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Summary

Agricultural intensification may have caused significant declines in plant and 

pollinator diversity and pollination services. Efforts to reduce management 

intensity through the development of novel technologies and funding of agri- 

environmental schemes, particularly organic farming, have often proved 

effective in arable systems. However, little is known about the impacts of new 

technologies and organic farming in grassland systems, despite the widespread 

distribution of intensive grasslands in Europe.

Using experimental plots, at three silage sites in Ireland, I investigated 

impacts of different herbicide types applied using traditional (blanket and spot 

spraying) and novel (automated spot- spraying) techniques on non-target plant 

diversity and production. I found that all herbicides and traditional techniques 

reduced non-target plant diversity. The novel technique did not reduce non- 

target plant diversity. Production levels were unaffected by weed infestation. 

Findings indicate that the effects of herbicides on non-target plants can be 

much more significant than their perceived benefits to production and that 

efforts to reduce their application be encouraged in grassland systems.

I investigated the effects of organic versus conventional farming on insect- 

flower interaction networks; bee and hoverfly diversity, and pollination in ten 

pairs of organic and conventional dairy farms in Ireland. All the networks 

(organic and conventional) were vulnerable to collapse. Nevertheless, organic 

farming provided more flowers, particularly Trifolium  spp., that attracted more 

flower visitors (a higher abundance of bees in particular) and improved 

pollination of a wild plant. Organic farming, though not a solution in its present 

form, can benefit insect biodiversity and insect-mediated pollination.
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At the sam e farm s, I investigated w hether insect- and non-insect polHnated 

forb richness was related to local and landscape factors. O rganic fields 

contained m ore insect-pollinated forbs than conventional fields. Insect- 

pollinated forb richness increased with increasing landscape com plexity, 

w hereas non-insect pollinated forb richness was unrelated to landscape 

com plexity. Insect-pollinated forbs show relationships to landscape com plexity 

sim ilar to those docum ented for m any pollinators, particularly bees, with 

interesting im plications for their m anagem ent. I investigated how hoverfly 

diversity was related to local and landscape factors at the sam e farm s. Hoverfly 

abundance was higher on organic farm s, while species richness was positively 

correlated with floral abundance. H om ogenous landscapes supported higher 

hoverfly diversities locally but there was no interaction betw een farm ing 

system /floral abundance and landscape com plexity for hoverfly diversity. 

Findings illustrate com plex relationships betw een hoverflies, local factors and 

the landscape m atrix that seem to differ from previous findings for bees.

On the same farm s I conducted a sociological survey of 10 organic and 10 

conventional farm ers and related it to the plant richness data. I found that 

organic farm ers, who had m ore positive attitudes to the environm ent and were 

better inform ed about it, had higher biodiversity  on their farm s com pared to 

less positively inclined, less inform ed organic farm ers. Thus, farm er 

environm ental attitudes and know ledge can influence the effectiveness of an 

agri-environm ental schem e.

Intensive grasslands are im portant in m aintaining wild plant and pollinator 

populations, their interactions and pollination in the agricultural landscape. 

How ever, intensive grassland biodiversity is vulnerable to disturbance from  

farm  m anagem ent activities and changes in the landscape matrix.
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Chapter 1

General Introduction



1. General Introduction

1.1. Agricultural intensiflcation and its impacts

In the past fifty years, food production has significantly increased in most 

industrialised countries through the modernisation of farming practices 

(Rundlof et al. 2008). Traditional farming practises, such as mixed farming, 

hay making, extensive grazing and diversified crop rotations, have been 

abandoned resulting in highly specialized farms relying on intensive use of 

external inputs including the use of chemical herbicides, pesticides and 

fertilizers (agrochemicals) (Vanswaay 1990; Osborne & Corbet 1994; Steffan- 

Dewenter et al. 2005; Rundlof et al. 2008) and other management practises 

such as an increase in field size, silage making, high stocking rates, ploughing 

and reseeding (Vickery et al. 2001; Plantureux et al. 2005).

Major declines in farmland biodiversity in most industrialised countries 

have occurred in tandem with the intensification of agriculture (Krebs et al. 

1999; Sutcliffe & Kay 2000) and have resulted in conflict between food 

production and nature conservation interests. Agrochemicals have a significant 

effect on farmland biodiversity by directly affecting organisms both in the 

fields and in nearby habitats (Chamberlain et al. 2000; Carvell et al. 2006) or 

indirectly by altering habitat quality (Sparks & Parish 1995; Hyvonen et al. 

2003) and having knock-on effects at higher trophic levels in the agro

ecosystem (Fuller et al. 1995; Thomas & Marshall 1999). The use of

agrochemicals coupled with the removal and fragmentation of semi-natural 

habitats are two major reasons for the loss of biodiversity in agricultural 

landscapes (Potts et al. 2010). Semi-natural habitats in the agricultural

landscape, such as hedgerows and other types of field boundary, provide a
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diverse flora and habitat structure that can in turn support, or provide refugia 

for a diverse invertebrate fauna (Pollard 1968) including pollinators, natural 

enemies of pests, decomposers and others important in the diet of wild birds 

and mammals (Thomas & Marshall 1999). Other management practises such as 

high stocking densities in intensive grasslands may be detrimental to 

biodiversity as they result in short dense swards which generate little seed 

recourse and offer limited foraging and shelter opportunities for many 

invertebrates (M onis 2000; Plantureux et al. 2005). This chapter will address 

the effects of some of these management practises on plants, pollinators, 

insect-flower interaction networks and pollination in agricultural systems, with 

particular focus on intensive grasslands.

1.1.1. Plants

In the last 40-50 years many plant species associated with lowland farmed 

landscapes in Western Europe have shown marked contractions in geographic 

range and severe declines in abundance (Wilson et al., 1999, Smart et al., 

2000). For example, of the approximately 190 arable plants in The 

Netherlands, 53 are on the Red Data List (Kleijn & vanderVoort 1997) and, in 

Germany, about one-third of the 250-300 arable plants are listed in the Red 

Data Book of Endangered Plant Species (Kleijn & vanderVoort 1997). The 

problem extends to many other countries in Europe (Andreasen et al. 1996; de 

Snoo 1997; Albrecht & Mattheis 1998). In Britain once very common arable 

species, such as Centaiirea cyanus, Ranunculus arx’ensis and Scandix 

pectenveneris, have become extremely rare (Kleijn & vanderVoort 1997) with 

several species including Bupleunan rotundifolium  (thorow-wax) and 

Agrostemma githago (corncockle) probably already extinct (Sutcliffe & Kay

3



2000). Work carried out by the Botanical Society of the British Isles and the 

Nature Conservancy Council concluded that there has been a serious decline in 

less common arable plants in Britain during the past 30 years (Sutcliffe & Kay 

2000). It is not known but there is little reason to suggest that patterns in the 

Irish flora are greatly different (Martin et al. 2007; McMahon et al. 2010).

Many o f the species that are now threatened with extinction were once 

regarded as problematic agricultural weeds or deemed simply to be without 

use, which farmers then sought to eradicate because they reduced productivity 

through resource competition (Sutcliffe & Kay 2000). Now factors such as 

more efficient and prolific fertiliser and herbicide application, the use of highly 

competitive crop/grass varieties, improved seed cleaning, changing 

management techniques (e.g. from hay to silage systems) and cropping patterns 

have lead to a reduction in wild plant abundance and diversity in fields, field 

margins and in the seed bank (Chancellor 1985; Hald 1999; Robinson & 

Sutherland 2002; Walker et al. 2007). The majority of wild plants are now 

confined to field margins where competition is lower due to less efficient 

management (Wilson & Aebischer 1995; Kleijn & vanderVoort 1997; W alker 

et al. 2007). As well as management regime, environmental factors such as 

climate variation between regions (i.e. temperature, rainfall), local factors such 

as altitude and aspect, landscape complexity, soil properties, species-pool in 

the surrounding landscape and crop type can also affect plant species diversity 

and composition (Lososova et al. 2004; Pysek et al. 2005; Roschewitz et al. 

2005; W alker et al. 2007).
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1.1.2. Pollinators

In Western Europe, there has been a general decline across virtually all orders 

of insects (Samways 1994) with many studies linking intensive agricultural 

landscape changes with a decline in insect diversity (Morris 1979; Rushton et 

al. 1989; Vanswaay 1990; Morris & Rispin 1993; Di Giulio et al. 2001; 

Vickery et al. 2001; Andreas Kruess 2002; Steffan-Dewenter et al. 2005). Of 

particular concern are finding which indicate that, in recent years, many animal 

pollinator species have shown serious declines in abundance and marked 

contractions in geographic range in Europe and North America (Williams 

1982; Allen-Wardell et al. 1998; Pywell et al. 2005; Steffan-Dewenter et al. 

2005; Biesmeijer et al. 2006; Potts et al. 2010). Animal-mediated pollination of 

a flower is achieved through the movement of pollen (via the body o f an 

animal) from the male anthers of a flower to the female stigma of another 

flower of the same species resulting in fertilisation. Insects, particularly bees 

(Apoidea), are the primary pollinators of most agricultural crops and wild 

plants (Potts et al. 2010). As an example of pollinator declines, in Germany, 

244 species of all 430 bee species are classified as threatened or rare (see: 

Backman & Tiainen 2002).

Pollination is an ecosystem service which depends on both 

domesticated bee and wild pollinator populations, both of which might be 

affected by a range of recent and projected environmental changes, such as 

habitat loss, invasive species, pathogens and climate change (Potts et al. 2010). 

In this thesis, I focus on the impacts of habitat change through agricultural 

intensification on wild pollinator communities (henceforth referred to as 

‘pollinators’).
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Wild bees require the provision of suitable habitats for all life-cycle 

stages, including nectar and pollen resources, together with mating, nesting and 

hibernation sites (Pywell et al. 2005). The only source of nutrition for adult and 

larval bees is nectar and pollen. A continuous supply of nectar and pollen 

resources throughout the spring and summer months are essential (Steffan- 

Dewenter & Tscharntke 1999; Speight 2008) particularly from nectar-rich 

perennial and biennial species (annual plants, with some exceptions, do not 

generally provide a good supply of nectar and pollen) (Fussell & Corbet 1992). 

Species-rich hay meadows, field headlands and hedgerows are very important 

as hibernating and nesting habitats (Pywell et al. 2005; Speight 2008). 

However, traditional mixed livestock and arable farming, which used to 

provide these resources, have declined and been replaced with monocultures in 

‘increasingly consolidated parcels of land’ (Pyv.'ell et al. 2005). This has been 

coupled with the increasingly intensive management of each land parcel, 

including the greater usage of fertilisers and pesticides/herbicides and 

significant reductions in plant species richness (Pywell et al. 2005). This has 

had major repercussions for pollinators (Potts et al. 2010).

Bumblebees are social insect species which form colonies that contain 

worker bees (Buchmann and Nabhan 1996). Several of the less common 

bumblebee, Bombus, species are today endangered or locally and regionally 

extinct in Western European landscapes, while the more common species 

generally have stable or increasing populations (Rundlof et al. 2008). The 

cause of this difference in rarity between bumblebee species is not clear, but 

has been attributed to differences in species traits such as diet, tongue length, 

range size, foraging range and emergence time (Fitzpatrick et al. 2007; 

Rundlof et al. 2008). Biesmeijer et al. (2006) found that, in Britain and the
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Netherlands, bee species and hoverfly species with narrower habitat 

requirements have experienced greater relative declines. Depending on the 

assemblage and location, pollinator declines were most frequent in habitat and 

flower specialists, in univoltine species, and/or in non-migrants (Biesmeijer et 

al. 2006). In particular, oligolectic bee species (those using few flower taxa as 

food sources) declined significantly in Britain and long-tongued taxa declined 

significantly in the Netherlands (Biesmeijer et al. 2006). Two species of 

bumblebee have become extinct and a further five have been placed on the UK 

Biodiversity Action Plan (BAP) most of which are long-tongued species 

(Pywell et al. 2005). Many of these species are associated with extensive areas 

of unimproved, flower-rich habitat supporting large numbers of flowers with 

long corollas, especially those belonging to the plant families Lamiaceae and 

Fabaceae (Carvell et al. 2006). In the UK, more than 70% of bumblebee forage 

plants were found to have declined, and nearly 30% have shown significant 

declines between 1978 and 1998 (Carvell et al. 2006). Amongst these are a 

number of preferred forage plants for long-tongued bumblebees (e.g. Trifolium 

pratense and Lotus corniculatus) (Pywell et al. 2005; Carvell et al. 2006). In 

Ireland, the distribution of all bumblebee species has declined pre- versus post- 

1980’s (Fitzpatrick et al. 2007). However, this decline was not found to be 

related to species rarity, dietary specialisation or restricted European range size 

but was significantly related to emergence times - late emerging bumblebee 

species showing the greatest declines in distribution (Fitzpatrick et al. 2007). 

These declines are thought to be related to agricultural intensification 

particularly the replacement of hay-making with silage (Purvis et al. 2001; 

Santorum & Breen 2005; Fitzpatrick et al. 2007), which results in earlier and 

more frequent mowing and a reduction in wildflowers.
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In the study by Biesmeijer et at. (2006), based in Britain and the 

Netherlands, bee-dependent plants declined, abiotically pollinated plants 

increased, and plants mainly relying on self-pollination showed an intermediate 

response. It is not clear whether the decline of the plants preceded the loss of 

the associated pollinators; whether the decline of the pollinators lead to the loss 

of reproductive function and then to the decline of the plants or whether the 

plants and their pollinators were both responding to some other factor 

(Biesmeijer et al. 2006). However, it was clear that linked elements in 

biological communities, such as specialist pollinators and the obligately 

outcrossed plants that they pollinate, were ‘declining in tandem ’ (Biesmeijer et 

al. 2006). More generalist species, particularly among the hoverflies (having 

broader feeding habits), were found to have a more robust response to 

environmental change (Biesmeijer et al. 2006). It seems probable that shifts 

similar to those documented for the Netherlands and Britain will be found in 

other parts of northwest Europe (Biesmeijer et al. 2006).

Besides local management effects, changes in the landscape can also 

significantly influence pollinator diversity and, thus, mask local management 

effects. Rundlof et al. (2008) found that both landscape heterogeneity and 

farming practice significantly affect species richness and abundance of 

foraging bumblebees, with higher species richness in heterogeneous landscapes 

compared to homogeneous landscapes and also a higher species richness and 

abundance on organic farms compared to conventional farms in homogenous 

landscapes only. These findings demonstrate the importance of understanding 

landscape context and its importance for highly mobile pollinators. This is 

because, heterogeneous landscapes provide temporal stability in resources 

which is of particular importance to bumblebees, because they are, in contrast
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to honey bees, only able to store nectar and pollen for a few days (Rundlof et 

al. 2008). The bumblebee colony is therefore dependent on a continuous 

availability of resources in its surroundings during the whole season (Rundlof 

et al. 2008).

Few studies have investigated the effects of land-use change on other 

pollinators such as solitary bees and hoverflies (syrphids) (Jauker et al. 2009; 

Meyer et al. 2009). Solitary bee species are so-called because they do not form 

colonies that contain worker bees and so solitary bee females are generally the 

sole provider for individual nests (Buchmann and Nabhan, 1996). This aspect 

of their lifecycle is likely to make solitary bee spccics more vulnerable to 

environmental change than social bees. Adult hoverflies require nectar for 

high-energy hovering flight and females use pollen as a protein source for 

reproduction (Haslett 1989) and so hoverflies are being increasingly 

recognized as valuable pollinators of wild flowers (Gyan & Woodell 1987a; 

Sugiura 1996; Fontaine et al. 2005) and commercial crops (Vance et al. 2004; 

Jauker & Wolters 2008). However, hoverfly life-cycles differ fundamentally 

from bees with no pollen or nectar feeding hoverfly larvae known (Speight 

2008). Therefore, environmental change is likely to have very different 

implications for hoverflies than for bees. In the same way, environmental 

change can impact upon other pollinator groups that have different lifecycles to 

bees such as butterflies (Lepidoptera). Though not important pollinators in 

temperate regions, butterfly responses to environmental change have been 

widely studied and offer valuable insight into plant-pollinator interactions in 

changing landscapes (Potts et al. 2009).
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1.1.3. Pollination and insect-flower interaction networks

Three-quarters of the leading global food crops and many wild plant 

populations are dependent on the pollination services provided by wild, 

unmanaged, pollinator communities (Kevan & Baker 1983; Corbet et al. 1991; 

Free 1993; Biesmeijer et al. 2006; Klein et al. 2007; Potts et al. 2010). Many 

mutualisms between plants and pollinators are tightly coevolved, with plants 

depending on pollinators for sexual reproduction, and pollinators depending on 

plants for floral food resources (Tylianakis 2008).

Among the pollinators, bumblebees possess qualities which make them 

particularly important for pollination of wild flora and crops in areas within 

their distribution range in the northern hemisphere (Fussell & Corbet 1992). 

The yields of many field, fruit and seed crops are greatly enhanced by 

bumblebee visitation (Corbet et al. 1991; Free 1993; W illmer et al. 1994). 

Bumblebees also support a diverse array of symbiotic organisms and fit the 

criteria for designation as keystone species (Power & Scott Mills 1995). 

Solitary bees and hoverflies (and to a lesser extent butterflies) are also 

increasingly being recognised as important pollinators of crops and wild plants 

(Cyan & Woodell 1987a; Sugiura 1996; Vance et al. 2004; Greenleaf & 

Kremen 2006a, b; Jauker & Wolters 2008; Carvalheiro et al. 2011).

Declines in the diversity of pollinators as a result of, for example, 

agricultural intensification, may therefore have disproportionate effects upon 

ecosystems (Goulson et al. 2002) with serious implications for insect-flower 

interaction network structure, plant reproduction (reductions in outcrossing and 

seed set) and plant community composition (Kwak et al. 1991; Steffan- 

Dewenter & Tscharntke 1999; Biesmeijer et al. 2006; Potts et al. 2010). It is 

imperative that these issues are better understood and one method which allows
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characterisation of the stabihty of pollination systems is the analysis of the 

structure of insect-flower interaction networks (Vazquez et al. 2009a). Insect- 

flower interaction networks consist of interactions between communities of 

insects and plants that generally result in mutualistic benefits. Analysis of these 

networks can be used to detect underlying changes to community structure, 

species interactions and ecosystem function (Tylianakis et al. 2007) which can 

help us understand how environmental change is affecting insect-flower 

interactions and the pollination services they result in. This is because the 

structure of networks has been linked to their ability to resist perturbations 

(Pimm 2002). Metrics that describe network structure can allow us to detect 

subtle shifts in entire communities of organisms better than course metrics 

(such as diversity) because network structure is vulnerable to the presence, 

identity, phenology, physiology, behaviour and diversity of species so 

interactions are likely to show changes before a loss of diversity becomes 

apparent (Tylianakis 2008).

Consistent patterns have been found in the structure of mutualistic 

interaction networks despite differences in the kind of mutualism (pollination 

or seed dispersal), geographic location, and identity of the species involved 

(Bascompte et al. 2006). The patterns are as follows (for more details see: 

Vazquez et al. 2009a):

1) Connectance is generally low which means that only a few of the

potential interspecific interactions actually occur (Jordano 1987; Olesen

et al. 2002).

2) There is an imbalance in the number of plant and animal species in

the network in that there is deviation from a ratio of 1:1 in the species
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richness of plants and animals. For plant-pollinator networks the ratio is 

often 1:4 (BlUthgen et al. 2007). The higher this plant:pollinator ratio, 

the better, because insect redundancy is higher w'hich means that the 

network may be more tolerant to insect extinctions (Memmott et al. 

2004b).

3) There is a right-skewed distribution of degree which means that most 

species have few links (one link is defined as when two species are 

observed to interact at least once) and few species have many links 

(Waser et al. 1996; Jordano et al. 2003; Vazquez & Aizen 2003). If the 

majority of species in the network have few links and some of these 

species went extinct, it would not greatly destabilise the network 

compared to if a similar number of the highly linked species were lost 

(Dunne et al. 2002).

4) There is a right-skewed interaction strength which means that most 

links are weak (weak: two species are observed to interact a few times) 

and few links are strong (strong: two species are observed to interact 

many times) (Bascompte et al. 2006).

5) Mutualistic plant-animal interactions are usually asymmetric in 

terms of both degree and strength (Bascompte et al. 2003; Vazquez 

& Aizen 2004; Bascompte et al. 2006). Species with a low degree (i.e. 

specialists) tend to interact with highly connected species (i.e. 

generalists) (Vazquez & Aizen 2004) while strength asymmetry means 

that species with strong effects usually experience weak reciprocal 

effects from their interaction partners (Bascompte et al. 2006). In other 

words, when a plant species depends strongly on an animal species 

(e.g., a particular pollinator species), that animal species depends little
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on that plant (it feeds on a variety of plant species) (Tylianakis 2008). 

This implies higher network stability because if both interaction 

partners depended strongly on each other and one went extinct, its 

partner would be likely to go extinct too.

6) Most mutualistic networks are nested to a certain extent which means 

that there is a tendency of low connected species to interact with a 

subset of interaction partners of highly connected species (Bascompte 

et al. 2003). There are, however, criticisms associated with the concept 

and calculation of nestedness (Dormann et al. 2009; Bluthgen 2010).

7) Many mutualistic networks exhibit some degree of 

compartmentalization or modularity which refers to the existence of 

clearly defined groups of species (compartments or modules) with 

many intra-group links and few inter-group links (Dicks et al. 2002). 

Compartmentalization is a useful a parameter when considering 

invasions by alien plant or animal species into native interaction 

networks (Jordano et al. 2006).

Theoretical and empirical research on interaction network structure can 

provide answers to many key questions (Tylianakis 2008) such as what level of 

species extinction can interaction networks withstand and how can invasion by 

exotics affect network dynamics and stability. Answers to such questions are 

imperative as negative effects from pollinator loss can be cumulative through 

ecosystems with implications for plant community dynamics, associated 

herbivores and other animals dependent on plant resources (Potts et al. 2010). 

There are also direct economic costs to the decline in pollinator diversity 

regarding reduced yields of many entomophilous crops (Potts et al. 2010).
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1.2. The importance of grasslands

G rasslands have been recognised as potential species-rich habitats com posed of 

various types o f plants, anim als and m icro-organism s (Plantureux et al. 2005). 

M ost studies on grassland biodiversity  are relatively recent and have been 

undertaken in species-rich or ‘high biological value’ grasslands (Eakin 1995; 

Plantureux et al. 2005; M artin et al. 2007). Consequently, the biodiversity of 

wet calcareous or alpine grassland is better know n than for intensive grassland 

dom inated by species such as Lolium  perenne  (ryegrass), D actylis glom erata  

(cocksfoot) or Trifolium repens (white clover) (Plantureux et al. 2005). In 

addition, a large volum e o f w ork has been com pleted on the effects of 

agrochem icals and other farm ing practises on botanical and faunal diversity in 

various arable crop system s with m uch less reference to intensive grasslands. 

Yet intensified grasslands are the dom inant type o f grassland in lowland 

regions, representing 3.2 m illion square kilom etres in Europe (or 17% of the 

area farm ed in the EU -12), and frequently, they are the main forage resource 

for grass-based farm ing system s (Plantureux et al. 2005). Indeed, Irish 

agriculture is m ainly based on grass where perm anent grassland accounts for 

the largest proportion (>80% ) of the land used for agriculture (D epartm ent of 

A griculture 2010). This figure is tw ice the proportion o f the EU as a whole. 

The contribution o f agriculture to the Irish econom y, at alm ost 3% of GD P, is 

tw ice that o f the EU average (D epartm ent o f A griculture 2010). G rasslands are 

also econom ically im portant for am enity and tourism  (Jeffrey et al. 1995).

There are still m any species, and even genera and fam ilies that are 

relatively poorly studied in grassland ecosystem s (Plantureux et al. 2005), 

including plants, bees and hoverflies (Santorum  & Breen 2005; Fitzpatrick et
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al. 2007; Cunningham 2009; McMahon et al. 2010). Restoration of grassland 

biodiversity at a large scale throughout Europe raises the question of how best 

to recover biodiversity in these intensive grasslands (Plantureux et al. 2005).

1.2.1. Irish grassland plant communities

The number of vegetation studies of Irish grasslands has been 

disproportionately small (considering the large area of Ireland that grasslands 

occupy) probably because the majority of Irish grassland is considered low 

diversity agricultural grassland (Martin et al. 2007). Research was carried out 

by Braun-Blanquet and Tiixen (1952) and, most notably, O ’Sullivan (1982) 

which contributed greatly to the classification of Irish grasslands based on 

vegetation data collected from a range of grassland habitats. O ’Sullivan (1982) 

showed that the commonly occurring lowland grassland types in Ireland belong 

to the classes Molinio-Arrhenatheretea, Nardetea and Festuco-Brometea (see 

below). Lowland grasslands belonging to these three classes occur commonly 

in the Atlantic and sub-Atlantic regions of Europe where rainfall is fairly 

evenly distributed over the year (O’Sullivan 1982). The Molinio- 

Arrhenatheretea class, which include lowland meadows and pastures on neutral 

soils, was found to be the most frequent group, estimated to cover 65% of the 

land area of Ireland (O’Sullivan 1982). The Molinio-Arrhenatheretea is divided 

into the Arrhenatheretalia elatoris and M olinietalia caeruleae orders 

(O’Sullivan 1982). The Arrhenatheretalia elatoris comprise drier meadows and 

pastures, including improved agricultural fields dominated by Lolium perenne 

and Trifolium repens (O’Sullivan 1982). The Molinietalia caeruleae represent 

wet meadows and pasture communities on clay, loam and humus-rich gley 

soils that are generally not fertilised (O’Sullivan 1982). The Nardetea refer to 

acid grassland communities and were estimated to cover 4.4% of the land area
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of Ireland (O’Sullivan 1982). The Festuco-Brometea represented in Ireland by 

the sole order Brometalia erecti, include dry limestone grasslands on base-rich 

soils, estimated to be the least frequent of the three major classes covering only 

0.3% of the Irish land area (O ’Sullivan 1982).

The majority of other grassland vegetation studies in Ireland have been 

more focused on; a particular region of Ireland, e.g. the Burren (Ivimey-Cook 

& Proctor 1966; O ’Donovan 1987; Keane & Sheehy-Skeffington 1995), 

Leinster (Byrne et al. 1997) or Fermanagh (Eakin 1995); a particular grassland 

vegetation type, e.g. callows grassland (Heery 1991; Tolkamp 2001) or esker 

grasslands (Bleasdale 1998; Tubridy 2006); or semi-natural grasslands 

(O ’Donovan & Byrne 2004; Dwyer el al. 2007; Martin et al. 2007). Survey 

work in eastern Ireland shows that semi-natural grasslands exist as isolated 

fragments within an intensively farmed grassland landscape (Byrne et al. 

1997). There is relatively little knowledge on the vegetation composition of 

intensive grassland swards throughout Ireland. However, we do know that the 

species pool is generally low (McMahon et al. 2010), but there is a wide 

variation in plant diversity between these ‘low nature value’ grasslands with a 

gradation from semi-natural to intensive grassland plant assemblages evident at 

the field scale (Sullivan et al. 2010).

1.2.2. Irish grassland pollinator communities

In Ireland there are currently 102 native species of bee (Fitzpatrick et al. 2006). 

Three are extinct (RE), 16 are critically endangered (CR) or endangered (EN) 

and 26 are vulnerable (VU) or near threatened (NT) according to lUCN 

regional red list categorisation (Fitzpatrick et al. 2006).
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There are 20 species of bumblebee, in Ireland, of which six are cuckoo 

bumblebees (Fitzpatrick et al. 2006). The distribution of all bumblebee species 

has declined in Ireland, pre- versus post-1980’s with late emerging bumblebee 

species showing the greatest declines in their distribution (Fitzpatrick et al. 

2007). These declines are thought to be due to agricultural intensification 

particularly the replacement of hay-making with silage (Purvis et al. 2001; 

Santorum & Breen 2005; Fitzpatrick et al. 2007), which results in earlier and 

more frequent mowing and a reduction in wildflowers. It is thus not surprising 

that bumblebee diversity on intensively managed grassland farms may have 

declined by at least 50% with assemblages being dominated by the B. lucorum  

aggregate (Murray et al. 2008; W olf et al. 2009) and B. pascuorum  (Purvis et 

al. 2001; Santorum & Breen 2005). Cuckoo bumblebees are almost entirely 

absent from intensively managed farms (Purvis et al. 2001; Santorum & Breen 

2005). The west of Ireland (particularly areas around the Burren, the Aran 

Islands and the Mullet peninsula) is richer in bumblebee species number, as 

many of the rare species have been lost from the east of the country possibly 

due to extensive agricultural intensification and urbanization (Fitzpatrick et al. 

2007).

There are 81 solitary bee species in Ireland with many found in the 

south east of Ireland, probably reflecting climactic variation with the country 

(this is not the case for bumblebees, which are less influenced by small 

differences in climate). Approximately 45% of solitary bee species show 

evidence of decline in Ireland, though data is limited for many species 

(Fitzpatrick et al. 2006). Dry calcareous grassland is a particularly important 

habitat type for solitary bee species (Fitzpatrick & Murray 2006). 

Unfortunately little is known about the habitat or ecological requirements of
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the majority of bee species in Ireland, which means that implementing habitat 

and site-based action for those species known to be in decline is extremely 

difficult (Fitzpatrick et al. 2006).

There are 33 resident species and several migrant species of butterfly in 

Ireland (Regan et a l  2010). Of the resident species, one species is extinct (RE), 

six species are endangered (EN) or vulnerable (VU) and five species are near 

threatened (NT) according to lUCN regional red list categorisation (Regan et 

al. 2010). The major factors responsible for the declines of butterflies have 

been the large loss of semi-natural habitats and the intensification of 

agriculture and forestry (Asher et al. 2001) with the loss of species-rich 

grasslands being particularly detrimental.

There are 183 hoverfly species in Ireland, of which three may be extinct 

-  having not been recorded in the last 75 years (Speight 2008). However, 

unlike the case for bees and butterflies, hoverfly species are being added to the 

Irish list at an average rate of one per year (Speight 2008). This is particularly 

relevant for species associated with conifer forests which have increased in 

area over the last few years (Gittings et al. 2006; Speight 2008). There are 50 

hoverfly species thought to be threatened in Ireland (Speight 2008). The 

majority of these threatened species are associated with various oak and 

alluvial forest habitats (Speight 2008). Most hoverfly species associated with 

grasslands are not in decline but may be locally susceptible to certain 

destructive farm management activities (Speight 2008) such as pesticide 

applications, drainage and cutting. It is imperative we understand what plant 

and pollinator diversity remains in intensive grasslands and what factors are 

affecting them so that necessary and effective conservation measures can be 

taken.
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1.2.3. Implications of sward management for biodiversity

At the local field level, several management factors are likely to impact on 

plant and pollinator diversity, such as: use of organic and mineral fertilisers, 

intensive grazing, replacement of hay with silage cutting as the principal 

conserved forage, drainage, use of herbicides and pesticides (e.g. 

antihelmintics), ploughing and reseeding (Plantureux et al. 2005; W oodcock et 

al. 2007). Some of these management activities are explained in the following 

sections.

I.2.3.I. Reseeding and sward composition

In Irish intensive grasslands, the main sown species is LoUum perenne, along 

with about 10% of the total sown area being Lolium multiflorum  (Culleton & 

Murphy 1987). The latter is sown either in monoculture as a specialist silage 

crop or sown as mixtures with L. perenne (Culleton & Murphy 1987). Only a 

small percentage of grassland cover is pure L. perenne yet pure cultures of 

Lolium  have been intensively studied, but not swards of more complex 

botanical composition (Jeffrey et al. 1995). Lolium  does not have any great 

advantage in productivity terms over other species such as Phleum pratense 

and Dactylis glomerata but it has a slightly greater digestibility and a greater 

ability to withstand treading and repeated defoliation (Feehan 2003).

Legumes can contribute greatly to grassland production. In extensively 

farmed areas over sowing swards with Trifolium  spp. (clover) can help reduce 

fertiliser costs (Thomson 1984) as legumes provide the nitrogen required by 

grasses through nitrogen fixation (Jeffrey et al. 1995). Grasses have a high
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nitrogen and relatively low phosphorous demand whereas legumes have the 

reverse (Jeffrey et al. 1995). In addition, concentrations of minerals such as 

Calcium, Potassium and Magnesium in herbs are generally two to four times 

greater than those in grasses (Jeffrey et al. 1995) thereby having the potential 

to improve forage crop quality and herd growth rate (Thomson 1984).

There are two main types of clover found on Irish farms, T. repens 

(white clover) and T. pratense (red clover). White clover can greatly increase 

sward productivity by providing up to 100kg N/ha (Teagasc 2007). A sward 

without clover or artificial nitrogen can grow approximately 5000kg of grass 

dry matter (DM) per hectare per year, which could support a little less than one 

livestock unit, whereas a clover sward will support a stocking rate of 1.5LU/ha 

(Teagasc 2007). Red clover can fix up to 200kg N/ha, twice the potential of 

white clover (Teagasc 2007). When sown with perennial ryegrass it can 

achieve yields of 11,000kg to 13,000kg DM/ha/year (Teagasc 2007). If used 

for silage, it can lift the stocking rate as high as 1.7LU/ha (Teagasc 2007). Red 

clover is a short-term crop, with high production for two to three years, after 

which time it is generally followed by reseeding or a cereal or root crop 

(Teagasc 2007).

However, the productivity of ryegrass-clover swards may not be as 

superior as is commonly thought (Feehan 2004). If artificial inputs are lowered 

(to comply with the Nitrates Directive (91/676/EEC)) ryegrass-clover swards 

need high quality soils to maintain high productivity (Feehan 2004). Under 

conditions of lower input, traditional mixtures perform better (Feehan 2004) as 

they provide increased nutrients for livestock, particularly swards dominated 

by L. perenne, Alopecurus pratensis, Phleum pratense and Dactylis glomerata 

(Feehan 2003). Monocultural pastures provide ideal conditions for weeds.
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notably Taraxacum  agg. (dandelions) and Rumex spp. (docks) which may take 

up a high percentage of the nutrients intended for the grass crop (Feehan 2003). 

Monocultures are by nature associated with a decline in species diversity 

(Feehan 2003). A fertilised, well drained sward seldom has more than ten to 

twelve plant species dominated by L. perenne and Trifolium repens, whereas a 

semi-natural grassland might have upwards of fifty (Feehan 2003). Therefore, 

besides grazing animals deriving a higher quality, more balanced diet, from 

species-rich swards, these swards can potentially decrease pollution and 

enhance biodiversity (Feehan 2004).

1.2.3.2. Chemical pesticides

Many undesirable wild plant species associated with agriculture are known as 

weeds. Weeds are considered to be an important constraint in some agricultural 

production systems (Oerke 2006) and so the introduction of herbicidal control 

of weeds in the 1940s was a major part of post-W orld W ar II agricultural 

intensification (Bastiaans et al. 2008). Weeds act at the same trophic level as 

the crop, capturing a part of the available resources that are essential for plant 

growth and, if left unchecked, may result in a reduction in crop yield 

(Bastiaans et al. 2008). Chemical weed control is, in industrialised and 

developing countries, currently the standard approach to their management, 

with various broad-spectrum and selective herbicides on the market. Most of 

the pesticide chemicals used in permanent grasslands are herbicides for 

controlling forbs and broad-leaved weeds. Also used are insecticides directed 

against soil-dwelling Tipula paludosa  (leatherjacket) larvae, which are a pest in 

grasslands (Plantureux et al. 2005) and insecticides (e.g. ivermectin) for the
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control of internal parasites in livestock, the residues of which can be present in 

dung (Hutton & Giller 2003).

Agrochemicals can have a significant negative effect on farmland 

biodiversity by directly affecting organisms both in the field and in nearby 

habitats (Chamberlain et al. 2000; Carvell et al. 2006; Brittain et al. 2010a; 

Brittain et al. 2010b) or indirectly by having knock-on effects at higher trophic 

levels in the agro-ecosystem (Thomas & Marshall 1999). Repeated use of 

particular chemicals also exerts strong selection pressure on weed flora, with 

consequent shifts in weed communities and selection for herbicide-resistant 

biotypes (Anthony et al. 1998; Andreasen & Streibig 2010) sometimes creating 

serious weed problems in the field and field margin (Sutcliffe & Kay 2000). 

Most of these problem weeds can prosper in the high nitrogen environment 

provided by modern farming (McCloskey et al. 1996). In addition, weeds can 

support biodiversity in farmland and so their eradication may remove important 

resources for insects, birds and other wildlife (Robinson 1961; Chiverton & 

Sotherton 1991; Marshall et al. 2003; Norris & Kogan 2005). In the case of 

pesticides, they can have a direct negative effect on non-target fauna, including 

pollinators (Rands & Sotherton 1986; Longley & Sotherton 1997; Blackburn & 

Arthur 2001; Brittain et al. 2010a; Brittain et al. 2010b). Furthermore, 

chemical pesticides and herbicides applied to farmland are often detected as 

pollutants in aquatic environments including ground water, lakes, rivers, 

estuaries and coastal marine waters (Carson 1962; Steen et al. 1999) and there 

are potentially widespread side-effects on food safety and public health 

(Carson 1962; Ying & W illiams 1999).

Frequently, weeds are insufficiently dense to merit total spraying of the 

field, but as swards are traditionally managed as a single entity with the whole
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field receiving common management (blanket spraying), overuse of herbicides 

can easily occur in conventional farming systems. Consequently, there has 

been much research focused on ways of reducing herbicide usage (Bastiaans et 

al. 2008). These include technological improvements in herbicide application 

technology (e.g. Rice et al. 2002; Brown et al. 2007): machine vision 

technology focussing primarily on machine guidance (Gebhardt et al. 2006); 

plant identification technology used to guide implements accurately along rows 

for inter-row cultivation and plant thinning (Tillett et al. 1998) and targeted 

area spraying (Blair et al. 2002). Such technologies aim to replace existing 

herbicide application methods such as blanket spraying of the entire field 

(leading to an overuse of herbicide, impacts on non-target organisms and high 

economic costs for the farmer) or manual spot spraying of individual weeds 

(which is time consuming for the farmer but potentially reduces environmental 

impacts). Herbicide application technologies have the potential to reduce 

environmental damage caused by herbicides, while efficiently controlling 

weeds and delivering significant cost benefits to the farmer, but little research 

has been conducted on how traditional herbicide application techniques and 

new application technologies compare in their effects on biodiversity. In 

addition, it is unclear how application method affects impacts of broad- 

spectrum and selective herbicides. It is of critical importance to find a balance 

between controlling problem weeds, maintaining production and minimising 

herbicidal impacts on biodiversity and the environment.

1.2.3,3. Fertilisation

Fertilisation results in an increase in nutrient availability for plants (Plantureux 

et al. 2005). In this condition, only a few fast growing plant species can
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compete for light which eliminates less competitive plants and results in a 

decrease in species richness (Plantureux et al. 2005). On the other hand, in very 

poor soils, only a few slow growing species are able to compete for nutrients 

(Plantureux et al. 2005). Consequently, higher biodiversity is usually observed 

for intermediate situations (Grime et al. 2007) where the competition is lower 

and where a large number of mesotrophic species can coexist with some 

oligotrophic and some eutrophic species (Plantureux et al. 2005).

High fertilisation also erodes the humus and general organic content of 

the soil which leads to soil compaction, nutrient leaching, weakening of the soil 

structure and fertility losses (Feehan 2003). This has consequences for 

microflora and macroflora, especially the important endomycorrhizal 

communities and earthworms which play a critical role in the fertility of 

grassland soils (Feehan 2003).

Conversely, soils of well-managed traditional pasture show a steady 

rise in fertility, with experiments in the UK showing an increase of 55%  in the 

level of organic matter in the first ten years (Feehan 2003). This is equivalent 

to an annual increase of one tonne of carbon for every hectare (Feehan 2003). 

The organic matter locked up in the soil is one of the more important carbon 

sinks, as grasslands store as much carbon in their soils as do temperate forests, 

and far more than tropical forests (Feehan 2003). The amount of carbon 

released every year through burning fossil fuels is only a fraction of that stored 

in the soil’s organic matter (Feehan 2003).

With regard to botanical diversity, determining threshold fertiliser 

levels is very complex because of the variety of soil, climate and type of 

fertilisers on the market (Plantureux et al. 2005). From different studies it 

appears that a significant reduction in plant diversity is generally observed
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even for fertiliser levels which are very low in comparison to the normal 

application rates in intensive grasslands (Plantureux et al. 2005). The use of 

fertiliser not only reduces the potential habitats for invertebrates in the sward 

(through a reduction in plant diversity) but the resulting tall and dense 

vegetation also limits access to food by birds (Plantureux et al. 2005).

I.2.3.4. Grazing intensity

Large ruminants can enhance plant diversity at low stocking rates, but decrease 

it at higher rates (Olff & Ritchie 1998). Heavy grazing produces short dense 

uniform swards and the destruction of the sward canopy that generates little 

seed recourse and offers limited foraging and shelter opportunities for many 

invertebrates (Morris 2000; Plantureux et al. 2005). Low stocking rates 

conversely produce patches of flowers, patches of tall vegetation, the 

accumulation of dead vegetation and litter and bare patches suitable for 

foraging and nesting invertebrates (Plantureux et al. 2005), particularly bees 

(Vulliamy et al. 2006). Thus, botanical and faunal diversity is enhanced in the 

grazed sward by selective defoliation due to dietary choices, treading, nutrient 

cycling (via manure deposition) and propagule dispersals (Rook & Tallowin 

2003; Plantureux et al. 2005). This phenomenon occurs after a few grazing 

cycles, even when the initial situation is a homogenous sward (Plantureux et al. 

2005).

An increased complexity of the above-ground vegetation structure 

(often referred to as sward ‘architecture’) is of key importance to both the 

abundance and diversity of invertebrates (Dennis et al. 1998; Morris 2000; 

Woodcock et al. 2009). The presence and availability of structures, such as 

flowers, seed heads, stems and leaves, have been shown to be important for
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many pollinating, phytophagous and predatory invertebrates, as well as insect 

parasitoids (Dennis et al. 1998). The intensification of grassland management, 

in particular multiple silage cuts and grazing, has been associated with reduced 

sward architectural complexity (W oodcock et al. 2009) which would normally 

result in a reduced availability of reproductive plant structures (many of which 

represent key resources for invertebrates) (Morris 2000). The strong temporal 

component of sward architecture could also impact on grassland invertebrates 

(Morris 2000). Tussocky grass species also provide suitable habitat for other 

animals for which a dense, sheltered vegetation structure is important, such as 

nesting bumblebees, hibernating carabid and staphylinid beetles, spiders, small 

mammals and certain breeding birds (Thomas et al. 1992; Smith et al. 1999; 

Svensson et al. 2000; Collins et al. 2003; Kells & Goulson 2003).

I.2.3.5. Silage cutting

Infrequent cutting management can be linked to higher plant and invertebrate 

species diversity (Zechmeister et al. 2003). Although, the effects of cutting are 

complex, the most obvious effects are a reduction in sward height, decrease in 

biomass and the prevention of build-up of a large litter layer (Byrne et al. 

1997). The building up of litter has important differential effects on seedling 

establishment (Byrne et al. 1997). This is because cutting is accompanied by 

disturbance of the soil (Byrne et al. 1997) and regeneration can occur in the 

transient gaps produced from such periodic disturbances (Grubb 1977). This 

allows other species to expand and compete for light and nutrients, thus 

increasing plant species diversity (Byrne et al. 1997). However, cutting 

regimes of different frequencies and times of the year yield very different 

results (Byrne et al. 1997).
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Agri-environmental policies concerning grasslands have often 

promoted late harvests in order to allow plant species tyo flower and set-seed 

and reduce disturbance to birds nesting within grassland swards (Plantureux et 

al. 2005). Intensive grasslands often have early and multiple cuts. 

Technological developments in silage production have enabled greater 

flexibility in the timing and frequency of cutting as higher grass water contents 

are tolerated (Vickery et al. 2001). Therefore, in silage making, the harvest 

occurs very early in the growing season and the number of cuts per year is 

increased compared with hay-making (Plantureux et al. 2005). The increased 

levels of disturbance associated with these changes in management have had a 

major impact on the composition and structure of agricultural grassland 

(Blackstock et al. 1999; Vickery et al.\ Woodcock et al. 2009); few plant 

species can survive this management and the ones that do often have a low 

ecological value (Plantureux et al. 2005). In addition, the multiple cuts per 

season not only reduces the number of seed heads and flowering plants (and 

hence the number and type of pollinators and other invertebrates attracted to 

these swards) but also serves to remove the vegetative food resource for plant- 

feeding insects (such as sawflies and plant bugs) (Plantureux et al. 2005; 

Woodcock et al. 2009). This has lead to the proliferation of species-poor and 

structurally uniform grasslands considered to be of low nature conservation 

value (Vickery et al. 2001). Declines in populations of plants (Blackstock et al. 

1999), invertebrates (Morris 1978) and farmland birds (Vickery et al. 2001) 

have all been attributed to this intensification of grassland management 

(Woodcock et al. 2007; Woodcock et al. 2009).
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1.2.4. Grassland field margins

Field margins are a key feature of agricultural landscapes, present in some 

form at the edges of all agricultural fields (Marshall 1988). Maintenance of 

field margins is a legal requirement under the W ater Framework Directive 

(2000/60/EC). In arable systems, the term field margin is defined as the whole 

of the crop edge, any margin strip present and the semi-natural habitat 

associated with the boundary (Marshall & Moonen 2002a). The boundary 

encompasses the barrier between fields or between two different types of 

landuse e.g. hedgerows, fences, walls, banks with their herbaceous vegetation, 

and any associated watercourses such streams, ditches or drains (Marshall & 

Moonen 2002a). A margin strip is any strip established in the field or at the 

edge of the field, between the crop and the boundary (Marshall & Moonen 

2002a). It may serve for access, wildlife and/or environmental objectives and 

may have agronomic, recreational or cultural functions (Marshall & Moonen 

2002a). It includes grass strips, wildflower strips, strips sown to bird cover 

crops, unsown cultivated strips with naturally regenerated flora, sterile strips 

maintained by cultivation or herbicides, buffer strips and beetle banks 

(Marshall & Moonen 2002a). Margin strips are usually non-existent in 

intensive grasslands (Fritch et al. 2011). The crop edge is defined as the outer 

few metres of the crop and may be part of a nature conservation strip if it is a 

conservation headland or an unsprayed crop edge (Marshall & Moonen 2002a).

Arable field boundaries have been found to consist of plant species 

from a wide range of ecosystems (Kleijn & Verbeek 2000) including species 

that are remnants of pre-agricultural/natural vegetation (such as species from 

grassland communities, tall herb communities, shrub, woodland or aquatic 

communities) and very common species that are part of the present agricultural
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system (Marshall & Moonen 2002a). Interestingly, it has been found that, 

contrary to common belief by land managers, the weed flora of arable fields 

can be unrelated to the weed flora of the associated field margin (Marshall & 

Arnold 1995). Grassland fields and field margins may show similar patterns 

but there have been few studies to this effect.

Field margins have a number of different important functions in agro

ecosystems (Marshall & Arnold 1995; Marshall & Moonen 2002b). They 

include: agronomic (land ownership, stock fencing, shelter, windbreak, weed 

and pest control, game and wood provision); environmental protection 

(pollution control, eutrophication, pesticides, erosion, snow/water flow and 

siltation); nature conservation (species refugia, biodiversity, habitat, feeding, 

breeding, corridor and movement) and recreation and rural development 

(access, walking, driving, hunting, tourism, aesthetics, culture and heritage).

In terms of biodiversity, plants (Corbet 1995; Kleijn & Verbeek 2000; 

Asteraki et al. 2004; Feehan et al. 2005), invertebrates (Kromp & Steinberger 

1992; Lagerlof et al. 1992; Dennis et al. 1994; Corbet 1995; Saarinen 2002; 

Asteraki et al. 2004; Feehan et al. 2005; Pywell et al. 2005; Pollard & Holland 

2006; Carvell et al. 2007; Woodcock et al. 2009), mammals (Pollard & Relton 

1970; Fitzgibbon 1997; Verboom & Huitema 1997) and birds (Copland & 

O'Halloran 2010) in intensive agricultural landscapes in Europe and North 

America tend to be more associated with and dependent on field boundaries 

(compared to areas in production) for food, shelter, overwintering sites or 

simply a place in which to grow/nest (Forman & Baudry 1984; Burel & Baudry 

1995; Freemark & Boutin 1995; Burel et al. 1998; Marshall & Moonen 2002). 

For example, field margins are important for pollinators as they provide 

shelter, larval host plants, flowering nectar/pollen resources for adults and
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corridors for movement around farmland (Sparks & Parish 1995; Saarinen 

2002; Cranmer 2004; Pywell et al. 2005; Carvell et al. 2006). In turn, the 

pollinators supported by field margins may increase pollination of legumes and 

other crops in surrounding production areas (Lagerlof et al. 1992; Corbet 1995; 

Carvalheiro et al. 2011).

As linear features, field margins can act as corridors for the movement 

of plants (Roy & Blois 2006), pollinators (Ouin & Burel 2002; Cranmer 2004), 

carabid beetles (Burel 1989) and bats (Verboom & Huitema 1997), although 

the corridor function of margins has not been quantified for the majority of 

species (Marshall & Moonen 2002a). Indeed, in some cases field margins may 

act as barriers to the movement of species between fields by restricting seed or 

insect dispersal (Mauremooto et al. 1995; Thomas et al. 2001; Wratten et al. 

2003). Therefore, field margins have important functions in their interactions 

with agricultural systems, which may be affected by their spatial patterns in the 

landscape (Feber et al. 1996). However, there is not enough information 

available on the quantity, quality and configuration of field margins in the 

landscape to optimise species and community conservation (Marshall & 

Moonen 2002a), particularly in relation to grassland landscapes.

I.2.4.I. Implications of fleld margin management for biodiversity

With the intensification of agriculture, field margins have decreased in number, 

density per unit area and width, so that the areas under production may be 

increased (Backman & Tiainen 2002). In Ireland, intensive farming has been 

heavily criticised because of its tendency to reduce the diversity of the 

landscape by removing hedgerows (Hutton & Giller 2003). Many intensive 

farms replace field boundaries with electric fences that greatly reduce, or
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completely eradicate, the shade capacity of field boundaries (Hutton & Giller 

2003). In this way, species that are shade specialists might become excluded 

from large areas of pasture (Horgan 2002).

Field boundaries have high edge-area ratios and so may be more 

susceptible to disturbances than comparable vegetation concentrated in a single 

field (Kleijn & Verbeek 2000). Close ploughing can also reduce field margin 

width and leave the remaining area vulnerable to agrochemical drift (Feber et 

ai. 1996). The application of inorganic and organic fertiliser can result in the 

addition of plant nutrients to field margins and increasing boundary biomass 

and reducing plant diversity (Kleijn 1996; Kleijn & Verbeek 2000). Data on 

inorganic fertiliser displacement indicates that spinning disk machinery (rather 

than pneumatic or liquid injection methods) can spread granular fertiliser 

significant distances into field margins (Marshall & Moonen 2002a). The 

presence of a structure such as a hedgerow can result in concentration of 

fertiliser granules at the field edge, giving application rates as high as field 

concentrations (Marshall & Moonen 2002a). The addition of nitrogen and 

phosphorous to field margins is likely to result in dominance by responsive 

competitive-ruderal species (Marshall & Moonen 2002a) and the loss of 

species diversity (Marrs 1993; Kleijn & Snoeijing 1997).

Weed problems which result from the accidental application of 

fertilizer to the field boundary are frequently managed with broad-spectrum 

herbicides (Boatman 1992), often ensuring the perpetuation of species-poor 

communities (Feber et al. 1996; Smith et al. 1999). Herbicides can be sprayed 

directly on field boundaries or indirectly by wind drift from fields (Longley el 

a l  1997; de Snoo & de Wit 1998) and can have serious consequences for the 

floristic diversity of boundaries (Marrs et al. 1991; Kleijn & Snoeijing 1997;
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Marrs & Frost 1997; Backman & Tiainen 2002). Field boundaries are 

maintained by land managers who often consider weed abundance to be a very 

important aspect of field boundaries (Kleijn & Verbeek 2000). Despite these 

concerns having little foundation (Smith et al. 1999), it has been shown that 

over half of land managers applied herbicides directly to the boundary 

vegetation (Boatman 1992). Indeed, the actual agronomic risks are less than 

from field margins being degraded by herbicide use (Smith et al. 1999) as well 

as other activities such as soil cultivation, trimming hedges or different 

mowing regimes (Kleijn & Verbeek 2000). The effects of herbicides on 

biodiversity do, however, depend on the active ingredient in the herbicide and 

its application -  some herbicides are used in habitat restoration projects (Blake 

etal. 2011).

1.3. Agri-environmental schemes

In Europe, there is a suite of agri-environmental schemes in place (both in the 

European Union (EU) and in individual countries) aimed at reducing or 

reversing the negative environmental effects caused by modern agricultural 

practices (Bignal 1998; Kleijn & Sutherland 2003) as well as the protection of 

archaeological and cultural features, natural resources and increasingly the 

provision of ecosystem services. Investments in agri-environmental schemes 

are substantial and these schemes are considered to be the most important 

policy instruments in protecting biodiversity in agricultural landscapes 

(European Environment Agency 2002). Schemes currently cover c. 25% of all 

farmland (in the 15 older EU countries) and the agri-environmental budgets of 

EU-member states, in 2003, amounted to €2 billion (European Commission 

2005).
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Agri-environmental schemes are optional for all farmers and so farmers 

in any particular regions are not specifically targeted. This is thought to 

promote constructive cooperation and a positive attitude to the environment 

and thus have an advantage over statutory environmental obligations 

(European Commission 2005). Agri-environmental schemes are site-specific 

policies where measures can be tailored to different agronomic and 

environmental circumstances throughout the EU and within each member state 

and though implementation is legally required, it is subject to the discretion of 

each member state (European Commission 2005). Agri-environmental schemes 

aim to reduce the conflicts between the needs of food production and nature 

conservation by giving payments to farmers in compensation for extra costs or 

loss of income/production associated with carrying out agri-environmental 

measures -  actions which are above the reference level of mandatory 

requirements as currently defined by codes of “good farming practice” (GFP) 

(European Commission 2005). Therefore, farmers are not usually directed in 

selecting options (e.g. English ELS, but see HLS) and so these are not 

strategically selected or placed

The main categories of agri-environmental measures are as follows: 

fertiliser and pesticide input reduction; extensification of livestock; conversion 

of arable land to grassland; rotation measures; undersowing; cover crops; strips 

(e.g. farmed buffer strips and conservation headlands); preventing erosion and 

fire; specific actions in areas of special biodiversity/nature interest (e.g. 

postponing mowing dates to protect nests, the establishment of buffer strips, 

and input reduction); protecting floral and faunal genetic diversity; 

maintenance of existing sustainable and extensive farming systems; 

maintaining farming systems which contribute to characteristic/traditional
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landscapes; water use reduction; set aside; upkeep of abandoned farm land and 

woodland; maintenance of the countryside and landscape features (e.g. 

protection of linear landscape features (hedges, stone walls) and point features 

(isolated trees, ponds etc.)) and organic farming (incorporating a wider range 

of measures including input reduction, rotation and extensification of livestock) 

(European Commission 2005).

Many studies have examined the ecological benefits of various 

individual measures within agri-environmental schemes in arable systems, 

which are likely to have greatly informed agri-environmental policy. For 

example, possibilities and limitations of conservation headlands have been 

evaluated in a number of countries (Boatman & Sotherton 1988; Boatman & 

Wilson 1988.; Dover 1997; Kleijn & vanderVoort 1997; de Snoo 1999; 

Vickery et al. 2002; Critchley et al. 2004; McCracken & Tallowin 2004; 

Pywell et al. 2005; Carvell et al. 2007; Walker et al. 2007). The conservation 

headland technique excludes herbicide and insecticide use in the outer 2-3m of 

the arable field, but does not restrict fertilizer inputs (Kleijn & vanderVoort 

1997). Sowing field margin strips (using various seed mixtures) at the edge of 

arable fields and varying mowing regime (Parr & Way 1988; Feber et al. 1996; 

Kleijn et al. 1998; Thomas & Marshall 1999; Kleijn & Verbeek 2000; Moonen 

& Marshall 2001; Denys & Tscharntke 2002; Vickery et al. 2002; De Cauwer 

et al. 2008; Westbury et al. 2008; Haenke et al. 2009; Cordeau et al. 2010; 

Bernhardt-Romermann et al. 2011) have also been widely investigated in terms 

of their benefits for biodiversity. However, to date, measures like these have 

not been extensively evaluated in grasslands (Haysom et al. 2004; Cole et al. 

2007; Woodcock et al. 2007; Potts et al. 2009; Fritch et al. 2011). Yet, by 

managing field margins, the availability of extensively managed habitats within
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conventionally managed improved grasslands can be greatly increased 

(Woodcock et al. 2007).

Despite the substantial expenditure on agri-environment schemes, 

monitoring and evaluation have been insufficient and published data on the 

environmental (particularly the biodiversity) effects of agri-environment 

programmes are rare (Kleijn & Sutherland 2003). Published data indicates 

mixed effects of agri-environmental schemes on biodiversity (Flynn et al. 

2002; Kleijn & Sutherland 2003; Feehan et al. 2005; Kleijn et al. 2006; Carvell 

et al. 2007; Taylor & Morecroft 2009; Copland & O'Halloran 2010; Perkins et 

al. 2011). This lack of knowledge of the responses of farmland wildlife to the 

implementation of agri-environmental schemes makes it difficult to perform 

cost-benefit analyses or to improve scheme performance (Kleijn & van 

Langevelde 2006).

For example: in the Republic of Ireland, agri-environmental scheme 

coverage was higher than the EU average with approximately 54,000 members 

in the Rural Environment Protection Scheme (REPS) in 2007 (Department of 

Agriculture Food and Rural Development 2007). Following the 

implementation of Council Regulation (Gering et al. 2003) 2078/92, REPS was 

introduced in June 1994 (Department of Agriculture Food and Rural 

Development 2007) and was subsequently replaced by the Irish Agri

environment Options Scheme (AEOS) in March 2010. The core measures of 

AEOS relate to: planting new hedgerows and trees using native sources; 

hedgerow coppicing and laying; restrictions on mowing/grazing and the use of 

herbicides, pesticides and fertilisers near hedgerows, lakes and streams; 

maintenance of species-rich grassland, traditional field boundaries, orchards 

and hay meadows; green cover establishment; minimum tillage and
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conservation of rare animal breeds (Department of Agriculture Fisheries and 

Food 2010). This is in contrast to REPS where the main emphasis was on 

nutrient management, the reduction of water pollution, hedgerow maintenance 

and protection of archaeological features and visual appearance of the farm 

(Department of Agriculture Food and Rural Development 2007). There is no 

evidence that the biodiversity benefits of REPS were systematically monitored 

but limited published research shows that REPS had little beneficial effects on 

plants and ground beetles (Feehan et al. 2005) and had mixed benefits for birds 

(Flynn et al. 2002; Copland & O'Halloran 2010), while being better suited to 

mitigating landscape-level issues such as water pollution and nutrient 

management (Feehan et al. 2005). Long-term monitoring is essential to 

improving the design of agri-environmental schemes so that they can more 

effectively fulfil their objectives and provide value for public money (Feehan 

et al. 2005). Without such schemes there is very little incentive to farm in an 

environmentally sensitive manner (Plantureux et al. 2005).

1.3.1. Organic farming -  a case study

Organic farming is an agri-environmental scheme (European Union Regulation 

2078/92/EEC) which, unlike other schemes, has received much attention in 

recent years, probably due to its widespread implementation across Europe and 

America (though Ireland lags significantly behind our European counterparts in 

this respect (Rohner-Thielen 2005). A large number of ecological studies have 

examined its effectiveness (with varied results depending on farming system 

and the study species/group) (Bengtsson et al. 2005; Hole et al. 2005) and, in 

arable systems, beneficial effects of organic farming on biodiversity, including 

plant and pollinator diversity have been reported (Hyvonen et al. 2003;
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Bengtsson et al. 2005; Hole et al. 2005; Morandin & Winston 2005; 

Roschewitz et al. 2005; Gabriel et al. 2006; Gabriel & Tscharntke 2007; 

Gabriel et al. 2010; Rundlof et al. 2010; Smith et al. 2010). The benefits of 

organic farming are thought to be largely related to the prohibition of pesticide 

and chemical fertilizer use within this farming system (European Union 

Regulation 2092/91/EEC) (van Elsen 2000; Bengtsson et al. 2005; Hole et al. 

2005). Fertilization is achieved through the use of organic manure from 

livestock and nitrogen-fixing legumes, whereas pest control is achieved 

through wider crop rotations, mechanical weeding and intercropping. A 

resultant increase in plant richness and associated flowers (for forage) on 

organic farms has been reported which can result in increased pollinator 

diversities (Morandin & Winston 2005; Gabriel et al. 2010; Rundlof et al. 

2010).

As a lower intensity farming system, organic farms are less productive 

than their conventional counterparts and so may not represent a viable 

replacement for all conventional farming systems in light of growing human 

populations and fears for food security. However, organic farming systems can 

provide a dual role (economically and ecologically) as productive systems that 

are important refugia for certain species, communities or ecosystem services in 

intensively managed landscapes. However, few studies have compared the 

plant and pollinator diversity of organically and conventionally managed 

grasslands (Petersen et al. 2006; Gabriel et al. 2010), despite the prevalence of 

intensive grasslands across Europe and the inherent differences between arable 

and grassland systems. Therefore, it not known if organic grasslands benefit 

biodiversity and so play a role in conserving some level of 

biodiversity/ecosystem services in intensively managed landscapes.
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1.3.2. Landscape influences on agri-environmental scheme 

effectiveness

Different species within a community vary in their ecological requirements and 

thus interact with environmental variation and land management in different 

ways. Most studies have investigated the impact of farming on biodiversity at 

field or farm scales (Bengtsson et al. 2005; Fuller et al. 2005; Hole et al.

2005), but many species populations respond to the environment at 

substantially larger spatial scales (Chamberlain et al. 2000). This is particularly 

relevant for mobile species that require multiple resources over their life cycles 

such as pollinators (Van Swaay 1990; Speight 2008; Williams et al. 2009).

Studies evaluating the effectiveness of agri-environmental schemes in 

preserving/increasing biodiversity have been based on the field/farm scale and 

have shown a mixed response for different taxa and crop types (Kleijn et al.

2006). This indicates an urgent need to incorporate larger scales into field 

research (Gabriel et al. 2010) because studies have shown that the surrounding 

landscape (the proportion of land-use types or habitat heterogeneity) can 

influence on-farm biodiversity (Hendrickx et al. 2007) and mask the effects of 

agri-environmental schemes such that schemes may have the biggest 

observable impacts in landscapes that are intensively managed and 

homogenous (provided a sufficient species pool exists) (Roschewitz et al. 

2005; Tscharntke et al. 2005; Rundlof & Smith 2006; Rundlof et al. 2008). In 

addition, large aggregated areas of agri-environmental schemes may increase 

optimal habitat and support higher population levels in the area leading to a 

spill-over of individuals into neighbouring sub-optimal habitats (Gabriel et al. 

2010). This means that the beneficial impacts of agri-environmental schemes
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can be scale dependent for various plant and anim al taxa (Gabriel et al. 2010; 

R undlof et al. 2010).

M anaging species populations, thus, requires that correct m anagem ent 

activities are identified and im plem ented at the spatial scale(s) m ost likely to 

have the required im pact (Gabriel et al. 2010). How ever, it has been shown that 

different taxa respond to their environm ent not only at different scales to each 

other, but also to m ultiple spatial scales, possibly varying with region (Gabriel 

et al. 2010). This suggests that there is neither a single right scale of 

conservation m anagem ent nor a single conservation strategy that is best for all 

species groups and all regions (L indenm ayer et al. 2008) with the present ‘one- 

size fits air strategy o f agri-environm ental schem es com ing into question 

(Gabriel et al. 2010). This has serious im plications for all agri-environm ental 

schem es and reinforces the need for more research to be done on agri- 

environm ental schem e effectiveness in grassland system s and landscapes, 

particularly in Ireland with its depauperate flora and fauna and thus more 

vulnerable agro-ecosystem .

1.3.3. Farmer influences on agri-environmental scheme effectiveness

U nder sim ilar production conditions and in com parable locations farm s are not 

necessarily m anaged in the same way (Schm itzberger et al. 2005). Farm ers 

differ from  one another in personality, cognitive ability, attitudes and 

objectives and this observed heterogeneity is likely to be reflected in the 

business decisions that they m ake (Falconer 2000; A ustin et al. 2001). This 

concept is in contrast to the com m on view that technology and m arket 

determ ine agriculture -  w hereas, in fact, they only constitute the space in 

which farm ers take individual (not uniform ) decisions (Van D er Ploeg 1993;
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Wilson 1997) with highly diverse consequences, including those on the 

environment and biodiversity (Schmitzberger et al. 2005).

The inclination of farmers to get involved in conservation activities has 

been examined in respect to farm characteristics such as farm size, location and 

production system (Baudry et a l  2000; Kristensen 2003) and attempts to relate 

farmer’s decision making in relation to environmentally friendly farming 

practises have been made (Beedell & Rehman 2000). Indeed, farmers are 

influenced by many factors, such as economic values, prestige, tradition, pride 

and intrinsic values, such as enjoyment of work and independence - rarely 

aiming at a single goal of profit (Battershill & Gilg 1997; W illock et al. 

1999a). The characteristics of and reasons for farmer participation/non

participation in agro-environmental schemes have also been investigated with a 

number of behavioural factors explaining differences in scheme participation 

(Morris & Potter 1995; Wilson 1997; W illock et al. 1999; Falconer 2000). 

However, studies on the relationships between farmer individuality and the 

actual biodiversity on their farms have rarely been published (Schmitzberger et 

al. 2005) and particularly in relation to the effectiveness of agri-environmental 

schemes -  despite biodiversity benefits being a major aim of many of these 

schemes. Acknowledging the role of agri-environmental scheme recipients -  

farmers -  as individual decision makers may help us understand the variation 

in effectiveness of these schemes.

1.4. Aims of this study

This thesis focuses on increasing our understanding of the impacts of intensive 

and less-intensive farm management on plants, pollinators, insect-flower 

interaction networks and pollination in grassland systems, paying particular
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attention to landscape context and influences from  farm er behaviour, attitudes 

to and know ledge about wildlife. This is achieved through experim ental and 

observational investigations in Ireland in the field, laboratory soil analysis, data 

m atrix construction and visualisation, geographic inform ation analysis and 

social research.

The aims o f this thesis are listed as follows:

1) To investigate the im pacts on non-target plant diversity,

target plant populations and production o f different herbicide 

types (selective or broad-spectrum ) applied using traditional 

techniques (blanket spraying and m anual spot spraying) and 

a novel application technique (autom ated spot spraying) 

(Chapter 2)

a. To exam ine the im pacts o f silage cutting and w hether it 

interacts with herbicide treatm ents to influence plant 

diversity

2) To investigate the im pacts o f organic dairy farm ing on

insect-flow er interaction netw orks, pollinator assem blages 

and pollination (Chapter 3)

a. To evaluate w hether farm ing system influences insect- 

flow er interaction netw ork size and structure

b. To exam ine w hether organic farm ing positively affects 

bee and hoverfly abundance, richness and evenness

c. To investigate w hether farm ing system  influences the 

pollination success o f a com m on hedgerow species
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3) To examine whether local factors as well as or interacting

with aspects of the landscape matrix affects local farmland 

biodiversity (Chapter 4 and 5)

a. To investigate whether plant and hoverfly community 

composition is affected by local factors such as farming 

system or, in the case of plants, location within the field, 

also.

b. To evaluate whether plant (specifically insect-pollinated 

forb) and hoverfly diversity is related to local factors 

such as farming system, location within the field, soil 

parameters, grazing intensity (in the case of plants) and 

farming system or floral abundance (in the case of 

hoverflies)

c. To examine if some aspects of the landscape matrix 

(proportion of land-use/landscape complexity, linear 

landscape features and distance metrics) influence local 

plant (specifically insect-pollinated forb) and hoverfly 

diversity and at what spatial scales

d. To evaluate whether there are interactions between local 

and landscape factors on plant (specifically insect- 

pollinated forb) and hoverfly diversity

4) To investigate whether farmer behaviour, attitude to and

knowledge of wildlife and the environment can be related to 

the plant diversity on their farm (Chapter 6)

a. To examine whether there were differences in farmer 

behaviour, attitude to and knowledge of wildlife and the
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environment between and within organic and 

conventional farmers and whether how this related to the 

plant diversity on their farms
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Chapter 2

The impacts of traditional and novel herbicide 

application methods on target plants, non-target 

plants and production

To be submitted as: Power, E.F., Kelly, D.L., Creighton, P., O ’Donovan, M. 

and Stout, J.C. The impacts of traditional and novel herbicide application 

methods on target plants, non-target plants and production in intensive 

grasslands. Weed Research.
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2. The impacts of traditional and novel herbicide 

application methods on target plants, non-target plants 

and production

2.1. Abstract

Herbicides have greatly contributed to the intensification of agriculture but

some can have significant negative impacts on non-target organisms. Much

research has focused on ways of reducing herbicide usage through

technological improvements in herbicide application technology and herbicide

selectivity. It is not fully understood how such developments impact non-target

organisms. Using experimental plots in grassland silage systems, I investigated

impacts of different herbicide types (selective for broadleaves; broad-spectrum

for broadleaves; and broad-spectrum for broadleaves and grasses) applied

using traditional techniques (blanket spraying and manual spot spraying) and a

novel application technique (automated spot spraying) on non-target plant

richness/diversity, target weed presence {Rumex spp.) and production (DM

yield). I found that all herbicide types significantly reduced non-target plant

richness/diversity and sometimes target weeds when applied using traditional

methods. The automated spot spraying technique had much fewer negative

effects on non-target organisms, but did not significantly reduce target weeds

either. Despite significant differences in non-target plant richness/diversity and

target weed presence between treated and untreated plots, no significant

differences in production levels were observed. My findings indicate that

caution is required before application of broad-spectrum and selective

herbicides in grassland systems, especially by traditional application methods
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(blanket and manual spot spraying). The automated spot spraying technique 

has the potential to reduce herbicide use and its impacts on non-target plants -  

although further research and development is required so that adequate target 

weed removal is also attained. My results also indicate that high weed cover 

per unit area does not significantly alter production. Herbicide applications are 

expensive and their effects on non-target organisms and the environment can 

be much more significant than their benefits to production. I advocate more 

research into the relationships between weed infestation and production in 

grasslands so that the propensity of land-managers to overuse herbicides is 

reduced.

2.2. Introduction

In the past half century, agricultural intensification has contributed to the 

impoverishment of European farmland biodiversity (Krebs et al. 1999). For 

example, many plant species associated with lowland farmed landscapes have 

shown marked contractions in geographic range and severe declines in 

abundance (Andreasen et al. 1996; de Snoo 1997; Kleijn & vanderVoort 1997; 

Albrecht & Mattheis 1998; Sutcliffe & Kay 2000). Such declines in 

biodiversity have implications for the delivery of ecosystem services such as 

pollination (Biesmeijer et al. 2006), biological pest control (Tscharntke et al. 

2005), protection of soil fertility (Coleman & Whitman 2005) and carbon 

sequestration (De Deyn et al. 2010).

Many undesirable wild plant species associated with agriculture are 

known as weeds. W eeds are considered to be an important constraint in 

agricultural production systems (Oerke 2006) and so the introduction of 

herbicidal control of weeds in the 1940s was a major part of post World War II
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agricultural intensification (Bastiaans et al. 2008). Weeds act at the same 

trophic level as the crop, capturing a part of the available resources that are 

essential for plant growth and, if left unchecked, may result in a reduction in 

crop yield (Bastiaans et al. 2008). Chemical weed control is currently the 

standard approach to their management, with various broad-spectrum and 

selective herbicides on the market. Some chemicals can have a significant 

negative effect on farmland biodiversity by directly affecting organisms both in 

the field and in nearby habitats (Chamberlain et al. 2000; Carvell et al. 2006) 

or indirectly by having knock-on effects at higher trophic levels in the agro

ecosystem (Thomas & Marshall 1999). Repeated use of particular chemicals 

also exerts strong selection pressure on weed flora, with consequent shifts in 

weed communities and selection for herbicide-resistant biotypes (Andreasen & 

Streibig 2010). In addition, weeds support biodiversity in farmland and so their 

eradication removes important resources for insects, birds and other wildlife 

(Marshall et al. 2003). Furthermore, herbicides applied to farmland are often 

detected as pollutants in aquatic environments including ground water, lakes, 

rivers, estuaries and coastal marine waters (Steen et al. 1999) and there are 

potentially widespread side-effects on food safety and public health (Ying & 

W ilhams 1999).

Consequently, there has been much research focused on ways of 

reducing or eliminating herbicide usage (Bastiaans et al. 2008). These include 

technological improvements in herbicide application technology (e.g. Rice et 

al. 2002; Brown et al. 2007): machine vision technology focussing primarily 

on machine guidance (Gebhardt et al. 2006); plant identification technology 

used to guide implements accurately along rows for inter-row cultivation and 

plant thinning (Tillett et al. 1998) and targeted area spraying (Blair et al. 2002).
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Such technologies aim to replace existing herbicide application methods such 

as blanket spraying of the entire field (leading to an overuse of herbicide, 

impacts on non-target organisms and high economic costs for the farmer) or 

manual spot spraying of individual weeds (which is time consuming for the 

farmer but potentially reduces environmental impacts). Herbicide application 

technologies have the potential to reduce environmental damage caused by 

herbicides, while efficiently controlling weeds and delivering significant cost 

benefits to the farmer, but little research has been conducted on how traditional 

herbicide application techniques and new application technologies compare in 

their effects on biodiversity. In addition, it is unclear how application method 

affects impacts of broad-spectrum and selective herbicides. It is of critical 

importance to find a balance between controlling problem weeds, maintaining 

production and minimising herbicidal impacts on biodiversity and the 

environment.

Previous research into herbicide effects on plant diversity has primarily 

addressed arable systems with limited reference to intensively managed 

grasslands. My study focuses on intensive grasslands as they are the dominant 

type of grassland in lowland regions, representing millions of hectares in 

Europe (Plantureux el al. 2005); they constitute the majority of agricultural 

land in Ireland (Teagasc 2007). I address the impacts on non-target plant 

biodiversity, target plant populations and production of different herbicide 

types (those selective for some broadleaf species (Doxstar); broad-spectrum for 

broadleaves (Forefront); and broad-spectrum for broadleaves and grasses 

(Roundup)) applied using traditional techniques (blanket spraying and manual 

spot spraying) and a novel application technique (an automated spot spraying 

technique known as Precision Pasture Measurement which uses plant ID
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technology to specifically target and spot-spray individual weeds). The product 

Doxstar (containing Fluroxypyr and Triclopyr) is a selective herbicide used for 

the control of Rumex spp. (docks) in established grassland (DowAgro. 2008). 

Forefront (Aminopyralid and 2, 4-D) is a broad-spectrum broadleaf herbicide 

used to control over 60 broadleaf species and is toxic to mammals. Roundup 

(Glyphosate) is a broad-spectrum herbicide which is used to control annual and 

perennial grasses as well as broadleaves (Monsanto. 2008).

I also investigate the impacts of silage cutting and whether it interacts 

with herbicide treatments to influence plant biodiversity. It is accepted that 

frequent defoliation (through silage cutting and/or intensive grazing) in 

intensive grasslands combined with high fertilizer application rates results in 

structurally homogenous swards and degraded species pools (Vickery et al. 

2001) but an interaction effect between silage cutting and herbicides on 

biodiversity is less clear. I aim to unravel some of the effects of herbicide type, 

herbicide application and silage cutting on non-target plants, target plants and 

production in order to find the best solutions in terms of biodiversity 

conservation, weed control and production.

2.3. Materials and methods 

2.3.1. Experimental design

Experimental plots were established in intensively managed grasslands at three 

Teagasc owned sites in the Republic of Ireland: Moorepark Research Centre 

(Fermoy, Co. Cork), Oakpark Crops Research Centre (Co. Carlow) and 

Kilmaley Research Farm (Co. Clare). Experiment 1 was established in 

Moorepark, Oakpark and Kilmaley in spring 2008 and ended in autumn 2009
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(two growing seasons); Experiment 2 was established in Moorepark and 

Oakpark in spring 2009 and ended in autumn 2010 (two growing seasons). 

Experimental design followed a replicated randomised block design with one 

control and five treatments in four replicate blocks -  resulting in 24 plots per 

site per experiment (Appendix 1). Plots at two sites, Moorepark and Oakpark, 

(Experiment 1 and 2) were 6m x 15m while plots at Kilmaley were 6m x 5m 

(due to space restrictions). Therefore, sub-plots of 6m x 5m were established 

within the larger plots at Moorepark and Oakpark in order to standardise plant 

surveys with the Kilmaley plots (Appendix 1). Buffer zones of Im were 

established between plots and 3m buffer zones between blocks. Experiment 1 

focused on the effects of three commonly used herbicide products (Doxstar, 

Forefront and Roundup) and their two main application methods (blanket 

versus manual) on botanical diversity; treatments were as follows:

1. No herbicide application - Control (C)

2. Blanket spraying of Doxstar (BD)

3. Blanket spraying of Forefront (BE)

4. Manual spot spraying with Doxstar (MD)

5. Manual spot spraying with Forefront (MF)

6. Manual spot spraying with Roundup (MR)

Blanket spraying involved spraying the entire plot with herbicide. In my study, 

there was no treatment involving blanket spraying of Roundup due to the 

indiscriminate action of this herbicide on all plants. Manual spot spraying is 

used to target herbicide spray at specific weed individuals and, in this study, 

was carried out by one individual using a spray pack. Rumex spp. were the 

most common weed species at the study sites and so were specifically targeted 

by manual spraying.
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Experiment 2 focused on the effects of a novel herbicide application 

technique (automated spot spraying) on botanical diversity using the same 

three herbicides (Roundup, Doxstar and Forefront). Treatments were as 

follows:

1. No herbicide application - Control (C)

2. Blanket spraying o f Doxstar (BD)

3. Blanket spraying of Forefront (BF)

7. Automated spot spraying of Doxstar (PD)

8. Automated spot spraying of Roundup (PR)

9. Automated spot spraying of Forefront (PF)

The automated spot spraying technique is a tractor mounted technology 

(known as Precision Pasture Measurement) that identifies weeds (using plant 

ID technology) and sprays the individual weed leaving the rest of the area 

spray free. It is commercially available and is the result of 10 years of research 

and field trials (McLoughlin 2011).

All study sites had a significant pre-existing weed infestation (at least 

20% weed cover), particularly Rumex obtusifolius (Broad Dock) and R. crispus 

(Curled Dock) and low plant species richness (comparable to typical permanent 

pasture conditions in Ireland (O ’Donovan et al. 2010; Chapter 4). Herbicide 

applications were applied once in each experiment, 21 days after the first silage 

cut in the first year. As per manufacturer guidelines, the application rate of 

Doxstar was 3L/ha in 300L of water; of Roundup was 3L/ha in 200L of water; 

and of Forefront was 2L/ha in 300L of water. The volume of active ingredient 

applied per unit area in each treatment was recorded. All plots received 

fertilisation levels of approximately 220kg N/ha/yr and three cuts of silage 

annually in May, July and September.
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2.3.2. Plant surveys

Plants were surveyed seven times in each 6m x 5m sub-plot (Moorepark and 

Oakpark) or 6m x 5m plot (Kilmaley) in each experiment at each site. In the 

first growing season, surveys were carried out once before: (1) the 1̂ ' silage 

cut; (2) the treatment application; (3) the 2"*̂  silage cut and (4) the 3'̂ '̂  silage 

cut. In the second growing season, surveys were done once before: (5) the 

silage cut; (6) the 2"̂ * silage cut and (7) the 3'̂ '* silage cuts. Due to unforeseen 

circumstances, surveys 2 and 7 could not be conducted in Experiment 1 in 

Kilmaley and survey 7 could not be conducted in Experiment 2 in Moorepark 

and Oakpark. Plants were surveyed using the random placement of three 

(Experiment 1) or two (Experiment 2) 0.5m x 0.5m quadrats in each plot. In 

each quadrat, all vascular plant species, as well as the percentage cover of each, 

were noted. Nomenclature follows Stace (2010). A total of 1804 quadrats 

measurements were thus taken in the two experiments at the three sites, over 

the seven survey periods. Non-target total plant (excluding Rumex spp.), grass 

and forb species richness, plant diversity (Simpson's Index of Diversity (1-D)) 

and percent cover of the target weed species (Rumex spp.) were calculated for 

each quadrat.

2.3.3. Production

Dry matter production (kg DM ha) above 4cm was estimated prior to each 

silage cut by cutting a 6m strip of vegetation across the centre of each plot (6m 

X 15m plots in Moorepark and Oakpark and 6m x 5m plots in Kilmaley) using 

a motor Agria machine (Etesia UK Ltd., Warwick, UK). A sub-sample (lOOg)
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of vegetation was taken at random from the harvested material and was dried at 

80°C for 16 hours to determine the quantity of dry matter (kg DM). Herbage 

dry matter yield (kg DM/ha) was then calculated for each plot.

2.3.4. Statistical analysis

Total plant, grass and forb species richness and plant diversity were analysed in 

relation to: (1) herbicide treatment and silage cutting; (2) carryover effects 

(growing season 1 to 2) of herbicide treatment and silage cutting; and; (3) pre- 

versus post-herbicide treatment and silage cutting using Linear Mixed Effects 

Models. Also (4) the presence/absence of Rumex spp. in plots pre- versus post

herbicide treatment was analysed using Binomial Generalised Linear Mixed 

Models (GLMM). For each analysis (except in silage cutting models in 

analyses 2 and 3 which were based on control plots only), all quadrats in all 

plots, replicates, sites and survey periods were analysed together. I accounted 

for spatial autocorrelation by including random terms: Plot (1-120), Replicate 

(1-4 (Experiment 1), 5-8 (Experiment 2)), Site (Moorepark, Oakpark, 

Kilmaley), Survey period (1-7), Year (2008, 2009, 2010). Fixed effects for 

each analysis included: (1) herbicide treatment (1-9) and silage cut (none, one 

cut, two cuts); (2) herbicide treatment or silage cut and growing season (season 

1 or 2 in relation to Experiment 1 or 2); (3) pre- and post-herbicide treatment or 

silage cut and (4) pre- and post-herbicide treatment. Also relevant two-way 

interactions between fixed effects were included. Production (5) at each site 

was analysed using General Linear Models (GLM). Fixed effects included 

herbicide treatment (1-6 (Experiment 1), 1-3, 7-9 (Experiment 2)).

Mixed models were simplified by removing first non-significant 

interactions {P > 0.05) and then any non-significant main effects (that were not
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constituent within a significant interaction). For model validation and model 

adequacy assessment I followed Zuur et al. (2009). Mixed modelling was 

carried out using the nlme (Pinheiro et al. 2009) and lme4 (Bates & Sarkar 

2006) package in R (R Development Core Team 2007). Production analysis 

was carried out using SAS (2002).

2.4. Results

2.4.1. Effects of herbicide treatment and silage cutting on non-target 

plants

There were interaction effects between herbicide type and application method 

on plant, forb and grass richness and plant diversity. Following treatment, plant 

species richness of most treated plots (BD, BF, MD, MF and PD) was 

significantly lower than that of the control (Table 2.1, Fig. 2.1(a)). Species 

diversity was also lower in some treatments (BD, BF, MD and MF) compared 

to the control (Table 2.1, Fig. 2.1(b)). Grass species richness was significantly 

lower in treatments MF and MR than the control while forb species richness 

was lower in treatments BF, MD, MF and PD compared to the control (Table 

2.1). In each growing season, there was no significant difference in plant 

richness or diversity in the control plots before and after the first and second 

silage cuts (Fig. 2.2). Silage cutting interacted with some treatments effecting 

plant richness but not diversity. Plant richness in treatments BD and BF 

significantly decreased after the first (BD: ta.f. = -3.021g; P = 0.017, BF: td.f. = - 

2.623g; P = 0.031) and second (BD: td.f. = -2.6398; P = 0.030, BF: td.f. = - 

2.8998; P = 0.020) silage cuts (Fig. 2.2). In both the BD and BF treatments, 

grass species richness, but not forb richness, significantly decreased after the
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first (BD: td.f. =  -2.8858; P  = 0 .020 , BF: td.f. =  -2.380g; P  = 0 .043) and second  

(BD: td.f. = -2.3708; P  = 0 .045 , BF: td.f. = -2.4398; P  =  0 .041) silage cuts.

2.4.2. Carryover effects from the first to the second growing season 

on non-target plants

There were no interaction effects on species richness and diversity between  

treatment and grow ing season (one and tw o) except in the case o f  one 

treatment (M R). Species richness (td.f. = 6 .O54425; P  <  0 .001) and diversity (td.f. 

= 4 .242425; P  <  0 .001) o f  the treatment M R significantly increased in the 

second grow ing season com pared to the first (Fig. 2.3). There was no 

interaction effect on species richness/diversity in the control betw een silage  

cutting and grow ing season.
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Table 2.1: Significant differences in total plant, grass and forb species richness and total plant diversity o f plots that received eight herbicide treatm ents 

com pared to control plots which received no herbicide treatm ent. Data for two experim ents and three sites w ere com bined and analysed using Linear 

M ixed Effects M odels.

Plant species richness G rass species richness Forb species richness Species diversity

Treated plot variation from  Control td.f- td.f- td.f- td.f-

Blanket D oxstar 

Blanket Forefront 

M anual Doxstar 

M anual Forefront 

M anual Roundup 

A utom ated D oxstar 

A utom ated Roundup 

A utom ated Forefront

-3 .7 3 O433

- 5.228433

- 3.244433

- 7 . 7 3 6 4 3 3

- 2 .2 1 2 4 3 3

<0.001

<0.001

0.001

<0.001

N.S.

0.028

N.S.

N.S.

- 2.404613

-3.2646,3

N.S. -4.796613 <0.001 -3.503433 0.001

N.S. -8.497613 <0.001 -5 . I 78433 <0.001

N.S. -5.952613 <0.001 -2.904433 0.004

0.017 -9.143613 <0-001 -6.274433  <0.001

0.001 —  N.S. —  N.S.

N.S. -2.894613 0.004 — N.S.

N.S. —  N.S. — N.S.

N.S. — N.S. —  N.S.
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Figure 2.1(a) Average plant species richness and (b) diversity (±standard error) o f plots before and after the application o f eight different herbicide treatments 

compared to a control (C: no herbicide treatment). Data for two experiments and three sites were combined and analysed using Linear M ixed Effects Models. 

Herbicide treatments: BD = Blanket Doxstar; BF = Blanket Forefront; M D  = Manual Doxstar; M F = Manual Forefront; M R  = Manual Roundup; PD = Automated 

Doxstar; PR = Automated Roundup and PF = Automated Forefront. Significant differences in species richness/diversity before versus after herbicide treatment 

application compared to the control are illustrated by asterisks ( * / ’<0.05; **P<0.()1; ***P<0.001).
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herbicide treatments plots. Data for two experiments and three sites were combined and analysed using Linear M ixed Effects Models. Herbicide treatments: BD = 

Blanket Doxstar; BF = Blanket Forefront; M D  = Manual Doxstar; M F = Manual Forefront; M R = Manual Roundup; PD = Automated Doxstar; PR = Automated 

Roundup and PF = Automated Forefront. Significant differences in species richness pre-silage cutting versus post-silage cutting in the control and each treatment are 

illustrated by an asterisk (*P<0.05).
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are illustrated by asterisks (***P<0.001).
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2.4.3. Pre- versus post-herbicide treatment effects on non-target 

plants

Species richness was low at all sites during the first survey period (before the 

silage cut or before treatments were applied) with an average of 2.0 species 

(+ 0.9 S.D.) per quadrat found at Moorepark, 3.0 species (+ 1.8 S.D.) at 

Oakpark and 4.4 (+ 1.2 S.D.) species at Kilmaley. Despite the low species 

richness of the sites, when comparing pre and post herbicide treatment surveys, 

significant decreases in species richness in plots that received the BD, BF, MD 

and MF herbicide treatments were evident (Table 2.2, Fig. 2.1a). Grass species 

richness did not differ between pre and post herbicide treatment levels for any 

herbicide treatment but forb species richness significantly decreased in plots 

after BD, BF, MD and MF treatments were applied (Table 2.2). Total species 

diversity also significantly decreased in BD, BF, MF and PR treatments 

compared to pre-treatment levels (Table 2.2, Fig. 2.1b).

2.4.4. Pre- versus post-herbicide treatment effects on target plants

Before treatments were applied, Rumex obtusifolius and R. crispus together 

covered an average of 5% of the area of samples (quadrats) taken in plots. 

Rumex spp. cover was low in some Experiment 2 plots. However, Rumex spp. 

distribution was patchy and weed infestation overall was considered high with 

Rumex spp. covering up to 80% of the area of some samples. The presence of 

Rumex spp. decreased significantly in plots receiving the treatments, BF (z = - 

2.903; P = 0.004), MD (z = -2.416; P = 0.016) and MF (z = -4.160; P < 0.001) 

only (Fig. 2.4).
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Table 2.2: Significant differences in total plant, grass and forb species richness and total plant diversity o f plots before and after they received eight 

herbicide treatments compared to control plots which received no herbicide treatment. Data for two experiments and three sites were combined and 

analysed using Linear M ixed Effects Models.

Plant species richness Grass species richness Forb species richness Species diversity

Variation from Control:

Pre versus post herbicide treatment td.f- F td.f- P td.f- P td.f- p

Blanket Doxstar - 2.304605 0.022 N.S. -2.207605 0.028 -2.439605 0.015

Blanket Forefront -2.352605 0.019 N.S. -3.748605 <0.001 -3.072605 0.002

Manual Doxstar -2.109605 0.035 N.S. -3.126605 0.002 — N.S.

Manual Forefront -2.676605 0.008 N.S. -3.886605 <0.001 -3.51 1605 0.001

Manual Roundup — N.S. N.S. — N.S. — N.S.

Automated Doxstar — N.S. N.S. — N.S. — N.S.

Automated Roundup — N.S. N.S. — N.S. -2.131605 0.034

Automated Forefront _____ N.S. N.S. _____ N.S. _____ N.S.

63



Q.Q.
M
X0)
E3cc

14

12

10

★ ★ ★

O <0
T 3  80> (D

^  ^  b0)
a>o
Q)Q.
0)O)
f50)
><

2

0

■  Pre-treatment 

□  Post-treatment

i5
C BD BF MD MF MR PD PR PF 

Herbicide treatment

Figure 2.4: Average percent cover (istandard error) o f the target weed species, Rumex spp., in control plots (C: no herbicide treatment) and eight herbicide 

treatments plots before and after treatments were applied. Data for two experiments and three sites were combined and analysed using Generalised Linear Mixed 

Effects Models (using the Binomial distribution). Herbicide treatments: BD = Blanket Doxstar; BF = Blanket Forefront; M D = Manual Doxstar; MF = Manual 

Forefront; MR = Manual Roundup; PD = Automated Doxstar; PR = Automated Roundup and PF = Automated Forefront. Significant post-treatment decreases in the 

presence o f Rumex spp. in all herbicide treatment plots versus the control are illustrated by asterisks (*P<0.05; **P<0.01).
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2.4.5. Production

Production estim ates (DM Yield) differed betw een sites but there was no 

significant difference in production betw een herbicide treatm ents and no 

interaction effects betw een site and treatm ent on production (Table 2.3).

2.5. Discussion

2.5.1. Effects of herbicide application method and herbicide type on 

non-target plants

N on-target plant richness and diversity were significantly low er in alm ost all 

blanket and m anual application treatm ents than the control (which received no 

herbicide treatm ent). M ost plots receiving herbicide by the autom ated 

application m ethod contained sim ilar non-target plant richness and diversities 

to the control. Autom ated application o f only one (Doxstar) out o f three 

herbicide types show ed a significant negative relationship with non-target plant 

richness. Therefore, depending on the herbicide used, novel application 

technologies such as the Precision Pasture M easurem ent technology used in my 

study have the potential to reduce im pacts on non-target plant richness and 

diversity.

The three herbicide products all had significant negative effects on non

target plant, forb and grass species richness and diversity. Som e products had 

m ore negative effects on non-target plants than others depending on the 

application method. For exam ple, only D oxstar ubiquitously reduced plant/forb 

richness and diversity regardless o f application m ethod. D oxstar is a product
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Table 2.3; Mean DM Yields (kg DM/ha) of each herbicide treatment (and the control, C, where no herbicide treatments were applied) at each silage cut and site in 

Experiment 1 and 2 with significant differences in DM yields between herbicide treatments (and the control) and sites and their interaction for both experiments. 

Herbicide treatments; BD = Blanket Docstar; BF = Blanket Forefront; MD = Manual Docstar; MF = Manual Forefront; MR = Manual Roundup; PD = Automated 

Docstar; PR = Automated Roundup and PF = Automated Forefront. Sites; 1 = Moorepark; 2 = Oakpark and 3 = Kilmaley. Data were analysed using generalised 

linear models.

Herbicide treatment Site
c BD MD MR BF MF PD PR PF I 2 3

Experiment 1 Mean Mean Mean Mean Mean Mean Mean Mean Mean P Mean Mean Mean P Inter.
r ‘ cut 2008 5792 5928 6622 5222 5940 6155 — N.S. 6069 7092 4669 <0.001 N.S.
2"^ cut 2008 3209 3110 3071 3317 3108 3346 — — N.S. 4242 3381 1957 <0.001 N.S.
3̂  ̂cut 2008 2575 2682 2813 2497 2725 2941 — N.S. 4806 1764 1547 <0.001 N.S.
1̂ ‘ cut 2009 6289 6085 6197 5465 6855 6616 — N.S. 6243 7306 5205 <0.001 N.S.
2"‘̂ cut 2009 3870 3808 4027 3621 3951 3947 — N.S. 3974 4457 3182 <0.001 N.S.
3̂ *̂ cut 2009 2163 2057 1967 2153 2113 2026 — N.S. 2541 1618 *N/A <0.001 N.S.

Experiment 2
1"' cut 2009 6638 6464 — — 5543 _ _ _ 5708 6366 6048 N.S. 5502 6754 <0.01 N.S.
2"^ cut 2009 4094 4004 — — 3832 3817 3793 3801 N.S. 4511 3269 — <0.001 N.S.
3̂*̂ cut 2009 2060 1786 — — 1877 1795 1596 1690 N.S. 2096 1505 — <0.001 N.S.
r ‘ cut 2010 7020 6308 — — 6561 — 6073 6929 5977 N.S. 5722 7234 — <0.001 N.S.
2"̂ * cut 2010 3004 3226 — — 2960 — 2755 3176 3043 N.S. 3138 2917 NS N.S.
Note; * = only two silage cuts were taken in Kilmaley in 2009 due to weather conditions. Inter. = significance level associated with the interaction between 
herbicide treatment and site.
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which is marketed as a selective broadleaf herbicide. Doxstar contains 

Triclopyr and Fluroxypyr. Triclopyr has not been shown to negatively affect 

non-target plants and the environment (Gabor et al. 1995; Sprecher & Stewart 

1995; European Commission 2006; Hutchinson & Langeland 2007), though 

negative effects on fungi have been reported (Estok et al. 1989). Fluroxypyr is 

used to control a wide range of broadleaf weeds (Yu et al. 2007) and has been 

found to accumulate in and disrupt processes in soils, crop plant tissues and 

aquatic ecosystems (Tao & Yang 2010; Wu et al. 2010; Zhang et al. 2010). My 

results support the view that caution is required before any application of a 

herbicide product containing Fluroxypyr as it negatively affects non-target 

plants, particularly forbs.

Traditional application methods of Forefront (but not novel application 

methods) reduced plant/forb/grass richness and diversity. Forefront contains 

the herbicides Aminopyralid and 2, 4-D. The effects of Aminopyralid on non

target plants and ecosystems are not well understood (Couch & Nelson 1982; 

Hutchinson & Langeland 2007) but 2, 4-D is known to damage broadleaf crops 

through spray drift (Hemphill & Montgomery 1981) as it is a broad-spectrum 

herbicide. Toxic effects on fish (Ozcan Oruc et al. 2004) and fungi (Estok et al. 

1989) have also been documented as well as temporary interruption of 

nitrification (Carson 1962). My results indicate that traditional applications of 

products containing 2,4-D, in particular, should be carried out with caution as 

they have negative impacts on non-target plants, particularly forbs. More 

targeted and controlled application methods, such as the Precision Pasture 

Management technology I use in my study, can reduce the impacts of certain 

herbicides (e.g. Forefront) on non-target plants and so merit further research 

and development.
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Compared to control plots, I found that non-target plant and forb 

species richness and plant diversity did not decrease when Roundup was 

applied to plots. Grass species richness decreased significantly when Roundup 

was applied manually. The active ingredient of Roundup is glyphosate and it is 

a broad-spectrum herbicide used for broadleaf and grass control. Previous 

research has shown that there is a large genetic variation in tolerance among 

some grass species to glyphosate toxicity (Su et al. 2009) but its effects on 

grass species richness in my study indicates that caution is required when 

applying this herbicide in grassland systems. I did not find that glyphosate 

altered forb species richness in my study, although it is known to alter non

target plant fecundity, particularly of broadleaves (Marrs & Frost 1997). 

Automated application of glyphosate showed no significant effects on non

target plant richness or diversity, which confirms that more precise application 

of potent herbicides, such as glyphosate, can minimise effects on non-target 

plants. This is important as glyphosate is the most widely used herbicide in the 

world (Woodburn 2000) but there are problems associated with its interactions 

with plant nutrient availability, transfer to and effects on susceptible crops, 

indirect effects on microorganisms and plant pathogens and the emergence of 

glyphosate resistance has raised serious concerns regarding the sustainability of 

agricultural systems in which glyphosate is the primary weed management 

strategy (Yamada et al. 2009).

2.5.2. Silage cutting interaction with herbicide treatment and non

target plants

Plant species richness in the control and in most treatments was not 

significantly affected by silage cutting. In nutrient-rich, highly disturbed
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habitats such as intensive grasslands, only the most competitive of ruderal plant 

species survive and so silage cutting alone is not likely to have major impacts 

on these remaining species. However, effects of some herbicide treatments on 

non-target plants were exacerbated by silage cutting, with plots that received 

blanket applications of Doxstar or Forefront having significantly reduced 

numbers of non-target plants, particularly grasses. Though Doxstar and 

Forefront are not designed to kill grasses, they may have caused reduced 

fecundity in some grass species in my study and reduced their resilience to the 

intensive defoliation associated with successive silage cutting. Therefore, 

herbicides that are generally used in arable/non-grass systems (e.g. fluroxypyr: 

European Commission 1999) may not behave as expected in grassland systems 

where target and non-target plants are subject to very different 

disturbance/defoliation regimes.

2.5.3. Carryover effects on non-target plants

Plots treated with manual applications of Roundup were the only ones to 

increase significantly in plant species richness and diversity from the first to 

the second growing season. There is some evidence that glyphosate (Roundup) 

has a persistent but varying effect on plant growth in arable systems, two or 

more years after application (Fernandez et al. 2007) but carryover effects of 

glyphosate herbicide in grassland systems have apparently not been 

demonstrated before. Carryover effects of Forefront and Doxstar on plant 

richness and diversity were not found in my study and, indeed. Forefront 

(particularly in relation to the 2, 4-D component) and Doxstar (particularly in 

relation to Fluroxypyr) are not thought to persist in soils beyond one season 

(European Commission 1999, 2001). In my study, Roundup application opened
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up significantly more open spaces in the sward than other herbicides (P. 

Creighton, unpublished data) and this probably allowed for colonisation of new 

plant species and thus increased non-target plant species richness.

2.5.4. Pre- v post-herbicide treatment effects on target and non

target plants

Herbicide treatment effects on target plant presence/absence and on non-target 

plant richness and diversity were similar. Target plant presence decreased in 

plots receiving Manual Doxstar, Manual Forefront and Blanket Forefront while 

non-target plant richness (particularly forb richness) decreased in the same 

treatments as well as with Blanket Doxstar. None of the herbicide treatments in 

my study significantly reduced target plants whilst leaving non-target plants 

unaffected. One treatment, Blanket Doxstar, did not reduce target plants but 

succeeded in reducing non-target plant richness.

Targeted area spraying (spraying of weed infested areas of a field) has 

been researched for use in arable crops (Blair et al. 2002) but targeted spot- 

spraying of individual weeds is less well developed in arable crops and has not 

been evaluated in grassland. The automated application technology used in my 

study, had limited negative impacts on non-target plants. However, it was not 

found to be effective at controlling target plants (although a study of the same 

plots using a different sampling design with less replication and analysis using 

ANOVA based only on Experiment 2 contradicts my finding (Creighton et al. 

in press)). This may be partly due to the lower Rumex spp. numbers in 

Experiment 2 plots (20% cover) compared to Experiment 1 (>30% cover) and 

also the fact that the automated application technology used significantly less 

(1.3 times less) active ingredient than the equivalent blanket application
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(Creighton et al. in press). However, our research indicates that, though this 

technology has great potential, further research and development is required (in 

terms of plant ID and herbicide volume control) in order to perfect it before it 

could be considered effective at weed control while environmentally friendly 

and hence a valid replacement of traditional application methods in grasslands.

2.5.5. Production

Despite significant differences between post-herbicide treatments in relation to 

non-target plant richness and diversity and target plant presence, no significant 

differences in production levels were observed. It is widely accepted that 

ryegrass-dominated pastures are more productive, in terms of DM production, 

than their weed-infested counterparts (Haggar 1971) and weed control is often 

initiated if weeds constitute at least 20-30% of the sward (a level thought to 

impact on sward productivity and quality) (Oswald & Haggar 1983). However, 

my results indicate that high weed infestation does not significantly alter 

production in permanent grasslands. Increased botanical diversity in the sward 

may even increase production (Sanderson et al. 2004). If plants toxic to 

livestock are absent from grasslands, I advocate great caution before applying 

herbicides (particularly using traditional methods) as such applications are

expensive and their effects on non-target organisms and the environment can

be much more significant than their benefits to production. Indeed, more 

diverse swards may be nutritionally superior (Rackham 1986).

2.6. Conclusion

The three herbicide products I used in my study (Doxstar, Forefront and

Roundup) contain herbicides that are known to have significant negative
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effects on non-target organisms and the environment (particularly fluroxypyr, 

2,4-D and glyphosate). Though some of these products are marketed as being 

more selective than others, I found that they all caused significant decreases in 

non-target plant richness and diversity. My results also show carryover effects 

of one herbicide, glyphosate (Roundup), on non-target plant richness between 

growing seasons. Therefore, caution is required before application of these 

herbicide products in grassland systems, especially by traditional application 

methods (blanket and manual spot spraying).

While reducing weed infestation, traditional application methods of 

herbicides have significant negative effects on non-target plants. Such negative 

impacts demonstrate the need to develop novel herbicide application 

technologies that reduce herbicide use and environmental impact while also 

controlling weeds successfully. Frequently, weeds are insufficiently dense to 

merit total spraying of the field, but as swards are traditionally managed as a 

single entity with the whole field receiving common management (blanket 

spraying), overuse of herbicides can easily occur. The novel herbicide 

application technology. Precision Pasture Management, used in my study has 

the potential to reduce herbicide use and its impacts on non-target plants -  

although further research and development is required so that adequate target 

plant removal is also attained. It is also important that the end product is 

proven to farmers to be better economically than traditional weed management 

practises.

I found an interaction effect between silage cutting and some herbicide 

treatments on non-target plants, particularly grasses. This was evident for 

herbicide products that are not designed to kill grasses (Forefront and Doxstar) 

and may indicate that further research is required before certain herbicides that
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are generally used in arable/non-grass systems be applied to grassland systems 

which are subject to defoliation regimes. My results also indicate that high 

weed infestation does not significantly alter production. Herbicide applications 

are expensive and their effects on non-target organisms and the environment 

can be much more significant than their benefits to production. I advocate more 

research into the relationships between weed infestation and production in 

grasslands so that the propensity of land-managers to overuse herbicides is 

reduced.
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3. Organic dairy farming: impacts on insect-flower 

interaction networks and pollination

3.1. Abstract

Pollination interactions comprise a network of connections between flowers 

and insect-visitors. They are crucial for reproductive success in many 

angiosperms but are threatened by intensive agricultural practices. W hilst less- 

intensive approaches, including organic farming, could improve farmland 

biodiversity, it is not clear whether or not these approaches enhance wild plant 

pollination and the stability of insect-flower interaction networks. I 

investigated the effects of organic versus conventional farming on insect- 

flower interaction network size and structure, bee and hoverfly diversity, and 

pollination in ten pairs of organic and conventional dairy farms in the Republic 

of Ireland. I found that insect-flower interaction networks on organic farms 

were larger and more asymmetrically structured than networks on conventional 

farms. Overall, however, networks contained fewer taxa and niche overlap and 

plant/animal ratios were relatively low compared to previously documented 

insect-flower interaction networks. Organic farms did attract higher numbers of 

bees partly due to higher floral abundances (mainly Trifolium  sp.). Hoverfly 

evenness was greater in organic farms but neither abundance, richness nor 

evenness was related to floral abundance, suggesting organic farms provide 

additional resources for hoverflies. Pollination of Crataegus monogyna 

hawthorn was higher on organic farms, although pollen deposition was limited. 

Organic dairy farming can increase the size and alter the structure of insect- 

flower interaction networks. However, network stability was not improved and
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all networks (organic and conventional) are vulnerable due to their small size 

and low niche overlap and plant/animal ratios. Nonetheless, organic farming 

provided more flowers that attracted more flower visitors and improved 

pollination of Crataegus monogyna. I suggest that strategic management of 

important flowers for pollinators in hedgerows and pastures should be endorsed 

in agri-environmental schemes. Sowing Trifolium  spp., and allowing these 

plants to flower, could benefit bees, but more research into hoverfly ecology is 

necessary before realistic conservation recommendations can be made for this 

group. I conclude that organic farming, though not a solution in its present 

form, can benefit insect biodiversity, insect-flower interaction networks and 

insect-mediated pollination.

3.2. Introduction

Many wild plant populations and agricultural crops are dependent on 

pollination services provided by wild pollinators such as bees and hoverflies 

(Free 1993; Biesmeijer et at. 2006). However, wild pollinators have been 

negatively affected by agricultural intensification and numerous pollinating 

taxa are now in decline in Europe and North America (Steffan-Dewenter et al. 

2005). Bees are considered the most effective pollinators of wild plants but 

hoverflies have also been shown to provide significant pollination services 

(Gyan & Woodell 1987a; Sugiura 1996; Vance et al. 2004). Few studies have 

investigated the effects of land-use change on hoverflies (Jauker et al. 2009; 

Meyer et al. 2009).

In theory, organic farming (European Union Regulation 2092/91/EEC) 

should increase biodiversity because it is less intensive than conventional 

farming (Bengtsson et al. 2005). Beneficial effects of organic farming on plant
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and pollinator diversity have been reported for arable systems (Bengtsson et al. 

2005; Morandin & Winston 2005), but few studies have compared the 

biodiversity of organically and conventionally managed grasslands. Also, the 

majority of studies to date on grassland biodiversity relate to species-rich or 

‘high biological value’ grasslands. This is unfortunate given that intensive 

management is dominant in most lowland grasslands, representing millions of 

hectares in Europe (Plantureux et al. 2005). In the Republic of Ireland, more 

than 80% of agricultural land is permanent grassland, mostly intensively 

managed (Department of Agriculture 2009). Intensive grasslands receive high 

fertilizer application rates and frequent intensive defoliation which optimizes 

harvested forage quality but results in degraded species pools and structurally 

homogenous swards (Vickery et al. 2001). Organically managed grasslands 

would be considered less intensive than conventional grasslands due to: 

prohibition of chemical fertilizers and pesticides; encouragement of nitrogen 

fixation (through planting of Trifolium  spp. and reduction in manure and slurry 

fertilisation inputs) and lower grazing intensities. However, both organic and 

conventional grasslands are still intensive grasslands because they receive 

anthropogenic disturbance above and beyond the capacity for most 

disturbance/nutrient sensitive plant species to survive.

This study focused on the role of organically versus conventionally 

managed dairy grasslands in supporting wild flower-visitor communities and 

wild plant pollination. I investigated whether farm management influences 

insect-flower interaction network size and structure. Insect-flower interaction 

networks consist of interactions between communities of insects and plants that 

generally result in mutualistic benefits. In addition to traditional parameters for 

assessing impacts on biological communities, such as species abundance,

78



richness and diversity indices, netw ork analysis can be used to detect 

underlying changes to com m unity structure, species interactions and ecosystem  

function (Tylianakis et al. 2007). Interest in the structure o f insect-flow er 

interaction netw orks has grown in recent years because they allow 

characterisation o f the stability o f pollination system s (V azquez et al. 2009b). I 

use this m ethodology to gain understanding o f the pollination system s that 

persist in disturbed grassland habitats.

It is becom ing clear that bees and hoverflies respond to habitat change 

in different ways (Kleijn & van Langevelde 2006; Jauker et al. 2009) and 

conservation actions that encourage bees may not necessarily favour hoverflies. 

It is not known how both bee and hoverfly assem blages are influenced by 

farm ing system in intensive grasslands. Therefore my second hypothesis was 

that organic farm ing positively affects bee and hoverfly abundance, richness 

and evenness. M y study focused on the farm scale and w ithin the local scale o f 

the farm  by com paring field centres with edges.

For plants, inadequate pollination services can lead to pollen lim itation 

which can result in reduced seed/fruit set (Knight et al. 2005). For this reason, 

it is not enough to quantify insect assem blages and their flow er visitation rates, 

w ithout exploring actual plant reproductive success. Therefore my third 

hypothesis was that farm  m anagem ent influences pollination success o f a 

com m on hedgerow  species. This is the first study to investigate relationships 

between insect-flow er interaction netw orks, insect diversity and pollination in 

relation to farm ing system.
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3.3. Materials and methods

3.3.1. Study sites

Ten matched pairs of organic (managed according to the European Union 

Regulation 2092/91/EEC) and conventional (not managed according to organic 

regulations) dairy farms in lowland permanent grassland (not ploughed or 

reseeded for at least 8 years) in the Republic of Ireland were selected. Organic 

farms were certified for 11.5 years on average (range: 7-20 years), following a 

2-year conversion period. Pairs were matched on geology, soil type and 

climatic similarity. Farms within a pair were 1-4 km apart, in central and 

southern Ireland (Appendix 2) which is characterised by well-drained, fertile 

soils used predominantly for dairy/drystock farming. Average Livestock Units 

per hectare on organic farms were 1.5, compared with 2.5 on conventional 

farms (Appendix 4).

3.3.2. Surveys of flower visitors and flowering plants

Two fields from each farm were surveyed three times each between May and 

July 2009 using standard line transects (Pollard 1977; Westphal et al. 2008). 

Transects 100 x 2 m were walked slowly (10-15 metres per minute) along the 

edge (field edges including stock-proof hedgerows) and in the centre (30 m 

from the edge) of every field (12 transects in total per site). All bees 

(Hymenoptera: Apidae), hoverflies (Diptera: Syrphidae) and butterflies 

(Lepidoptera) observed within transects were recorded, together with each 

individual’s activity (feeding or not-feeding). If feeding, the respective flower 

species was noted. In addition to these obligate flower visitors, there may be 

other facultative flower-visiting taxa which act as pollinators in the study sites
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(including beetles, flies, etc.). However, I focused on bees and hoverflies 

because they are the most important and, often, the most effective pollinators 

of wild plants (Gyan & Woodell 1987a; Sugiura 1996; Vance et al. 2004). 

Specimens that could not be identified on the wing were caught, frozen and 

identified in the laboratory. Bumblebees {Bombus spp.), honeybees Apis 

melUfera, butterflies and solitary bees were identified to species and hoverflies 

to genus (using: Westrich 1989; Stubbs 2002; Shackleton et al. 2004; Edwards 

& Jenner 2005) (except for Bombus terrestris and B. lucorum, which were 

aggregated due to difficulties in distinguishing between them and other cryptic 

species using morphological methods (Murray et al. 2008; W olf et al. 2009)). 

Both farms within a pair were visited on the same day and timing o f visits 

within a pair, during the three survey periods, were alternated between morning 

and afternoon so as to reduce temporal biases. Surveys were conducted 

between 10:00 and 17:00 on days when ambient temperature was 14°C or 

above with no rain or strong winds. Air temperature (°C), wind speed (Beaufort 

scale) and percentage cloud cover were noted for each transect.

Data on floral abundance and species richness were recorded in every 

transect in each survey. For every herbaceous flowering plant (excluding 

grasses, sedges and rushes), species identity (using: Stace 2010) and the 

number of flowering units was estimated in 10 quadrats per transect (two 1 m 

quadrats every 20 m along transect). Flowering units were defined as an 

individual flower or compact inflorescence such that a medium sized bee has to 

fly rather than walk between in order to reach another flowering unit (Dicks et 

al. 2002).

Floral unit abundance and abundance, richness and evenness (Shannon 

Evenness) of bee species (bumblebees and solitary bees combined), hoverfly
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genera and butterfly species were calculated at the farm level, where edge and, 

separately, centre transects from three survey periods and two fields surveyed 

per site were pooled. Species accumulation curves were plotted to ensure the 

asymptote was reached before evenness was calculated. Butterflies were too 

rare at sites to be analysed but were included in interaction networks (see 

below).

3.3.3. Network analysis

A data matrix was constructed for each organic and conventional farm 

containing the total number of visits observed for each insect-flower interaction 

over the entire study period. Each matrix was illustrated by a quantitative 

interaction web (bipartite visitation graph), where a line between two vertices 

represents an interaction between an insect and a plant species. The interaction 

webs were then characterised by qualitative and quantitative network 

parameters using the ‘networklevel’ command in the bipartite package 

(Dormann et al. 2009) in R (R Development Core Team 2007). Quantitative 

parameters weight interactions according to their frequency which makes them 

less sensitive to samphng intensity and network size. Qualitative parameters 

included: number of plant and insect taxa in each network and the number of 

insect-flower interactions. The quantitative parameters calculated were: 1. 

Generality (weighted mean number of plant species per visitor species). 2. 

Vulnerability (weighted mean number of visitors per plant species). 3. 

Quantitative connectance (the realised proportion of all possible interactions 

weighted by the quantitative visitation rate of each species (Bersier et al. 2002; 

Kaiser-Bunbury et al. 2009)). 4. Specialisation asymmetry dj’ (quantification 

of the imbalance between the interaction strengths of a species pair (Bluthgen
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et al. 2007; Dormann et al. 2009) in which singleton species were omitted 

(Dormann et al. 2009) and the effect of variation in observation totals was 

removed (BlUthgen et al. 2007); with 0 indicating high symmetry, and values 

close to 1 or -1 indicating high asymmetry in terms of specialisation by insects 

or plants, respectively). 5. Niche overlap (mean similarity in interaction pattern 

between species of the same trophic level; values near 0 indicate no common 

use of niches while 1 indicates perfect niche overlap (Dormann et al. 2009)).

3.3.4. Pollination

Pollination was measured on all organic and conventional farms using 

Crataegus monogyna Jacq., hawthorn, as a model species. Crataegus 

monogyna was chosen because it is visited by bees, hoverflies and butterflies; 

it is self-incompatible (Grime et al. 2007); its flowers were located in field 

edges so disturbance by livestock was minimised; and it was the only suitable 

species naturally abundant at all study sites. Iverified the reliance of C. 

monogyna on cross pollination; when insects were prevented from visiting 200 

flowers using bridal veil netting, only four flowers (2%) produced fruit.

To assess natural levels of pollination, at each site 20 flowers (one per 

plant) in bud were marked and subsequently examined when fruits were 

beginning to form. Pollination was determined to have occurred if the 

hypanthium/ovary had swollen to form an immature fruit (i.e. the hypanthium 

had not withered). Fruit set was calculated as the ratio of pollinated versus 

unpollinated flowers for each site.

Pollen limitation was investigated by conducting supplemental hand- 

pollination experiments on an additional 20 flowers per site. Flowers were 

marked whilst in bud, and once opened were supplementally hand pollinated
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using the stamens from flowers of different C. monogyna individuals along the 

same hedgerow. Before and after supplemental pollination, flowers were 

accessible to insects. Fruit set of experimental plants was determined six weeks 

after hand-pollination.

3.3.5. Statistical analysis

Network parameters and fruit set of open/supplementally pollinated flowers 

were investigated for differences between farming system 

(organic/conventional) while abundance/richness/evenness of bee/hoverfly 

taxa and floral abundance were tested for differences between farming system 

and position in field (edge/centre). Network parameters and 

abundance/richness/evenness of bee/hoverfly taxa and floral abundance were 

analysed using Linear Mixed Effects Models and fruit set of 

open/supplementally pollinated flowers was analysed using Binomial 

Generalised Linear Mixed Models (cbind function; GLMM). I accounted for 

spatial autocorrelation by including random terms: farm pair (1-10) and, when 

applicable, location-within-field (edge/centre). Plant species number (in 

networks), generality, floral abundance and hoverfly richness were square root 

transformed (V(x+1)) and bee and hoverfly abundances were log transformed 

(ln(x+ l)) to achieve normality. In floral abundance and network models: 

farming system was included as a fixed effect. Floral abundance was included 

as a fixed effect, interacting with farming system, in the generality and 

‘number of insect-flower interactions’ network models. Insect abundance (all 

bees, hoverflies and butterflies: feeding and non-feeding) was included as a 

fixed effect, interacting with farming system, in the vulnerability and 

specialisation asymmetry network models. In the bee/hoverfly models: farming
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system, edge/centre, floral abundance, wind speed, air temperature, percentage 

cloud cover and bee/hoverfly abundance (see explanation below) were 

included as fixed effects as well as two-way and three-way interactions 

between farming system, edge/centre and floral abundance. In the richness and 

evenness models samples containing zero or one individual were removed and 

abundance was added as a fixed effect to ensure that richness and evenness 

models were independent from abundance models. Floral species richness was 

correlated with floral abundance (r = 0.257, P = 0.001) and so was not analysed 

further. In the fruit set models: treatment (with four levels: Organic-Open, 

Conventional-Open, Organic-Supplemental and Conventional-Supplemental) 

was included as a fixed effect. Models were simplified by removing first non

significant interactions {P > 0.05) and then any non-significant main effects 

(that were not constituent within a significant interaction). For model 

validation and model adequacy assessment I followed Zuur et al. (2009). 

Statistical analysis was carried out using nlme (Pinheiro et al. 2009) and lme4 

(Bates & Sarkar 2006) packages in R (R Development Core Team 2007).

3.4. Results

In total, 504 bees (439 bumblebees, 57 honeybees and 8 solitary bees) were 

found from five bumblebee species, one honeybee species and three solitary 

bee species. A total of 832 hoverflies from 17 genera were found. Fewer 

butterfly individuals were recorded: 164 individuals of seven species. There 

were 39 species of flowering plant. Trifolium repens (white clover) was the 

most abundant flowering species in organic farms, with 3382 floral units in 

field centres, while only 177 T. repens floral units were counted in 

conventional centres. Beilis perennis (common daisy) was the most abundant
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flower in conventional farms with 568 floral units counted (compared to 1188 

units in organic farms).

3.4.1. Flower visitors and farming system

Bee abundance and evenness were significantly higher on organic farms than 

conventional ones but bee species richness was not (Fig. 3.1 and Table 3.1). 

Independent of farming system, bee abundance and evenness were significantly 

lower in field centres compared to edges, and this pattern was more 

pronounced in conventional farms (farm type x edge/centre; Fig. 3.1, Table 

3.1).
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Figure 3.1: Geometric mean (+SE) abundance, richness and evenness o f bees 

(bumblebees and solitary bee species) and hoverflies (genera) in edges and 

centres o f organic and conventional fields. Significant differences in 

abundance/richness/evenness between organic and conventional or the edges 

and centres o f all fields (independent o f farming system) are illustrated by 

asterisks (*P<0.05; **P<0.01; ***P<0.001). Significant interactions between 

farm type and edge/centre are shown by ‘ * i ’ or ‘ * * i . ’ Non-significant 

differences are not included.
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Table 3.1: Significant variables characterising bee (bumblebees and solitary 

bees) and hoverfly abundance, richness and evenness from transects conducted 

in the edges and centres of organic and conventional fields. Values obtained 

from Linear Mixed Effects Models. Bee richness and evenness refer to species 

level whereas hoverfly richness and evenness refer to genera. Farm type = 

organic or conventional, Edge vs. centre = position within field. Flower 

abundance = number of floral units per 60m“ (after pooling six transects)

Bees Hoverflies

Abundance
t-value d.f. P-value t-value d.f. P-value

Farm type 2.564 9 0.031 — — N.S.
Edge vs. centre 9.725 17 <0.001 2.176 18 0.043
Flower abundance 3.991 17 0.001 — — N.S.
Farm type*edge/centre -2.256 17 0.038 — - N.S.

Richness
Farm type — - N.S. — - N.S.
Edge vs. centre — — N.S. 3.670 9 0.005
Flower abundance — N.S. — — N.S.
Farm type*edge/centre — - N.S. — - N.S.

Evenness
Farm type 2.730 8 0.026 -3.244 9 0.010
Edge vs. centre 3.397 9 0.008 -6.983 8 <0.001
Flower abundance — — N.S. — — N.S.
Wind speed — — N.S. -2.390 8 0.044
Farm type*edge/centre -3.384 9 0.008 — — N.S.

Note: N.S. = not significant and therefore removed from the model.

Bee abundance was positively related to floral abundance, which was higher on 

organic farms (tg = 5.52, P < 0.001) and particularly high in organic field 

centres (tig = 3.45, P  = 0.003) compared to conventional centres (Fig. 3.2). Bee 

abundance, richness and evenness were not related to environmental 

conditions.
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Hoverfly abundance and richness were independent of farming system, 

but hoverfly evenness was significantly higher in organic compared with 

conventional farms (Table 3.1, Fig. 3.1). Also, hoverfly abundance, richness 

and evenness were lower in field centres compared to edges, regardless of 

farming system. Hoverfly evenness was negatively affected by wind speed 

(Table 3.1).

Figure 3.2: Floral units observed in organic and conventional field edge and 

centre transects (pooled over three survey periods per site). Lines in bold 

represent medians; boxes represent and 3'̂ ’̂ interquartile ranges, bars

represent the minimum and maximum range of the data and open circles 

represent outliers. Significant differences in floral abundance between organic 

and conventional farm types are illustrated by asterisks (**P<0.01; 

***P<0.001). Significant interactions between farm type and edge/centre are 

shown by ‘**i.’ Non-significant differences are excluded from the figure.
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3.4.2. Insect-flower interaction networks and farming system

Organic and conventional insect-flower communities differed in size and 

composition. While the number of insect species was similar between organic 

and conventional networks, significantly more plant species were visited within 

organic networks and, subsequently, generality was higher in the organic 

networks (Table 3.2, Fig. 3.3 and Appendix 5). Vulnerability and the number 

of insect-flower interactions were higher in organic networks but there were no 

interaction effects between farm type and flower abundance or insect 

abundance, respectively. Vulnerability was positively related to insect 

abundance. Insect species out-numbered plants in ratios of 1:1.2 for organic 

networks and 1:1.6 for conventional networks.

Organic and conventional networks were quite similar in terms of 

topology and structure. Quantitative connectance and niche overlap for plants 

and insects were the same in organic and conventional networks. Niche overlap 

was high for insects and low for plants. Though the majority of networks 

(65%) were found to have moderately asymmetrical structures (with plant 

species being more specialised than insect taxa), organic networks were 

significantly more asymmetrical than conventional networks which varied 

widely in structure (ranging from symmetrical to highly asymmetrical). 

Specialisation asymmetry was significantly related to insect abundance on 

farms.
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Table 3.2; Mean (+ standard error) network parameter values for organic and conventional farms including significance levels, t-values and degrees o f

freedom for explanatory variables obtained from Linear Mixed Effects Models

Qualitative parameters
Organic 
Mean + SE

Conventional 
Mean ± SE

Explanatory variables t-value d.f. f-va lue

Number o f insect taxa 7.80 + 0.57 7.4 + 0.65 Farm type — - N.S.
Number o f plant species 6.30 + 0.67 4.5+0 .37 Farm type 3.32 9 0.009
Number o f interactions 14.30+ 1.60 10.30+ 1.10 Farm type 2.335 9 0.044

Flower abundance — - N.S.
Farm type*flower abundance — - N.S.

Quantitative parameters

Generality 2.07 + 0.22 1.61 +0.13 Farm type -2.151 7 0.067
Flower abundance — - N.S.
Farm type*flower abundance 2.60 7 0.035

Vulnerability 3.03+0.21 2.92 + 0.32 Farm type -2.561 8 0.034
Insect abundance 3.985 8 0.004
Farm type*insect abundance — - N.S.

Connectance 0.19 + 0.01 0.19 + 0.01 Fann type — - N.S.
Specialisation asymmetry -0.21 +0.05 -0.20 + 0.08 Farm type 2.413 8 0.042

Insect abundance -3.496 8 0.008
Flower abundance — - N.S.

Insect niche overlap 0.48 ± 0.04 0.42 ± 0.09 Farm type — - N.S.
Note; N.S. = not significant.
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Organic
A2 A3 B1 B2 C l C2

Conventional
A1 A2 A3 B1 83 C3 C4 C5

I
1 2 3 4

Bees

A1 -  Bombus lucorum agg.

A2 -  Bombus pratorum

AS -  Apis mellifera

Hoverflies

B1 -  Eristatis

B2 -  Helophilus

B3 -  Platycheirus

Butterflies

C l -  Pieris napi

C2 -  Maniola jurtina

C3 -  Aglais urticae

C4 -  Cynthia cardui

C5 -  Pararge aegeria

Figure 3.3: One o f ten pairs o f organic and conventional insect-flower interaction networks. The bottom levels o f each network show plant species (numbered 1 - 4 )  

visited by insect taxa listed on the top levels. Plant bar thickness is in proportion to the frequency o f visitation by insects. The lines between the two levels represent 

interactions between insect and plant species w ith line thickness indicating interaction frequency. Floral abundance is displayed in a composite column graph 

beneath each network as percentage o f flora l units o f the top five most abundant species (representing 98% o f total flow er abundance at these two farms) in transects.
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Plant species are: 1 = Trifoliiim repens\ 2 = Ranunculus repens] 3 = Riihus fruticosus  agg.; 4 = Heracleum sphondylium; 5 = Beilis perennis. Note: full networics 

(containing bees/buttertlies/hoverflies and all their observed interactions with flowers on a farm during the study period) are displayed. Any plant species in the 

composite column graphs but not in the networks were not observed receiving visits by bees, hoverflies or butterflies in this farm pair.
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Figure 3.4: Mean (+SE) percentage of Crataegus monogyna flowers that set 

fruit after being either supplementally pollinated or left as open pollinated 

controls on organic and conventional farms. Letters above the bars indicate 

significant differences among treatments.

3.4.3. Pollination and farming system

Fruit set of C. monogyna flowers was significantly higher on organic compared 

with conventional farms for both open pollinated {P = 0.002) and 

supplementally pollinated {P < 0.001) flowers (Fig. 3.4). C. monogyna flowers 

were found to be pollen limited (supplemental fruit set > open fruit set) on 

organic farms {P = 0.006) but not on conventional farms (P = 0.423) (Fig. 3.4).
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3.5. Discussion

3.5.1. Insect-flower interaction networks and farming system

Insect-flower interaction networks on organic farms were bigger and differed 

in composition from networks on conventional farms. Insects visited more 

plant species (had higher generality) as a result of higher floral abundance on 

organic farms. In addition, plant species received more insect visits (higher 

vulnerability) on organic farms, which was positively influenced by insect 

abundance. Intensive grassland networks differed in size and composition, and 

particularly in floral abundance, depending on management (organic vs 

conventional). To date, differences in food web size and structure (plant, 

herbivore, parasitoid) have been described for organic and conventional mixed 

arable farms only (Macfadyen et al. 2009).

All insect-flower interaction networks had low to moderately

asymmetrical structures, with more specialised plant species than insects. This

is in accordance with previous work, though my networks are less asymmetric

than generally found elsewhere (e.g. Bascompte et al. 2006; Vazquez et al.

2007). Interestingly, networks on organic farms were less variable in structure

and more asymmetrical than those on conventional farms. More stable

associations between mutualistic communities can be generated by interaction

asymmetries (Bascompte et al. 2006; Kaiser-Bunbury et al. 2010b) because it

is more beneficial for a specialist species to rely on a generalist species

(asymmetry) rather than on another specialist (symmetry), in case the other

specialist becomes less reliable and both specialist partners are then vulnerable

to co-extinction (Bluthgen 2010). Therefore, the networks on organic farms in

my study may be more stable than those on conventional farms. Differences in

specialisation asymmetries may be partly related to species richness and
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abundance, for example: floral abundance can influence interaction strength 

asymmetry (Vazquez et al. 2007), and I found more flowers and bees on 

organic farms.

However, I did not find a relationship between floral abundance and 

specialisation asymmetry [similar to interaction strength asymmetry (Vazquez 

et al. 2007; Dormann et al. 2009; Bliithgen 2010)], which suggests that floral 

abundance is not the most important determinant of insect-flower interaction 

network, structure in grasslands. The quality of floral reward (i.e. its nutritional 

suitabihty for each consumer or “trait complementarity”) and its accessibility 

(to each consumer, i.e. the presence/absence of “exploitation barriers”), may be 

important as well as quantity (Stang et al. 2009). For example, Rubus 

fruticosus agg. flowers were not as abundant as other species, but attracted the 

highest proportion of insect visits, possibly because its pollen contains high 

percentages of essential amino acids and protein (Hanley et al. 2008), and large 

volumes of nectar are produced (Gyan & Woodell 1987b) in open flowers that 

are accessible to a variety of flower visitors (Muller 1881).

As insect (feeding and non-feeding) abundance increased, plants 

apparently became more specialised. This could be the result of some taxa 

foraging on previously less-favoured plants when visitor abundance was higher 

(Fontaine et al. 2008) because these plants became relatively rewarding in the 

presence o f increased competition. However, not all insect taxa would be able 

to do this [because of trait complementarity and exploitation barriers (Stang et 

al. 2009)], resulting in apparent increases in plant specialisation as new plants 

are included in the network, but only by those insects that are able to exploit 

them.
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The stability of insect-flower communities is thought to increase with a 

high degree of redundancy in insects (Memmott et al. 2004b) because if a 

taxon is redundant in a network (has a similar interaction pattern to other 

species of the same trophic level) then its loss will not greatly destabilise the 

system. I found that there was a medium level of overlap (-45% ), in both farm 

types, between the niches of insect taxa in my networks and the ratio of plants 

to insects was lower than that found in other networks [usually 1:4 (Memmott 

et al. 2004b; Jordano et al. 2006; Vazquez et al. 2009a)] which implies an 

inadequate level of insect redundancy (Memmott et al. 2004b). All networks in 

my study were quite small, containing on average only 20 species. Even though 

my networks contain plant species that can reproduce without pollinators (e.g. 

Ruhus fruticosus agg.), they will not be immune to insect taxa loss because 

inadequate insect redundancy and small network size may actually facilitate 

alterations in the system (i.e. changes in floral abundance, insect behaviour or 

abundance) resulting in increased vulnerability of insect-pollinated plants.

Quantitative connectance on organic and conventional farms was 

similar with networks dominated by well-connected generalist taxa such as 

Bomhus lucorum  agg., Eristalis hoverflies and Rubus fruticosus  agg. Removal 

of the most highly connected species (plant or insect) can cause rapid network 

collapse (Memmott et al. 2004b) and is a likely event in intensive grasslands 

particularly in relation to plant species loss. Management activities such as 

silage and hedge cutting, topping (standardising grass height by cutting to an 

acceptable post-grazing height of approx. 5 cm) and intensive grazing may 

remove the flowers of many plant species, effectively causing their ‘extinction’ 

from the network (at least temporarily). This effect may be exacerbated as the 

species pool in my networks is small, so the opportunity for insects to switch
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interaction partners (‘re-wiring’) is low and therefore the networks could be 

greatly destabilised (Kaiser-Bunbury et al. 2010a). Although organic farming 

can increase the size and specialisation asymmetry of networks, the differences 

may be still too small to improve network stability and secure against future 

perturbations. Therefore efforts should be made to retain and improve 

biodiversity by including measures in agri-environmental schemes that seek to 

maintain a constant floral abundance in intensive farms, particularly in relation 

to species that yield the highest reward for pollinators.

3.5.2. Flower visitors and farming system

As in previous studies (Rundlof et al. 2008; Potts et al. 2009), the higher 

abundance and evenness of bees on organic farms was probably due to a higher 

abundance of flowers. The latter is likely to be a result of lower stocking 

densities, which alleviates grazing pressure and allows time for flowers to 

emerge. In addition, nitrogen-fixing legumes such as Trifolium species are 

encouraged in organic systems as an alternative to chemical nitrogen fertilizers 

(Ledgard et al. 1999) and were abundant in my organic farms. Trifolium 

species provide important food resources for bees (Pywell et al. 2005) as their 

pollen contains high percentages of essential amino acids and protein (Hanley 

et al. 2008). On conventional farms, Beilis perennis was the most abundant 

flower species, but it produces small quantities of low-sugar nectar (Schultz & 

Dlugosch 1999) and is not a valuable food source for bees (Fussell & Corbet 

1992).

Hoverflies respond to habitat change differently to bees (Biesmeijer et 

al. 2006; Kleijn & van Langevelde 2006; Jauker et al. 2009). Hoverfly genera 

evenness (but not abundance or richness) was higher on my organic grasslands
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but, in contrast to previous studies (Kleijn & van Langevelde 2006; Meyer et 

al. 2009) and to my findings for bees, there was no relationship between 

hoverflies and floral abundance, despite adults requiring nectar and pollen as 

food (Haslett 1989). Since some hoverfly species also feed on graminoid 

(grasses, sedges, rushes) pollen (Branquart & Hemptinne 2000; Speight 2008), 

and I did not count graminoid flowers, the lack of association in my study may 

be misleading. Unlike bees, hoverfly larvae do not require floral resources 

(Speight 2008). Therefore, the availability of larval microhabitats and food 

resources may be more important than floral abundance and requires further 

research.

Bees and hoverflies were significantly more associated with field edges 

than field centres, despite flower availability in the centres of fields. This may 

be because bees tend to follow linear features, possibly using them as 

navigational aids (Cranmer 2004). Wind speed and field boundary height are 

known to restrict hoverfly movement and cause them to accumulate near field 

boundaries (Wratten et al. 2003), e.g. hoverfly evenness was negatively 

affected by wind speed in the present study. Hedgerows also offer the best food 

resources over the season (Jacobs et al. 2009) and give protection from 

predators and disturbance by livestock. Efforts to retain existing hedgerows 

and promote re-planting should be encouraged.

3.5.3. Pollination and farming system

Most pollination network studies have not addressed the links between 

observed insect assemblages and pollination (Ricketts et al. 2008). I used a 

single model species to gain a better insight into the effects of farm 

management on pollination. Clearly, pollination success would best be
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recorded for as many species in the community as possible, but due to large 

variations in the presence of suitable plant species among sites, I could only 

use a single species. Despite this limitation, my study demonstrates farm 

management effects on pollination. Fruit set of openly pollinated Crataegus 

monogyna flowers was significantly higher on organic farms. Here I found 

more insect visitors, which presumably facilitated higher levels of pollination. 

Similar results have been found for canola crops (Brassica rapa and B. napus) 

(Morandin & Winston 2005). C. monogyna was found to be pollen limited on 

organic farms, which is in accordance with work in the UK (Jacobs et al. 

2009). This suggests that pollination levels, though higher than those on 

conventional farms, are still inadequate in organic grasslands.

In my study, fruit set of supplementally pollinated flowers was 

significantly lower, and was apparently not pollen limited, on conventional 

farms indicating that other factors are limiting. Nutrient limitation is possible, 

but no significant differences in pH, phosphorous, potassium and magnesium 

levels were found between organic and conventional field edges at the same 

study sites (Chapter 4). Alternatively, tree damage through cutting, spray drift 

from or direct application of herbicides (in order to control weeds) may reduce 

the fecundity of C. monogyna on conventional farms.

3.5.4. Summary of recommendations for management and policy

Insect-flower interaction networks in organic grasslands were found to be 

larger than their conventional counterparts, but overall, the networks in my 

study (organic and conventional) were small and relatively unstable compared 

to networks in species-rich habitats. This is likely to be the result of 

disturbance from intensive management and is concerning because the
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maintenance of some level of pollination in intensively farmed landscapes is 

dependent on a network of very few species. However, organic farming was 

found to provide increased floral resources that attract more pollinating insects 

and pollination success was higher on farms under organic management. More 

research into the interacting effects of landscape and organic dairy farming is 

required (Gabriel et al. 2010), but my findings are an important starting point 

and have implications for how we perceive intensive grasslands. They are areas 

with some potential for pro-active conservation. The biodiversity that remains 

in intensive grasslands performs an essential role in the functioning of 

agricultural ecosystems and should be conserved and improved upon.

Organic dairy farming should be encouraged and supported particularly 

where intensive grasslands are widespread. Only 12 organic dairy farms in the 

Republic of Ireland met my selection criteria in 2008, 10 of which I surveyed, 

demonstrating the low uptake of organic dairy farming. Certain beneficial 

organic practices (for pollinators) can also be integrated into conventional farm 

management plans at little extra cost, for example sowing Trifolium  species to 

increase bee abundance. Strategic management of the flowers of important 

plant species for pollinators should be introduced into agri-environmental 

schemes, particularly in relation to hedgerow and pasture management. I 

confirm the value of hedgerows for pollinators and encourage hedgerow 

protection and restoration. This study also shows that more research is needed 

into hoverfly behaviour, dispersal and the influence of larval habitat and food 

requirements on adult distribution before realistic conservation 

recommendations can be made for this group. Ultimately, organic dairy 

farming, though not the solution in its present form, can improve prospects for 

pollinators in intensive grasslands.
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Chapter 4

Impacts of organic dairy farming and landscape 

character on insect-pollinated plants

Submitted as: Power, E.F., Kelly, D.L. and Stout, J.C. Organic farming and 

the landscape matrix: effects on insect-pollinated plants in intensively managed

grasslands. PLoS ONE.
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4. Impacts of organic dairy farming and landscape 

character on insect-pollinated plants

4.1. Abstract

Parallel declines in insect-pollinated plants and their pollinators have been 

reported as a likely result of agricultural intensification. Arable plant 

communities have previously been shown to contain higher proportions of self

pollinated plants compared to natural or semi-natural plant communities. 

Though intensive grasslands are widespread, it is not known if they show 

similar patterns to arable systems nor whether local and/or landscape factors 

are influential. Thus, I investigated plant community composition in 10 pairs of 

organic and conventional dairy farms across Ireland in relation to the local and 

landscape context. Relationships between plant groups and local factors 

(farming system, position in field, soil parameters and grazing intensity) and 

landscape factors (e.g. landscape complexity) were investigated. The 

percentage cover of unimproved grassland was used as simple predictor of 

landscape complexity, as it was closely related with other landscape metrics 

like habitat-type diversity. Intensive grasslands (organic and conventional) 

contained more insect-pollinated forbs than non-insect pollinated forbs. 

Organic field centres contained more insect-pollinated forbs than conventional 

field centres. Insect-pollinated forb richness in field edges (but not centres) 

increased with increasing landscape complexity up to 5km radii around sites, 

whereas non-insect pollinated forb richness was unrelated to landscape 

complexity. Pollination systems of intensive grassland plant communities may 

be different from those in arable systems. My results indicate that organic
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m anagem ent (specifically the absence o f herbicides) increases plant richness in 

field centres, but that landscape com plexity exerts strong influences in both 

organic and conventional field edges. U nlike non-insect pollinated plants, 

insect-pollinated plants show relationships to landscape context sim ilar to those 

docum ented for m any pollinators, particularly bees. The insect-pollinated 

forbs, their pollinators and landscape context are inextricably linked. This 

needs to be taken into account when m anaging and conserving insect- 

pollinated plant and pollinator com m unities.

4.2. Introduction

A nim al-m ediated pollination is required for successful reproduction in many 

angiosperm s (Buchm ann & N abhan 1996) but there are concerns for the future 

o f many pollinator species due to agricultural intensification (Steffan-D ew enter 

et al. 2005). Parallel declines in insect-pollinated plants and their pollinators 

have been reported (B iesm eijer et al. 2006). Changes in plant com m unities in 

intensively m anaged arable system s are evident, with a reported dom inance of 

self-pollinated plants that can better w ithstand disturbance (frequent soil 

cultivation, crop harvesting and crop rotations) over plants that depend on 

anim als for pollination and/or other plants as pollen donors (Baker 1974; 

Gabriel & Tscharntke 2007). In com parison, natural or sem i-natural system s 

tend to have low er proportions o f self-pollinated plants (Regal 1982). It is not 

clear if  intensive grasslands also have reduced proportions o f insect-pollinated 

plants. M ost European low land grasslands are intensively m anaged covering 

m illions o f hectares (Plantureux et al. 2005). The m ajority o f agricultural land 

in the Republic o f Ireland is intensive grassland (Departm ent o f A griculture 

2009). Intensive grasslands receive high fertilizer application rates and frequent
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defoliation (Vickery et al. 2001). This results in degraded species pools and 

structurally homogenous swards. In Ireland, intensive grasslands support 

considerably fewer plant (McMahon et al. 2010) and pollinator (Santorum & 

Breen 2005; Chapter 3) species compared to the communities of plants 

(Ivimey-Cook & Proctor 1966; Martin et al. 2007) and pollinators (Fitzpatrick 

et al. 2007; Speight 2008) found in semi-natural grasslands. Declines in plant 

richness are likely to result in changes in insect-pollinated plant numbers 

within intensive grassland plant communities. In turn, changes in insect- 

pollinated plant numbers may have further knock-on impacts on pollinators and 

plant-pollinator interaction networks.

Local factors such as abiotic conditions (e.g. nutrient availability and 

soil acidity) and field management (e.g. herbicide application and defoliation) 

can affect the distribution and species richness of arable plants (Kleijn & 

Verbeek 2000; Schippers & Joenje 2002). In particular, organic farming, most 

likely through the prohibition of pesticides and chemical fertilizers (European 

Union Regulation 2092/91/EEC), has been found to mitigate the decline of 

plants and pollinators in arable systems (Bengtsson et al. 2005; Morandin & 

Winston 2005). There is also evidence of a shift to more insect-pollinated 

plants in organic arable weed communities compared to their conventional 

counterparts, probably as a result of increases in both plant and pollinator 

diversity on organic farms (Gabriel & Tscharntke 2007; Romero et al. 2008). 

This has important implications for organic intensive grasslands (characterised 

by lower stocking densities and no chemical fertilisers or pesticides), where 

increased plant and pollinator diversities have also been observed (Petersen et 

al. 2006; Chapter 3).
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Landscape character, in term s o f landscape com plexity  and the 

proportion o f the landscape that is organically farm ed, has been found to affect 

the influence o f organic farm ing on local plant and pollinator diversity 

(Roschew itz et al. 2005; Gabriel et al. 2010; R undlof et al. 2010). Therefore, 

as plants and pollinators can be affected by landscape character and pollinator 

diversity can decline in parallel w ith insect-pollinated plants (B iesm eijer et al. 

2006), one m ight expect the num bers o f insect-pollinated plants to be affected 

by landscape character (possibly interacting with farm ing system ). U nravelling 

the effects o f farm ing system  and landscape context on insect-pollinated plants 

may help to inform  m anagem ent decisions pertaining to plant and pollinator 

conservation.

I hypothesised that (1) plant species richness is higher in organic than in 

conventional dairy farm s. Specifically, I expected there to be (2) m ore insect- 

pollinated forb species in organic farm s than conventional. A lso, (3) that plant 

com m unity com position differs depending on position w ithin the field. I 

further hypothesised that, in conventionally farm ed landscapes, (4) the 

num bers o f insect pollinated forbs and non-insect pollinated plants would 

change depending on local factors (position in field, soil param eters, grazing 

intensity, etc.), (5) landscape character (landscape com plexity, presence of 

linear landscape features and distance m etrics); and (6) there w ould be an 

interaction betw een local factors and landscape com plexity.
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4.3. Methods

4.3.1. Study sites

Ten matched pairs of organic (managed according to the European Union 

Regulation 2092/91/EEC) and conventional (not managed according to organic 

regulations) dairy farms were selected in lowland permanent grassland (not 

ploughed or reseeded for at least 7 years) in the Republic of Ireland (same as 

for Chapter 3). Only dairy farms were chosen as effects of dairy versus 

drystock farming on biodiversity can differ substantially (McMahon et al. 

2010). Organic farms were certified for 10.5 years on average (range: 6-19 

years), following a 2 year conversion period. Pairs were matched on geology, 

soil type and climatic similarity. Farms within a pair were l-4km  apart, in 

conventionally farmed landscapes in central and southern Ireland (Appendix 

2). All were in areas characterised by well-drained, fertile soils used 

predominantly for beef/dairy farming. Average Livestock Units per hectare 

(LU/ha) on organic farms were 1.5 LU/ha compared with 2.5 LU/ha on 

conventional farms (Appendix 4). All conventional farmers in the study used 

herbicides in their fields (Appendix 4). Within a radius of 5km around the 

study sites, the dominant land-uses were: unimproved grassland (mean: 41%, 

range: 24-58%); improved grassland (mean: 35%, range: 18-46%); arable land 

(mean: 10%, range: 0-23%); woodland (mean: 5%, range: 0-19%); wetland 

(mean: 2%, range: 0-12%) and urban areas (mean: 1%, range: 0-9%).

4.3.2. Plant surveys

I surveyed forbs (broadleaved herbaceous vascular plants) and graminoids 

(grasses, sedges and rushes) once in three fields from each farm between July
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and September 2008. Plant surveys were conducted in two 100m transects per 

field: one transect located Im from and parallel to the base of an internal field 

boundary (field edge) and the second transect located parallel to the first, 25m 

from the same field boundary (field centre). The start of all edge transects were 

placed at least 100m from field corners, along stock-proof hedgerows. The 

percentage cover of each species was recorded in five quadrats (0.5 x 0.5m) 

placed 20m apart in each transect, giving a total of 15 edge and 15 centre 

quadrats per farm. For identification and nomenclature I follow Stace (2010). 

As a rough measure of grazing intensity (Sjodin et al. 2008), the maximum 

vegetation height (cm) was measured in each quadrat and then averaged for 

each transect. The forbs were classified into two groups based on their 

pollination types: insect and non-insect (self and/or wind-pollinated) by 

selecting the most frequent pollen vector according to Grime et al. (2007) and 

the BIOFLOR database (Klotz et al. 2002). Graminoids were all wind 

pollinated but were placed in a separate group to non-insect pollinated forbs in 

light of the unknown origins of many of the species (natural colonisation or 

planted as part of a seed mix).

4.3.3. Soil analysis

Five ca 500g soil samples were taken along each transect, 20m apart and from 

approximately 0-10 cm under the soil surface. The five soil samples from each 

transect were then homogenised into one sample and, for each transect sample, 

the pH and the available macro-nutrients of Phosphorus (P), Potassium (K) and 

Magnesium (Mg) were analysed following Alexander et al. (2008) (Table 4.1).

As some soil parameters were collinear, they could not all be used in 

the same statistical model. Therefore I determined the relationships among the
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soil parameters using principal components analysis (PCA) in Primer 6.1.13 

(Clarke & Gorley 2006). K was correlated with the first principal component 

(PCI), P and Mg with PC2 and to a lesser extent PC3 and pH with PC4 (Table 

4.2). Therefore, PC I, PC2 (both representing different plant macronutrients) 

and PC4 (representing soil acidity) were used as covariates in further analysis.
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Table 4.1: Mean + standard error soil parameters measured in organic and conventional field edges and centres.

Organic Conventional
Edge Centre Edge Centre

Mean + SE Mean ± SE Mean ± SE Mean ± SE

Phosphorus (mg/1) 21.183 +4.661 5.283 + 0.700 13.223 + 2.107 10.587 + 2.084

Potassium (mg/1) 201.907 + 20.038 118.093 + 10.445 209.827 + 21.586 141.977 + 16.740

Magnesium (mg/1) 245.293 + 18.410 159.93 +9.151 267.813 + 22.289 273.713 + 28.534

pH 5.778 + 0.133 5.486 + 0.071 5.799 + 0.128 5.559 + 0.070

Table 4.2: Eigenvalues for the first four principal components (PC 1-4) from a principal component analysis (PCA) on soil nutrients and pH and the 

Pearson correlation coefficient (r) between soil parameters and the four principal components.

Eigenvalue Phosphorus Potassium Magnesium pH
PCI 15.700 -0.120 _ Q  9 9 1 *** -0.066 -0.003
PC2 0.470 -0.910*** 0.136 -0.385*** -0.076
PC3 0.114 -0.386*** -0.015 0.920*** -0.069
PC4 0.009 -0.096 0.007 0.034 0.995***
***P<0.001
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4.3.4. Landscape characterisation

I used the CORINE Land Cover (Bossard et al. 2000) database (100m“ 

resolution) to characterise the landscape context of each site. This database was 

chosen over a more up to date version (CORINE Land Cover 2006 (European 

Environment Agency 2007)) as it contained the level of detail required for this 

study (specifically Level 4 classification which characterises pastures further 

into unimproved and improved grassland). Fifteen land use types were defined 

using CORINE land cover classifications (Levels 1, 3 and 4): arable, 

unimproved grassland (medium management intensity pasture), improved 

grassland (high management intensity pasture), natural grassland (a low 

management intensity semi-natural grassland - of which there were negligible 

amounts recorded in the study landscapes), broadleaved forest, coniferous 

forest, mixed forest, transitional woodland scrub, urban areas, bogs, marshes, 

heaths, stream courses, water bodies and other habitats. Specific CORINE 

definitions of unimproved and improved grassland are unavailable but these 

categories may roughly correspond to the semi-improved and improved 

grassland categories suggested by Sullivan et al. (2010), respectively. The 

percent land cover of each of the 15 land use types was measured at five spatial 

scales from 1 -  5km radii around each study site (Appendix 3). Percent cover 

of each of the 15 land use types was used to calculate landscape diversity (H) 

on each of the five spatial scales, using the Shannon-W iener index (Krebs et al. 

1999). Only two out of the thirteen land-use types (unimproved grassland and 

improved grassland) were present at all sites and in all landscape sectors. 

However, the two were collinear. Unimproved grassland was the dominant 

land-use type in the study landscapes and was negatively correlated with
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landscape diversity, and so unimproved grassland was used as an inverse 

indication of landscape complexity.

Linear landscape features contribute to the complexity of a landscape 

and thus impact biodiversity. In my study landscape, hedgerows are the 

dominant linear feature and consequently may affect plant richness. I estimated 

the percentage cover and length (km) of hedgerows and the number of 

connections between hedgerows within a 1km radius around each site. These 

factors may give an indication of hedgerow structure within the landscape 

which is known to impact on plant diversity (Le Coeur et al. 2002; Deckers et 

al. 2004).

The isolation of sites, i.e. the distance (in metres) from each study site 

to the nearest edges of 10 habitat types, was calculated in relation to 

broadleaved forest, coniferous forest, mixed forest, transitional woodland 

scrub, urban areas, bogs, marshes, heaths, stream courses and water bodies. 

Most of the 10 habitat types were found to be collinear so were pooled into 

four categories: forest, urban, wetland and open water. For example: 

broadleaved forest, coniferous forest, mixed forest and transitional woodland 

scrub were pooled into the category named forest. All landscape analyses were 

done using ArcGIS 9.3.1, ESRl, Redlands, CA, USA.

4.3.5. Statistical analysis

Plant community similarity between organic and conventional field edges and 

centres was graphically analysed using Non-Metric M ultidimensional Scaling 

(NMS) and significant differences were tested for by performing a 

PERMANOVA+ using 4 factors (transect position (edge/centre), field (1-3), 

farm type (organic/conventional) and farm pair (1-10)), using PRIMER 6.1.13
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(Clarke & Gorley 2006). To determine which plant species were primarily 

providing the discrimination between organic and conventional field edges and 

centres, I performed SIMPER analysis using PRIMER 6.1.13 (Clarke & Gorley 

2006).

Plant richness was calculated for all plants (“total plants”), for insect- 

pollinated forbs, non-insect pollinated forbs and graminoids as the cumulative 

species richness of each transect. Each measure of richness was analysed in 

relation to: (1) local and landscape characteristics for each of the five spatial 

scales; (2) linear landscape features and (3) distance metrics using Linear 

Mixed Effects Models. Individual soil parameters (K, P, Mg and pH) were 

compared separately using Linear Mixed Effects Models. I accounted for 

spatial autocorrelation by including random terms: farm pair (1-10), farm (1- 

20), field (1-3). In each local and landscape model, the fixed effects included: 

farm type (organic/conventional), location-within-field (edge/centre), soil 

parameters (PCI, PC2, PC4), vegetation height and percent cover of 

unimproved grassland. In the individual soil parameter models the fixed effects 

included: farm type (organic/conventional) and location-within-field

(edge/centre). In the linear landscape features models, summed hedgerow 

length, hedgerow percent cover, number of hedgerow connections and farm 

type were included as fixed effects. In the distance metrics models, farm type, 

distances to forest, urban, wetland and open water were included as fixed 

effects. Relevant two-way and three-way interactions between fixed effects 

were included where appropriate. Models were simplified by removing first 

non-significant interactions {P > 0.05) and then any non-significant main 

effects (that were not constituent within a significant interaction). For model 

validation I followed Zuur et al. (2009). Mixed modelling was carried out using
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the nlme (Pinheiro et al. 2009) package in R (R Development Core Team 

2007).

4.4. Results

A total of 69 plant species were found, with more in organic (61) than 

conventional farms (48) (Appendix 6). There were 31 insect-pollinated forbs 

(26 in organic, 20 in conventional), 18 non-insect pollinated forbs (17 in 

organic, 14 in conventional) and 20 graminoids (18 in organic, 14 in 

conventional). O f the non-insect pollinated, 12 were species which were self

pollinated and 6 were wind pollinated.

4.4.1. Plant community composition

Graminoids dominated the community composition in organic and 

conventional field edges and centres, followed by insect-pollinated forbs (Fig. 

4.1). There were far fewer non-insect pollinated forbs on all farms (Fig. 4.1). 

Multivariate analysis showed significant differences in plant community 

composition between organic and conventional farms (Pseudo-F = 4.895, P = 

0.009). There was a significant interaction between farm type and edge/centre 

(Pseudo-F = 1.320, P = 0.042) (Fig. 4.2) with the centres of conventional fields 

mainly characterised by graminoids (89% contribution to community (cover 

and frequency combined), particularly Lolium perenne and Agrostis 

stolonifera) while organic centres were characterised by a large percentage of 

insect-pollinated forbs (42% contribution to community, Trifoliiim repens and 

Ranunculus repens) and much fewer non-insect-pollinated forbs (2% 

contribution to community, Taraxacum  spp.) as well as graminoids (46%
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contribution to community, Lolium perenne, Holcus lanatus and Agrostis spp.). 

Community composition in organic and conventional field edges was similar 

but all edges were significantly different from all field centres (Pseudo-F = 

20.899, P = 0.001) (Fig. 4.2) as they contained varying mixtures of insect- 

pollinated forbs (10-14% contribution to community), non-insect pollinated 

forbs (6-7% contribution to community) and graminoids (70-75% contribution 

to community). Conventional farm plant communities were a subset of those in 

organic farms.

■ Graminoids

□ Insect-pollinated forbs

□ Non-insect pollinated forbs

Figure 4.1: Average (+ standard error) species richness per transect of 

graminoids, insect-pollinated forbs and non-insect pollinated forbs in the field 

edges and centres of organic and conventional farms. Letters above the bars 

indicate significant differences among plant groups, farm type and edge/centre, 

using Linear Mixed Effects Models.

Edge Centre Edge I Centre

Organic Conventional
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Figure 4.2: Plant community sim ilarity between organic and conventional edge 

and centre transects illustrated using Non-metric Multidimensional Scaling 

(MNS with Bray - Curtis index, 2 Axes), w ith significance values obtained 

using PERMANOVA-I-. Three distinct plant community groups emerged: 

organic and conventional edges (dotted line); organic centres (continuous line) 

and conventional centres (dashed and dotted line).

4.4.2. Plant richness: local and landscape factors

Total plant richness, including that o f insect-pollinated forbs and graminoids, 

was correlated w ith local factors and landscape factors, while non-insect 

pollinated forb richness was correlated with local factors only (Table 4.3). 

Total plant richness was significantly higher on organic farms than 

conventional and also higher in field edges than centres. Conventional field 

centres were particularly depauperate in terms of species richness (Fig. 4.1).
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Total plant richness was also significantly related to the PCI scores (K soil 

parameter) but not PC2, PC4 or vegetation height (see Table 4.4 for more 

detailed soil analysis results). The richness of insect-pollinated forbs and 

graminoids followed the same patterns as total plant richness in terms of local 

site characteristics but non-insect pollinated forbs did not. Non-insect 

pollinated forb richness was similar in both farming systems but was higher in 

all field edges compared to all field centres (Fig. 4.1). Non-insect pollinated 

forbs were also significantly related to PCI scores only.

The plant categories varied in terms of their relationships with 

landscape character at different spatial scales (Table 4.3). Total plant and 

insect-pollinated forb richness in the field edges was significantly negatively 

related to the percent cover of unimproved grassland in the landscape between 

the scales of 1 and 5km (though with no relationship evident at the 2km scale). 

In contrast, graminoid richness in the field edges was related to the percent 

cover of unimproved grassland in the 1km and 2km scales only, while non

insect pollinated forbs were unrelated to landscape character at any spatial 

scale. The richness of all plants, insect-pollinated forbs, non-insect pollinated 

forbs and graminoids in all field centres were not related to the percent cover of 

unimproved grassland at any spatial scale. There was also no interaction effect 

between farm type and the percent cover of unimproved grassland in any 

spatial scale on plant richness in general.
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Table 4.3: Interacting relationships among local and landscape factors and plant richness (total plants, insect-pollinated forbs, non-insect 

pollinated forbs and graminoids) at five different spatial scales (l-5km  radii around sites). Analysed using Linear M ixed Effects M odels. 

Farm type = organic/conventional, edge/centre = position in the field. PCI = first principal component from a principal component 

analysis on soil parameters. Increasing percent unimproved grassland represents decreasing landscape complexity.

Landscape
Local factors  factor_______Local x landscape factors

Scale 
(km

)

Farm 
type

E
dge/centre

edge/centre
Farm 

type 
x

PC
I

grassland
U

nim
proved

grassland
unim

proved

Farm 
type 

x
%

unim
proved

grassland

E
dge/centre

X 
%

grassland

Farm 
type 

x 
edge/centre

X 
%

unim
proved

R ichness td .f . P td . l . P P Id  1 P td  f P Id .t P td  f P t d f .  P

Total plants 1 3.092g 0.015 5.612s6 <.001 -3.00756 0.004 4.03256 <.001 — N.S N.S -2.53756 0.014 - N.S
2 2.9649 0.016 7.29057 <.001 -2.485,7 0.016 4.19257 <.001 — N.S N.S — N.S. - N.S
3 3.0058 0.017 4.90356 <.001 -2.79556 0.007 2.26756 <.001 — N.S N.S -2.22756 0.030 - N.S
4 2.960s 0.018 5.25156 <.001 -2.63456 0.01 1 4.22856 <.001 — N.S ------- N.S -2.67456 0.010 - N.S
5 2 .9 18g 0.019 5.255s6 <.001 -2.52856 0.014 4.20756 <.001 — N.S — N.S -2.80556 0.007 - N.S

Insect- 1 4.314s 0.003 4.89556 <.001 -2.64756 0.010 2.45556 0.017 _ N.S ____ N.S -2.63256 0.011 - N.S
pollinated 2 4.0759 0.003 5.55757 <.001 -2.10257 0.040 2 .7 2 H57 0.008 — N.S ------- N.S — N.S. N.S
forbs 3 4.284s 0.003 4.04456 <.001 -2.37956 0.021 2.69756 0.009 — N.S ------- N.S -2.05056 0.045 N.S

4 4.l86g 0.003 4.27356 <.001 -2.21456 0.031 2.661,6 0.010 — N.S N.S -2.35656 0.022 N.S
5 4.1378 0.003 4.17956 <.001 -2.11556 0.039 2.63056 0.011 — N.S ------- N.S -2.11556 0.039 N.S

Non-insect 1 ____ N.S. 3.99658 <.001 ____ N.S. 2.74158 0.008 _ N.S ____ N.S ____ N.S. N.S
pollinated 2 — N.S. 3.99658 <.001 — N.S. 2.74158 0.008 — N.S — N.S — N.S. N.S
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forb.s 3 — N.S. 3.996,8 <.001 — N.S.
4 — N.S. 3.996,H <.001 — N.S.
5 — N.S. 3.996,8 <.001 — N.S.

Graminoids 1 2.944g 0.017 5.833.„ <,001 -3.560,, 0.001
2 2.891g 0.020 4.892,„ <.001 -3.473,3 0.001
3 2.7329 0.023 6.420,4 <.001 -3.067,4 0.003
4 2.7329 0.023 6.420,4 <.001 -3.067,4 0.003
5 2.7329 0.023 6.420,4 <.001 -3.067,4 0.003

Note: N.S. = not significant.

2.741,8 0.008 — N.S
2.741,8 0.008 — N.S
2.741,8 0.008 — N.S

3.874,3 <.001 — N.S
4.007,3 <.001 — N.S
3.801,4 <.001 — N.S
3.801,4 <.001 — N.S
3.801,4 <.001 — N.S

N.S — N.S. N.S
N.S — N.S. N.S
N.S — N.S. N.S

N.S -3.089,3 0.003 — N.S
N.S -2.265,3 0.028 — N.S
N.S — N.S. N.S
N.S — N.S. N.S
N.S — N.S. N.S
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Table 4.4: Relationships betw een soil param eters and farm type

(organic/conventional), position in the field (edge/centre) and the interaction 

betw een farm type and edge/centre.

Farm type Edge/centre
Farm  type x 
edge/centre

Soil param eters td .f . P td .f . P td .f . P
Phosphorus - 0.036 — N.S. 2.55358 0.013
(mg/1) 2.4599
Potassium  (mg/1) — N.S. 4 . 9 4 8 5 9 <0.001 — N.S.
M agnesium - 0.008 — N.S. 3.63058 0.001
(mg/1) 3.1489
pH — N.S. 3 . 5 5 8 5 9 <0.001 — N.S.

Note: N.S = not significant. A nalysed using Linear M ixed Effects M odels. 

Potassium  and pH were square root transform ed and Phosphorus and 

M agnesium  were log transform ed to achieve norm ality.

4.4.3. Linear features

H edgerow s were the dom inant linear landscape feature around sites and 

covered a substantial percentage o f the landscape within 1km radii (Table 4.5). 

There were on average 5-6km  of hedgerow s and approxim ately 30 hedgerow 

connections w ithin these 1km radii (with m ore hedgerow connections 

surrounding conventional farm s than organic). Plant richness was significantly 

related to the various hedgerow m easures. Total plant richness and insect- 

pollinated forb richness in organic field edges increased with increasing 

hedgerow length and area, respectively i.e. total plant richness was related to 

the interaction betw een farm  type, edge/centre and hedgerow  length while 

insect-pollinated forbs were related to the interaction betw een farm type, 

edge/centre and hedgerow  area (Table 4.6). N on-insect pollinated forbs were 

significantly related to hedgerow  area and also the interactions between 

hedgerow area and num ber o f hedgerow connections as well as hedgerow
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length and num ber o f connections. G ram inoid richness in the edges o f organic 

and conventional fields was positively related to hedgerow area.

4.4.4. Plant richness and distance metrics

Insect-pollinated forb richness significantly increased with increasing 

proxim ity to wetlands (td.f. = -2.4058, P  = 0.043). There was no relationship 

betw een insect-pollinated plant richness and proxim ity to woodland, urban 

areas or open water and no interaction effects betw een farm type, edge/centre 

and distance m etrics on this plant group. Total plant, non-insect-pollinated 

forbs and gram inoid richness was not related to distance metrics.

Table 4.5; M ean + standard error hedgerow  area, hedgerow  length and num ber 

o f connections betw een hedgerow s within 1km radii o f organic and 

conventional farms.

Organic Conventional
Hedgerow M ean + SE M ean + SE
A rea (%) 4 + 0.321 4 + 0.444
Length (km) 5 + 0.518 6 + 0.616
N um ber o f connections 27 + 3.445 36 + 4.185
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Table 4.6: Relationships between plant richness (total plants, insect-pollinated forbs, non-insect pollinated forbs and graminoids) and 

hedgerow area, hedgerow length and number o f hedgerow connections (and various interactions between factors) within 1km radii around

sites. Analysed using Linear M ixed Effects M odels. Farm type = organic/conventional, edge/centre = position in the field.

H
edge 

area 
(%

)

H
edge 

length 
(km

)

connections
N

o. of

edge/centre 
x 

hedge 
area

Farm 
type 

x

edge/centre 
x 

hedge 
length

Farm 
type 

x

hedge 
area

Edge/centre 
x

no. of 
connections

H
edge 

area 
x

X 
no. of 

connections

H
edge 

length

R ichness td.f. P td f. P td.r. P d̂,f. P td.f. P td.f. P td.f. P td.f. P
Tola! plants N.S. — N.S. — N.S. — N.S. 2 .242,, 0.029 — N.S. — N.S. — N.S.
Insect-pollinated forbs N.S. —  N.S. — N.S. 2 . 6 0 3 5 6 0.012 — N.S. — N.S. — N.S. — N.S.
Non-insect pollinated forbs 3.575 0.016 —  N.S. _ _ _ N.S. — N.S. — N.S. — N.S. -3.0415 0.029 2.648s 0.046
Graminoids N.S. — N.S. — N.S. N.S. — N.S. 2.03957 0.046 — N.S. — N.S.

Note: N.S. = not significant.
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4.5. Discussion

4.5.1. Plant community composition

Total plant richness was higher in organic dairy farms compared to 

conventional farms because there was a higher plant richness in organic field 

centres than conventional centres (with no difference between organic and 

conventional field edges). Similar patterns were evident in mixed arable and 

grassland systems in the UK (Gabriel et al. 2010) but not in Danish dairy 

systems (Petersen et al. 2006). It is not clear, however, which organic farm 

management activities are the most beneficial. Plant richness was not related to 

grazing intensity and, though the macronutrient Potassium (PCI) was 

significantly related to plant richness, there was no interaction effect between 

PCI (or PC2 and PC3) and farm type on plant richness and there were no 

significant differences among Potassium levels in organic and conventional 

field edges and centres (Table 4.4). Previous studies in organic arable systems 

suggest that the exclusion of herbicides is important in explaining increased 

plant species richness (see: Rundlof et al. 2010). It is possible that this may 

also be the case in organic dairy field centres, however further research is 

needed.

Unlike findings for arable systems (Gabriel & Tscharntke 2007), there 

were more insect-pollinated forbs than non-insect pollinated forbs in both 

organic and conventional grasslands. Thus, intensive grassland plant 

communities may differ fundamentally from those of arable systems in terms 

of their relationships with pollinators and their plant-pollinator interaction 

networks i.e. mutual dependence between plants and pollinator communities 

may be more important in grassland than arable systems. If this is the case,

124



then changes in pollinator com m unities w ithin grassland system s m ay have 

greater ram ifications for plant-pollinator netw ork stability than sim ilar changes 

in arable system s.

W ithin the grassland system s in m y study, plant com m unity 

com position varied with farm ing system  and position in the field. Considerably 

m ore forbs were present in organic field centres than conventional field 

centres. The forbs present in organic field centres were m ainly insect- 

pollinated e.g. Trifolium  repens and Ranunculus repens. W hile T. repens is a 

com m on com ponent in organic seed m ixtures (Irish O rganic Farm ers and 

G rowers A ssociation 2006), other insect-pollinated forbs are not and, provided 

the forb is not detrim ental to livestock (Jam es et al. 1992; Parton & Bruere 

2002), their increased presence in organic field centres could be beneficial to 

pollinators, attracting m ore insects and thus im proving pollination services 

(Chapter 3).

4.5.2. Plant richness: local and landscape factors

M y results indicate that farm  m anagem ent activities influenced insect- 

pollinated forb richness in field centres, while landscape com plexity (l-5km  

radii around sites) influenced insect-pollinated forb richness in field edges. 

Field edges tend to be less affected than field centres by farm  m anagem ent 

activities and are thus closer to a sem i-natural condition (Le C oeur et al. 2002). 

Bees are im portant pollinators of wild plants (Buchm ann & N abhan 1996) and 

they too can be influenced by landscape character at scales o f up to 3km 

(Steffan-D ew enter et al. 2002). Thus, insect-pollinated forb richness at the 

field scale m ay be influenced by landscape com plexity at large scales, 

m irroring the situation with some of the pollinators on whom  they depend.
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Parallel patterns of change have been recorded with insect-pollinated plant and 

pollinator diversity in Britain and the Netherlands (Biesmeijer et al. 2006).

In contrast, non-insect pollinated forb richness was unrelated to 

landscape complexity at any spatial scale - they were only related to position in 

the field and soil parameters. This may be because the majority of non-insect 

pollinated forbs in my study were self-pollinated. Graminoids in field edges 

were related to landscape complexity at lower scales than insect-pollinated 

forbs (as well as to farm type, position in the field and soil parameters). The 

reasons for this relationship between graminoids in the field edges and the 

landscape are unclear.

Plant richness was also strongly related to linear features (hedgerows) 

within 1km around sites. There was variation between plant groups in terms of 

which hedgerow measure was important, but hedgerow area, length or the 

interaction between these and the number of hedgerow connections were 

significantly correlated with plant richness. Hedgerow structure is known to 

play an important role in determining hedgerow plant species distributions 

(Deckers et al. 2004) and my results indicate that different plant groups (based 

on mode of pollination and taxonomy) respond differently to different aspects 

of hedgerow structure. There are many possible reasons for this. Hedgerows 

are known to act as corridors for movement of many plant species (Le Coeur et 

al. 2002) and, in particular, can act as barriers to or facilitators of pollen flow. 

For example, pollinators interact with linear landscape features (Wratten et al. 

2003; Cranmer 2004; Ekroos et al. 2008) and hedgerows have been found to 

facilitate pollen dispersal between insect-pollinated forb populations through 

pollinator movements (Van Geert et al. 2010). Hedgerows can also interrupt or 

slow down air fluxes (Burel 1996) thus possibly affecting pollen dispersal in

126



wind pollinated species. Maintenance or restoration of hedgerow networks in 

the landscape is to be encouraged but little is known of how hedgerow 

structure, pollen dispersal and plant community composition (in terms of 

pollination systems) interact in the landscape.

Habitat fragmentation is known to affect different plant species in 

different ways (Dauber et al. 2010) and so I tested whether the richness of 

insect-pollinated plants, non-insect pollinated plants and graminoids were 

related to proximity to different habitats. I found that insect-pollinated forb 

richness increased with proximity to wetlands only but found no relation 

between distance metrics and non-insect pollinated forbs or graminoids. The 

proximity of wetlands may boost plant richness as they will provide habitat for 

a range of species and may form a source from which colonisation can take 

place. The reasons for specific benefits to insect-pollinated plant richness are 

unclear, but may derive from a benefit to pollinator species from the proximity 

of wetlands: notably many pollinators (hoverfly and solitary bee species) utilise 

wetlands as larval and forage habitats (Michener 2007; Speight 2008).

4.5.3. Conclusion

Plant community composition within intensive dairy grasslands, though species 

poor, differs from arable plant communities in terms of the proportions of 

insect-pollinated forbs in the community. This is likely to have implications for 

pollinator communities and plant-pollinator interaction networks. Organic 

farming was found to support greater plant richness in field centres than 

conventional field centres, possibly due to lack of herbicide use. The plant 

communities within field edges (organic or conventional) also exhibited 

interesting trends. Notably, my results indicate that insect-pollinated forbs in
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field edges differ from non-insect pollinated plant groups in terms of the extent 

to which landscape complexity at large spatial scales determines local richness. 

Such a relationship has not been demonstrated previously but comparisons can 

be drawn from the literature between this relationship and that found for 

pollinators, particularly bees, and landscape character (Steffan-Dewenter et al. 

2002). My study also indicates that linear landscape features (hedgerow 

structure) and proximity to certain habitats influence the species richness of 

different plant groups in grasslands depending on their pollination system. The 

relationships between insect-pollinated forbs, their pollinators and landscape 

context at different spatial scales should be explored further in future studies as 

all are inextricably linked.
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Chapter 5

Impacts of organic dairy farming, floral 

resources and landscape character on hoverflies

To be submitted as: Power, E.F., Jackson, Z. and Stout, J.C. Organic farming, 

floral resources and landscape character: impacts on hoverflies in intensively 

managed grasslands. Basic and Applied Ecology.
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5. Impacts of organic dairy farming, floral resources 

and landscape character on hoverflies

5.1. Abstract

Hoverflies are valuable pollinators of wild flowers and commercial crops but 

little is known of how they are influenced by local factors (such as agri- 

environmental schemes) and landscape context nor the optimum scale for 

management, particularly in intensive grasslands. Therefore, I investigated how 

hoverfly abundance and richness were related to local factors (farming system 

(organic or conventional) and floral resources) and landscape context (land- 

use, linear landscape features and distance metrics) in nine pairs of organic and 

conventional dairy farms in the Republic o f  Ireland. By conducting transect 

walks and pan-trapping at each site, I found that hoverfly abundance was 

higher on organic farms, while hoverfly species richness was positively 

correlated with floral abundance. Hoverfly abundance and richness were most 

strongly related to land-use within 4km and 7km radii around sites, 

respectively, -  indicating the importance o f  large spatial scales in 

understanding hoverfly relationships with landscape character. Homogenous 

landscapes were found to support higher hoverfly abundance and species 

richness, possibly because they contain abundant macrohabitats suitable for the 

proliferation of certain hoverfly guilds. Linear landscape features and the 

proximity of urban areas may also affect hoverfly abundance and richness. 

Findings illustrate the complex and often unexpected relationships that exist 

between hoverflies, local factors and landscape character and are discussed in
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term s o f im plications for conservation, agri-environm ental schem e 

im plem entation and future research.

5.2. Introduction

A nim al-m ediated  pollination is the key to reproductive success for many 

angiosperm s, but pollinator decline m ay result in a “pollination crisis” in the 

future, where plant fitness is lim ited by a lack o f pollinators (Steffan-D ew enter 

et al. 2005). Bees are considered to be the m ost effective pollinators (G reenleaf 

& Kremen 2006a; Klein et al. 2007), but m any bee taxa are now in decline in 

Europe and North A m erica (Allen-W ardell et al. 1998; Steffan-D ew enter et al. 

2005; B iesm eijer et al. 2006; W illiam s et al. 2009) as a result o f  land-use 

change, habitat loss, agrochem icals and disease. Hoverflies are also recognized 

as valuable pollinators o f wild flowers (Gyan & W oodell 1987a; Sugiura 1996; 

Fontaine et al. 2005) and com m ercial crops (Vance et al. 2004; Jauker & 

W olters 2008) (as well as bio-control agents o f insect pests (W hite et al. 1995) 

and decom posers o f biological waste (Speight 2008)) but few  studies have 

investigated how land-use (habitat availability) (Kleijn & van Langevelde 

2006; Schw eiger et al. 2007; Jauker et al. 2009; M eyer et al. 2009) and land- 

use intensity (farm ing intensity) (Hendrickx et al., 2007) affects this taxon at 

the local (Keil et al. 2011) and landscape level. In intensively m anaged 

agricultural landscapes, such know ledge is essential so that hoverfly 

com m unities and the essential ecosystem  services they provide can be 

effectively managed.

The availability o f adult and larval resources locally, and in the 

surrounding agricultural landscape, have to be considered when analyzing 

hoverfly com m unities (M eyer et al. 2009). A dult hoverflies require nectar for 

high-energy hovering flight and fem ales use pollen as a protein source for
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reproduction (Haslett 1989) and the abundance and richness of hoverflies have 

been positively related to local floral resources (Kleijn & van Langevelde 

2006; Haenke et al. 2009; Meyer et al. 2009). However, farm management 

intensity has also been found to influence hoverfly diversity (Hendrickx et a l,  

2007), though it remains unclear as to whether differences in floral resources or 

larval habitats drive this relationship. Organic farming is an example of a less 

intensive farming system (that is growing in implementation across Europe) 

and is also an agri-environmental scheme (European Union Regulation 

2078/92/EEC) which prohibits the use of pesticides and chemical fertilizers 

(European Union Regulation 2092/91/EEC) and promotes lower stocking 

densities (van Elsen 2000; Bengtsson et al. 2005; Hole et al. 2005). Organic 

farming has been suggested to increase biodiversity and, indeed, beneficial 

effects of organic farming on plant and pollinator abundance and richness have 

been reported for arable systems (Hyvonen et al. 2003; Hole et al. 2005; 

Morandin & Winston 2005; Roschewitz et al. 2005; Gabriel et al. 2006; 

Gabriel & Tscharntke 2007). However, few studies have compared the insect 

diversity of organically and conventionally managed grasslands (Chapter 3; 

Potts et al. 2009). This is unfortunate, as intensive grasslands are the dominant 

type of grassland in most lowland regions, representing millions of hectares in 

Europe (Plantureux et al. 2005). In the Republic of Ireland, more than 80% of 

agricultural land is permanent grassland, most of which is intensively managed 

(Department of Agriculture 2009). Intensive grasslands receive high volumes 

of fertilizer and herbicides and are subject to frequent intensive defoliation 

(through grazing or silage cutting). This optimizes harvested forage quality but 

results in degraded species pools and structurally homogenous swards (Vickery 

et al. 2001). In swards like these, floral resources for adult hoverflies are
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greatly reduced (Chapter 3) and potential larval microhabitats are disturbed or 

destroyed (Speight 2008). It is not clear what kind of hoverfly communities 

survive in environments like this and what local factors characterise them.

Although adult hoverflies rely on floral resources, their larval 

requirements differ fundamentally with no pollen or nectar feeding recorded 

for hoverfly larvae (Speight 2008). Foraging adults can disperse widely away 

from larval habitats into the landscape matrix (Speight 2008), and therefore, as 

well as local factors, understanding their response to landscape composition 

and structure is important. Some previous work has been done in arable and 

forested landscapes (Kleijn & van Langevelde 2006; Haenke et al. 2009; 

Meyer et al. 2009), but it is not known how hoverflies respond to an intensive 

grassland landscape matrix and what influence the interaction between local 

and landscape factors has on hoverfly abundance and species richness. Of 

particular concern is the influence of agri-environmental scheme at the 

landscape scale and whether their effectiveness varies depending on landscape 

factors - such as the uptake level of agri-environmental scheme options in the 

surrounding landscape (Gabriel et al. 2010).

Therefore, I addressed a number of questions in the context of intensive 

grassland systems, where all study sites were located within predominantly 

conventionally managed landscapes. Firstly I investigated (1) whether local 

factors (farming system (organic or conventional) or availability of floral 

resources) were related to hoverfly abundance and species richness. I also (2) 

evaluated whether hoverfly abundance and species richness were related to 

landscape character (percent cover of various land-use types (landscape 

complexity), linear landscape features and distance metrics, etc.,) and how (3) 

local factors interact with landscape character in relation to the abundance
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and richness of hoverflies. The question of which scale is the most appropriate 

for understanding how hoverflies interact with the landscape is also necessary 

when considering conservation measures encompassing local and landscape 

effects. Therefore, I investigated (4) how the relationship between certain local 

(farming type and floral resources) or landscape factors (percent cover of 

various land-use types i.e. landscape complexity) and hoverfly abundance or 

species richness can change depending on the spatial scale considered.

5.3. Materials and Methods 

5.3.1. Study sites

Nine matched pairs of organic (managed according to the European Union 

Regulation 2092/91/EEC) and conventional (not managed according to organic 

regulations) dairy farms in lowland permanent grassland (not ploughed or 

reseeded for at least 8 years) in the Republic of Ireland were selected (one less 

farm pair analysed in this chapter than in Chapter 3). Dairy farms were chosen 

for this study as they have higher grazing intensities than beef farms and are 

therefore likely to have a greater impact on biodiversity. Organic farms were 

certified as such for an average of 11.5 years (range: 7-20 years), following a 2 

year conversion period. Such farms were selected to allow time for grasslands 

to recover after the cessation of conventional management practices, 

particularly agrochemical application and high grazing intensities. Pairs were 

matched based on geology, soil type and climatic similarity. Individual farms 

within a pair were l-4km  apart and were all in central and southern Ireland 

(Appendix 2) and were characterised by relatively well-drained, fertile soils 

used predominandy for beef and dairy farming. Only 12 organic dairy farms in
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the Republic of Ireland met my selection criteria, 9 of which I surveyed, 

therefore, all organic and conventional farms in this study were isolated from 

other organic dairy farms and located in predominantly conventionally 

managed landscapes. Within a radius of 7km around the study sites, the 

dominant land-uses were: unimproved grasslands (mean: 41%, range: 22- 

58%); improved grassland (mean: 34%, range: 23-42%); arable land (mean: 

12%, range: 1-26%); woodland (mean: 6%, range: 0-19%); wetland (mean: 

2%, range: 0-12%) and urban areas (mean: 1%, range: 0-1%). The average 

Livestock Unit per hectare (LU/ha) on organic farms was 1.5 LU/ha and 2.5 

LU/ha on conventional farms.

5.3.2. Surveys of hoverflies and flowering plants

In order to maximise my chances of sampling all flower-visiting hoverflies 

present in each site, they were recorded using a combination of standard line 

transects (Pollard 1977; Haenke et al. 2009) and pan traps (Haslett 1989; 

Westphal et al. 2008). Two fields from each farm were surveyed 3 times each 

by the transect method and 2 times each using pan traps between May and July 

2009. Farms within a pair were sampled on the same day during each survey 

period.

Transects 100m long and 2m wide were walked slowly (10-15 metres 

per minute) along the edge (field edge and boundary) and centre (30m from the 

edge) of every field, giving a total of 12 transects per site (same data used here 

as in Chapter 3 except different taxonomic resolution used). Edge transects 

were conducted along intact continuous hedgerows only. All potentially 

pollinating hoverflies (Diptera: Syrphidae) (i.e. those visiting flowers) 

observed within transects were recorded. Specimens that could not be
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identified on the wing were caught, frozen and identified to species in the 

laboratory. Transects were conducted between 10 a.m. and 5 p.m. on days 

when ambient temperature was 14°C or above and with no rain or strong winds 

(i.e. >4 on the Beaufort scale).

Pan traps were placed at three locations, 15m apart, along one edge 

beside the boundary of each field at the upper limit of vegetation, giving a total 

of 6 traps per site. No traps were placed in field centres due to possible 

interference by livestock. Each trap consisted of a white, yellow and blue bowl 

(350ml) mounted on a wooden pole (125x3x3cm). Pan traps were designed to 

attract insects that predominantly visit entomophilous flowers and so bowls 

were painted with fluorescent UV paint (Westphal et al. 2008) in colours that 

account for the different colour preferences of hoverflies (Haslett 1989) and the 

predominant colours of wild flowers in the study region. Each bowl was half

filled with water and a drop of detergent (to act as a surfactant). Traps were 

collected after 48 hours. Contents were emptied into Whirlpac® bags (1 18ml) 

containing a 70% methylated spirit solution (for preservation). Pan trapping 

was undertaken when weather conditions were predominantly dry and calm.

All hoverfly specimens caught were identified to species in the 

laboratory using Stubbs (2002). Hoverfly abundance and species richness were 

calculated at the farm level by pooling all transects, pan traps, fields and survey 

periods. Hoverfly species were classified based on their larval macrohabitat 

preferences into grassland (unimproved and improved), woodland and wetland 

species. Generalist species that use grassland, arable and woodland habitats 

were classed as preferring grassland due to the dominance of grassland in the 

landscapes studied. Hoverflies were also classified as either being
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anthropophilic (preferentially associated with man-made habitats) or 

anthropophobic (avoidance of man-made habitats) (Speight 2008).

The floral resources available were recorded at each sampling period. 

During transect sampling, every forb (herbaceous flowering plants, excluding 

grasses, sedges and rushes) species identity (using: Stace 2010) and number of 

flowering units was counted in two Im quadrats located at 20m intervals along 

each transect, resulting in 10 quadrats per transect (same data used here as in 

Chapter 3). During pan trap sampling, forb species identity and the number of 

flowering units was estimated in three lm “ quadrats located beside each pan 

trap, resulting in 9 quadrats per field edge. Flowering units were defined as an 

individual flower or compact inflorescence such that a medium sized insect has 

to fly rather than walk between in order to reach another flowering unit (Dicks 

et al. 2002). Flower head abundance and floral species richness were calculated 

at the farm level by pooling all quadrats taken along transects, beside pan traps 

and for all fields and survey periods.

5.3.3. Landscape character: land-use, linear landscape features and 

distance metrics

I used the CORINE Land Cover (Bossard et al. 2000) database to characterise 

the landscape context of each site (same as for Chapter 4). This database was 

chosen over a more up to date version (CORINE Land Cover 2006 (European 

Environment Agency 2007)) as it contained the level of detail required 

(specifically: Level 4 classification of grasslands into unimproved and 

improved) for this study. Fifteen land use types were defined using a 

combination of CORINE land cover classifications (Level 1, 3 and 4): arable, 

unimproved grassland, improved grassland, natural grassland, broadleaved
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forest, coniferous forest, mixed forest, transitional woodland scrub, urban 

areas, bogs, marshes, heaths, stream courses, water bodies and other habitats. 

The percent land cover of each of the 15 land use types was measured at seven 

different spatial scales ranging from 1 -  7km radii around each study site 

(Appendix 3). The 7km spatial scale was chosen because there are hoverfly 

species with strong dispersal abilities, some migrating in large numbers across 

great distances and even across seas (Speight 2008). For example. Conn (1976) 

and Wratten et al., (2003) found that some species can disperse up to 400m in a 

day while Aubert et al., (1969: cited by Dziock 2006) found that migrants such 

as Episyrphus balteatus travelled up to 111 km a day. In addition, Haenke et al. 

(2009) showed that hoverflies responded to the landscape up to 4km around 

study sites. Previous studies on bumblebees and honeybees have found that 

they can be related to the landscape at scales of greater than 3km radii 

(Greenleaf et al. 2007; Steffan-Dewenter et al. 2002; Westphal et al. 2006) and 

bees in general are not considered to be as mobile as hoverflies because they 

are central-place foragers. Adult bees have to commute constantly between 

nesting and foraging sites, unlike foraging adult hoverflies that can disperse 

more widely from larval habitats into the landscape matrix, potentially 

interacting with the landscape at greater spatial scales.

Percent cover of each of the 15 land use types was used to calculate 

landscape diversity {H) on each of the 7 spatial scales by using Shannon- 

W iener index (Krebs et al. 1999). Number of habitat types and percent cover of 

semi-natural areas in each of the 7 spatial scales was also calculated. Semi

natural areas were defined based on the CORINE Level 1 classification with 

some modifications and included: unimproved grassland, natural grassland.
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broadleaved forest, mixed forest, transitional woodland scrub, bogs, marshes 

and heath.

Hedgerows are a dominant linear landscape feature in the study 

landscape and subsequently may impact hoverfly abundance and richness. I 

estimated the percentage cover and length (km) of hedgerows and the number 

of connections between hedgerows within a 1km radius around each site based 

on aerial photographs.

Distance from each study site to the nearest habitat type was also 

measured. The distance (in metres) to 10 habitat types were calculated: 

broadleaved forest, coniferous forest, mixed forest, transitional woodland 

scrub, urban areas, bogs, marshes, heaths, stream courses and water bodies. All 

landscape analyses were done in ArcGIS 9.3.1, ESRI, Redlands, CA, USA.

5.3.4. Statistical analysis

Hoverfly community similarity between organic and conventional farms was 

tested by performing a 2 factor (farm-type (organic vs conventional) nested 

within farm-pair) multivariate PERMANOVA+ using PRIMER 6.1.13 (Clarke 

& Gorley 2006). Hoverfly species primarily providing the discrimination 

between organic and conventional farms were then determined by performing 

SIMPER analysis using PRIMER 6.1.13 (Clarke & Gorley 2006).

All univariate data was analysed using Linear Mixed Effects Models. 

Hoverfly abundance and richness were analysed in relation to local and 

landscape characteristics for each of the seven spatial scales. Hoverfly 

abundance was log transformed (ln(x+l)) and richness was square root 

transformed (V(x+1))  to achieve normality. Two out of the thirteen land-use 

types (unimproved grassland and improved grassland) were present at all sites
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and in all landscape sectors and so were suitable (biologically and statistically) 

for analysis. A number of variables were collinear (variance inflation factors 

(VIF) above 3 (Zuur et al. 2007)) and so were removed before model selection: 

habitat diversity, the number of habitats and the percent cover of semi-natural 

habitats were all correlated with the percent of unimproved grassland in all 

sectors (positively in the case of percent cover of semi-natural habitats and 

negatively for habitat diversity and number of habitats). Thus, the percentage 

of unimproved grassland sufficed as a measure of landscape complexity (with 

increasing proportions of unimproved grassland reflecting increasing landscape 

homogeneity). Therefore, farming system (organic or conventional), floral 

abundance and percent cover of unimproved grassland and improved grassland 

were included as fixed factors in the models, as well as two-way interactions 

between farming system or floral abundance and remaining fixed factors. 

Floral species richness was not included in the models as it was strongly 

correlated with floral abundance (r = 0.812, P < 0.001). To ascertain the most 

relevant scales for predicting hoverfly abundance/richness in relation to 

significant landscape factors simple correlations were performed on species 

abundance/richness versus the most appropriate landscape factor at each spatial 

scale.

The number of anthropophobic hoverfly species per site was analysed 

in relation to floral abundance, farming system and their interaction. Floral 

abundance was analysed in relation to farming system in the same way. The 

relationship between hoverfly abundance/richness and linear landscape features 

(hedgerow percent cover, length and number of connections), farming system 

and their interactions were analysed. Overall hoverfly abundance and richness, 

as well as wetland hoverfly abundance and richness, were analysed in relation
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to distance metrics. Woodland hoverfly abundance and richness were not 

analysed due to data being too sparse. Most of the 10 habitat types measured 

were found to be collinear with each other so were pooled into four categories: 

forest, urban, wetland and open water. For example: broadleaved forest, 

coniferous forest, mixed forest and transitional woodland scrub were pooled 

into the category named forest. Forest, urban, wetland and open water were 

included as fixed factors in the distance metrics models.

Farm pair was included as a random factor in all models. All models 

were simplified by removing first non-significant interactions (P > 0.05) and 

then non-significant factors. Models were validated according to Zuur et al. 

(2009). All univariate statistical analysis was carried out using the nlme 

(Pinheiro et al. 2009) and AED (Zuur et al. 2009) packages in R (R 

Development Core Team 2007).

5.4. Results

Overall, 1,176 hoverfly individuals (733 on transects, 443 in pan-traps) from 

34 species (Appendix 7) were recorded. The majority of individuals (86%) and 

species (59%) observed belong to taxa that prefer grassland as their main larval 

macrohabitat (with the remainder preferring wetland and woodland 

macrohabitats) (Fig. 5.1 (a and b)). The most abundant species in all sites were 

Helophilus pendiiliis (constituting 34% of all individuals), Eristalis tenax 

(32%) and Rhingia campestris (7%) (Fig. 5.1(c)). Some rare wetland and 

woodland preferring hoverfly species were also observed: Platycheirus 

nielseni, Xylota tarda, Brachypalpoides lentus, Lejogaster tarsata, 

Platycheirus immarginatus, Platycheirus podagratus and Sphaerophoria sp. 

(Appendix 7).
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Figure 5.1 (a): Individual abundance and (b) species richness of hoverflies on 

organic and conventional farms that prefer grasslands, woodlands or wetlands 

as their larval macrohabitat, (c) Total abundance of the three most abundant 

hoverfly species on organic and conventional farms: Eristalis tenax, Helophilus 

pendulus and Rhingia campestris alongside the abundance of the rest of the 

hoverfly species found. Note that the ratio of species to each other is similar on 

organic versus conventional farms but all species are much more abundant on 

organic farms.
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5.4.1. Local factors

There was a significantly higher total abundance of hoverflies on organic farms 

than conventional farms (Table 5.1, Fig. 5.1), but there was no difference in 

species richness between farm types; 817 individuals were observed on organic 

farms (from 28 species) but only 359 individuals were observed on 

conventional farms (from 26 species) (Fig. 5.1 (a and c)). Community 

composition was not significantly different between organic and conventional 

farms (PERMANOVA: Pseudo-F = 1.867, P = 0.064) as conventional hoverfly 

communities seemed to represent a subset of the organic hoverfly communities 

i.e. the three main species were much more abundant on organic farms than 

conventional farms and constituted 61% of the difference between hoverfly 

communities on organic and conventional farms (SIMPER analysis) (Fig 

5.1(c)). E. tenax and R. campestris were two times and H. pendiilus was three 

times more abundant on organic farms than conventional farms (Fig. 5.1(c)).

Organic farms contained significantly higher abundances of grassland- 

preferring hoverflies than conventional farms (Fig. 5.1(a)), but there were no 

significant differences between farm types in relation to the abundance or 

richness of taxa that prefer wetland and woodland macrohabitats as larvae.

Hoverfly abundance was not significantly related to floral abundance 

but, hoverfly richness was positively related to floral abundance (Table 5.1, 

Fig. 5.2(a)). Even though floral abundance was significantly higher on organic 

farms than conventional farms (tg = 4.281; P = 0.003) there was no interaction 

effect between farming system and floral abundance on the abundance or 

richness of hoverflies.

The number of anthropophobic hoverfly species significantly increased 

with increasing floral abundance (tg = 3.930; P = 0.004) (Fig. 5.2(b)) while
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there was no interaction effect between farming system and floral abundance 

on the number of anthropophobic species.

5.4.2. Landscape character 

5.4.2.I. Land-use

There was a positive relationship between hoverfly abundance and the 

percentage of unimproved grassland (equated with landscape homogeneity) in 

all landscape sectors between 2 and 6km around sites (Table 5.1) with effects 

levelling out after 4km (Fig. 5.3). There was no interaction effect between 

farming system and percentage of unimproved grassland at any spatial scale.

Similar to hoverfly abundance, hoverfly richness was positively related 

to the percentage of unimproved grassland at all spatial scales between 3 and 

7km (Table 5.1), with the 7km scale being most significant (Fig. 5.3). 

However, the percentage of unimproved grassland had a negative effect on 

hoverfly abundance at the 2km scale (Table 5.1). At this 2km scale there was 

also an interaction effect between floral abundance and farming system on 

hoverfly richness.

In addition, one third of the hoverfly species observed in my study that 

prefer unimproved grassland as larvae can also thrive in improved grassland 

and, between the scales of 3-5km, total species richness was positively related 

to the percentage of improved grassland (Table 5.1).
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Table 5.1: The relationships between local and landscape factors (and their interactions) and hoverfly abundance or species richness at different spatial 

scales. Values are obtained from Linear Mixed Effects Models. Farming system = organic or conventional, floral abundance = total number of floral

units per site.

Radiu!
(km)

Local

'  Hoverfly Abundance Hoverfly Richness
Significant factor 

factors

t d.f. P Significant factor t d.f P

— Farming system 3.986 8 0.004 Floral abundance 7.551 8 <0.001

Local and Landscape factors
1 Farming system 3.986 8 0.004 Floral abundance 7.551 8 <0.001

2 Farming system 4.405 7 0.003 Farming system 2.936 5 0.032
% Lfnimproved grassland 2.524 7 0.040 Floral abundance 8.193 5 <0.001

% Unimproved grassland -2.989 5 0.031
Farming system x floral abundance -3.786 5 0.013

3 Farming system 4.116 7 0.005 Floral abundance 6.930 6 <0.001
% Unimproved grassland 2.808 7 0.026 % Unimproved grassland 2.625 6 0.040

% Improved grassland 3.178 6 0.019

4 Farming system 3.939 7 0.006 Floral abundance 8.146 6 <0.001
% Unimproved grassland 3.047 7 0.019 % Unimproved grassland 4.431 6 0.004
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5 Fai’ming system 3.745 7 0.007
% Unimproved grassland 2.628 7 0.034

6 Farming system 3.800 7 0.007
% Unimproved grassland 2.367 7 0.050

7 Farming system 3.986 8 0.004

% Improved grassland 3.995 6 0.007

Floral abundance 7.909 6 <0.001
% Unimproved grassland 4.023 6 0.007
% Improved grassland 3.736 6 0.010

Floral abundance 6.979 7 <0.001
% Unimproved grassland 2.851 7 0.025

Floral abundance 8.663 7 <0.001
% Unimproved grassland 4.238 7 0.004
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Figure 5.2: (a) The relationship between between hoverfly species richness per site and floral abundance (ts =7.551; F <0.001). (b) The relationship 

between anthropophobic hoverfly species richness per site and floral abundance (ts = 3.930; P = 0.004). Hoverfly species richness and floral abundance 

were square root transformed (V(x+1 ))  for analysis.
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Figure 5.3: Scale-dependent changes in the correlation coefficients from simple 

correlations between hoverfly species abundance or richness and percentage 

unimproved grassland in seven landscape scales (l-7km ). Note hoverfly 

abundance is most related to percentage unimproved grassland at the 4km scale 

and richness is most related to unimproved grassland at the 7km scale.

S.4.2.2. Linear landscape features

Hoverfly abundance was significantly negatively related to the percentage 

cover of hedgerows and also hedgerow length within 1km around sites (Table 

5.2). There was an interaction effect between farming system and percent cover 

of hedgerows within 1km around sites on hoverfly abundance (Table 5.2) i.e. 

there was a higher abundance of hoverflies on organic farms that were located 

in landscapes with a higher cover of hedgerows (while there was no 

relationship between percent cover of hedgerows and hoverfly abundance on 

conventional farms). There was also an interaction effect between farming 

system and hedgerow length within 1km around sites i.e. the abundance of 

hoverflies decreased in conventional farms that were located in landscapes with
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a lower length of hedgerows (while there was no relationship between hoverfly 

abundance on organic farms and increasing hedgerow length 1km around 

sites). In addition, there was an interaction effect between the percent cover of 

hedgerows and the length of hedgerows within 1 km around sites on hoverfly 

abundance per site i.e. there were more hoverfly individuals on sites 

surrounded by a larger percent cover of hedges as long as hedge length was 

lower. There was no relationship between hoverfly abundance and the number 

of hedgerow connections within 1km of sites and there was also no relationship 

between hoverfly species richness and any linear landscape feature. There were 

no significant differences between organic and conventional farms in relation 

to the percent cover of hedgerows, hedgerow length and number of 

connections.

Table 5.2: The relationship between hoverfly abundance, farming system and 

linear landscape features within 1km radius around sites. Values are obtained 

from Linear Mixed Effects Models. Farming system = organic or conventional. 

Significant factor t d.f. P

Percent cover of hedgerows -5.787 3 0.010

Hedgerow length -6.912 3 0.006

Farming system x percent cover of hedgerows 7.429 3 0.005

Farming system X hedgerow length -5.356 3 0.013

Percent cover of hedgerows X hedgerow length 5.503 3 0.012

5.4,2.3. Distance metrics

Hoverfly abundance (tg = 3.256; P = 0.012) and richness (tg= 3.064; P = 0.016) 

was significantly lower at sites with the closest proximity to urban areas but
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hoverfly abundance/richness was not related to the proximity of forest, wetland 

and open water habitats. Like total hoverfly abundance and richness, wetland 

hoverfly abundance (tg = 3.533; P = 0.008) and wetland species richness (tg = 

3.656; P = 0.006) were negatively related to proximity to urban areas.

5.5. Discussion

5.5.1. Local factors: organic farming and floral resources

Significantly more individual hoverflies were observed on organic than 

conventional farms. Previous studies have found that adult hoverfly abundance 

was significantly related to the abundance of their food resource (flowers) 

(Kleijn & van Langevelde 2006; Haenke et al. 2009; Meyer et al. 2009). I 

found more flowers on organic farms, but no direct relationship between floral 

abundance and hoverfly abundance. Thus, farm management influences the 

abundance of adult hoverflies above and beyond the availability of adult food 

resources. H. pendulus, E. tenax, and R. campestris were particularly abundant 

on organic farms and their larvae are susceptible to anti-helminthic pesticides 

(prophylactic treatment for livestock against endo- and ecto-parasites using 

ivermectins and related compounds) present in dung -  their preferred larval 

microhabitat (Speight 2008). Organic farming prohibits the use of these 

pesticides and therefore may provide additional microhabitats for pesticide 

sensitive species.

I found that hoverfly richness was positively related to floral abundance 

which concurs with previous studies (Kleijn and van Langevelde, 2006; 

Haenke et a l ,  2009; Meyer et a l ,  2009) and supports the notion that the 

availability of adult food resources has a strong influence on hoverfly species
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richness in agro-ecosystems. In the intensive grasslands in my study, floral 

abundance was found to be low and so too was hoverfly species richness in 

comparison to the potential species pool (Webb et al. 1996; Speight 2008). 

Hoverfly species richness was dominated by anthropophilic grassland species 

but, more anthropophobic (particularly wetland and woodland) taxa were found 

when flowers were more abundant. Anthropophilic and anthropophobic 

hoverfly species are likely to be in competition for the limited, ephemeral floral 

resources in intensive agricultural habitats (Speight 2008).

5.5.2. Landscape character

5.5.2.I. Land-use, scale and landscape complexity

Hoverfly abundance and species richness were positively related to the amount 

of unimproved grassland in the surrounding landscape. This is not surprising 

considering the vast majority of individuals and over half of all species found, 

in this study, preferred unimproved grassland as their larval habitat. However, 

the scale of the relationship between hoverfly abundance or richness and 

landscape complexity was found to be large. Hoverfly abundance was most 

strongly related to the percent of unimproved grassland at the 4km scale while 

hoverfly richness was most related to unimproved grassland at the 7km scale 

and also improved grassland within the 3-5km scales. This is in contrast to 

previous studies which have shown hoverflies to be optimally related to the 

landscape context at lower scales of between 500 ~ 1500m (Kleijn & van 

Langevelde 2006; Meyer et a l  2009) while the abundance of only two highly 

mobile species were related to landscape character up to 4000m (Haenke et al. 

2009).
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Relationships between local diversity, local factors and landscape 

character change depending on what scale one is focusing on (Dauber et al. 

2005) and this is evident in my anomalous results for hoverfly richness versus 

land-use within the 2km scale. Such results illustrate the importance of 

choosing the correct scale in order to adequately describe and manage 

pollinators in the landscape and, therefore, scale choice may partly explain 

differences between studies. In addition, variation between studies may be 

related to contrasting landscapes which may influence hoverfly community 

composition and subsequently their relationship with landscape character.

1 found that the more homogenous a landscape, the more hoverfly 

individuals and species I found (because the percentage of unimproved 

grassland was negatively correlated with landscape diversity). This finding 

concurs with Haenke et al. (2009) who suggested crowding (know'n as 

crowding effects: Thies et al. 2008) of hoverflies around scarce floral

resources in structurally simple landscapes as an explanation for their results. 

However. I found no interaction effect between floral abundance and percent 

unimproved grassland on hoverfly abundance/richness. In effect, floral 

abundance was not more influential on local hoverfly abundance/richness in 

more hom ogenous landscapes than heterogenous landscapes. Therefore, 

homogenous grassland landscapes may harbour increased numbers o f  grassland 

hoverflies due to other reasons like the potentially increasing availability of 

grassland larval macrohabitats. Interestingly, such findings for hoverflies 

contrast strongly with those for bees where increasing landscape complexity 

has been found to increase bee diversity (Cunningham 2009), highlighting the 

importance of considering taxon-specific differences when predicting the effect 

o f landscape structure on pollinators (Jauker et al. 2009).
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S.5.2.2. Linear landscape features

I found hoverfly abundances to be strongly related to linear landscape features 

(hedgerows) within 1km around sites. Though hoverfly abundances were 

negatively related to percent cover of hedgerows in general, this belies the fact 

that hoverfly abundances were greater on organic farms that were surrounded 

by a greater percent cover of hedgerows. As hedgerows are considered to be 

important foraging, resting and larval habitats for many o f  the hoverfly species 

observed in my study (Speight 2008), my results indicate that greater hedgerow 

cover in the landscape supplements the positive effects of organic farming 

(such as increased microhabitats for certain species, etc.) on hoverfly 

abundances at the farm level (with conditions on conventional farms less 

attractive to hoverflies despite additional habitat availability within I km radii). 

In addition, there was a negative relationship between hedgerow length and 

hoverfly abundances. This was particularly evident on conventional farms. It is 

thought that field boundaries restrict the movement o f  hoverflies (Wratten et al. 

2003) and, when sites (e.g. the conventional farms in my study) have less 

available resources, greater lengths of hedgerows may reduce detection of 

resources (that are already rare) and may thus further deter hoverflies from the 

area.

Hoverfly abundances were greater on sites that were surrounded by a 

higher total cover of hedgerows but with lower total hedgerow lengths. This 

indicates that hedgerow structure (varying width/volume) in the landscape 

plays a role in determining local hoverfly abundances. Indeed, hedgerow 

structure (height/width/volume) has been found to influence other animals such 

as beetles (Burel 1989) and birds (Hinsley & Bellamy 2000).
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My results have implications for hoverfly conservation as they show 

that hedgerow distribution and structure within the landscape may influence 

local hoverfly abundances and so these relationships require further research. 

Only then can one predict how management plan and agri-environmental 

scheme prescriptions will affect hoverfly populations in the landscape. 

Previous work has not shown any relationships between hoverflies and other 

linear landscape features such as drainage ditches (Kleijn & van Langevelde 

2006) so my results are likely to be of particular relevance in landscapes 

containing a high density of hedgerows such as those in my study region 

(Foulkes & Murray 2005; Doogue & Kelly 2006).

S.5.2.3. Distance metrics: hoverflies and man-made environments

Hoverfly abundance and species richness was found to be lower when sites 

were nearer to urban areas. To my knowledge, a negative relationship betw'een 

hoverflies and man-made environments has not been demonstrated before. 

Such findings indicate that hoverflies are sensitive to the presence of man- 

made environments which is in contrast to studies on bumblebees which have 

been found to increase with proximity to urban areas - through increased 

abundance of floral resources in gardens (Goulson et al. 2005). It is becoming 

clear that hoverflies and bees respond to the landscape in different ways (Kleijn 

& van Langevelde 2006; Hendrickx et a l  2007; Sjodin et al. 2008; Jauker et 

al. 2009) and some conservation actions that encourage bees may not 

necessarily favour hoverflies. In this case, perhaps, if limited funding is 

available, conservation measures for hoverflies should be concentrated in areas 

away from urban environments.
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5.5.3. Conclusion

My study has implications for hoverfly conservation, agri-environmental 

scheme implementation and future hoverfly research. Results indicate that 

organic farming may increase the abundance of hoverflies (particularly those 

whose larvae are susceptible to pesticides), while adult food resource 

availability may influence hoverfly richness. Therefore, organic farming should 

be promoted (at least in conventionally managed landscapes like those in my 

study), along with increasing floral resources, as a starting point in conserving 

hoverflies in grasslands. Reducing the use of anti-helminthic pesticides in 

conventional farm management plans should also be encouraged so as to, 

possibly, improve the viability of certain susceptible hoverfly species 

populations.

While hoverflies are influenced by local factors (such as farming 

system and floral resources) the dominant land-uses within the landscape also 

seem to determine hoverfly community composition, at much larger spatial 

scales than previously found for non-grassland dominated landscapes. 

Landscape structure, in terms of landscape homogeneity, linear landscape 

features and the proximity of certain land-use types, may also affect hoverfly 

abundance and richness. For example, homogenous landscapes appear to be 

important for hoverflies - possibly because they allow the proliferation o f  a 

certain hoverfly guild/community through widespread provision of guild- 

specific macro-habitats. This is contrary to general opinion on the value of 

landscape complexity for biodiversity but illustrates the complex relationships 

that exist between different taxa and landscape character and the importance of 

taxon-specific measures in agri-environmental schemes. These findings also 

have implications for agri-environmental schemes which tend to focus on
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management at the local scale only. My study provides a much needed insight 

into the relationships in grassland systems between hoverflies, farm 

management, floral resources and landscape character.
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Chapter 6

Impacts of organic and conventional farmer 

attitude, behaviour and knowledge on farm

biodiversity

To be submitted as: Power, E.F., Kelly, D.L. and Stout, J.C. Impacts of organic 

and conventional farmer attitude, behaviour and knowledge on farm 

biodiversity. Agriculture, Ecosystems and Environment.
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6. Impacts of organic and conventional farmer attitude, 

behaviour and knowledge on farm biodiversity.

6.1. Abstract

A gricultural intensification has caused significant declines in biodiversity.

A gri-environm ental schem es such as organic farm ing are considered to be

im portant in conserving biodiversity. How ever, under sim ilar production

conditions and in com parable locations and schem es farm s are not necessarily

m anaged in the sam e way, with variable effects on biodiversity. Understanding

farm er attitude, behaviour and know ledge o f the environm ent and their impact

on biodiversity can contribute to understanding the sources o f variation in the

effectiveness o f agri-environm ental schem es. I com bined a sociological survey

o f nine organic and eight conventional dairy farm ers (m easuring environm ental

and achievem ent attitudes; environm ental and production orientated behaviours

and environm ental know ledge) with a biodiversity (plant richness) assessm ent

o f their farm s. I found higher plant diversity on organic farm s than

conventional. O rganic and conventional farm ers had sim ilar attitudes to

farm ing achievem ent and the environm ent but organic farm ers were better

inform ed about environm ental issues and carried out m ore environm entally

orientated behaviours. B iodiversity was positively related to the am ount of

environm entally orientated behaviours and negatively related to production

orientated behaviours carried out on farm s. Organic farm ers who had more

positive attitudes to the environm ent, and were better inform ed about it, had

higher biodiversity on their farm s com pared to less positively inclined, less

inform ed organic farm ers. I show that there are disparities betw een attitude and

actual behaviour in relation to the environm ent with organic farm ers sharing
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sim ilar attitudes to, but being m ore prepared, than conventional farm ers to 

inform  them selves about and carry out environm entally friendly farm ing. 

Results indicate that organic farm ing and environm entally orientated 

behaviours benefit biodiversity and that there is an im portant link between 

farm er environm ental attitudes and know ledge and the beneficial effects of 

organic farm ing on biodiversity. I dem onstrate the need to encourage 

conservation orientated thinking and better environm ental education 

specifically in farm ers who participate in an agri-environm ental schem e like 

organic farm ing. Thus, the benefits o f the agri-environm ental schem e for the 

environm ent m ay be m axim ised.

6.2. Introduction

Farm land biodiversity has significantly declined in recent decades largely as a 

result o f agricultural intensification (Krebs et al. 1999). As an exam ple, many 

plant species associated with lowland farm ed landscapes have shown m arked 

contractions in geographic range and severe declines in abundance (A ndreasen 

et al., 1996;de Snoo, 1997;Kleijn and vanderV oort, 1997;Albrecht and 

M attheis, 1998;Sutcliffe and Kay, 2000). B iodiversity loss has im plications for 

the delivery o f ecosystem  services such as pollination (Biesm eijer et al. 2006), 

biological pest control (Tscharntke et al. 2005), protection o f soil fertility 

(Colem an & W hitm an 2005) and carbon sequestration (De Deyn et al. 2010).

Several studies have shown that less intensive farm ing system s, such as 

organic farm ing, benefit biodiversity (Bengtsson et al., 2005; Hole et al., 2005; 

Chapter 3). O rganic farm ing is an agri-environm ental schem e (European Union 

Regulation 2078/92/EEC ) which is growing in im plem entation across Europe. 

The prohibition o f pesticides and chem ical fertilizers (European Union
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Regulation 2092/91/EEC) is thought to be a particularly important aspect of 

organic agriculture in reducing biodiversity loss (Hole el al. 2005). However, 

considerable variation between and within studies remain i.e. organic farming 

impacts on biodiversity are not always predictable (Bengtsson et a l, 2005; 

Hole et al., 2005). Under similar production conditions and in comparable 

locations farms are not necessarily managed in the same way. Thus, the 

concept of farmer individuality and its impact on biodiversity has emerged in 

the literature (Schmitzberger et al. 2005) as an important determinant of the 

effectiveness of agri-environmental schemes.

Farmers differ from one another in personality, cognitive ability, 

attitudes and objectives and these differences are likely to be reflected in the 

business decisions that they make (Austin et al. 2001). In particular, as in other 

businesses, the farmer is likely to be interested in maximizing production and 

profits (Gasson et al. 1988) but their decisions are not always aimed at the 

unique goal of profit (Anosike & Coughenour 1990) and may be influenced by 

many things including the view of farming as a vocation to be valued in itself 

(Herrmann & Uttitz 1990) or certain conservation/ecological beliefs (Austin et 

al. 2001). The attitudes and behaviours associated with such beliefs are likely 

to have direct implications for farmland biodiversity.

Some studies have identified that positive farmer attitudes to the 

environment can have environmental benefits (Morris and Potter, 1995; 

Macdonald and Johnson, 2000; Schmitzberger et al., 2005), but there is not 

much known about whether attitude to the environment differs between organic 

and conventional farmers and if this is a major contributory factor to the 

biodiversity levels on their farms. Also, it has been suggested that the attitude 

of farmers entering agri-environmental schemes is a critical determinant of the
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level and quality of environmental benefits obtained (Potter & Gasson 1988). It 

is not clear if this is true for organic farmers.

Furthermore, significant differences between attitude and actual 

behaviour have been reported (Morris & Potter 1995). Even though farmers 

may have a sympathetic attitude to wildlife, farmer behaviour on farms is 

mostly dominated by the over-riding interests of the farm business (see: 

Beedell & Rehman 2000; Falconer 2000). I wanted to determine whether 

farmers who have a very positive attitude to the environment also engage in 

more environmentally friendly activities and whether organic and conventional 

farmers differ in this respect and if there are implications for biodiversity.

Increasing farmer knowledge of the environment could be crucial for 

enhancing farmland biodiversity (Macdonald & Johnson 2000). Farmers can be 

concerned with a perceived inefficiency or wasteland quality of uncropped 

areas such as field margins (Macdonald & Johnson 2000) even though 

uncropped areas are extremely valuable for wildlife (Marshall & Moonen 

2002a). Many farmers concerned with keeping hedgerows “tidy” can end up 

intensively managing hedgerows by heavy flaying and short-trimming 

(Robinson & Sutherland 2002) which can greatly reduce resources for insects 

and birds (Jacobs et al. 2009) and may reduce the fecundity of the hedgerow 

plants themselves. If farmers had a greater environmental knowledge, it is 

possible that this could translate into measurable benefits for biodiversity on 

their farms.

I address the issues discussed by combining a sociological survey of 

nine organic and eight conventional dairy farmers’ environmental attitudes, 

behaviours and knowledge and a plant diversity assessment of their farms. 

Specifically I ask: (1) whether plant diversity was higher on organic compared
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with conventional farms; (2) if there was a difference between the attitudes, 

behaviours and knowledge levels of organic and conventional farmers and (3) 

whether there were any relationships between farmland biodiversity and the 

attitudes, behaviours and knowledge levels of organic and conventional 

farmers.

6.3. Materials and Methods

Farms were initially chosen based on farm enterprise and site characteristics. A 

sociological survey was then undertaken of the participating farmers.

6.3.1. Site selection

Ten matched pairs of organic (managed according to the European Union 

Regulation 2092/91/EEC) and conventional (not managed according to organic 

regulations) dairy farms in lowland permanent grassland (not ploughed or 

reseeded for at least 7 years) in the Republic of Ireland were initially selected 

(same as Chapter 3). Only dairy farms were chosen as effects of dairy versus 

drystock farming on biodiversity can differ substantially (McMahon et al. 

2010). Organic farms were certified for 10.5 years on average (range: 6-19 

years), following a 2 year conversion period. Pairs were matched on geology, 

soil type and climatic similarity. Farms within a pair were l-4km  apart, in 

conventionally farmed landscapes in central and southern Ireland (Appendix 

2). All are in areas characterised by well-drained, fertile soils used 

predominantly for beef/dairy farming.
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6.3.2. Biodiversity assessments

As indicators of biodiversity, I surveyed vascular plants (broadleaved 

herbaceous, woody and graminoids (grasses, sedges and rushes)). Plants 

support biodiversity in farmland by providing important resources for micro

organisms, invertebrates, mammals and birds (Marshall et al. 2003). Plant 

surveys were carried out once in the edges and centres of three fields from each 

farm between July and September 2008 (see Chapter 4 for more details). Plant 

richness was defined as the total cumulative species richness found in the edges 

and centres, separately, of each farm.

6.3.3. Questionnaires

A questionnaire was constructed containing 38 questions/statements, many

borrowed or adapted from previous research relating to farmer’s attitudes,

behaviours and objectives (Willock et al. 1999b) and European attitudes to

biodiversity (European Commission 2007). Special attention to wording was

made so as to be applicable to Irish farmers. The following attitude and

behaviour domains were focused on in this study as they were deemed to be of

significant influence in decision making in farms (Willock et al. 1999b) and

relevant to my study objectives: Achievement Attitude; Production Orientated

Behaviour; Environmental Attitude and Environmentally Orientated

Behaviour. I also included an assessment of Environmental Knowledge. Five to

twelve questions/statements were used to describe each of these domains. A

mixture of formats was used. Nineteen statements had a 5-point Likert scale

which included the following points: strongly disagree; tend to disagree;

undecided; tend to agree and strongly agree. Scores for each point ranged from

0 (undecided) to 5 (strongly agree/disagree depending on question). There were
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eight dichotomous closed-ended questions (Yes/No) and six muUiple-choice 

closed-ended questions with scores ranging from 0-10. There were four 

unprobed open-ended questions (requesting the respondent to make a list) with 

scores ranging from 0-5. Total scores for each domain consisted of the pooled 

scores of each associated question/statement.

6.3.3.1. Achievement attitude

This domain consisted of 6 questions/statements and potential scores ranged 

from 0-30. High scores in this domain quantifies the importance that a farmer 

places on achievement in many of aspects of farming (Willock et al. 1999b). 

Such a farmer may set demanding standards in terms of the quality of the farm, 

for example, agreeing strongly with the statement, “It is important to have the 

best livestock and pastures possible.” Their standards of business practise are 

likely to be high as they may strongly agree with the statement, “A farm is a 

business to be run efficiently” and they may be willing to keep informed of 

farming developments or relevant business information, for example strongly 

agreeing with the statement, “It is important to pay attention to market prices” 

(for further details see: Willock et al. 1999b).

6.3.3.2. Production orientated beliaviour

This domain consisted of 5 questions/statements and potential scores ranged 

from 0-30. This domain relates to a farm er’s conscientious running of the farm 

towards business success (Willock et al. 1999b). Farmers with high scores in 

this domain would tend to respond “Yes” to questions such as “Do you monitor 

farm business performance e.g. Dairy Profit M onitor?” , “Do you use targets
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when m anaging your farm ?” and “Have you rem oved hedges in the last five 

years w ithout replacing them ?” (for further details see: W illock et al. 1999b).

6.3.3.3. Environmentally orientated behaviour

This dom ain consisted o f 9 questions and potential scores ranged from  0-37. 

Farm ers who scored highly in this dom ain would tend to report carrying out 

activities which were environm entally friendly. Such farm ers m ay reply ‘Y es’ 

to the questions “Are you a m em ber o f a conservation group?” , “Have you 

diversified the farm business in the last five years” (for further details see: 

W illock et al. 1999b; Austin et al. 2001) and “Do you m anage the habitats 

l is ted ...? ” and may be able to satisfactorily “list any actions [taken] on a 

regular basis to m anage these habitats.”

6.3.3.4. Environmental attitude

This dom ain consisted o f 6 questions/statem ents and potential scores ranged 

from 0-30. High scores in this dom ain quantified the im portance that a farm er 

places on w ildlife and the environm ent in their personal and professional lives. 

Such a farm er m ay agree strongly w ith the follow ing statem ents: “Our quality 

o f life is reduced if we live in a world without a diversity o f plants, anim als and 

habitats” and “I w ould like to see m ore w ildlife (plants, insects, birds, etc.) on 

my farm .”

6.3.3.5. Environmental knowledge

This dom ain consisted of 12 questions/statem ents and potential scores ranged 

from  0-56. High scores in this dom ain quantified the extent to which farm ers
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were correctly informed about environmental issues. High scoring farmers may 

strongly agree with the statement “It is important to prevent pollution of lakes, 

rivers and ground water” and strongly disagree with the statement “The loss of 

wildlife and habitats has no real impact on the production of goods such as 

food, fuel and medicines.” High scoring farmers may also be able to report a 

range of habitats, plants and animals which they observed on their farms.

The questionnaire was pre-tested for usefulness of content and “readability” in 

a pilot study (Willock et al. 1999b) using two local farmers, four scientists 

working in agro-ecosystems, and one social scientist prior to the main study 

reported here. No questions/statements were specific to one type of farmer 

(organic or conventional) which allowed all farmers in the study to respond to 

every item (Willock et al. 1999b). Although the questions were defined by 

domain (Appendix 8.1), they did not appear in domain blocks in the final 

questionnaire (Appendix 8.2) i.e. questions were randomly scattered 

throughout the questionnaire in order to prevent cognitive consistency and so 

elicit “true” replies (Willock et al. 1999b). Twenty questionnaires were 

administered by post in January 2009 with a stamped self-addressed envelope 

enclosed. Following a reminder letter and follow up phone call, 17 fully 

completed questionnaires were returned, eight from conventional farmers and 

nine from organic.

6.3.4. Statistical analysis

Internal consistency of scales (a reliability measure of items within each 

domain) was measured by Cronbach’s a  (Cronbach 1951). Scores range 

between 0 and 1, with higher scores, particularly above 0.7 being acceptable.
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D ifferences in attitude, behaviour and icnowledge dom ain scores betw een 

organic and conventional farm ers were assessed using linear m odels. Each 

dom ain was analysed in relation to the fixed effect: farm  type

(organic/conventional). In addition, relationships betw een plant richness on 17 

farm s and associated farm er attitudes, behaviours and know ledge dom ain 

scores w ere assessed, including any association betw een farm ing system  and 

dom ain score. M ulti-colinearity betw een dom ain scores was not found to be 

serious (variance inflation factors (VIF) below  3.4 (Zuur et al. 2007)). 

Therefore, plant richness was analysed in relation to the follow ing fixed 

effects: farm  type (organic/conventional); location-w ithin-field (edge/centre); 

environm ental attitude; achievem ent attitude; environm entally orientated 

behaviour, production orientated behaviour and environm ental knowledge 

using a linear model (spatial autocorrelation betw een farm pairs and within 

fields did not significantly influence the model). Relevant tw o-w ay and three- 

way interactions betw een fixed effects were included. The full model, 

containing all fixed factors and their interactions, was fitted to the data, and 

backw ards deletion using the step function in R (which uses A kaike’s 

Inform ation Criterion (AIC)) was used to delete term s from  the model. The 

least significant param eters rem aining in the model were then rem oved and the 

deviance checked using AN OV A. W here the deviance was not significantly 

increased by the rem oval o f a param eter, it rem ained out o f the final model. 

This process was repeated until only significant param eters rem ained in the 

m odel. For m odel validation I follow ed Zuur et al. (2009). All statistical 

analysis was perform ed using R  (R D evelopm ent Core Team  2007).
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6.4. Results

A total of 78 plant species were identified: significantly more on organic (62) 

than conventional farms (50) (td.f, = -1.66125 ', P = 0.013) (see Chapter 4 for 

more details). There were also significantly more plant species in the edges of 

all fields compared to field centres (td.f. = 4 .8482s; P < 0.001), regardless of 

farming type (see Chapter 4 for more details).

O f the 17 questionnaire respondents, nine were organic farmers and 

eight were conventional farmers. Out a maximum of twelve possible organic 

dairy farmers in the Republic of Ireland, the nine organic farmers who 

responded to this survey represented 75% of the total organic dairy farmer 

population (that met the requirements of the survey) at the time this study was 

undertaken. Cronbach’s a for each domain are listed as follows: achievement 

attitude = 0.8; environmental attitude = 0.7; environmentally orientated 

behaviour = 0.4; production orientated behaviour = 0.2 and environmental 

knowledge = 0 .8 .

Organic and conventional farmer responses differed. Conventional 

farmers scored significantly higher in the achievement attitude domain than 

organic farmers (td.f. = -3.21115; P = 0.006) but there were no significant 

differences between organic and conventional farmer scores in terms of the 

production orientated behaviour domain. There was no significant difference 

between organic or conventional farmer scores in relation to environmental 

attitude but organic farmers scored higher in the environmentally orientated 

behaviour (td.f, = 4.478is; P < 0.001) and environmental knowledge domains 

(td.f. = 3.007i5; P = 0.009) than conventional farmers.

Plant richness on farms was significantly negatively related to the 

production orientated behaviour scores of each farmer (td.f. = -3 .62525; P =

168



0.001) while positively related to their environm entally orientated behaviour 

scores (td.f. = 3.7542s; P  = 0.001). There were interaction effects betw een 

farm er type (organic/conventional) and environm ental attitude (td .f. =  -2.7122s; 

P  = 0.012) or know ledge dom ains (td.f, = 3.5862s; P  = 0.001) on plant species 

richness. In effect, organic farm ers who scored higher in the environm ental 

attitude or know ledge dom ains had more plant species on their farm s com pared 

to lower scoring organic farm ers. There was no relationship betw een plant 

richness on farm s and farm er’s achievem ent attitude scores.

6.5. Discussion

6.5.1. Organic and conventional farm biodiversity

Plant richness was significantly higher on organic dairy farm s com pared to 

their conventional counterparts. This is in accordance with som e previous 

studies in arable and grassland system s (Chapter 4; Bengtsson et al., 2005; 

Hole et al., 2005). A num ber o f m anagem ent factors on organic farm s are 

likely to contribute to this divergence betw een the biodiversity of organic and 

conventional farm ing system s particularly the prohibition o f chem ical fertiliser 

and pesticide use. Organic farm ers are also encouraged to m anage field 

m argins and hedgerow s sensitively and engage in m ixed farm ing. In m y study, 

organic farm s, on average, contained a higher plant richness than conventional 

farm s but not all organic farm s had a higher richness o f plants than 

conventional farm s (despite farm s being paired to reduce environm ental bias) 

(Fig. 6.1). This indicates that there is much variation in farm m anagem ent 

within and betw een organic and conventional dairy farm ing system s.
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6.5.2. Organic and conventional farmer attitudes, behaviours and 

knowledge

Acknowledging the role of farmers as individual decision makers may help us 

understand some of the variation in biodiversity between and within farming 

systems. I found significant differences in attitudes, behaviours and knowledge 

levels between organic and conventional farmers. Studies have shown that 

farmers who score highly on production-orientated behaviour also tend to score 

highly on success objectives and achieving attitude (Austin et al. 2001). 

However, I found that conventional farmers scored higher in the achievement 

attitude domain than organic farmers but
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Figure 6.1: Cumulative plant richness in nine organic and eight conventional 

farms. Lines in bold represent medians; boxes represent I'*' and 3"̂  ̂ interquartile 

ranges and bars represent the minimum and maximum range of the data. A 

significant difference in cumulative plant richness between organic and 

conventional farm types are illustrated by an asterisk (*P<0.05).
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this did not translate into conventional farm ers reporting to have carried out 

m ore production orientated behaviours than organic farm ers. Caution is 

required when interpreting the results for the two behaviour dom ains as the 

C ronbach’s a  scores were very low but nevertheless the results seem to 

indicate that organic farm ers are as interested in m axim ising production as 

conventional farm ers but their reasons for doing so m ay be m ore com plicated 

than the pure business achievem ent attitudes m easured in this study. Indeed, 

this m ay be rem iniscent o f the finding by Beharrell and Crockett (1992) that 

organic and conventional farm ers can have separate value system s and indeed 

farm ers’ values can potentially influence actions (Falconer 2000). For example, 

even though all farm ers in this study shared positive attitudes to the 

environm ent and wildlife, there are significant differences betw een farm er 

attitude and actual behaviour, with organic farm ers being m ore prepared than 

conventional farm ers to inform  them selves about and carry out 

environm entally friendly farm ing. Several studies suggest that profit m otives 

are stronger than environm ental m otives, even when an aw areness of and a 

sym pathetic attitude to the environm ental problem s exist (Carr and Tait, 1991; 

Beedell and Rehm an, 2000; Falconer, 2000) but my study indicates that this 

may not always be the case.

6.5.3. Biodiversity and farmer attitudes, behaviours and knowledge

M y study dem onstrates a significant link betw een farm land biodiversity and 

farm ers’ attitudes, behaviours and knowledge. Plant richness was negatively 

related to the production orientated behaviour scores o f each farm er and 

positively related to farm ers’ environm entally orientated behaviour scores. 

This is consistent with previous research which found that farm ers who
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stream line all their activities according to the m axim isation o f yields (increased 

production orientated behaviours) had low levels o f biodiversity com pared to 

their less productive (m ore environm entally friendly farm ing) counterparts 

(Schm itzberger et al. 2005).

Even though both organic and conventional farm ers scored sim ilarly 

w ith respect to environm ental attitudes, organic farm ers who had high 

environm ental attitude scores had a greater num ber o f plants on their farms 

than low er scoring organic farm ers. The findings were the sam e for organic 

farm er know ledge o f the environm ent. The influence o f individual farm ers has 

often been ignored in the literature when evaluating the effectiveness o f agri- 

environm ental schem es such as organic farm ing, but m y findings indicate that 

there is an im portant link betw een farm er environm ental attitudes and 

know ledge and the effectiveness o f agri-environm ental schem es for 

biodiversity. Such direct links have been suggested but not dem onstrated 

before. Further research is needed in order to elucidate the specific actions (and 

the reasoning behind them ) that certain m ore inform ed or m ore positively 

inclined (w ith respect to the environm ent) organic farm ers take on their farms 

which benefit biodiversity. Such inform ation could inform  policy and 

contribute to m ore acceptable agri-environm ental schem es for the farm ing 

com m unity. U ltim ately, my findings dem onstrate the im portance o f positive 

farm er attitudes to and knowledge of the environm ent for biodiversity 

conservation.

6.5.4. Conclusion

The conservation o f biodiversity depends on the values that hum ans attach to 

it, which include ecological, econom ic, cultural, aesthetic, ethical and spiritual
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values (Lindemann-Matthies et al. 2010). I found that when farmers in agri- 

environmental schemes, such as organic farming, have more positive attitudes 

to, and are more informed about, the environment this can greatly increase the 

biodiversity benefits of the agri-environmental scheme. Therefore, in addition 

to the benefits of organic farming in general (I found that organic dairy farming 

supported increased plant richness, pollinator diversity and pollination 

compared to conventional farms (Chapters 3, 4 and 5)), and the differences in 

attitudes, behaviours and knowledge between organic and conventional 

farmers: my study demonstrates the need to encourage conservation orientated 

thinking and better environmental education specifically in farmers who 

participate in an agri-environmental scheme like organic farming. Thus, the 

benefits of organic farming and other agri-environmental schemes for the 

environment may be maximised.
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Chapter 7

General Discussion
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7. General Discussion

In this thesis, I aimed to investigate the impacts of farm management activities 

and landscape context on intensive grassland biodiversity. In particular, I 

examined the effects of herbicide type and application method, as well as 

silage cutting, on non-target plant diversity, target weeds and production. I then 

compared organic and conventional farming systems in terms of their impacts 

on plant diversity, floral resources, pollinator diversity, pollination and insect- 

flower interaction networks. I also investigated the influence of landscape 

context on insect-pollinated plant diversity and pollinator diversity in organic 

and conventional farms and explored whether landscape context may have 

interacting effects with local factors (e.g. farming system and floral resources) 

on plant and pollinator diversity on farms. Lastly, I explored how farmland 

plant diversity may be related to farmer behaviour, attitude to and knowledge 

of the environment. In this final chapter, I summarise and synthesise my 

findings, compare them to previous research, make recommendations for 

management and conservation of grassland biodiversity and outline some 

suggestions for future studies.

7.1. Intensive grassland biodiversity

Intensively managed grasslands in Ireland are species poor (Chapter 3, 4 and 5) 

in comparison to semi-natural grasslands (Ivimey-Cook & Proctor 1966; 

Fitzpatrick et al. 2007; Martin et al. 2007; Speight 2008); with mainly common 

vascular plant, bee, hoverfly and butterfly species observed (Chapter 3, 4 and 

5) along with a small number of rare hoverfly species (Chapter 5). However, 

intensive grasslands are so widespread (Plantureux et al. 2005), particularly in
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Ireland (Department of Agriculture 2009), that the diversity of plants and 

pollinators that remain in these habitats are critical in maintaining a network of 

insect-flower interactions and, hence, important ecosystem services such as 

pollination (Chapter 3) in the wider landscape.

7.2. Farm management and biodiversity

Public concern over the impacts of pesticides on the environment, food quality 

and human health has lead to widespread uptake of and support for organic 

farming in Europe (though Ireland lags behind our European counterparts in 

this respect (Rohner-Thielen 2005)) and also much research into its benefits for 

biodiversity (Bengtsson et al. 2005; Hole et al. 2005). For example, in some 

cases organic arable systems can support higher diversities of plant and 

pollinator species and higher pollination levels in crops than conventional 

arable systems (Bengtsson et al. 2005; Morandin & Winston 2005). My 

research has shown that, in comparison to conventional grassland systems, in 

Ireland, organic grasslands can also support higher diversities of vascular 

plants (Chapter 4), flowers, bees and hoverflies (Chapter 3 and 5) which may 

contribute to higher pollination levels of a hedgerow plant species, Crataegus 

monogyna, (Chapter 3) and larger insect-flower interaction networks (Chapter

3).

Organic and conventional farming systems differ in many ways and teasing 

out which specific management activities benefit biodiversity within such 

complex farming systems is a difficult task, especially when different taxa may 

be differentially affected by each activity (Bengtsson et al. 2005; Hole et al. 

2005). The most suitable organic management activities for biodiversity in
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grassland systems are also less understood than for arable systems. However, 

some general conclusions can be drawn from my research.

7.2.1. Pesticides

There has been growing public concern over the impacts of pesticides on the 

environment since the publication of ‘Silent Spring’ (Carson 1962). Many 

pesticides have since been banned and new, more selective chemicals have 

been developed and put on the market. However, both selective and broad- 

spectrum herbicides can significantly decrease non-target plant richness, 

particularly when applied by traditional methods (blanket and manual spot 

spraying) (Chapter 2). Unfortunately, traditional herbicide application methods 

are still the most commonly used by farmers (O'Donovan et al. 2010). Swards 

are managed as a single entity with the whole field receiving common 

management (blanket spraying). This happens despite weeds often being 

insufficiently dense to justify total spraying of the field and can lead to overuse 

of herbicides. Thus, while reducing weed infestation, traditional application 

methods of herbicides can have significant negative effects on non-target plants 

(Chapter 2). These practices are questionable, especially when high weed 

infestation does not always significantly alter production in grasslands 

(Chapter 2). In addition, some herbicide applications can interact with silage 

cutting to negatively impact upon non-target plants, particularly grasses 

(Chapter 2). This was evident for herbicide products that are not designed to 

kill grasses (Chapter 2) and demonstrates the complex effects that herbicides 

have on the environment. Besides herbicide applications being expensive, I 

found that the effects of certain herbicides on non-target organisms and the 

environment can be much more significant than their benefits to production.
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The prohibition of chemical pesticides in organic systems is considered a 

major benefit to biodiversity, in both direct and indirect ways (Rundlof et al. 

2010). Indeed, the greater plant species richness (Chapter 4) and bee and 

hoverfly diversity (Chapter 3 and 5) found on organic dairy farms, compared to 

conventional dairy farms, may be related to the fact that organic farmers in my 

study did not spray herbicides or use anti-helminthic pesticides (e.g. 

ivermectin) on their farms (Appendix 4). Therefore, the negative impacts 

associated with herbicides on non-target plant richness (Chapter 2) may not 

have occurred on organic farms. This may have knock-on benefits to 

pollinators as there were significantly more flowers in organic field centres 

(Chapter 3). Bee abundances were significantly correlated with floral 

abundances and, in consequence, there were significantly higher bee 

abundances in organic field centres (Chapter 3). In addition, the negative 

impacts associated with anti-helminthic pesticides (e.g. ivermectin) on non

target hoverfly larvae in cow dung (Speight 2008) would not have occurred on 

organic farms and this may have allowed certain susceptible hoverfly species 

to proliferate on organic farms (Chapter 5). The higher bee and hoverfly 

diversities on organic farms may have contributed to the increased fruit set 

observed for openly pollinated Crataegus monogyna flowers on organic farms 

compared to conventional farms (Chapter 3). It is also possible that the use of 

herbicides may have directly contributed to the reduced fruit set in 

supplementally pollinated C. monogyna flowers on conventional farms 

(Chapter 3) by reducing C. monogyna fecundity.
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7.2.2. Fertilisation

Besides the lack of chemical herbicides and pesticides, organic farms did not 

use chemical fertilisers (Appendix 4) and organic fields were found to contain 

significantly lower levels of certain macro-nutrients in the soil (Appendix 4). 

Increasing fertilisation levels can significantly decrease plant diversity in 

agricultural systems (Dickson & Foster 2011) and plant species richness was 

found to be significantly related to various soil parameters in my study 

(Chapter 4). However, a significant interaction between soil parameters and 

farming system on plant species richness was not found (Chapter 4). Therefore, 

lower fertilisation levels, though a contributory factor, are unlikely to have 

been the main reason why higher plant species richness levels were observed in 

organic field centres compared to conventional field centres. Nevertheless, in 

the absence of chemical nitrogen fertilisers (Ledgard et al. 1999), organic 

farming does encourage the growth of Trifoliion spp. in pastures. These 

legumes are important nutrient sources for bees (Pywell et al. 2005) and were 

particularly abundant in organic field centres (Chapter 3). This is likely to have 

contributed to the greater bee abundances in organic fields.

7.2.3. Defoliation

Organic farms tended to have lower grazing intensities than conventional farms

(less livestock units per hectare (LU/ha) -  Appendix 4). Grazing intensity can

influence plant diversity (Cousins et al. 2003; Marriott et al. 2009) although a

relationship between plant species richness and grazing intensity (as measured

by vegetation height) is not always evident (Chapter 4; Kruess & Tscharntke

2002). Grazing intensity can also affect the diversity of some pollinator taxa

(Andreas Kruess 2002; Carvell 2002; Vulliamy et al. 2006; Sjodin et al. 2008;
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Potts et al. 2009). Furtherm ore, high grazing intensity on intensive, as opposed 

to extensive, pastures can im pact on insect-plant interactions by disrupting the 

continuity o f insect feeding (Andreas Kruess 2002; Kruess & Tscharntke 

2002). How ever, it is Hkely that grazing intensities on organic dairy farm s in 

this study were not sufficiently low er than those on conventional farm s to 

benefit insect-plant interactions in this way (Chapter 3).

O ther m anagem ent activities such as topping (standardising grass 

height by cutting to an acceptable post-grazing height o f approx. 5 cm), silage 

cutting and hedge cutting are carried out on both organic and conventional 

farm s (pers. obs.). Like high grazing intensity, these activities may, in the long 

term, m ay result in degraded species pools and structurally hom ogenous 

swards (V ickery et al. 2001) and hedgerow s. These activities, in the short term, 

also rem ove the flow ers o f m any plant species, effectively causing their local 

‘extinction’ from  the insect-flow er interaction netw ork (at least tem porarily) 

(Chapter 3). As the plant species pool in both organic and conventional farm s 

is so small (Chapter 4) relative to more species-rich sem i-natural grasslands 

(Ivim ey-Cook & Proctor 1966; M artin et al. 2007), the opportunity for insects 

to find new flow ering plant species to feed from  is low. Therefore, the insect- 

flow er interaction netw orks in organic and conventional dairy grasslands could 

be greatly destabilised (m ore prone to collapse) (K aiser-B unbury et al. 2010b) 

by these defoliation activities. A lthough the size and specialisation asym m etry 

(indicative o f stability) of insect-flow er interaction netw orks were greater on 

organic farm s com pared to conventional farm s (Chapter 3), the differences 

between the two farm ing system s may still be too small to im prove insect- 

flow er interaction netw ork stability and secure the netw orks against future 

perturbations. It is likely that the disturbance associated w ith high defoliation
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levels on both organic and conventional dairy farms is greatly contributing to 

the apparent instability of insect-flower interaction networks.

7.2.4. Hedgerow management

Field edges and particularly hedgerows are important for biodiversity as they 

tend to be less affected than field centres by farm management activities and 

consequently are closer to a semi-natural condition (Le Coeur et al. 2002). I 

found that field edges support more vascular plant species and field edges and 

hedgerows support higher flower, bee and hoverfly diversities than adjacent 

swards, regardless of farming system (Chapter 3 and 4). This indicates that 

management (positive or negative) of field edges and hedgerows are generally 

similar for organic and conventional dairy systems. For example, intensively 

managing hedgerows by heavy flaying and short-trimming (Robinson & 

Sutherland 2002) can occur in both farming systems (depending upon the 

farmers’ discretion); these practices can greatly reduce resources for insects 

and birds (Jacobs et al. 2009) and may reduce the fecundity of the hedgerow 

plants themselves.

Although hedgerow management was not quantified in this study, 

conventional farmers were found to be significantly less informed about the 

environment and significantly less inclined to carry out environmentally 

orientated behaviours than organic farmers (Chapter 6). Therefore, activities 

with negative effects on biodiversity are more likely to have occurred on 

conventional farms, especially in relation to non-cropped areas (which are 

managed more at the discretion of the farmer than areas tied into production). 

Consequently, intensive hedgerow management on conventional farms may 

have contributed to the reduced fruit set of supplementally pollinated
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Crataegus m onogyna  flow ers in conventional farm s com pared with organic 

farm s (Chapter 3). D irect application o f herbicides and/or herbicide drift into 

the hedgerow  m ay also have contributed to this reduction in fruit set on 

conventional farm s (as previously noted).

7.3. Biodiversity and landscape character

Plants and pollinators are not only affected by factors at local scales (field and 

farm) but also at landscape scales (Roschew itz et al. 2005; Gabriel et al. 2010; 

R undlof et al. 2010). Indeed, total plant species richness (Chapter 4), bee 

diversity (Cunningham  2009) and hoverfly diversity (Chapter 5) in intensive 

Irish grasslands were found to be significantly related to landscape com plexity. 

In addition, total plant species richness and hoverfly abundance/richness in my 

study was found to be significantly related to hedgerow  structure in the 

landscape and proxim ity to certain habitat types (Chapter 4 and 5).

As total plant and pollinator diversity can be influenced by landscape 

com plexity, and pollinator (particularly bee) diversity can decline in parallel 

with a decline in insect-pollinated plants (B iesm eijer et al. 2006), one m ight 

expect the num bers o f insect-pollinated plants to be particularly affected by 

landscape com plexity (com pared to non-insect pollinated plants). This was 

indeed found to be the case, with insect-pollinated forb richness being higher 

on farm s that were surrounded by m ore com plex landscapes (up to a radius of 

5km ), while non-insect pollinated forb richness was not related to landscape 

com plexity (Chapter 4). In addition, this relationship betw een insect-pollinated 

forbs and landscape was only evident for plants situated in field edges, while 

plant richness in field centres was more related to farm m anagem ent activities 

(probably herbicide application) (Chapter 4). Thus, insect-pollinated forb
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richness at the local scale may be influenced by complexity at the landscape 

scale, mirroring the situation with some of the pollinators (bees) on whom they 

depend.

Hoverfly diversity was not found to parallel the trends found for plants 

(particularly insect-pollinated forbs) and bees. Hoverfly richness and 

abundance were negatively correlated with landscape complexity (Chapter 4 

and 5). My findings for hoverflies concur with Haenke et al. (2009), however 

the reasons for these findings are unclear. Haenke et al. (2009) suggested 

crowding of hoverflies around scarce floral resources (known as crowding 

effects: Thies et al. 2008) in more structurally simple landscapes as an

explanation, but 1 found no interaction effect between floral abundance and 

landscape complexity on hoverfly abundance/richness (Chapter 5). In effect, 

floral abundance was not more influential on hoverfly abundance/richness in 

simple landscapes than complex landscapes. I speculate that the relationship 

between hoverfly abundance/richness and landscape complexity may be linked 

to the availability of larval macrohabitats, with homogenous grassland 

landscapes harbouring high numbers of grassland hoverflies due to the 

potentially high availability of grassland larval macrohabitats in the landscape 

(Chapter 5). Other important factors could include differential predation rates 

and shelter. Unlike bees (which are central-place foragers who have to 

commute constantly between nesting and foraging sites), some hoverflies can 

disperse more widely from larval habitats into the landscape matrix, potentially 

interacting with the landscape in a very different way from bees.

Just as knowing the primary pollen vector of plant species can inform 

us of how plants will respond to local and landscape factors, understanding the 

differences between bee and hoverfly life histories is critical to understanding
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their responses to local and landscape factors. M y findings highlight the 

im portance o f considering taxon-specific differences when predicting the 

effects o f landscape factors on plants and pollinators.

7.3.1. Farming system, biodiversity and landscape character

Landscape com plexity and the proportion o f the landscape that is organically 

farm ed have been found to influence how beneficial organic farm ing m ay be 

for plant and pollinator diversity (Roschew itz et al. 2005; Gabriel et al. 2010; 

R undlof et al. 2010). How ever, m y findings do not concur w ith this as, I did 

not find an interaction effect betw een landscape com plexity and farm ing 

system  on plant or hoverfly diversity. In addition, the landscapes in m y study 

were predom inantly conventionally farm ed landscapes so my results (regarding 

the positive effects o f organic farm ing on biodiversity) are unlikely to be 

biased by effects from  organic farm land in the surrounding landscape.

7.4. Farming system, biodiversity and the farmer

D espite being under sim ilar production conditions and in com parable locations 

or farm ing system s, individual farm s are not necessarily m anaged in the same 

way. This is likely to have im portant effects on biodiversity. I found that those 

organic farm ers who had m ore positive attitudes to the environm ent and were 

better inform ed about it had significantly higher biodiversity (plant species 

richness) on their farm s com pared to less positively inclined, less inform ed 

organic farm ers (C hapter 6). The influence o f individual farm ers has often been 

ignored in the literature when evaluating the effectiveness o f agri- 

environm ental schem es. How ever, my findings indicate that there is an
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important link between farmer environmental attitudes and knowledge and the 

effectiveness of an agri-environmental scheme such as organic farming for 

biodiversity. Such direct links have been suggested but not demonstrated 

before.

7.5. Implications for conservation of plants and pollinators in 

intensive grasslands

My findings have implications for how we perceive intensive grasslands. They 

are areas with potential for pro-active nature conservation. The diversity of 

plants and pollinators that remains in intensive grasslands (Chapter 3, 4 and 5) 

may perform a vital role in the functioning of agricultural ecosystems (Chapter 

3) and should be conserved and improved upon. The following are a list of 

conservation actions that could potentially benefit plants and pollinators in 

intensive Irish dairy grasslands as indicated by my research.

7.5.1. Reduce or eliminate chemical pesticides

Like previous studies in arable systems (Hole et al. 2005; Rundlof et al. 2010), 

my findings indicate that the lack of herbicide and pesticide use in organic 

dairy farming is a major contributory factor to the greater diversity of plants 

and pollinators and the increased pollination levels found in organic dairy 

grasslands (Chapter 3, 4 and 5).

The three herbicide products I used in my study (Doxstar, Forefront and 

Roundup) (Chapter 2) contain compounds that are known to have significant 

negative effects on non-target organisms and the environment (particularly 

fluroxypyr, 2,4-D and glyphosate) (Carson 1962; Hemphill & Montgomery
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1981; Estok et al. 1989; Ozcan Oruc et al. 2004; Y am ada et al. 2009; Tao & 

Yang 2010; W u et al. 2010; Zhang et al. 2010). A lthough som e of these 

products are m arketed as being m ore selective than others, I found that they all 

caused significant decreases in non-target plant richness and diversity (Chapter 

2). Also, herbicides that are generally used in arable/non-grass system s (e.g. 

fluroxypyr: European Com m ission 1999) may not behave as expected in 

grassland system s where target and non-target plants are subject to 

disturbance/defoliation regim es (C hapter 2). If plants toxic to livestock are 

absent from  grasslands, I advocate caution before applying these herbicide 

products (particularly using traditional m ethods) as such applications are 

expensive and their effects on non-target organism s and the environm ent can 

be m uch m ore significant than their benefits to production (C hapter 2). 

Reducing the use o f anti-helm inthic pesticides in conventional farm 

m anagem ent plans should also he encouraged; this may im prove the viability 

of certain susceptible hoverfly species populations (Chapter 5), w ith potential 

knock-on benefits for pollination services (Chapter 3). There may also be direct 

benefits from pesticide reduction for other ecosystem  services such as the role 

in decom position provided by dung beetles (Hutton & G iller 2003). To my 

knowledge, besides organic farm ing, other agri-environm ental schem es do not 

restrict ant-helm inthic pesticide use or the blanket application o f particularly 

destructive herbicide products in intensive production areas.

7.5.2. Encourage organic dairy farming

It is vitally im portant that practical, cost-effective prescriptions to m anage 

farm land for the benefit o f w ildlife are developed (Pywell et al. 2005). One 

course o f action is increased financial support for organic farm ing by
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governmental subsidies (Kleijn & Sutherland 2003). However, as a lower 

intensity farming system, organic farms may be less productive than their 

conventional counterparts and so may not represent a viable replacement for all 

conventional farming systems in light of growing human populations and fears 

for food security. However, organic farming systems can provide a dual role 

(economically and ecologically) as productive systems that can benefit plants, 

pollinators and pollination in intensive dairy grasslands (Chapter 3, 4 and 5). It 

should be encouraged and supported particularly where conventionally 

managed intensive grasslands are widespread (Chapter 5). Only twelve organic 

dairy farms in the Republic of Ireland met my selection criteria in 2008, ten of 

which I surveyed, demonstrating the low uptake of organic dairy farming here 

and the potential for expansion.

However, as is clear from my study, there are a number of management 

activities which are carried out in both organic and conventional dairy farming 

systems that can be detrimental to wildlife. The conservation measures 

required to sustain pollinator populations within intensively managed 

landscapes are complex and still poorly understood (Pywell et al. 2005) but, 

based on my research, the plants and pollinators on both organic and 

conventional dairy farms may benefit from a number of the other measures 

addressed in this section.

7.5.3. Use more diverse native seed mixes for the sward

High numbers o f flowers, particularly of Trifolium  spp., attract high bumblebee 

abundances in intensive grasslands (Chapter 3; Potts et al. 2009) and Trifolium  

spp. are a common component in organic seed mixtures (Irish Organic Farmers 

and Growers Association 2006). The sowing of these legumes (and allowing
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them to flower) should be encouraged in conventional farming systems to 

provide more resources for bumblebees.

Besides the benefits of Trifolium  spp. for bumblebees, high floral 

abundance is important for supporting other bees and hoverflies (Chapter 3 and 

5), altering the structure of insect-flower interaction networks (Chapter 3) and 

perhaps, in turn, leading to increases in pollination levels of insect-pollinated 

plants (e.g. Crataegus monogyna) (Chapter 3). Plants which are of benefit as 

adult or larval food resources (forbs and graminoids) for pollinators (bees, 

hoverflies and butterflies) (Fussell & Corbet 1992; Corbet 2000; Pywell et a l  

2005; Carvell et al. 2007; Hanley et al. 2008; Speight 2008; Potts et al. 2009) 

could be incorporated into intensive grassland seed mixes for the sward, 

provided they are not detrimental to livestock (James et al. 1992; Parton & 

Bruere 2002) and are native to the region. Some work has been completed on 

flower-rich seed mixes for grassland field margins (Potts et al. 2009; Fritch et 

al. 2011), but there is potential to increase botanical diversity in the sward 

without reducing production, possibly even increasing it (Sanderson et al. 

2004). Indeed, more diverse swards may be nutritionally superior for livestock 

(Rackham 1986). Presently, there are no agri-environmental schemes which 

encourage diverse seed mixtures for the sward.

7.5.4. Maintain floral abundance over growing season

Insect-flower interaction networks in organic grasslands were found to be 

larger than their conventional counterparts but, overall, the networks in my 

study (organic and conventional) were small and relatively unstable (Chapter 

3) compared to networks in more species-rich habitats (Memmott et al. 2004a; 

Jordano et al. 2006; Vazquez et al. 2009a). This is likely to be the result of
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disturbance from intensive management and is of concern because the 

maintenance of some level of pollination in intensively farmed landscapes is 

dependent on a network composed of very few species. This is particularly 

worrying in Ireland where the species pool is low compared to the UK and 

mainland Europe. The simultaneous removal of multiple fields or hedgerows of 

flowers by silage cutting, topping, grazing, hedge trimming/cutting or herbicide 

application is likely to result in severe resource shortages for pollinators and 

major changes to the stability of local insect-flower interaction networks. 

Therefore, efforts should be made to retain and improve plant and pollinator 

diversity in intensive grassland farms by including measures in agri- 

environmental schemes that seek to maintain a constant floral abundance in 

swards and field margins, and particularly to support plant species that yield 

the highest rewards for pollinators. Maintenance of floral abundance by 

restricting topping until the end of summer is encouraged in species-rich 

grasslands by some agri-environmental schemes such as by the Irish Agri- 

Environment Options Scheme (AEOS) (Department of Agriculture Fisheries 

and Food 2010). However, my research shows that such practices are necessary 

in intensively managed grasslands too and could partly be achieved by 

staggered, as opposed to simultaneous, management of swards and field 

margins on the farm.

7.5.5. Ensure sensitive hedgerow and field edge management

Prudent management of field margins is an important tool in preserving and 

enhancing biodiversity in the agricultural landscape and the more diverse a 

field margin can be made, in terms of plant species and structural diversity, the 

better it is likely to be in ameliorating the adverse effects of intensive
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agriculture (Thomas & Marshall 1999). My study confirms the importance of 

hedgerows for bees and hoverflies (Chapters 3 and 5). Bees and hoverflies 

were significantly more associated with field edges and hedgerows than field 

centres, regardless of farming system (Chapter 3). There may be a number of 

reasons for this, including the role of hedgerows in navigation (Cranmer 2004) 

and shelter (Wratten et al. 2003), and the greater reliability of hedgerows with 

regard to the availability of resources (Speight 2008; Jacobs et al. 2009). 

Hedgerow management in Ireland may be currently too intensive, despite 

farmers participating in the previous Irish agri-environmental scheme (the 

Rural Environmental Protection Scheme (REPS)) for many years (pers. obs.). 

This scheme included measures for hedgerow maintenance which often 

translated into farmers endeavouring to keep the hedgerow ‘tidy’ through 

intensive cutting (pers. obs.). The new Irish Agri-Environment Options Scheme 

(AEOS) does not lay out measures for hedgerow maintenance (only re

planting, laying and coppicing) which may, conversely, translate into less 

intensive management of existing hedgerows by many farmers. Nevertheless, 

specific details on how to manage hedgerows sensitively in intensive grassland 

farms should be laid out in agri-environmental schemes.

In addition, I found significant separation between vegetation 

communities in intensive grassland field edges and those in the field centres, in 

terms of composition and relationships with the landscape character (Chapter 

4). Therefore, efforts to avoid spraying chemical herbicides and 

chemical/organic fertilisers in the field edges will help ensure that less 

anthropogenic and more semi-natural vegetation communities persist in these 

habitats. Such reductions in agrochemical applications may also prevent 

leaching into nearby surface waters (Kleijn & Verbeek 2000). Many agri-
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environmental schemes, such as the new Irish AEOS, restrict pesticide and 

fertiliser inputs into the field edge (Department of Agriculture Fisheries and 

Food 2010) but the optimum spray-free zone for plant and insect diversity has 

rarely been addressed for grasslands (Feehan et al. 2005; W oodcock et al. 

2007; Fritch et al. 2011). The field edge plant communities identified in my 

study were confined to within Im from the woody base of the hedgerow. 

Nevertheless, the vegetation communities in these narrow field edges {saum 

vegetation: Wilmanns & Brun-Hool 1982) make an important contribution to 

the overall plant community composition of intensive grasslands and should be 

conserved. By managing these field edges, the availability of extensively 

managed habitats within intensive grasslands can be greatly increased 

(W oodcock et al. 2007; W oodcock et al. 2009).

My results also indicate that hedgerow structure in the surrounding 

landscape influences plant species richness (Chapter 4) and hoverfly 

abundances (Chapter 5). This is known for plants (Deckers et al. 2004), but 

previous work has not shown any correlations between hoverfly diversity and 

the proportions of linear landscape features (drainage ditches only) within the 

landscape matrix (Kleijn & van Langevelde 2006). In landscapes containing a 

high density of hedgerows such as those in my study region (Foulkes & 

Murray 2005; Doogue & Kelly 2006). my results are likely to be of particular 

relevance -  especially considering that hedgerows can act as corridors for 

movement of many plant species (Le Coeur et al. 2002) and as barriers to or 

facilitators of pollen flow. For example, hedgerows have been found to 

facilitate pollen dispersal between insect-pollinated forb populations through 

pollinator movements (Van Geert et al. 2010). It follows that hedgerow 

distribution and structure within the landscape should be considered, where
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possible, when devising management plans and agri-environmental schemes 

for plants and pollinators.

7.5.6. Consider landscape context

Agri-environniental schemes tend to focus on management of habitats and 

biodiversity at the local scale, without acknowledgment of landscape effects 

(Gabriel et al. 2010). Problems with this approach are increasingly being 

recognised, especially if there are interactions between local management and 

landscape context on local biodiversity (Gabriel et al. 2010). However, I did 

not find any interaction effect between farming system and landscape factors 

on plant or hoverfly diversity (Chapters 4 and 5). The reasons for this are 

unclear but may indicate that there are fundamental differences between 

grassland-dominated landscapes (such as those in my study) and arable 

landscapes (predominant in prior studies). Therefore, it is important that 

management plans for biodiversity within grassland-dominated landscapes do 

not assume that ecological processes in grassland landscapes mirror those 

processes demonstrated in arable landscape contexts.

My results also indicate that hoverflies and bees respond to the 

landscape in different ways (Chapter 5; Kleijn & van Langevelde 2006; 

Hendrickx et a l  2007; Sjodin et al. 2008; Jauker et al. 2009). For example, 

decreasing landscape complexity appears to be important for certain hoverfly 

communities, as well as increasing distances away from urban habitats 

(Chapter 5). This is in contrast to findings for bees (Goulson et al. 2005; 

Cunningham 2009) and indicates that some conservation actions that 

encourage bees may not necessarily favour all hoverflies. Therefore, my

193



findings highlight the im portance o f considering taxon-specific differences 

when attem pting to m anage for the effect o f landscape context on pollinators.

7.5.7. Improve farmer environmental education

A cknow ledging the role o f farm ers as individual decision-m akers m ay help us 

understand some o f the variation in biodiversity betw een and within farm ing 

system s. I found that w hen organic farm ers had more positive attitudes to and 

were m ore inform ed about the environm ent this could greatly increase the 

biodiversity  levels on their organic farm s (Chapter 6). M y study dem onstrates 

the need to encourage conservation-orientated thinking and better 

environm ental education especially in farm ers who participate in an agri- 

environm ental schem e like organic farm ing. The benefits o f organic farm ing 

and other agri-environm ental schem es for the environm ent would then be 

m axim ised. C onservation-orientated thinking and better environm ental 

education could be incorporated into the m any training courses that already 

exist for farm ers entering agri-environm ental schem es and, if not already, these 

training courses should be m ade com pulsory.

7.6. Future research 

7.6.1. Sward management

W hile reducing w eed infestation, traditional application m ethods of herbicides

have significant negative effects on non-target plants (Chapter 2). Since

eradication o f herbicide use in intensive grasslands is unlikely in the near

future, the negative im pacts o f traditional application m ethods dem onstrate the

need to develop novel herbicide application technologies that reduce herbicide
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use and environm ental im pact while also controlling w eeds successfully. 

Frequently, weeds are insufficiently dense to warrant total spraying o f the field, 

but as swards are traditionally m anaged as a single entity with the whole field 

receiving com m on m anagem ent (blanket spraying), overuse of herbicides can 

easily occur. The novel herbicide application technology. Precision Pasture 

M anagem ent, used in my study has the potential to reduce herbicide use and its 

im pacts on non-target plants (Chapter 2) -  although further research and 

developm ent is required so that adequate target plant rem oval is also attained.

I found an interaction effect betw een silage cutting and some herbicide 

treatm ents on non-target plants, particularly grasses (Chapter 2). This was 

evident for herbicide products that are not designed to kill grasses (Forefront 

and Doxstar) and m ay indicate that further research is required before certain 

herbicides that are generally used in arable/non-grass system s be applied to 

grassland system s which are subject to defoliation regim es.

M y results also indicate that high weed infestation does not 

significantly alter production in Irish intensive grasslands (Chapter 2). 

Herbicide applications are expensive and their effects on non-target organism s 

and the environm ent can be m uch m ore significant than their benefits to 

production. I advocate m ore research into the relationships betw een weed 

infestation and production in grasslands so that the propensity o f land- 

m anagers to overuse herbicides is reduced.

Further research is also required into the potential benefits of species- 

rich swards for production in term s o f herbage yield, quality and animal 

productivity. A lthough m onocultural swards are preferred by land-m anagers as 

they are considered m ore productive than species-rich swards, recent research 

has indicated potential herbage yield benefits from  species-rich m ixtures (see:
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Sanderson et al. 2004). There has only been limited animal productivity 

research using species-rich mixtures, with indications of variable responses 

(see: Sanderson et al. 2004). If species-rich swards were deemed more 

beneficial to production then this would undoubtedly have benefits for 

pollinators, insect-flower interaction networks and pollination (Chapters 3, 4 

and 5).

It is important that land managers move away from focusing primarily 

on productive output because pastures fulfil multiple functions simultaneously, 

including production, weed, pest and disease resistance, protection of soil 

fertility, biodiversity, pollination, carbon sequestration and social values 

(Chapter 3 and 4; Sanderson et al. 2004; Coleman & Whitman 2005; 

Tscharntke et al. 2005; Biesmeijer et al. 2006; De Dej^n et al. 2010). 

Sustainable use of pastures is likely to result from maximising the number of 

functions they provide (Sanderson et al. 2004) and; this also requires further 

research.

7.6.2. Hoverfly conservation

Hoverflies are being increasingly recognised as being important pollinators like 

bees. Unfortunately, we know much less about the conservation requirements 

of hoverflies compared to bees, particularly the social bee species. My research 

indicates that the availability of larval microhabitats and larval food resources 

may be more important than the availability of adult food resources (i.e. floral 

abundance) in determining adult hoverfly distribution patterns (Chapter 5). In 

addition, I found correlations between hoverfly abundances and hedgerow 

structure (length, percentage cover and number of connections) in the 

landscape (Chapter 5). The relationships between adult distribution and larval
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and adult resources, as well as know ledge o f hoverfly behaviour and dispersal 

patterns, require further research before realistic conservation 

recom m endations can be m ade for this group.

7.6.3. Insect-pollinated plant conservation

A nim al-m ediated pollination is required for successful reproduction in m any 

angiosperm s (Buchm ann & N abhan 1996). There are fundam ental differences 

betw een how such anim al-pollinated angiosperm s interact with their 

environm ent com pared to abiotically pollinated angiosperm s. M y research has 

shown that insect-pollinated forbs differ from non-insect pollinated forbs in 

term s o f their relationships with landscape com plexity, hedgerow structure and 

proxim ity to certain habitats e.g. wetlands (Chapter 4). These relationships 

should be explored further in future studies.

M ost pollination netw ork studies have not addressed the links betw een 

observed insect assem blages and pollination (Ricketts et al. 2008) and certainly 

m ore needs to be done. It was not possible for me to carry out pollination 

experim ents on m ore than one insect-pollinated plant species in organic and 

conventional farm s (Chapter 3). Future research on pollination in organic and 

conventional system s should endeavour to include m ore plant species so that a 

m ore general overview  o f pollination levels on organic and conventional farm s 

is achieved.

7.6.4. Understanding how farmers manage their farms

Follow ing on from  m y findings in Chapter 6, further research is needed in 

order to elucidate the specific actions (and the reasoning behind them ) that
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certain m ore inform ed or m ore environm entally-inclined organic farm ers take 

on their farm s which particularly benefit biodiversity. Such inform ation could 

inform  policy and contribute to m ore acceptable agri-environm ental schem es 

for the farm ing com m unity, including conventional farmers.

7.7. Final conclusions

Intensive grasslands may be im portant in m aintaining populations o f wild 

plants, pollinators and their interactions as well as ensuring that adequate 

pollination levels o f wild plants are m aintained in the agricultural landscape. 

H ow ever, the biodiversity  (in term s o f plants, bees and hoverflies) and 

ecosystem  services (pollination) that intensive dairy grasslands m aintain are 

vulnerable to disturbance from  farm m anagem ent activities and changes in the 

landscape m atrix. Organic dairy farm ing is a way forw ard in conserving plant 

and pollinator diversity as well as the pollination services they provide but 

there is still great room  for im provem ent in organic dairy farm ing practices 

before this farm ing system  can truly be considered superior. W e must 

endeavour to tease out the m anagem ent practices in intensive grasslands that 

are m ost beneficial to all pollinator taxa, so far as possible. W e m ust also 

consider the huge potential associated with public involvem ent in biodiversity 

conservation, particularly  in relation to land m anagers, as it is clear that 

biodiversity  conservation is not ju st an ecological issue, it’s a socio-econom ic 

issue too and thus, the solutions are m ulti-faceted.
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Appendices

Appendix 1: Replicated randomised block design of three study sites:

Moorepark (Experiment 1 and 2 had the same design); Oakpark (Experiment 1 

and 2 had the same design) and Kilmaley (Experiment 1). Plant surveys were 

conducted in sub-plots (located at one end of each plot) in Moorepark and 

Oakpark so as to standardise with plots sizes in Kilmaley. Production was 

estimated based on full plot sizes at the three sites. Differences in plot layout 

between sites were as a result of space restrictions at Oakpark and Kilmaley 

sites.
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Sub-plot

Experiment 1: Moorepark, Oakpark and Kilmaley 
Rot (Kitmaley)
Sub-plot (Moorepark and Oakpark)
A Control - no herbicide application

Blanket Docstar 
Manual Docstar 
Manual Roundup 
Blanket Forefront 
Manual Forefront

Experiment 2: Moorepark and O ^pa rk

Control - no herbicide application 
Blanket Docstar 
Automated Docstar 
Automated Roundup 
Blanket Forefront 
Automated Forefront



A ppendix 2: Distribution o f the ten farm pairs w ithin Ireland. Farm  pair 6 was 

not included in the analysis for Chapter 5 due to access restrictions for pan

trapping.
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Appendix 3: For each farm, the percentage of different land-use types within 1 

to 5km radii (Chapter 4) and 1 to 7km radii (Chapter 5) around farms was 

determined (the extent of the 5km radii is shown as an example in this figure). 

Landscapes were similar and overlapped within each farm pair. Note: CORINE 

Level 4 classification is displayed within the circular sectors while CORINE 

Level 3 classification is displayed outside them. O = organic farm, C = 

conventional farm.

A

•  •

Scale: 1:2500000
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Appendix 4: Summary of management activities carried out in the organic and 

conventional dairy farms in my study (data obtained from farmer interviews

and field observation).

Management activity Organic Conventional
Grazing intensity (mean LU/ha*) 1.5 2.5
Silage cuttingt Yes Yes
Topping^ Yes Yes
Herbicides used No Yesf
Use of nitrogen-fixing legumes§ in 
seed mixes

Yes Yes**

Fertilisation le v e ls tt Low to Medium to

Fertiliser type:
M edium tl H ig h T i

Farmyard manure Y esH Yes
Slurry Y es ll Yes
Chemical No Yes

* Livestock unit per hectare

t  No silage fields were surveyed (only grazed fields surveyed) 

t  Standardising grass height by cutting to a post-grazing height of approx. 5 cm 

*][ One to three applications per year 

§ Trifoliuni spp.

**Thfolium  spp. were present but coverage was very low compared to organic 

farms

ttB a se d  on soil parameters measured 

ttW ith  reference to Alexander et al. 2008 

i  I  From certified organic sources only
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Appendix 5.1: Organic and conventional insect-flower interaction webs -  Farm 

pair 2 o f 10. The bottom levels o f each web show all plant species visited by 

the insect taxa listed on the top levels. The lines between the two levels 

represent interactions between insect taxa and plant species w ith line thickness 

indicating interaction frequency. Plant and insect key is shown below.

Key
Bees

A1 -  Bombus lucorum agg.

A2 -  Bombus pratorum

A3 -  Apis mellifera

A4 -  Bombus pascourum

A5 -  Bombus lapidarius

A6 -  Halictus rubicundus

A7 -  Andrena haemorrhoa

A8 -  Bombus hortorum

A9 -  Andrena humilis

Hoverflies

B1 -  Eristalis

B2 -  Helophilus

B3 -  Platycheirus

B4 -  Rhingia

B5 -  Episyrphus

B6 -  Syrphus

B7 -  Pyrophaena

B8 -  Crysogaster

B9 -  Volucella

B10 -  Leucozona

B11 -  Neoascia

Butterflies

C1 -  Pieris napi

C2 -  Manlola jurtina

C3 -  Aglais urticae

C4 -  Cynthia cardui

C5 -  Pararge aegeria

Plants

1 -  Trifolium repens

2 -  Ranunculus repens

3 -  Rubus fruticosus agg.

4 -  Heracleum sphondylium

5 -  Beilis perennis

6 -  Trifolium pratensis

I  -  Rosa canina

8 -  Lonioera periclymenum

9 -  Senecio jacobaea

10 -  Cirsium vulgare

I I  -  Cratageus monogyna

12 -  Veronica chamaedrys

13 -  Anthriscus sylvestris

14 -  Ulex europaeus

15 -  Vida sepium

16 -  Geranium robertianum

17 -  Taraxacum officinale agg

18 -  Digitalis purpurea

19 -  Fuchsia sp.

20 -  Lythrum salicaria

21 -  Lotus comiculatus

22 -  Teucrium scorodonia

23 -  Gaieopsis tetrahit
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Organic
A1 B1 A4 B2 B3 C2 A2 A5 01 A1

15 1
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Conventional
A4 A2 B1 A6 A5



A1
Organic

A2 B1 B2 B3

2 7 3

Conventional
A4 A2 A5 A7 B1 B4

12

Appendix 5.2: Organic and conventional insect-flower interaction webs -  Farm pair 3 o f 10. The bottom levels o f each web show all plant species 

visited by the insect taxa listed on the top levels. The lines between the two levels represent interactions between insect taxa and plant species with line 

thickness indicating interaction frequency. Plant and insect key same as for Appendix 5.1.
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Organic
A1 A4 A2 A5 A3 B1 B2 B4 85 86 C2 A1

103 415 1 2

Conventional
A4 81 82 83 84

10 7 3 1014

Appendix 5.3: Organic and conventional insect-flower interaction webs -  Farm pair 4 o f 10. The bottom levels o f each web show all plant species 

visited by the insect taxa listed on the top levels. The lines between the two levels represent interactions between insect taxa and plant species w ith line 

thickness indicating interaction frequency. Plant and insect key same as for Appendix 5.1.
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Organic
A4 A2 A5

Conventional
A4 A2 A8 B1 B2 B7

10

Appendix 5.4: Organic and conventional insect-flower interaction webs -  Farm pair 5 o f 10. The bottom levels o f each web show all plant species

visited by the insect taxa listed on the top levels. The lines between the two levels represent interactions between insect taxa and plant species w ith line

thickness indicating interaction frequency. Plant and insect key same as for Appendix 5.1.
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A1 A2
Organic

B1 B2 B3 87  88
Conventional

81 82  84

1036 2 2 11 3

Appendix 5.5: Organic and conventional insect-flower interaction webs -  Farm pair 6 of 10. The bottom levels of each web show all plant species 

visited by the insect taxa listed on the top levels. The lines between the two levels represent interactions between insect taxa and plant species with line 

thickness indicating interaction frequency. Plant and insect key same as for Appendix 5.1.
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Organic Conventional
A1 A2 B1 B2 B3 85 86 A1 A4 A2 A8 81 82 83 84 87 85 C5

1 2 13 5 3 4 9 10 1 5 8 37 10 16 17

Appendix 5.6: Organic and conventional insect-flower interaction webs -  Farm pair 7 o f 10. The bottom levels o f each web show all plant species

visited by the insect taxa listed on the top levels. The lines between the two levels represent interactions between insect taxa and plant species w ith line

thickness indicating interaction frequency. Plant and insect key same as for Appendix 5.1.
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A1 A5 A3
Organic

B1 B2 B4 B6 B9 C2 C1 A1
Conventional
A4 B1

3 101 1 51 2 1 2 7 3 10

Appendix 5.7: Organic and conventional insect-flower interaction webs -  Farm pair 8 of 10. The bottom levels of each web show all plant species

visited by the insect taxa listed on the top levels. The lines between the two levels represent interactions between insect taxa and plant species with line

thickness indicating interaction frequency. Plant and insect key same as for Appendix 5.1.
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Organic Conventional
A1 A4 A5 A3 A7 B1 B2 B6 A1 A4 A5 B1 B4 B9 B10 C3

6 11 18 3 4 9 10 315 4 10

Appendix 5.8: Organic and conventional insect-flower interaction webs -  Farm pair 9 o f 10. The bottom levels o f each web show all plant species

visited by the insect taxa listed on the top levels. The lines between the two levels represent interactions between insect taxa and plant species w ith line

thickness indicating interaction frequency. Plant and insect key same as for Appendix 5.1.
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Organic Conventional
A1 A4 A2 A5 A9 B1 B2 B11 A1 A4 A2 A8 A3 81 B2 B4 B9 C5

2318 311221 222019 18 311

Appendix 5.9: Organic and conventional insect-flower interaction webs -  Farm pair 10 o f 10. The bottom levels o f each web show all plant species 

visited by the insect taxa listed on the top levels. The lines between the two levels represent interactions between insect taxa and plant species w ith line 

thickness indicating interaction frequency. Plant and insect key same as for Appendix 5.1.
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Appendix 6: List o f all insect-pollinated forbs, non-insect pollinated forbs and 

graminoids and associated mean percentage cover per (0.5x0.5m) quadrat (n = 

600) recorded in the edges and centres o f organic and conventional dairy fields. 

The principal pollen vector for each species was ascertained using Grime et al. 

(2007) and the BIOFLOR database (Klotz et al., 2002).

Mean % cover Mean % cover
Species groups Organic Conventional

Insect-pollinated forbs Edge Centre Edge Centre
Achillea millefolium 0.07 0.07 0 0.10
Cardamine pratensis 0.15 0.34 0.03 0.22
Cirsium arvensis 0.61 0.41 1.74 0.26
Cirsium vulgaris 0.87 1.20 0.91 0.05
Heracleum sphondylium 0.25 0 0.23 0
Potentilla anserina 0.37 0.03 0 0
Prunella vulgaris 0.03 0 0.03 0
Ranunculus acris 0.02 0.21 0 0
Ranunculus bulbosus 0 0.01 0 0
Ranunculus repens 2.93 3.22 3.23 1.10
Senecio jacobaea 0.30 0.63 0.93 0.13
Trifolium pratensis 0.07 0.10 0 0
Trifolium repens 5.13 26.06 2.13 5.53
Vida sepium 0.20 0 0.24 0
Vida cracca 0.02 0 0.02 0
Veronica filiformis 0.53 0.03 0.77 0.07
Veronica chamaedrys 2.21 0.03 0.81 0
Hedera helix 0.40 0 0.26 0.02
Galium verum 0 0 0.02 0
Leontodon autumnalis 0.03 0.15 0 0
Lotus corniculatus 0.35 0 0 0
Calystegia sepium 0 0 0.05 0
Primula vulgaris 0.02 0 0 0
Aegopodium podagraria 0.05 0 0 0
Anthriscus sylvestris 0.19 0 0.04 0
Hypericum maculatum 0.02 0 0 0
Glechoma hederacea 0.20 0 0 0
Filipendula ulmaria 0 0 0.27 0
Potentilla erecta 0 0 0.01 0
Malva sylvestris 0 0 0 0.03
Lamium album 0.28 0 0 0

Non-insect pollinated
forbs
Beilis perennis 0.01 0.36 0.41 0.33
Cerastium fontanum 0.31 0.55 0.37 0.19
Plantago lanceolata 0.15 0.24 0 0
Plantago major 0.19 0.04 0.07 0
Rumex crispus 0.25 0.09 0.07 0.33
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Rumex obtusifolius 1.69 0 0.33 0.48
Stellaria media 0.12 0.02 0.08 0.05
Taraxacum aggregate 0.35 1.87 0.76 2.29
Urtica dioica 5.77 0 5.37 0.02
Veronica persica 0.01 0 0 0
Veronica hederifolia 0.01 0 0 0
Geranium robertianum 0.09 0 0.13 0
Galium aparine 0.09 0.03 0.06 0
Lapsanna communis 0.12 0.04 0.10 0.03
Rumex acetosa 0.39 1.36 0.06 0.02
Stellaria holostea 0.05 0.05 0.01 0
Geum urbanum 0 0 0.05 0
Epilobium ciliatum 0.01 0 0 0

Graminoids
Agrostis capillaris 3.23 6.97 1.01 1.14
Agrostis stolonifera 25.39 9.50 28.67 19.23
Alopecurus pratensis 0 0 0 0.03
Anthoxanthum odoratum 0.13 0.27 0 0
Arrhenatherum elatius 0 0 0.07 0
Cynosures cristatus 7.80 3.02 7.58 6.65
Dactylis glomerata 3.17 0.86 6.37 0.67
Elymus repens 1.47 0.73 2.79 0.23
Festuca rubra 0.40 4.03 0.47 0.33
Holcus lanata 10.94 10.01 7.74 2.96
Holcus mollis 0.50 0.07 0.03 0
Lolium multiflorum 0.37 0.10 0.01 0
Lolium perenne 16.91 26.59 19.11 55.57
Phleum pratensis 0 0.03 0 0.01
Poa pratensis 0.01 0.03 0.11 0.13
Juncus articulatus 0 0.03 0 0
Juncus effusus 0 0.23 0 0
Luzula campestris 0.03 0.04 0 0
Carex flacca 0.03 0.01 0 0
Carex hirta 0.05 0 0 0
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Appendix 7. Total abundance, larval macrohabitat preferences and anthropophilic habit o f 34 hoverfly taxa in 20 organic and conventional dairy farms 

in the Republic o f Ireland. Some individuals could not be identified to species level and were determined to genus level. Classification is based on 

Speight (2008). Blanks that contain dashes (— ) indicate no preference available for that taxa).

Species Total
Abundance

Larval
macrohabitat

preference

Larval macrohabitat 
preference (grassland type) Anthropophilic

Helophilus pendulus 398 Grassland Unimproved Yes
Eristalis tenax 372 Grassland Unimproved Yes
Rhingia campestris 78 Grassland Unimproved and Improved Yes
Platycheirus spp. 72 — . . .

Syrphus ribesii 33 Grassland Unimproved and Improved Yes
Episyrphus balteatus 32 Grassland Unimproved and Improved Yes
Eristalis arbustorum 24 Grassland Unimproved Yes
Helophilus hybridus 24 Wetland No
Neoascia obliqua 23 Woodland No
Platycheirus albimanus 23 Grassland Unimproved and Improved Yes
Volucella bombylans 15 Grassland Unimproved Yes
Platycheirus granditarsus 10 Wetland No
Melanostoma mellinum 9 Grassland Unimproved and Improved Yes
Neoascia podagrica 8 Grassland Unimproved Yes
Sericomyia silentis 7 Wetland No
Xylota segnis 7 Grassland Unimproved Yes
Riponnensia splendens 6 Grassland Unimproved No
Scaeva pyrastri 5 Grassland Unimproved Yes
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Melangyna lasiophthalma 3 Grassland Unimproved Yes
Platycheirus scutatus 3 Grassland Unimproved Yes
Eristalis horticola 2 Woodland No
Ferdinandea cuprea 2 Woodland No
Platycheirus nielseni 2 Wetland No
Syritta pipiens 2 Grassland Unimproved Yes
Xylota tarda 2 Woodland No
Brachypalpoides lentus 2 Woodland No
Cheilosia spp. 2 Grassland Unimproved No
Helophilus trivittatus 1 Grassland Unimproved Yes
Lejogaster tarsata 1 Wetland No
Melanostoma scalare 1 Grassland Unimproved and Improved Yes
Platycheirus immarginatus 1 Wetland No
Platycheirus podagratus 1 Wetland No
Sphaerophoria sp. 1 — —
Luecozona lucorum 1 Grassland Unimproved Yes
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Appendix 8.1. The five domains and their associated questions, question formats and the maximum possible score for each question in the

questionnaire sent to organic and conventional farmers.

Domains and questions Format
Maximum

score
Achievement attitude
It is important to have a tidy fann* Likert 5
Farm land should be fully productive* Likert 5
A farm is a business to be run efficiently* Likert 5
It is important to have the best livestock and pastures possible* Likert 5
It is important to pay attention to market prices* Likert 5
High farm productivity is an achievement to be proud of* Likert 5

Production-orientated behaviour
Do you monitor farm business performance?* Dichotomous closed-ended 5
Do you use targets when managing your farm?* Dichotomous closed-ended 5
Do you keep production records?* Dichotomous closed-ended 5
Have you removed hedges in the last five years without replacing them?* Dichotomous closed-ended 10
It is important to make the largest possible profit, by any means* Likert 5

Environmentally-orientated behaviour
What are [your] other land parcels [not currently used for dairying] used for? Multiple-choice closed-ended 5
How do you fertilise your grassland? Multiple-choice closed-ended 2
Do you generally spray herbicide to control weeds (e.g. docks/thistles, etc) in Dichotomous closed-ended 10
permanent pasture?
If you answered “yes” to the previous question, what method do you use to apply Multiple-choice closed-ended
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herbicide?
Please indicate which herbicide(s) you use and...how  often you use them.
Have you diversified the farm business in the last five years?*
Do you manage the habitats [you] listed ...[in  previous question]?
List any actions you take on a regular basis to manage these habitats.
Are you a member of a conservation group?*

Environmental attitude
W hatever someone does with their land is up to them
In your opinion, how serious is the decline and possible extinction of animal and 
plant species (as well as their habitats) in Ireland?**
In your opinion, how serious is the decline and possible extinction of animal and 
plant species (as well as their habitats) in the world?**
1 would like to see more wildlife (plants, insects, birds, etc.) on my farm 
Our quality of life is reduced if we live in a world without a diversity of plants, 
animals and habitats**
We all have a moral responsibility to prevent the loss of wildlife and habitats** 

Environmental knowledge
It is important to avoid spraying fertiliser in the field margin
It is important to prevent pollution of lakes, rivers and groundwater*
Spraying weeds with herbicide often leads into a continuous circle of re-spraying 
and re-growth
It is important to reduce chemical application by using non-chemical methods* 
Do you think that the decline and possible extinction of animal and plant species 
(as well as their habitats) will have an impact on you personally?**
What habitats do you have on your farm?_________________________________
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Unprobed open-ended 
Dichotomous closed-ended 5
Dichotomous closed-ended 5
Unprobed open-ended 5
Dichotomous closed-ended 5

Likert 5
Multiple-choice closed-ended 5

Multiple-choice closed-ended 5

Likert 5
Likert 5

Likert 5

Likert 5
Likert 5
Likert 5

Likert 5
Multiple-choice closed-ended 5

Unprobed open-ended 5



Have you noticed any plants or animals which live in or tend to be associated with 
any of these habitats?
.. .please list some animals or plants that you have noticed in these habitats 
I do not feel informed about the loss of plant and animal diversity in Ireland**
I don’t know much about how to encourage wildlife on my farm
The loss of wildlife and habitats has no real impact on the production of goods
such as food, fuel and medicines**
The loss of wildlife and habitats in Ireland will not affect the economy**________

*borrowed or adapted from W illock et al. (1999)
**borrowed or adapted from European Commission (2007)
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Appendix 8.2. The final questionnaire sent to all organic and conventional 

farmers.

Farm Management and the Plant Diversity of

Grasslands.

2008 -  2010

This survey is part of a PhD project being undertaken in the Botany 
Department of Trinity College Dubhn in association with Teagasc. 

The project aims to study the plant diversity of Irish intensive 
grasslands in relation to farm practise and system.

Please complete the following questions. If you wish to comment 
on any questions or further discuss your answers, please use the 

space provided on the back cover.

Eileen Power, 
do  The Botany Department, 
School of Natural Sciences, 

Trinity College Dublin, 
Dublin 2.

Email: eipower tcd.ie 
Tel: 01 8962208

c :a ^ Q s c
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The contents of this form are Absolutely Confidential. 
Information identifying the respondent will not be disclosed 

under any circumstances.

Section 1; Farm Management

1. Do you participate in the Rural Environmental Protection Scheme (REPS)? 

r  Yes
 Please proceed to Question 2

^   Please proceed to Question 4

2. If you answered ‘Yes’ to the previous question, how many years have you 

participated in REPS?

3. Which REPS schemes have you participated in? (Pick all that apply)

r  REPS 1 r  REPS 2 r  r e p s  3 r  r e p s  4

4. How would you describe your farming system?

“ Conventional F  Organic

5. If you answered ‘Organic’ for the previous question, how many years have 

you been fully certified?
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6. How much land do you currently farm (own and/or lease)? 

r  less than 50 acres (less than 20ha)

r  51 - 100 acres (21 - 40ha)

r  101 - 150 acres (41 - 60 ha)

F  151 - 200 acres (61 - 81 ha)

r  greater than 200 acres (greater than 81 ha)

7. How many dairy cows do you have?

8. W hat is your stocking rate of dairy cows on the grazing platform?

I  Livestock Unit per Hectare

9. Do you have other land parcels not currently used for dairying? 

r  Yes r  No

10. If you answered ‘Y es’ to the previous question, what are the other parcels

currently used for? (Pick all that apply).

F  Silage F  Hay F  Beef

F  Sheep F  Cereals F  Vegetables

F  Poultry F  Pigs F  Woodland

F  Heifer rearing

Other (please specify)

11. How do you fertilize your grassland? {Pick all that apply) 

F  Chemical fertiliser F  Slurry

F  Farm-yard manure 

Other (please specify)
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12. Do you generally spray herbicide to control w eeds (e.g. docks/thistles, etc.) 

in perm anent pasture?

r  Yes
 Please proceed  to Question 13

^   Please proceed  to Question 15

13. If you answered yes to the previous question, what m ethod do you use to 

apply herbicide? {Pick all that apply)

r  Conevntional sprayer (blanket spray)

r  Spot spraying 

O ther (please specify)

14. Please indicate which herbicide(s) you use and tick the appropriate box 

relating to how often you use them.

Herbicide

Less than 

once a 

year

Once a year T w ice a year
More than tw ice  

a year

15. Do you m onitor farm  business perform ance e.g. D airy Profit M onitor? 

r  Yes r  No
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16. Do you use targets when managing your farm? 

r  Yes r  No

17. Do you keep production records? 

r  Yes r  No

18. Have you diversified the farm business in the last five years? 

r  Yes r  No

19. Have you removed hedges in the last five years without replacing them? 

r  Yes r  No
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20. For each of the following statements, please tick the box which best describes your opinion.

Strongly

Disagree

Tend to 

Disagree
Undecided

Tend to 

Agree

Strongly

Agree

It is important to have a tidy farm.

It is important to avoid spraying fertiliser in the field margin.

Farm land should be fully productive.

W hatever someone does with their land is up to them.

A farm is a business to be run efficiently.

It is important to have the best livestock and pastures possible.

It is important to prevent pollution of lakes, rivers and ground water.

It is important to pay attention to market prices.

High farm productivity is an achievement to be proud of.

Spraying weeds with herbicide often leads into a continuous circle of re

spraying and re-growth.

It is important to make the largest possible profit, by any means.

It is important to reduce chemical application by using non-chemical 

methods.
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Section 2; Wildlife

Animal and plant species, as well as their habitats, are 

declining in number in Ireland, and all over the world.

20. In your opinion, how serious is the decHne and possible extinction 

o f animal and plant species (as well as their habitats) in Ireland!

F  A very serious problem 

r  A fairly serious problem 

r  N ot a serious problem 

r  N ot a problem at all 

r  Don't know

21. In your opinion, how serious is the decline and possible extinction 

of animal and plant species (as well as their habitats) in the w orld l

r  A very serious problem 

r  A fairly serious problem 

r  N ot a serious problem 

r  N ot a problem at all 

r  Don't know

22. Do you think that the decline and possible extinction o f anim al and 

plant species (as well as their habitats) will have an im pact on you 

personally?

r  Yes, I am already affected

r  Yes, it will have an effect on me in the future but not rigjit now 

r  No, not on me personally but on my children/fliture generations 

F  N o it will not have any effect 

r  Don't know
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23. W hat habitats do you have on your farm ? {Please make a list)

24. Do you m anage the habitats listed above? 

r  Yes r  No

25. If you answ ered ‘Y es’ to the previous question, list any actions you 

take on a regular basis to m anage these habitats.

26. Have you noticed any plants or anim als which live in or tend to be 

associated with any o f these habitats?

r Yes r No

27. If you answ ered ‘Y es’ to the previous question, please list som e 

anim als or plants that you have noticed in these habitats.

28. Are you a m em ber o f a conservation group (for exam ple; 

B irdW atch Ireland, Irish Peatland Conservation Council, Irish 

W ildlife Trust, Bat Conservation Ireland, An Taisce, etc.)?

r  Yes r  No
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29. For each of the following statements, please tick the box which best describes your opinion.

Strongly

Disagree
Tend to Disagree Undecided

Tend to 

Agree

Strongly

Agree

I would like to see more wildlife (plants, insects, birds, etc.) on my farm.

I do not feel informed about the loss of plant and animal diversity in 

Ireland.

Our quahty of life is reduced if we live in a world without a diversity of 

plants, animals and habitats.

I don’t know much about how to encourage wildlife on my farm.

The loss of wildlife and habitats has no real impact on the production of 

goods such as food, fuel and medicines.

The loss of wildhfe and habitats in Ireland will not affect the economy.

We all have a moral responsibility to prevent the loss of wildlife and 

habitats.

264



If you have any comments you would like to make about this 
questionnaire, about dairy farming or wildlife, please write them on 
this page.

Your contribution to this survey is very greatly appreciated. 
Please return your questionnaire in the stamped addressed envelope

provided.
If the envelope has been mislaid, please forward to:

Eileen Power, 
c/o The Botany Department,

Trinity College Dublin,
Dublin 2.

A copy of the findings from this survey will be sent to all 

participating farmers.

Farm number: I {office use only)
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