to adjust measures to achieve the most desirable results. 
 
Monitoring 
 
Some of the most frequently asked questions by water managers to aquatic 
scientists include, what should be measured? Where and how many samples 
should be taken? And how often should these samples be taken? Although, the 
practical relevance of these questions is clear, when it comes to monitoring 
there is no one index which can serve as the Holy Grail or any magic number 
of samples or frequency of sampling which will provide the answers. One of 
the most important aspects of designing a monitoring programme relates to the 
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question(s) that are being asked or what problems need to be solved? For 
example, water managers are often interested in determining the long-term 
biodiversity trends in their district. In this case consistency in the monitoring 
locations and the methods used when collecting data are essential. Naturally, 
over time methods may change as new information and techniques come to 
light. This is not necessarily a problem as long as any changes are clearly 
documented, and ideally the new methods should produce results which can be 
compared to the original methods. Likewise, the number of monitoring 
locations may change over time. Again this is not an insurmountable problem, 
as long as the consistency between historical and contemporary locations are 
taken into consideration. For these reasons it is highly advisable that water 
managers seek scientific advice when adjusting their monitoring plans, for 
receiving good advice should save losses in valuable data and time. 
 In addition to standard monitoring questions circumstances arise when 
water managers need additional information, for example to determine the 
effectiveness of habitat improvement measures such as the establishment of 
nature friendly banks. In this case sampling will need to be more intensively 
focussed. And in addition it may be advisable to alter the sampling methods, 
say by sampling different habitats separately or using different sampling 
methods, such as activity traps (Verdonschot 2010). Moreover, additional 
information on the response of specific taxa such as mayflies (Ephemeroptera), 
dragonflies (Odonata) and caddisflies (Trichoptera) (i.e. EOT species), 
invertebrate life-history strategies or microbial community structure can 
provide valuable insight into the processes regulating invertebrate community 
composition (Chapters 3, 4 and 5). 
 Although there are arguments against using trait-based approaches, 
such as life-history strategies (LHS), these arguments are generally based on the 
premise that information is lacking and that a high level of expertise is required 
to correctly assign traits.  Yet, freshwater invertebrates are one of the few 
groups where traits have been described for thousands of species and they have 
been very well researched (see, Usseglio-Polatera et al. 2000 and Bonada et al. 
2006 and references therein). Furthermore, the approach of combining traits 
into LHS or other relevant categories (i.e. to determine community sensitivity 
to a particular stressor) has provided promising results (Chapters 3 and 5) (see 
also Verberk et al. 2008a; b, 2010, 2013 and references therein). Because 
functional composition is not strictly associated with species composition it 
allows for the comparison of geographically separate populations (Chapter 3). 
This offers the potential for information relating to environmental drivers of 
agricultural communities to be shared between different regions, countries or 
even continents. 
 Secondly, the premise that a high level of taxonomic expertise is 
required for trait-based approaches is not really an obstacle when considering 
that a certain level of expertise is already necessary to identify invertebrate 
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species. Moreover, there is a high level of trait detail available in existing trait 
databases for aquatic invertebrates. However, care is certainly needed when 
selecting the sets of traits to analyse and determining which are most 
meaningful to a given situation. For example, species sensitivities to specific 
pesticides may be used if the impact of pesticide application rates are of 
interest. Such investigatory analysis is integral in determining the impact of 
further land use intensification and habitat loss on aquatic biota. Moreover, the 
interconnectedness of aquatic communities necessitates an understanding of 
how stressors influence different fractions of the community e.g. vegetation, 
microbial communities, diatoms, invertebrates, fish and birds. Thus conclusions 
on the ecological consequences of land use intensity should be based on 
multiple components of the biological community to facilitate the development 
of successful management strategies. 
 
Habitat restoration 
 
Invertebrates in drainage ditches are intrinsically linked to the availability of 
plant habitat (Chapters 2 and 3). Many ditches in the province contain little in 
the way of submerged vegetation and are often dominated by free floating 
species, such as duckweed (Lemna sp.) or the aquatic fern (Azolla sp.). Van 
Zuidam and Peeters (2012) demonstrated that cutting negatively impacted two 
common species of submerged macrophyte (Potamogeton lucens and P. compressus) 
and showed that regular cutting stunted below ground growth of plants. 
Furthermore, the closer to the sediment layer plants were cut and the frequency 
of cutting increased the incidence of plant mortality (van Zuidam & Peeters 
2012). Clearly taking measures to reduce the frequency of vegetation cutting 
would help restore submerged vegetation and overall biodiversity. This could 
be approached in different ways, for example in ditches where clearance is 
necessary vegetation could be cut at varying the depths, in ditches where the 
clearance is not so important removal could be rotating to occur every second 
year and most significantly some ditches could be left unmanaged to undergo a 
process of natural terrestrialisation.  
 Vegetation removal is clearly affecting plant communities in the 
province but other factors are important too. Eutrophication and the inlet of 
mineral rich riverine waters are known to alter abiotic conditions in polders, 
this is particularly true in the case of peat environments (Roelofs 1991; Lamers 
et al. 2002; Smolders et al. 2006; Geurts et al. 2009). In agricultural wetlands peat 
soils are rapidly degraded, resulting not just in loss of habitat but also creating 
an expensive management problem, as the waterways require regular dredging 
to remove accumulated organic sludge. While the effects of eutrophication on 
invertebrates may be largely indirect (via changes in macrophyte habitat and 
epiphytic food quality), eutrophication can lead to harsh conditions, including 
periodic anoxia and the production of toxic compounds like sulphides. These 
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conditions can exclude some species, thereby reducing invertebrate diversity 
(Chapters 3 and 4). Moreover, increasing the productive output of land requires 
a higher input of water, consequently more mineral rich river water is let into 
agricultural polders. Extraction of groundwater resources in the Netherlands 
has altered the hydrology dramatically; leading to the problem of desiccation 
(termed ‘verdroging’, in Dutch) which has been recognised as a serious 
environmental problem facing the country since the 1980’s (van Ek et al., 
2000). While the influence of eutrophication on North Holland’s aquatic 
invertebrate community has been further exacerbated by abiotic conditions 
becoming more similar between soil type regions (Chapter 5), where once 
differences had existed (van der Hammen 1992).  
 
Wetland management 
 
Under the Ramsar convention a wetland is defined as“ areas of marsh, fen, peatland 
or water, whether natural or artificial, permanent or temporary, with water that is static or 
flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide 
does not exceed six meters” (http://ramsar.wetlands.org).  Presently the peatlands of 
North Holland are managed under either low or high intensity agriculture and 
their water levels are kept artificially low, therefore they are not being managed 
as wetland environments. Consequently, there is a high rate of peat degradation 
occurring in these areas (Chapter 1). Recognizing the value of these wetland 
environments as remnants of what was once the dominant soil type in the 
province is a critical first step. To abate further degradation of the peat soil 
these areas need to be managed as wetland systems with flexible water tables, 
moving towards increased internalization of hydrology and decreasing the inlet 
of mineral rich river water. Such measures offer the best chance of reducing 
further peat soil degradation, stabilising the biological communities and 
increase the ability of these wetlands to perform valuable services including 
nutrient removal and water retention (Janssen et al. 2005). 
 
The value of hydrologically isolated ditches 
 
This thesis has reviewed some of the various environmental drivers responsible 
for structuring an unstable ‘house of cards’, drainage ditch ecosystem. The 
inevitable question then arises, what measures can be taken to stabilize this 
ecosystem? During the course of this research it became clear that the majority 
of monitoring sites in North Holland’s network of drainage ditches are 
relatively large, easily assessable waterways. These larger ditches have a high 
degree of hydrological connectivity and are more likely to experience abiotic 
variations as a result of the inlet of mineral rich river water. Thus much of the 
monitoring data is collected from disturbed sites in the system and the true 
regional diversity of North Holland may currently be underestimated. The 
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habitat value of ditches which are either semi-isolated or completely isolated 
hydrologically must be recognized by water managers. These waters provide 
protected habitats which are more likely to have relatively stable abiotic 
conditions and a well-developed macrophyte community. Furthermore, the 
highest density of these ditches can be found in peat environments and 
different pockets of habitat will differ slightly in abiotic and vegetation 
characteristics and thus invertebrate species composition. If managed correctly, 
a network of small habitats can be protected which all together support a 
greater diversity of fauna, similar to what has been reported for ponds and 
small lakes (i.e. Williams et al. 2003; Scheffer & van Geest 2006). Semi-isolated 
and isolated ditches need to be protected and monitored more closely to 
determine the true pool of species in the region. This information will be 
invaluable in assessing the role of isolated habitats in providing source 
populations from which species emigrate and re-colonize ditches which 
experience regular abiotic and mechanical disturbances. 
 Ultimately, the importance of vegetation and the inlet of mineral rich 
river water are reflected in both invertebrate and benthic microbial 
communities (Chapter 4). These are fundamental drivers of drainage ditch 
ecosystems, particularly in remnant peatlands, and must be managed 
accordingly. In addition, determining the processes of dispersal and 
immigration (i.e. meta-community dynamics) are fundamental to the effective 
management of aquatic biodiversity in North Holland’s agricultural landscape. 
 
Conclusions 
 
This thesis provides an overview of the interrelationships between different 
fractions of the drainage ditch ecosystem in North Holland’s intensively 
managed agricultural wetlands. A substantial decline in invertebrate diversity 
was described, concomitant to the decline in submerged macrophyte diversity 
in the remnant peatlands of the province over recent decades. The 
accumulation of degraded peat sediments is the most likely cause of this 
collapse. This has demonstrated that there is a strong influence of submerged 
macrophyte loss on benthic invertebrate assemblages. Furthermore, both 
taxonomic and functional insect composition reflected variations in emergent 
vegetation structure and peatland eutrophication.  Likewise, benthic microbial 
phospholipids were correlated with aquatic insect composition and patterns of 
submerged and emergent vegetation growth and, more importantly, provided 
additional information on specific environmental factors driving the 
biodiversity in ditches, namely bicarbonate and sulphate concentrations in 
peatlands. The review of regional monitoring data in the three main soil type 
regions (sand, clay and peat) illustrates the significant influence of abiotic 
variability in structuring macroinvertebrate taxonomic and functional 
composition in the landscape. Thus eutrophication is operating as the primary 



Chapter 6 

136 
 

environmental filter on invertebrate communities, while habitat structure 
(vegetation) operates as a secondary filter, driving taxonomic and functional 
community composition within ditches. A high degree of hydrological 
management in combination with intensive land use are underlying biodiversity 
patterns in the province. Fortunately, with the large number of ditches and 
canals in North Holland’s landscape there is good potential to provide the 
habitat necessary to support a diverse range of aquatic biota. 
 


