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Six-spot Burnet moths, a characteristic grassland species.
Source: Butterfly Conservation Ireland 



Abstract
European grasslands have undergone major changes in recent history. The development of more efficient and productive agricultural practices has intensified land-use and caused changes in the environment.  These changes and the effects of climate change have caused plant communities to lose biodiversity as plants with high productivity are enabled to outcompete other species. In this review an overview of the effects that this biodiversity shift have on arthropods is presented. Additionally a meta-analysis was conducted to provide an oversight of studies recording arthropod diversity in grasslands and the differences in diversity between areas of intensive and extensive land-use. This analysis is interpreted as confirming the positive effects of extensive land use on arthropod abundance. Arthropod richness could not be positively associated to extensive land-use.
In light of these results information and theories from articles and papers addressing arthropod diversity and how land use influences the arthropod community is presented. These include the effects of plant diversity, host services of plants, vegetation structure and architecture, vegetation succession and genetic variety of plants on arthropod diversity. Finally I discuss the effect of data analysis and processing of the reviewed papers, differences in methodology and sampling in these studies and analyse the value of using land-use type as an indicator for biodiversity differences.
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Introduction

In the past century semi-natural grasslands in Western Europe have undergone large changes. Small-scale extensively used lands have been developed into large efficiently producing agricultural fields. The developments in agricultural practices and the re-arrangement of landscape are being recognized as detrimental to biodiversity for the entire grassland ecosystem. Most notable are recent studies finding that arthropod biomass in such grasslands has decreased by as much as 76% (Hallmann et al., 2017). This study indicates that changes in land-use and climate change have caused this decline. Arthropods have a valuable role in ecosystems as top-down regulators on i.e. vegetation and micro fauna as well as bottom-up regulation as a food source for a wide array of predators. Furthermore they provide essential ecosystem functions as pollinators and seed-dispersers (Ollerton et al., 2011, Lengyel et al., 2010). Naturally the aforementioned decline in arthropod biomass and diversity is worrying as all these ecosystem functions are threatened to be lost. It is therefore important that the underlying causes for this decline are untangled and countermeasures to improve diversity are assessed. Plants often act as an intermediate between the abiotic environment and the arthropod community. Furthermore plant diversity is often found to correlate to arthropod richness and abundance (Bennett and Gratton, 2013). Thus plant communities  provide valuable information to assessing land-use effects on arthropod communities. 


Dutch grasslands and trends occurring in North-western Europe regarding grasslands: Land-use changes, climate change, community changes
To understand the degradation of arthropod communities it is important to provide context by addressing the vegetation changes that form the arthropod habitat. Semi-natural grasslands provide such habitats for many arthropod taxa and via a wide variety in characteristics. Of these characteristics biodiversity, biomass, density, nutrient content and growth timing have been greatly influenced by climate change and other environmental factors (Thuiller et al., 2005, Rose et al., 2012, Cleland et al., 2007). Generally grasslands in the North-Western Europe are experiencing the same set of changes. Nutrient-poor grasslands which were extensively grazed have been decimated (Bullock et al., 2011) and have been replaced by arable or nutrient rich grasslands. Increased Nitrogen, Phosphorous and Potassium from artificial fertilizers and atmospheric deposition have driven the changes in nutrient availability and caused large plant biodiversity losses (Billeter et al., 2008, Tilman and Isbell, 2015). Fertilizers facilitate plants which are able to rapidly process high amounts of nutrients. Coincidentally plants which are unable to do so are being outcompeted in both access to nutrients as well as access to light (Hautier et al., 2009).

In addition, climate change has affected grasslands via increased temperatures and increased atmospheric CO2 concentrations (Menzel, 2003, Cleland et al., 2006). A combined effect of these changes causes higher productivity in plants but at the cost of biodiversity (Ziska et al., 2004, Thuiller et al., 2005). Similar to the effect of fertilization, plants which are unable to capitalize on the increased availability of resources are outcompeted (Yang et al., 2011). Thus enhancing the competitive advantage gained from eutrophication.

Moreover to accommodate high-yield grass species, land users have drained fields. While low water levels occur frequently in natural grasslands, drained grasslands maintain a stable, low groundwater level. This causes Carex, Rumex and other grassland species that have specialized in anoxic, wet environments to disappear since they require high groundwater levels to survive. This then eliminates competition for the targeted crop species and enables high production.

Another land-use change stems from the issue that mass-cultivated crops, such as high-yield grass, are vulnerable to diseases and pests. This vulnerability is enlarged by the genetic homogeneity of the plants that are grown for commercial use. In the past decades, genetic modification of crops has been able to subvert this problem. Via genetically modified resistance crops could be protected from damage by pesticides. These pesticides, however, have caused a direct decline in biodiversity of non-resistant plants. Furthermore non-target arthropods that supplied ecosystem services that benefitted plant diversity are now unable to do so (Goulson, 2013). This furthers the negative impact of pesticides on biodiversity. 

Essential are the changes in grassland disturbance by grazing and mowing. In traditionally managed extensive grasslands disturbance occurred either annually by haying the fields or by small groups of livestock. This land-use regime allowed plants that are unable to cope with high disturbance to persist (Marini et al., 2008). At the same time the grazing and/or haying regime also ensures that there is a constant siphoning of nutrients from the fields. This accommodates plants specialised in low-nutrient environments by preventing a build-up of nutrients by organic material (Maron and Jefferies, 2001). In the case of grazing regimes this process is amplified by the food preferences of livestock. Fast-growing plants generally contain higher amounts of nutrients and may encounter trade-offs for their rapid growth in having a decreased resilience to grazing (Grime and Mackey, 2002). This makes fast-growing species more attractive for grazers. Similarly, grazing and mowing delays or prevents succession from occurring. Saplings of trees and bushes are being grazed before full development maintaining the dominance of grassland species.

Finally, habitat fragmentation has increased drastically in the past decades (Tilman et al., 2001). Reorganisations of land ownership have led to land-users obtaining larger joined pieces of land, instead of the previous smaller and more scattered fields. This resulted in landowners removing the tree-lanes and shrubs that were used to define borders between lands. Furthermore, more semi-natural grasslands were claimed for intensive agricultural use, decreasing the size of extensive grasslands and separating these even further. As a result, plant communities became smaller and more isolated causing extinction risk by stressors to increase (Kuussaari et al., 2009), and making it harder for plant communities to recover after a population decrease (Uematsu et al., 2010).   

In summary, these environmental factors combined are thought to have caused biodiversity shifts from species using stress-tolerant survival strategies towards species using competitive survival strategies (Grime 1988). This has resulted in distinct differences in vegetation types between grasslands that are intensively used for agriculture and grasslands that have been used extensively. Which is affirmed by increasing plant-biodiversity in nature-reserve grasslands while comparable agricultural grasslands have shown no biodiversity improvement (de Snoo et al., 2012). Grassland characteristics like biodiversity are found to have significant effect on the quality and diversity of arthropods as a habitat (Haddad et al., 2009). It is important that they are taken into account when arthropod communities are studied as they impact results. This paper therefore provides an overview of the effect of changing vegetation characteristics on arthropod communities so they can be taken into consideration when such arthropod communities are studied.



Implementing vegetation characteristics to estimate and review developments in arthropod communities
Since vegetation communities in North-Western Europe are changing drastically, arthropod communities changes are expected to follow. It is therefore necessary to integrate vegetation developments into studies that aim to estimate and review arthropod community developments (Hutchinson, 1959, Root, 1973, Hunter and Price, 1992). Literature studies summarizing developments of arthropod families in grasslands and local diversity studies of arthropod communities are abundant. It is only recently that a detailed study on arthropod community structure changes as a result of plant biodiversity was made (Ebeling et al., 2018). This, and similar other studies, integrate plant biodiversity via generic parameters e.g. species richness, taxonomic diversity and abundance. However, more detailed information about how plant communities are changing is available. This information can be very useful when combined with previously mentioned studies to give precise estimations of how local arthropod communities will develop.

This study aims to present an integrative overview of the current scientific knowledge of plant diversity developments and of local plant habitat effects on arthropods and their communities.
Ideally I would focus on how differences in European grassland land-use translate to diversity differences in arthropods. There is a vast spectrum of factors involved in both the changes that grasslands undergo and how they affect arthropods. As a result this review is limits land-use into an extensive and intensive category. Within this scope I aim to address land-use effects by applying information on vegetation changes as a result of land-use type on comparable grassland communities in Europe. This information is then discussed in light of current scientific knowledge on plant-invertebrate interactions on how to summarize and estimate biodiversity differences between grasslands. In these circumstances I hypothesize that, in accordance to the Resource Specialization Hypothesis (Southwood et al., 1979, Strong et al., 1984), high plant biodiversity creates a high variety in spatial and temporal niches for arthropods. Extensively used grasslands generally have a higher biodiversity (de Snoo et al., 2012) and provide more niches for arthropods. Thus, I expect to see higher invertebrate diversity in extensive grasslands compared to intensive grasslands. 


Methods

Review methods
In order to gather data and information for the meta-analysis of arthropod biodiversity I conducted research using databases from Web-of-Knowledge (http://apps.webofknowledge.com/). At first the Web of Science Core Collection was used to gather articles. For this search the key words “(plants OR plant) AND (diversity OR richness) AND extensive AND (grasslands OR grassland) AND Europe” and “(arthropod OR arthropoda OR arthropods) AND (diversity OR richness) AND (grasslands OR grassland) Europe” were used. Since the latter search term provided more relevant articles, it was decided that these terms should be studied more elaborately. This was done by including articles from all databases available on Web-of-Knowledge. These search terms provided respectively 58, 38 and 115 search results. 

From these results I selected articles that contained information on arthropod diversity developments in European grasslands. I then refined the selection to articles that were digitally available. After this selection procedure a total of 117 articles were found to be relevant. Articles were then summarised in a separate datasheet and  biodiversity data from empirical studies were extracted for further analysis. In particular information on species richness and arthropod abundance was selected, since these parameters were commonly measured. The parameters were then adjusted for study duration. 

In detail, the articles which were analysed consisted of a variety of studies. Generally these studies covered one or more taxonomic groups of arthropods in local and/or national grasslands. These analyses were aimed at biotic and abiotic effects on arthropod communities e.g. grazing/mowing regimes, habitat diversity and climate change. This analysis resulted in information on characteristics of arthropod communities, data of the developments within these communities and an assessment of the influence of the studied biotic and abiotic factors. 

From the gathered data on species richness and abundance an analysis was made to depict differences between extensive and intensive land-use. To do so studies which measured these arthropod community traits in both land-use types were clustered and compared. These measurements where then depicted in two sets of graphs. The first set (Figures 1a & 1b) consist of 
X-Y graphs visualising differences between extensive and intensive land-use for the two biodiversity parameters. Since small-scale arthropod diversity studies were overrepresented in the database it was decided that a Log-transformation would provide a more accurate view of the comparison.
In the second set of graphs I assessed the frequency of arthropod diversity found in the analysed studies. The frequency of the abundance and richness of these communities was then compared between extensively and intensively used land (Figures 2a & 2b).

For all analysis I considered the quantity of studies recording arthropod diversity was low. For the pairwise comparison 10 and 17 datapoints and for the frequency analysis between 13 and 40 datapoints. Therefore I refrained from using a statistical analysis as its results would not provide insightful information. Abundance and richness in the pairwise comparisons were also found to be underrepresented in the higher end of the spectrum. The axis were therefore altered to a logarithmic scale to clarify trends in the dataset.




















Visual representations of meta-data from studies measuring arthropod diversity parameters in fields under different land-use.
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[image: ]Figure 1b   
A pair-wise comparison of arthropod richness
between fields of intensive and extensive use measured in the same study. The line represents values in which X=Y. Points above the line represent studies in which diversity in extensive land-use is higher than intensive land-use while points below represent the opposite.

Figure 1a  
A pair-wise comparison of arthropod abundance
between fields of intensive and extensive use measured 
in the same study. The line represents values in which
 X=Y. Points above the line represent studies in which 
diversity in extensive land-use is higher than intensive 
land-use while points below represent the opposite.  


[image: ]Figure 2a
An overview of the amount of arthropod abundance found in each study by proportion of studies. Studies are categorised for land-use and clustered per 1000 individuals found. A Log-adjusted trendline was added for studies measuring abundance in intensively and extensively used lands to more clearly present abundance differences.

[image: ]Figure 2b
An overview of the amount of arthropod richness found in each study by proportion of studies. Studies are categorised for land-use and clustered per 100 species found. A Log-adjusted trendline was added for studies measuring abundance in intensively and extensively used lands to more clearly present richness differences.





















Findings & Interpretation of the meta-analysis

Meta-data findings on land-use and its relation to arthropod diversity parameters
In the meta-data analysis I found 10 studies measuring arthropod abundance in both types of land-use (Figure 1a). Of these studies one study found a similar arthropod abundance in intensively used land, 4 studies found similar abundances between both land-use types and 5 studies found a higher abundance in extensively used land.
For arthropod richness I found 17 studies presenting arthropod richness in both land-use types (Figure 1b). Of these two studies found arthropod richness to be higher in intensively used land, 11 studies found similar richness and 4 studies found higher richness in extensively used lands. 
Furthermore, considering all data, it was found that a high arthropod abundance is more frequently recorded in extensively used lands (Figure 2a). High species richness was reported equally frequent between both land-use types.
Following the findings of the meta-data the next step is to discuss the causes of the higher arthropod abundance and richness in extensively used grasslands (Figures 1a & 1b). This discussion further includes why this increased diversity was more frequently reported in case of increased abundance but not for increased species richness.


Increased arthropod diversity and its causes in extensively used grasslands. 
Generally, the findings in the meta-analysis support the idea that extensive grasslands support more diverse arthropod communities. There are a multitude of potential causes for a diversity dichotomy between land-use types. These causes and how they affect diversity are discussed in the following paragraphs and aim to aid in interpreting and provide context to the studied dataset.

Vegetation composition differences between land-use types.
As discussed in the introduction, plant communities are changing drastically as a result of environmental changes. The pace of these changes differs significantly between extensive and intensive land-use. One of the most striking differences is the difference in plant diversity (de Snoo et al., 2012). Multiple studies have shown that high floral and vegetation diversity is associated with high arthropod diversity (Hegland and Boeke, 2006, Scherber et al., 2010, Haddad et al., 2009). More specifically, common-garden experiments have found that different flowering species attracted different arthropod assemblages. Plots with high biodiversity offer a larger variety of pollen and nectar, through longer periods of time (Bennett and Gratton, 2013). For multiple groups of pollinators high plant diversity was also found to have a positive effect on arthropod species richness. Again, this was attributed to increased plant diversity causing a larger variety spatio-temporal niches (Venjakob et al., 2016). For herbivorous arthropods a similar pattern of positive correlation with plant biodiversity was found (Scherber et al., 2010, Haddad et al., 2009). Omnivorous and carnivorous arthropods species richness did increase with high plant diversity (Haddad et al., 2009, Scherber et al., 2010). But rather than a direct effect of increased plant species richness predatory arthropod diversity was found to increase with an increase in predator abundance (Haddad et al., 2009). 

Beside the bottom-up effects of plants, they also provide services as hosts for larvae and eggs of arthropods. In this perspective similar trends occur. Plant biodiversity loss due to eutrophication caused Lepidoptera species with host-plants in eutrophic habitats to sustain a more stable population while species with host-plants in other habitats declined (Kuussaari et al., 2007). 
Furthermore host plants for Lepidoptera larvae are a primary cause of population thresholds. If host plants are unable to maintain a stable population, due to fluctuating environments, dependent butterfly populations will decline accordingly (Bubová et al., 2015). 

Furthermore the loss of vegetation richness and high grazing pressure/intensive mowing causes a loss in structural diversity. It is valuable to see vegetation structure as a separate determinant of arthropod biodiversity instead of a component of plant biodiversity. This is because structural diversity is not only affected by the amount of species and their heterogeneity in morphological traits but also by species that have, for example, multiple phenological growth forms or species that are resilient to high grazing pressure or mowing. Considering the effect of vegetation structure it was found that structurally complex habitats could support more diverse arthropod communities (Reid and Hochuli, 2007, Nagy and Kisfali, 2007). In more detail, Orthopteran species richness has benefitted from diverse vegetation structures by extensive land-use. Tall vegetation patches provide refuges for less-mobile species when surrounding patches are being grazed or mown. On the other hand it was found that newly-grazed patches provide suitable habitats for nymphs (Kenyeres and Szentirmai, 2017). This was reaffirmed by Korosi et al. (2012) and Pywell et al. (2004) who also found that arthropods increase in species richness and abundance in complex vegetation structures. They established that heterogeneous vegetation provides a larger potential surface for colonisation and more places to feed, lay eggs, rest and overwinter. Heterogeneous vegetation structure therefore adds spatial niches for arthropods similarly to the way vegetation diversity does (Woodcock and Pywell, 2010). This same effect was affirmed by findings of increased functional diversity of Lepidopterans in response to heterogeneous vegetation structure (Aguirre-Gutierrez et al., 2017). 

Another aspect of vegetation structure lies in successional changes. As grasslands develop bushes and small trees slowly encroach these areas leading to forestation. These forested areas provide new habitats for arthropods but are also causing a negative influence on diversity (Bubová et al., 2015, Slancarova et al., 2015). In Lepidoptera, for example, it was found that diurnal species richness benefitted from the availability of extensive grasslands. But nocturnal Lepidoptera decreased in species richness in the same grasslands (Baur et al., 2006). In particular specialist Lepidoptera species are affected by changes in succession and their vegetational compositions (Poyry et al., 2006). 
Causal to these declines in species diversity is the competitive advantage of tall vegetation. When shrubs encroach grasslands they overgrow shorter grassland species and restrict light availability.
As a result plant diversity decreases and a smaller variety of host-plants becomes available for arthropods (Koch et al., 2015). While shrub encroachment is halted by intensive grazing/mowing regimes it can be argued that intensive land-use promotes succession. It does so by negating nutrient limitations that later successional stages have because of their higher primary production (Menge et al., 2012).

Finally it is necessary to address the effect of land use on the genetic composition of vegetation.
The genetic composition of vegetation is closely linked to environmental changes. As a species’ populations shrink so does its genetic variety. As a result the negative effects of intensive land use on plant biodiversity also affect genetic variety negatively. Eutrophication, high disturbance and fragmentation of the landscape as a result of intensive land use have caused a competitive advantage for high productive, durable species. The genetic composition and variety of previously established species is then lost. Fragmentation of natural grasslands isolate plant populations and their genetic pools. High disturbance via intensive grazing/mowing regimes supress plant flowering and genetic recombination (Last et al., 2014). Genetic diversity is important to consider since they have a direct effect on arthropod diversity. Multiple studies by Bailey et al. (2009), Ferrier et al. (2012) and Brunbjerg et al. (2018) found that genetic diversity within host plant species positively correlates to arthropod diversity. It should therefore be taken into consideration that arthropod diversity declines before decreases in plant species richness can be determined. 


Land use types and the frequency of studies reporting high biodiversity.
As mentioned before the vast majority of the articles regarding arthropod diversity conclude that extensive land-use regimes provide benefits on multiple levels. However, the meta-analysis that is conducted in this review did not provide a distinct pattern for these conclusions. In particular the analysis suggests that land-use did not affect species richness significantly (Fig. 2b). On the other hand arthropod abundance was found to be higher in extensive land use (Fig. 2a). Given these results it becomes necessary to evaluate the differences between these articles and this review and to discuss the causes of these discrepancies. The general consensus in these articles support the patterns in the X-Y comparisons and the proportional overrepresentation of high abundance in extensive grasslands. Therefore I focus first on the potential causes of why species richness was not more frequently reported to be higher in extensive grasslands.

The proportion of articles studying arthropod diversity providing general biodiversity statistics/data. 
The first possible cause lies in the dissonance between the aim of this review and the articles from the library. The aim of many of these articles was to immediately interpret and analyse the found data. While these articles were highly relevant in adding information for this review, many of their results were consisting of more statistically or analytically processed data. This led to large difference in analysis-types for many of the articles and made it difficult to find overlapping, comparable parameters suitable for meta-analysis. In this paper I was able to use between 11% and 35% of the 117 articles for analysis. Most articles did provide appendixes containing a raw lists of fieldwork data citing each individual sample. For a more extensive study on this subject I would therefore recommend that the author calculate these parameters to gain a more complete dataset.

Sampling method, timeframe and seasonality of sampling in the studied articles.
Secondly the wide range of methodological approaches in the studies used for meta-analysis stands out. It was the aim of this review to minimise these effects by adjusting the data for duration of the study in which the samples were taken and only selecting papers researching diversity in both land-use types. There were, however, large differences in the methodology of the articles. For the pairwise comparisons these differences were mostly negated but the frequency analyses were particularly affected. Studies ranged from analysing more than 50 years of gathered data (Franzen and Johannesson, 2007) to sampling periods of weeks. This adds to a difficulty in comparability between studies since over this timespan arthropod diversity has changed drastically (van Strien et al., 2019). There were also differences in the seasonal periods when samples were taken. Measurements taken as early as in March (Knop et al., 2006) until as late as November (Fadda et al., 2008). At the base of these differences stands the aim of many of such studies. To be able to reasonably measure effects of land use on arthropod diversity, studies have focussed on limited taxonomical groups. Most of these groups have a limited period in which they can be sampled or when diversity is the highest. Therefore comparing such a variety of studies may increase the variety in biodiversity response and decrease the accuracy of the analysis.

It is also valuable to approach the similarities in richness frequency between land use types from another angle. Extensive land use and high plant diversity does not unequivocally lead to high arthropod diversity. This may originate from the fact that this review has aimed to make a dichotomy between intensive and extensive land use that in practise is hard to define. Land usage has been categorised as extensive when grazing or mowing has been reduced to once or twice a year and later in the growing season or because of an absence of fertilisation or water drainage. But the context in which this extensive land use is practised is crucial. The surrounding landscape and activities play a vital role in how vegetation and arthropod communities develop. Atmospheric nitrogen deposition, for example, varies throughout Europe (Dentener et al., 2006). On the regional level nitrogen deposition is highest around urban and industrial areas (Guerreiro et al., 2014). Since nitrogen oxides have a distribution fall-off when further from the source (Fournier et al., 2004) large differences in atmospheric deposition may occur when comparing a variety of grasslands throughout Europe. It could therefore be possible that eutrophication occurs in such quantity that differences in land use may become less important for vegetation composition. Furthermore it is important to consider that the size of the sampled grassland differed considerably. As a result effects of habit fragmentation may vary across the reviewed articles. 

Another aspect of the distinction between extensive and intensive land use that is not accurately represented is diversity within these land use types. Spider species were found to be unaffected by extensive grassland use, as certain extensive grasslands still lack the structural diversity required to sustain a diverse population (Knop et al., 2006). Furthermore it was found that the regularity of mowing regimes within the context of extensive land use has great impact on vegetation diversity (Pruchniewicz, 2017). And a total abandonment of these grasslands proves to have an adverse impact on butterfly, beetle and bumblebee diversity while being beneficial to certain species of heteropterans and grasshoppers (Walcher et al., 2017, Slancarova et al., 2015, Fadda et al., 2008). Different taxonomical groups of arthropods are thus dependant on different land use aspects and show different biodiversity responses to similar land use types.

Lastly the time it takes to translate improvements in plant biodiversity into arthropod community developments. The vegetation traits that are required to sustain a diverse arthropod assemblage such as diverse architecture may take up to 4-20 years to fully develop (Davis and Utrup, 2010).



Concluding remarks

Ultimately I have aimed to present a wide variety of explanations for the current decline in arthropod diversity and its relation to vegetation and plant traits and composition. The value of this information now lies into its application to agricultural and land use practices. Therefore I want to address the practical implications and give a brief summary of how arthropod diversity can best be improved via land use changes.

· Maintain a limited yet constant grazing or mowing regime late in the growing season
Grasslands need grazing to prevent secondary succession of shrubs and trees and prevents species becoming dominant. Furthermore grazing provides structural diversity that a diverse arthropod community requires.
· Increase structural diversity of vegetation within grasslands
Patches of tall vegetation and small shrubs function as refugia for insect during mowing/grazing and allow for plant species less tolerant to disturbance to survive.
Landscape elements alongside grasslands may also provide these services.
· Increase habitat connectivity
Habitat fragmentation has harmed the resilience of many grassland ecosystems connecting grasslands of similar land-use increases the genetic diversity of vulnerable plant and arthropod species. Strips of tall vegetation or tree rows with underlying vegetation can provide pathways to connect these habitats and improve biodiversity.
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