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Abstract 

 

Floodplains provide numerous essential ecosystem services, 

including flood attenuation and biodiversity protection.  The lowland 

floodplains along the River Shannon are largely unregulated, support 

rare and endangered bird and plant life, and are of ecological 

importance on a European scale. 

Hydrological fluctuations exert the strongest influence on wetland 

biodiversity. Thus, a thorough understanding of the hydrology is 

necessary to assess its impacts on biodiversity. The hydrological 

regime of this low-nutrient floodplain is characterised and these 

findings related to plant communities and dipteran assemblages.  

Recognising that different taxonomic groups may respond in 

different ways, the response of plant species richness, sciomyzid 

(Diptera: Sciomyzidae) species richness and abundance and syrphid 

(Diptera: Syrphidae) abundance were analysed for comparison.  

The catchment topography, including a wide flat river basin and low 

longitudinal gradient of the river, is an important determining factor 

in maintaining the hydrological functioning of the floodplains. 

Detailed digitised flood models were constructed to allow 

visualisation of the inundation dynamics of the flood meadows with 

respect to flood duration.  

Plant community composition and diversity vary along hydrological 

gradients with plant species diversity being negatively correlated with 

increased hydroperiod. Sciomyzid species richness and total 

abundance were both positively correlated with increased 

hydroperiod and flood depth while syrphids responded negatively to 

increases in hydrological variables.   
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After hydrological fluctuations, agricultural practices are the second 

most influential variable affecting biodiversity in agricultural 

floodplains. Thus, details of farming practices were attained using 

questionnaires and management variables quantified and 

categorised. Agricultural practices on the callows are generally of low 

intensity, but there are variations in nutrient inputs and grazing 

practices, both current and historical. While the maintenance of the 

hydrological heterogeneity and the diversity of mowing regimes are 

important in maintaining biodiversity, variation in nutrient inputs 

and previous management, within the range investigated here, is of 

lesser importance for Syrphidae and Sciomyzidae. 

The spatial and temporal variability of the hydrological regime, in 

conjunction with microtopography, is responsible for maintaining 

biodiversity. Second to these variables a range of low intensity 

agricultural practices add the overall diversity of the flood meadows.  
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Outline of the thesis: 

Chapter 1 comprises a general introduction; Chapters 2 - 5: are 

written for submission to scientific journals where Chapter 2 presents 

the results of the hydrological study, Chapter 3 the results of the 

vegetation study and Chapter 4 the results of the dipteran study; 

finally Chapter 5 includes a general discussion. 
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Chapter 1. Introduction  

 

Ecosystems provide services that contribute to human well-being and 

thus need to be conserved. The hydrological cycle combined with 

ecosystems provide a range of hydrologic services such as 

purification of water, mitigation of flood damages, provision of 

recreational areas, provision of navigation routes and creation of 

habitats for aquatic organisms (Brauman et al., 2007). Human 

activity directly influences the hydrological cycle by irrigation and 

alteration of water bodies and courses (Kuchment, 2004). Any 

ecosystem within a watershed will affect the attributes of the water 

that passes through it (Brauman et al., 2007). Human land-use 

practices such as deforestation and peat harvesting, which affect the 

structure and function of ecosystems (Vitousek et al., 1997), in turn 

alter the functioning of the hydrological cycle. Terrestrial ecosystems 

influence freshwater by intercepting it, filtering it and thus purifying 

the water and the benefits derived from these effects, such as flood 

attenuation, nutrient retention and provision of clean water, are 

termed hydrologic services (Brauman et al., 2007).  

 

1.1 Wetlands 

The Ramsar Convention, an intergovernmental treaty, signed in 

Ramsar, Iran, in 1971, lays a framework for the conservation and use 

of wetlands and their resources through both national action and 

international cooperation. The global extent of freshwater wetlands is 

estimated at between 530 and 570 million hectares (Matthews and 

Fung, 1987, Aselmann and Crutzen, 1989), or approximately 4-6% of 

the Earth's land surface (Mitsch and Gosselink, 2000); of which 

floodplains are estimated to cover 800,000 km² (Aselmann and 

Crutzen, 1989). Wetlands are found at both low and high altitudes, 

with lowland wetlands generally occurring as a result of impeded 

drainage and highland wetlands as a result of high precipitation.  
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Wetland Ecosystem Services 

Wetlands provide many valuable ecosystem services (including some 

not provided by other ecosystems) (RAMSAR, 2011): 

1. Flood attenuation 

2. Water purification 

3. Groundwater replenishment 

4. Sediment and nutrient retention and export  

5. Climate change mitigation and adaptation 

6. Recreation and tourism 

7. Cultural values 

8. Reservoirs of biodiversity 

9. Shoreline stabilisation and storm protection 

10. Wetland products 

Humans rely on hydrologic services in many ways, from provision of 

fresh drinking water to mitigating flood damage. About half of the 

global wetland area has already been lost (Keddy, 2000). Threats to 

wetlands include draining, dredging and filling; tasks carried out for 

the development of agriculture, urbanisation, peat extraction, and 

tourism. These actions result in the loss, degradation, pollution and 

overall deterioration of wetlands (Brinson et al., 2002). Of these 

damaging practices, agriculture is the primary cause of wetland loss 

worldwide (Finlayson et al., 1999). The threat to wetlands is 

continuing and the threat to seasonal or intermittently flooded 

wetlands is particularly pronounced (Finlayson and D'Cruz, 2005).  A 

greater awareness of the economic and ecological value of wetlands is 

growing as the loss of wetlands continues.  

 

1.2 Floodplains  

Floodplains result when the main river channel cannot contain the 

flow of water (due usually to high precipitation or melt waters from 

snow & glaciers) and excess water spills onto the surrounding land. 

Floodplains are generally the low-lying, flat areas adjacent to streams 

and rivers that flood periodically. Within floodplains, hydrological 
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fluctuations exert the greatest influence on plant species 

distributions, species diversity and community composition 

(Grevilliot et al., 1998, van Eck et al., 2004, Jung et al., 2009). 

Similarly, an interactive process reflecting landscape mosaic and 

environmental gradients determine the faunal distributions 

(Robinson et al., 2002). Hydroperiod not only directly affects species 

composition and diversity in wetland invertebrate communities 

(Williams et al., 2009b, Williams et al., 2009a, Williams and 

Gormally, 2009, Moran et al., 2012), it also affects them indirectly via 

biotic (primary production, breakdown of detritus, shifts in predator 

and prey communities) and abiotic (temperature, light, dissolved 

oxygen) factors that are also correlated with hydroperiod (Batzer and 

Wissinger, 1996, Pritchard et al., 1996, De Szalay and Resh, 2000, Mc 

Donnell and Gormally, 2007).  

Due to the absence of pressure experienced in the wider landscape 

from urban development and agricultural intensification, floodplains 

along riparian corridors act as important refugia in maintaining 

regional biodiversity (Johansson et al., 1996, Tockner et al., 2009). 

 

Floodplain ecosystems: Hydrologic and Biodiversity Services 

Floodplain landscapes provide many valuable ecosystem services, 

including water filtration, flood attenuation, maintenance of soil 

fertility and biodiversity preservation.  Erosive fluvial action exerts 

the primary influence on riparian landscapes, resulting in greater 

landscape diversity (Bendix and Hupp, 2000, Ward et al., 2002) and 

it is this landscape complexity that supports a diverse mosaic of 

habitats (Robinson et al., 2002) and thus species richness (Pollock et 

al., 1998, Renofalt et al., 2005). Second to hydrological variables, 

agricultural practices (in terms of stocking density, hay cutting and 

use of chemicals) are the next most influential factor affecting 

wetland plant communities (Mountford et al., 1993, Sheehy 

Skeffington et al., 2006, Moran et al., 2008b, Antheunisse and 

Verhoeven, 2008).  
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1.3 Biodiversity 

Biodiversity & ecosystem services 

For many ecosystem services the benefit to humans is obvious and 

preserving the beneficial ecological process is logical. The benefits of 

conserving biological diversity are not always so clear, yet 

biodiversity forms an integral part of the ecosystem structure and 

strongly influences the provision of ecosystem services (Díaz et al., 

2005). All other ecosystem functions are dependent on the species 

present and their diversity within the ecosystem; thus  the loss of 

biodiversity threatens human well-being (Díaz et al., 2006).  

There is a need to conserve not only the diversity of species but also 

the composition of species in communities as ecosystem processes 

are often affected more by community composition, rather than the 

number of species present (Tilman et al., 1997, Daily et al., 1997). 

Species composition can be altered directly, by removal or 

introduction of species, or indirectly as a result of human activities 

that alter the environmental conditions, such as eutrophication, 

irrigation, or application of pesticides (Díaz et al., 2005). Many 

ecosystem processes are frequently affected by changes in 

biodiversity, including seed dispersal, pollination, carbon 

sequestration, climate regulation, human health regulation and 

agricultural pest and disease control. There are also indirect effects 

associated with biodiversity: through primary production, water and 

nutrient cycling, and soil formation and retention. Biodiversity also 

supports the production of food, fibre, potable water, shelter and 

medicines (Díaz et al., 2005, Brauman et al., 2007, Daily et al., 1997).  

 

Threats to biodiversity: The sixth extinction 

A mass extinction occurs when the rate of extinction greatly exceeds 

the background extinction rate and more than three-quarters of the 

earth's species are lost. Palaeontologists agree that only five mass 

extinctions have occurred over the past 540 million years, as evident 

in the fossil record. It is now accepted that biodiversity on Earth is 

experiencing a sixth mass extinction (Barnosky et al., 2011), this time 



Maher, 2013 Chapter 1 Introduction 

15 

 

as a result of anthropogenic influences. Human activities have 

resulted in over one-third of the earth's land surface being 

transformed for development (Vitousek et al., 1997) but as most 

species on Earth have not yet been formally described, the extent of 

the current rate of extinction can only be estimated. 

 

1.4 Plants  

Plants capture solar energy and nutrients from the soil to 

manufacture complex molecules and in doing so provide food for 

most other species on the planet. Thus, plants form the basis for 

species diversity and community structure at higher trophic levels. 

On floodplains, hydrological fluctuations exert the greatest influence 

on both plant distribution and community composition (Grevilliot et 

al., 1998, van Eck et al., 2004, Jung et al., 2009). Floodplain plant 

communities are often quite species-rich, with species exhibiting 

niche separation spatially along hydrological gradients related to the 

topographical variation and soil hydrology (Silvertown et al., 1999). 

Wet grasslands are composed of mosaics of plant communities, with 

the timing of floods, along with their depth, duration and frequency, 

playing a major role in controlling the distribution of wetland plants 

(Casanova and Brock, 2000, Antheunisse and Verhoeven, 2008, 

Wassen et al., 2003, Cronk and Fennessy, 2001), as a result, the 

zonation of the plant communities reflects flooding patterns (Moran 

et al., 2008a). The lower boundaries of species distributions are 

limited abiotically by flooding stress (Vervuren et al., 2003, van Eck 

et al., 2004), while the upper limits of species are constrained by both 

biotic, in the form of competition, and abiotic, in the form of drought 

stress, constraints (Silvertown, Dodd et al. 1999). As little as a single 

day of flooding is known to significantly decrease the photochemical 

efficiency of some mesophyllic species (Jung et al., 2009).  
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1.5 Insects 

Insects and plants are the two most diverse terrestrial groups, with 

insects comprising over 57% of all species on Earth. Insects, however, 

have not been the subject of detailed research in terms of their role in 

providing ecosystem services and little information is available on the 

economic value of insects in terms of the ecological services they 

provide (with one exception, the role insects play as pollinators 

(Kremen et al., 2007, Littlewood et al., 2012, Kevan and Baker, 1983). 

The valuable functions and services insects provide within 

ecosystems include: pest management (in natural and agricultural 

systems); web linkage (unique packaging of biomolecules which form 

essential components of vertebrate diets); decomposition and 

pollination. It is very difficult to put a value on these services but one 

estimation of the economic value that insects may provide was 

carried out in the United States (Losey and Vaughan, 2006). Taking 

into account only four (pest control, pollination, dung burial & 

wildlife nutrition) of the numerous ecological services that insects 

provide, Losey and Vaughan (2006) estimated that wild insects 

(domestic insects were not included) alone contribute at least $57 

billion annually to the US economy.  

 

Insect survival strategies in flood conditions 

Insect larvae survive flooding due to a range of behavioural 

(horizontal and vertical migration through the soil), morphological, 

phenological and physiological strategies and among invertebrates 

insects are one of the most versatile groups in relation to flood 

survival (Plum, 2005). Flora and fauna of temperate floodplains must 

endure an unpredictable seasonal flood pulse superimposed on a 

seasonal temperature/light pulse if they are to survive. Whereas 

terrestrial invertebrates of tropical floodplains develop adaptations 

synchronised with the predictable, monomodal flood pulses they 

experience, invertebrates of temperate floodplains, which experience 

less predictable hydroperiods, survive utilising a 'risk strategy' by 
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combining high reproductive rates, dispersal and re-immigration 

following flood/drought events (Adis and Junk, 2002).  

 

Sciomyzidae 

Marsh flies (Diptera: Sciomyzidae) larvae are predominantly obligate 

malacophages (snail eating) with individual larvae observed 

predating snails many times their own size (Berg and Knutson, 1978, 

Berg, 1953). Adult sciomyzids tend to be sedentary, seldom travelling 

far from their larval prey, exhibiting microhabitat specificity to 

wetlands (Keiper et al., 2002) and thus have potential as bio-

indicators in wetland habitats (Speight, 1986). Sciomyzid 

communities of ephemeral wetlands are affected primarily by 

hydrology and vegetation structure (Williams et al., 2009a, Whiles 

and Goldowitz, 2001). The most common and widespread of 

sciomyzids are those mutivoltine species that overwinter as pupae 

(Berg et al., 1982, Rozkošný, 1997), this diapause typically coinciding 

with the flood period in ephemeral wetlands. It is because of the 

complex life histories exhibited by sciomyzids that they are useful 

indicators of wetland quality. Other factors that contribute to their 

use as bioindicators include a manageable number of species which 

are well described in addition to which their ecological preferences 

known thus allowing interpretation of results (Speight, 1986).  

 

Syrphidae 

Hoverflies (Diptera: Syrphidae) adults are important pollinators 

while the larvae exhibit a range of feeding behaviours (including 

zoophagy, saprophagy and phytophagy) and due to their long flight 

ranges make good indicators at landscape level (Speight, 1986).  

 

1.6 Ireland: Topography, climate & water quality  

Ireland's position on the edge of the Eurasian mass means the 

Atlantic Ocean is the dominant climatic influence (MetEireann, 

2012). Biogeographically Ireland is located at the edge of the Atlantic 
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region (Figure 1.1) and compared to much of continental Europe 

receives much higher rainfall. Mean annual rainfall ranges from 800 

mm to 1200 mm across much of the central basin  of Ireland 

(MetEireann, 2012). Ireland's topography where most hills and 

mountains occur around the coast (Figure 1.2 a), combined with high 

rainfall (Figure 1.2 b) and low evapotranspiration result in many 

wetlands occurring in the midlands of Ireland (Otte, 2003). The river 

Shannon catchment drains almost 16,000km2 (Figure 1.2 c) and 

carries a huge volume of water to the Atlantic. Annual runoff from 

the River Shannon catchment has been estimated at 535mm (mean 

for 1961-1990 period) with maximum as high as 673 mm (Mills, 

2001). 

 

 
Figure 1.1. Biogeographic regions of Europe. (Source: 

http://www.eea.europa.eu/data-and-maps/figures/biogeographical-

regions-europe-2001) 
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Figure 1.2. a. Topography of Ireland 

rainfall (Met_Éireann, 2012b)

catchment in green (Horner, 2007)

 

Over 64% of the total land area of Ireland is agricultural 

Of Ireland’s agricultural land, over 90% is gr

hay, and pasture with less than 10% utilised for arable crops 

2010). Due to the area of Ireland under agriculture and the related 

use of chemical inputs the management of agric

Ireland has huge implications for water quality, biodiversity and 

overall ecosystem functioning.

 

Irish Water Quality

On a European scale, although Ireland has relatively high nutrient 

inputs from agriculture 

low catchment loads in terms of both nitrogen (Figure 1.3) and 

phosphorus (Figure 1.4)

EEA, 2012). Within Ireland, the River Shannon is a relatively high 

quality river. Overall the water in the Shannon waterway is 

considered to be of good quality with both nutrients and 

coliforms below the acceptable upper threshold 

2006, McGarrigle et al., 2010, Flanagan and Larkin, 1992)
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Topography of Ireland (NASA, 2010);  b. Mean annual 

(Met_Éireann, 2012b) c. Irish River catchments with Shannon 

(Horner, 2007). 

Over 64% of the total land area of Ireland is agricultural (CSO, 2010)

Of Ireland’s agricultural land, over 90% is grassland, used for silage, 

hay, and pasture with less than 10% utilised for arable crops 

. Due to the area of Ireland under agriculture and the related 

use of chemical inputs the management of agricultural grasslands in 

Ireland has huge implications for water quality, biodiversity and 

overall ecosystem functioning. 

Irish Water Quality 

On a European scale, although Ireland has relatively high nutrient 

inputs from agriculture (Lyche-Solheim et al., 2010), it has relatively 

low catchment loads in terms of both nitrogen (Figure 1.3) and 

phosphorus (Figure 1.4)  entering the Atlantic (Bouraoui et al., 2009, 

. Within Ireland, the River Shannon is a relatively high 

quality river. Overall the water in the Shannon waterway is 

considered to be of good quality with both nutrients and 

coliforms below the acceptable upper threshold (Donohue et al., 

2006, McGarrigle et al., 2010, Flanagan and Larkin, 1992).  

Mean annual 

Irish River catchments with Shannon 

(CSO, 2010). 

assland, used for silage, 

hay, and pasture with less than 10% utilised for arable crops (CSO, 

. Due to the area of Ireland under agriculture and the related 

ultural grasslands in 

Ireland has huge implications for water quality, biodiversity and 

On a European scale, although Ireland has relatively high nutrient 

, it has relatively 

low catchment loads in terms of both nitrogen (Figure 1.3) and 

(Bouraoui et al., 2009, 

. Within Ireland, the River Shannon is a relatively high 

quality river. Overall the water in the Shannon waterway is 

considered to be of good quality with both nutrients and faecal 

(Donohue et al., 
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Figure 1.3. Total nitrogen load per river basin (tons N) (Bouraoui et 

al., 2009) 

 

Figure 1.4. Total phosphorus load per river basin (tons P) (Bouraoui 

et al., 2009) 

Within the Shannon catchment the majority of the area has good or 

high quality in terms of fish ecological status (McGarrigle et al., 
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2010). Where poor status does occur, it is often because of the 

presence of phosphate in the groundwater. The poor water quality 

status is due to a combination of the impact and contribution ground 

water has on surface water (particularly in limestone and karst 

regions) and the sensitivity of surface water ecosystems to 

phosphates (McGarrigle et al., 2010). Sewage and diffuse agricultural 

sources continue to be the main threat to water quality in Ireland 

(McGarrigle et al., 2010). 

 

1.7 The River Shannon Callows 

Many rivers in Ireland, as elsewhere, have been subject to 

channelisation and alterations resulting in loss of hydrological 

connectivity (McCarthy and Cullen, 2002). In Ireland, the River 

Shannon is an exception as it has survived past drainage attempts 

and the hydrological regime remains largely undisturbed (Heery, 

1993). The River Shannon is the longest river in Ireland and the UK. 

It extends over 380km in length from its source in Northern Ireland, 

to the 113km long Shannon Estuary in County Limerick. The River 

Shannon Callows (from the Irish word ‘caladh’ meaning river 

meadow) includes over 5,700 hectares of floodplain designated for 

nature conservation (SAC and SPA, see 1.8 below).    

 

Land use 

The total population of the Shannon catchment is 618,884. The 

largest town in the catchment is Limerick City, in addition to many 

smaller settlements including Athlone, Ballinasloe, Longford, 

Mullingar, Portumna and Tralee. Urban Area accounts for only 0.15% 

of the catchment area; with agriculture accounting for 70.7%; and 

natural areas a further 29.15%. Substantial areas of raised bog exist 

in the Shannon catchment including vast areas of cut over bog.  
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Figure 1.5. Bedrock of the River Shannon Callows, from Athlone to 

Victoria Lock. Red circles represent small towns along the Shannon, 

black asterisks show location of study sites for this project. 

Original data from Geol

 

Bedrock and soils 

Carboniferous limestone which underlies most of the Shannon 

catchment comprises mostly the 

Limestone & Shale) with large areas of Lucan Formation (Dark 

Limestone & Shale) and 

(Massive unbedded lime mudstone)

floodplain is, however, predominantly a surface water system and the 

underlying geology plays little part in the soil hydrology, despite it 

being of limestone or

podzols, peats, brown earths and gleys 
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Bedrock of the River Shannon Callows, from Athlone to 

Red circles represent small towns along the Shannon, 

black asterisks show location of study sites for this project. 

Original data from Geological Survey of Ireland). 

Carboniferous limestone which underlies most of the Shannon 

catchment comprises mostly the Ballysteen Formation (Dark muddy 

Limestone & Shale) with large areas of Lucan Formation (Dark 

Limestone & Shale) and many bands of Waulsortian Limestone 

(Massive unbedded lime mudstone) (Figure 1.5). The Shannon 

floodplain is, however, predominantly a surface water system and the 

underlying geology plays little part in the soil hydrology, despite it 

being of limestone origin. The dominant soil types are grey brown 

podzols, peats, brown earths and gleys (NSDB, 2013).    

 

 

Bedrock of the River Shannon Callows, from Athlone to 

Red circles represent small towns along the Shannon, 

black asterisks show location of study sites for this project. (Source: 

Carboniferous limestone which underlies most of the Shannon 

Ballysteen Formation (Dark muddy 

Limestone & Shale) with large areas of Lucan Formation (Dark 

many bands of Waulsortian Limestone 

The Shannon 

floodplain is, however, predominantly a surface water system and the 

underlying geology plays little part in the soil hydrology, despite it 

grey brown 
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Figure 1.6. The River Shannon Catchment, showing the main river 

channel and tributaries.  (Source: 

http://www.nuigalway.ie/freshwater/zebra/Shannon%20with%20catch

ment%20map.jpg) 

 

 

Surface waters 

The Shannon catchment is comprised of an extensive network of 

rivers, streams and lakes. The catchment includes 113 lakes in total, 

53 of which are over 50 ha. The River Shannon flows through three 

large lakes during its course, Lough Allen, Lough Ree and Lough 

Derg.  The 7,666 km of river network in the catchment includes River 

Suck and River Brosna, two of the largest tributaries of the Shannon 

(Figure 1.6).  

 

Plant communities of the Shannon Callows 

Heery (1991, 1993) describes the plant communities of the Shannon 

Callows including those associated with mown and grazed pastures. 

The areas described include seasonally flooded, semi-natural 
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grasslands alongside the river Shannon. The annual fluctuations in 

the level of the river are considered as an essential factor in 

maintaining the diversity of plant communities found on the callows 

(Heery 1993), with the spring flooding being considered especially 

important. While seasonal increases in water levels maintain wetland 

plant species, the species-rich mesic grasslands depend on the annual 

lowering of the water level for them to be used for agriculture (Heery 

1991). This study does not examine, however, the relationship 

between hydrological variables and the plant communities. 

1.8 Nature Conservation Legislation in Ireland 

There are three main types of designation for nature conservation in 

Ireland: Special Areas of Conservation (SACs), Special Protection 

Areas (SPAs) and Natural Heritage Areas (NHAs) (Hickie et al., 

1999). NHAs are designated under the Irish Wildlife (Amendment) 

Act 2000. SACs and SPAs are designated under European legislation, 

the EU Habitats Directive 92/43/EEC (transposed into Irish law in 

the European Union (Natural Habitats) Regulations, 1997 as 

amended in 1998 and 2005) and the EU Birds Directive 

79/409/EEC, respectively. These European designated sites (SACs 

and SPAs) are also known as Natura 2000 sites. This means that they 

are part of the Natura 2000 Network, a network of important 

ecological sites across the European Union. Sites are designated on 

the basis of the presence of certain ‘Qualifying Features’, i.e. the 

habitats listed under Annex I and the species listed under Annex II of 

the EU Habitats Directive, and the species listed under Annex I of the 

EU Birds Directive. 

 

1.9 Aims of this research 

The River Shannon floodplains are low-nutrient, unregulated 

floodplains and for a catchment this size not very developed. These 

floodplains provide a good example of a relatively intact floodplain 

with a natural flood regime and low-intensity farming which support 
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semi-natural plant communities. The aim of this project is to fill 

current knowledge gaps relating to the effects hydrological regime 

and farming practices have on the biodiversity of this low-nutrient 

unregulated floodplain. This study characterises the hydrology of the 

flood meadows (Chapter 2); describes the plant species and 

community responses to hydrological variables and mowing regimes 

(Chapter 3) and quantifies how dipteran assemblages respond to 

hydrological variables and hay meadow management (Chapter 4). 

The outcomes of this research are aimed at policy makers and land 

managers. 
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Chapter 2. Spatial and temporal 

characterisation of the hydrological 

regime of an unregulated European 

floodplain with implications for plant 

communities 

 

2.1 Abstract 

Floodplains provide numerous essential ecosystem services, 

including flood attenuation and biodiversity protection. A thorough 

understanding of the hydrology of wetlands is necessary to assess its 

impacts on biodiversity. Lowland floodplains along the River 

Shannon which are largely unregulated, support rare and endangered 

bird and plant life, and are of ecological importance on a European 

scale. This study characterises the hydrological regime of this low-

nutrient floodplain using three methods and relates these findings to 

plant communities. Using Shuttle Radar Topography Mission 

(SRTM) data, a digital elevation model was built for the entire River 

Shannon catchment. Daily river-level data for the 20-year period 

1990-2009 were used to characterise the longitudinal gradient and 

seasonal dynamics in flooding. Using a differential global positioning 

system, fine-scale variations in the topography of selected meadows 

were recorded, and combined with river level data to calculate flood 

variables within meadows. Detailed digitised flood models allow 

visualisation of the inundation dynamics of the flood meadows with 

respect to flood duration. The catchment topography, including a 

wide flat river basin and low longitudinal gradient of the river, is an 

important determining factor in maintaining the hydrological 

functioning of the floodplains. The spatial and temporal variability of 
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the hydrological regime, in conjunction with microtopography, is 

responsible for plant community composition and species richness. A 

clear relationship between flood variables and plant community 

assemblages is demonstrated, whereby flood duration and depth 

determine species distributions along the floodplain.  

2.2 Introduction 

Wetlands, along with the habitats and species they support, 

are threatened across the globe (Brinson et al., 2002). Riparian 

landscapes are of particular importance as they provide essential 

water storage capacity in times of heavy rainfall, but also act as 

refugia for native flora and fauna, thus maintaining regional 

biodiversity (Naiman et al., 1993, Johansson et al., 1996). The 

diversity of species associated with riparian landscapes is due 

primarily to the spatial and temporal variability of these systems 

(Naiman et al., 1993) with  fluctuations in flooding exerting the 

greatest influence on plant composition and diversity (Grevilliot et 

al., 1998, van Eck et al., 2004, Jung et al., 2009). Indeed, the timing 

of these floods, along with their depth, duration and frequency, play a 

major role in limiting the distribution of wetland plants (Casanova 

and Brock, 2000, Antheunisse and Verhoeven, 2008, Wassen et al., 

2003, Moran et al., 2008a). Biodiversity is also conserved due to 

reduced pressures from development and agricultural which are 

often experienced in the wider landscape (Tockner et al., 2009). 

Hydrologically, rivers vary in four dimensions: longitudinally 

(from source to mouth), laterally (as excess waters travel out over the 

floodplain), vertically (groundwater to surface water exchange) and 

temporally (seasonally and inter-annually) (Ward, 1989). Intact 

riparian ecosystems are open systems that are highly interactive with 

(and an integral part of) the surrounding landscape and a broad 

spatio-temporal understanding is necessary to comprehend their 

dynamics (Ward, 1989). Longitudinally, rather than operating along 

a continuum, rivers comprise downstream arrays of 

hydrogeomorphic stages with each stage carrying out different 
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processes and functions (Thorp et al., 2006). However, the functions 

of these hydrogeomorphic stages (flood attenuation, biodiversity 

protection, soil stabilisation) have been compromised by the 

modification of up to 95% of European floodplains which have been 

lost due to settlement protection and agricultural intensification 

(Tockner et al., 2009, Dynesius and Nilsson, 1994, Nilsson et al., 

2005). Modification and alteration of river channels is commonplace;  

straightening, widening and deepening of river beds are regularly 

undertaken on continental Europe (Tol and Langen, 2000). The 

construction of summer and winter ditches to control the extent of 

flooding is standard practice in the Netherlands (Van Helsdingen, 

1997, Tol et al., 2003) and channelization, embankments and river 

bed incision are common forms of adjustment in Italy (Billi and 

Rinaldi, 1997, Rinaldi, 2003) Scotland (Parsons and Gilvear, 2002), 

England and Wales (Brookes et al., 1983).  

In Ireland too, arterial drainage has resulted in the loss of 

many floodplains with the exception of the River Shannon (the 

longest river in Ireland and Britain), where attempts to control the 

extent and duration of flooding along the river have been largely 

unsuccessful (Heery, 1993, Brennan, 2006). The Shannon floodplains 

are, therefore, among the last unregulated floodplains in the Atlantic 

Bioregion of Europe. In addition to providing valuable ecosystem 

services in terms of flood dampening and water retention following 

heavy rainfall, the Shannon floodplains are also used for grazing / 

hay cropping and they support important feeding and breeding 

grounds for birds (NPWS, 2002) . Although the River Shannon 

floodplains are considered among the most natural in western 

Europe (Brennan, 2006, Heery, 1991, Heery, 1993), no attempt has 

yet been made to quantify the microtopography of the floodplain to 

relate this to the hydrology of the area, or to the plant communities. 

Understanding the hydrological characteristics of the Shannon 

floodplains is not only crucial in determining their influence on 

biodiversity and land management practices; it also provides 
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essential baseline data for river restoration projects elsewhere in the 

world.  With this in mind, the objectives of this study are to: 

1. Demonstrate the catchment topography, including the 

naturally low longitudinal gradient, results in extensive 

flooding along the River Shannon Callows. Using Shuttle 

Radar Topography Mission (SRTM) data to illustrate and 

quantify the topography of the River Shannon Catchment, 

daily river-level data for a 20-year period (1990-2009) were 

used to characterise the longitudinal gradient and seasonal 

dynamics in flooding.  

 

2. Quantify the hydrological regime, in terms of flood duration, 

depth and timing, of these unregulated flood meadows. Using 

a differential global positioning system, fine-scale variations in 

the topography of twelve selected meadows were recorded, 

and combined with river level data to produce 3-dimensional 

GIS-based hydrological flood models.  

 

3. Demonstrate how vegetation is controlled by topographical 

and thus hydrological variables along these flood meadows. To 

achieve this, species relevés were recorded and hydrological 

variables, including mean flood duration and depth, associated 

with key plant species were calculated. In addition, the 

hydroperiod for the quadrat where each species occurs at its 

highest percentage cover is given as an indication of its 

optimum field growth conditions. These data are critical in 

informing sustainable land management practices to maximise 

biodiversity for the region.  

 

2.3 Study area 

The River Shannon catchment is composed of an extensive network 

of rivers, streams and lakes comprising a total of 113 lakes, 53 of 

which are over 50 ha with Loughs Ree and Derg being among the 
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three largest lakes (Figure 2.1). The 7,666 km of river network in the 

catchment includes the rivers Suck and Brosna, two of the three 

largest tributaries of the Shannon (Figure 2.1). The catchment area 

comprises over 18,000 km2 (Kilroy et al., 2005) with an average 

floodplain width of 0.75km, widening to over 1.5km in places (Heery, 

1991).  

Carboniferous limestone underlies most of the Shannon catchment 

and the dominant soil types are grey brown podzols, peats, brown 

earths and gleys (Gardiner and Radford, 1980, Hooijer, 1996).  

Agriculture, natural areas and urban area account for 70.7%, 29.25% 

and 0.15% of the catchment area respectively which includes 

substantial areas cut-over raised bog (RPS, 2005). 

 

 

Figure 2.1 . River Shannon floodplain (Ireland), showing the extent of 

the floodplain, the location of the four river level recording stations 

and the twelve study sites. Further details of study sites in Maher et al.  

(in prep b). 
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The River Shannon floodplains which are known as callows (the word 

callow originating from the Irish word ‘caladh’ meaning river 

meadow) comprise 5,856 ha of continuous floodplain which stretches 

over 50km, of the approx. 360km long river, between Loughs Ree 

and Derg (Figure 2.1). The River Shannon Callows are designated as a 

Special Area of Conservation (SAC) under the EU Habitats Directive 

and as a Special Protection Area (SPA) under the EU Birds Directive. 

Habitats of European importance within the callows include: Molinia 

meadows (EU code: 6410); lowland hay meadows (6510); floating 

river vegetation (3260); limestone pavement* (8240); alluvial 

forests* (91E0); and hydrophilous tall herb (6432) (* indicates 

priority habitats) (NPWS, 2008). The agricultural land within the 

floodplain comprises a mosaic of grazed wet grasslands and flood 

meadows which are mown annually, usually in the late summer or 

autumn (Heery, 1991).  

 

2.4 Methodology 

Site selection 

Twelve hay meadow study sites (Figure 2.1) were selected from a total 

of 762 land ownership units within the 5,856 ha Special Area of 

Conservation. Stratified random selection was used to maximise 

spread of the sites along the river and to avoid pseudoreplication 

(Hurlbert, 1984) for statistical analysis of plant and insect data 

(results of the insect survey in Maher et al. (in prep c)). 

 

Digital elevation model of Shannon catchment using SRTM data 

(Figure 2.2, Row 1) 

In addition to producing digitised flood models for 12 study sites, 

Shuttle Radar Topography Mission (SRTM) data were used to create 

an elevation model for the entire catchment area in ArcGIS (Figure 

2.2, Box 1. c). The SRTM was launched in 2000, with an objective of 

acquiring topographic data for 80% of the Earth's land mass 

(between 60 degrees North and 56 degrees South) during an 11-day 
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Shuttle mission. These topographic data meet Interferometric 

Terrain Height Data (ITHD)-2 specifications, including ≤ 16 m 

absolute vertical height accuracy, ≤ 20 m absolute horizontal circular 

accuracy and ≤ 10 m relative vertical height accuracy  

(http://www2.jpl.nasa.gov/ srtm/statistics.html). Accuracy is quoted 

at the 90% level.  

 

Characterising hydrological regime (Figure 2.2, Row 2) 

The hydrological regime was characterised by combining daily river 

level data gathered from four separate recording stations (Figure 2.1) 

with the digital elevation data collected within each site (Figure 2.2). 

Figure 2.2 summarises the methods used to characterise the 

hydrological regime in relation to plant community, details of which 

now follow. Long-term (1990-2009) river level data were acquired 

from the Office of Public Works (OPW) for hydrometric recording 

stations at Athlone, Shannonbridge and Banagher; and from the 

Electricity Supply Board (ESB) for a hydrometric recording station at 

Victoria Lock. These recording stations are located at positions along 

the river where the hydrological gradient is likely to be affected by the 

occurrence of adjacent bridges and/or weirs and tributaries (Tom 

Hayes, ESB, pers. comm.). Thus, for the purpose of calculating the 

river level adjacent to each study site, a linear hydrological gradient 

was assumed between two consecutive recording stations. This 

approach was preferred to that of predicting flood levels based on 

flow simulations through surveyed river channel cross sections, as 

historic river levels were already available.  

For each of the twelve study sites along the river bank, each 

daily river level value for the recording station downstream of that 

site was subtracted from the river level value for that day at the 

recording station upstream. The value obtained was then used to 

interpolate the data between the recording stations, depending on the 

distance of the site between the two recording stations. This was 

carried out for each day during the period January 1st 1990 to 

December 31st 2009, totalling 6,941 days of data for each recording 
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station. All data for 2001 were excluded as data were not available for 

the Shannonbridge recording station for most of that year. Thus, the 

river level adjacent to each site (
Sn

Rl ) was calculated according to the 

following equation: 

  ]*}/)[{(
nrsrsrsDrsUrsDrsSn

SDUDRlRlRlRl −−−+=  

Where Rl  = River Level, 
rs

D  = Downstream recording station, 
rs

U  = 

Upstream recording station and 
n
S  = Study site (where 1 ≤ n ≥ 12). 

 

 
Figure 2.2. Flow chart of methods used to characterise hydrological 

regime and relate to plant community data for the Shannon catchment  

floodplains, Ireland (Input data are on the left; Methods are given in 

italics; Outputs are in Bold).  
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of the River Shannon Callows between Athlone and Victoria Lock 
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recording stations (Athlone, Shannonbridge, Banagher and Victoria 

Lock) the most northerly of which is situated south of the weir in 

Athlone and the most southerly upstream of Victoria Lock (Figure 

2.1). All study sites lie between Athlone and Victoria Lock which lie 

44km apart along the river.  

 

Global Positioning System (GPS) elevation survey (Figure 2.2, Row 

3) 

A Trimble TSC2 differential GPS (DGPS) combined with virtual 

reference station (VRS) services and using real time kinematic (RTK) 

methodology, was used to record over 5,000 measurements of 

elevation (Figure 2.2, Box 3. a), across all 12 study sites (Figure 2.1). 

Elevation data were recorded at regular intervals, approximately 

every 2m, across each site (with the number of points recorded per 

site varying with site area). Elevation data recorded are to < 2cm 

accuracy, in order to detect micro-topographical undulations. These 

elevation data were used to assess the micro-topographical changes 

in elevation at each site and served as the raw data to construct 

digital elevation models (DEMs), calculate flood variables within 

each site and subsequently produce digitised flood models (Figure 

2.2). 

 

Digitised flood Models (Figure 2.2, Row 3) 

The daily river level values adjacent to each site were combined with 

the elevation data (using Microsoft Excel) to produce hydrological 

variables corresponding to each of the elevation readings within each 

site (Figure 2.2). When a point elevation datum was below the 

adjacent river level value, it was concluded that the sample point was 

inundated and if it was above river level it was not. However, it is 

acknowledged by the authors that some error may arise here in a 

situation where the sample point lies behind a rise or levee and, 

though accessible to floodwaters, may remain inundated for a while 

after a fall in river level below that point. The hydrological data were 

then used to calculate the average annual flood duration for each 
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elevation data point. The average annual flood duration data were 

imported into ArcMap 9.2 and interpolated using geostatistical 

interpolation techniques (kriging), which quantifies the spatial 

autocorrelation among the measured points, to produce digitised 

flood models. The flood calculations were validated by comparing 

predicted with observed river levels measured on-site during the 

flood period.  

 

Plant species survey (Figure 2.2, Row 4 & Row 2) 

A total of 182 relevés from 4m2 quadrats, placed in the plant 

communities across each meadow, recorded all plant species present 

and their percentage cover (Figure 2.2, Box 4. a). Using the method 

described above, the mean annual flood duration and mean 

maximum flood depth was calculated for the location of each 

quadrat. For key species, hydrological variables were calculated using 

the hydrological data associated with the quadrats in which each of 

those key species occurred (Figure 2.2, Box 2. c and 2. d). The key 

species were chosen as indicative of plant communities associated 

with each hydrological zone (Maher et al., in prep. b). In addition to 

the mean flood duration and depth, the mean flood duration at which 

each species occurred at its highest percentage cover was calculated, 

as a representation of optimum field hydroperiod for that species.  

 

2.5 Results  

2.5.1 Digital elevation model of Shannon catchment using SRTM 

data 

The topography of the region is such that much of the catchment lies 

below 100m; in fact, few parts of the catchment reach above 300m. 

Most of the area surrounding the River Shannon Callows lies below 

60m (Figure 2.3). 



Maher, 2013 Chapter 2 Hydrology 

42 

 

 

Figure 2.3. Catchment topography using Shuttle Radar Topography 

Mission (SRTM) data for the entire River Shannon. The four river level 

recording stations are shown for reference. 

 

%2%2

%2

%2

0 40 80 120 16020

Kilometers

±
Legend

%2 Recording Stations

Shannon Catchment Rivers & Lakes

Elevation (m, asl)

-60 - 0

0.01 - 30

30.01 - 60

60.01 - 90

90.01 - 120

120.01 - 150

150.01 - 180

180.01 - 210

210.01 - 240

240.01 - 270

270.01 - 300

300.01 - 953



Maher, 2013 Chapter 2 Hydrology 

43 

 

2.5.2 Longitudinal hydrological gradient for the River Shannon 

floodplain 

The longitudinal gradient of the river is displayed in two ways: 1) the 

elevation of the river level at each recording station showing seasonal 

variation with daily values representing the mean for the 20 year 

period (1990-2009) (Figure 2.4); and 2) the relationship between 

drops in river level at the four recording stations compared to the 

distance between those points along the longitudinal path of the river 

from north to south (Figure 2.5). The mean daily river/flood level at 

Athlone and at Shannonbridge (the two recording stations upstream) 

is recorded as varying seasonally by up to 2m (Figure 2.4). Seasonal 

variation in river level is less pronounced further downstream at 

Banagher (varying by ca 1m) and even less variable at Victoria Lock, 

varying by less than 0.4m (Figure 2.4). Also, in terms of annual flood 

duration floods persist for longer above Shannonbridge, where the 

river rises earlier than downstream, near Banagher, and recedes later 

in spring (Figure 2.4).  

Calculations from 20 years of river level data at Athlone, 

Shannonbridge, Banagher and Victoria Lock indicate a mean drop of 

1.3m along this 44km stretch of river (Figure 2.5) but the longitudinal 

gradient is not uniform, varying between the adjacent recording 

stations (Figures 2.4 and 2.5). This lowest gradient of the River 

Shannon Callows is demonstrated by the comparison of river levels at 

the Athlone and Shannonbridge recording stations (Figures 2.4 and 

2.5). The river level at Athlone recording station is on average only 

0.20m (± 0.1m SD) above the river level at the Shannonbridge 

recording station, despite lying 23.76km upstream from 

Shannonbridge. This pattern of similarity in river level at Athlone 

and Shannonbridge persists throughout the year (Figure 2.4). 

Banagher is a further 13.5km downstream from Shannonbridge and 

the mean (for 1990-2009 incl.) drop in river level between these two 

recording stations is 0.63 metres OD (± 0.35m SD). In the most 

southern section, between Banagher and Victoria Lock (which lies 

6.74km downstream) the average drop in river level, is 0.48m OD (± 
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0.3m SD) (Figure 2.5

Victoria Lock is more pronounced during the winter months (

2.4) and despite being the closest, in terms of longitudinal distance, 

the greatest drop in river level occurs along this stretch of river 

(Figure 2.5). 

 

Figure 2.4. Mean daily River Shannon (Ireland) water levels at four 

recording stations: Athlone, Shannonbridge, Banagher and Victoria 

Lock (see inset for location on river). Daily value shown is the 

arithmetic mean for 1990

OPW). 

 

Figure 2.5. Shannon river (Ireland) levels at Athlone, Shannonbridge, 

Banagher and Victoria Lock (see inset for location on river) along a 

longitudinal gradient from north to south. Comparison with distance 

between these recording stations shown on

arithmetic mean calculated for the 20

(data sourced from ESB and OPW).
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Figure 2.5). The drop in river level between Banagher and 

Victoria Lock is more pronounced during the winter months (

) and despite being the closest, in terms of longitudinal distance, 

e greatest drop in river level occurs along this stretch of river 

Mean daily River Shannon (Ireland) water levels at four 

recording stations: Athlone, Shannonbridge, Banagher and Victoria 

Lock (see inset for location on river). Daily value shown is the 

arithmetic mean for 1990-2009 inclusive (data sourced from ESB and 

Shannon river (Ireland) levels at Athlone, Shannonbridge, 

Banagher and Victoria Lock (see inset for location on river) along a 

longitudinal gradient from north to south. Comparison with distance 

between these recording stations shown on left. River level is 

arithmetic mean calculated for the 20-year period, 1990-2009 inclusive 

(data sourced from ESB and OPW). 

). The drop in river level between Banagher and 

Victoria Lock is more pronounced during the winter months (Figure 

) and despite being the closest, in terms of longitudinal distance, 

e greatest drop in river level occurs along this stretch of river 

 

Mean daily River Shannon (Ireland) water levels at four 

recording stations: Athlone, Shannonbridge, Banagher and Victoria 

Lock (see inset for location on river). Daily value shown is the 

2009 inclusive (data sourced from ESB and 

 

Shannon river (Ireland) levels at Athlone, Shannonbridge, 

Banagher and Victoria Lock (see inset for location on river) along a 

longitudinal gradient from north to south. Comparison with distance 

left. River level is 

2009 inclusive 
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2.5.3 Digitised flood models 

Within the floodplain itself, microtopographical variations in 

elevation are apparent. This microtopographical heterogeneity is 

reflected in the hydroperiod illustrated in the digitised flood models 

(Figures 2.6a, 2.6b and 2.6c) of twelve hay-meadows. These models 

show variation in flood duration across twelve hay-meadows with 

flood duration categories representing the mean annual number of 

flood days for the twenty-year period (1990-2009).  The hydroperiod, 

as highlighted by the colour variation, varies from 0-30 days of 

flooding per year (yellow) through to a maximum of 240-270 days 

per annum of flooding (darkest blue). Those sites predominantly 

green in colour (site 10, Figure 2.6a; site 8, Figure 2.6b; site 3, Figure 

2.6c) have relatively uniform topography and support similar plant 

communities. The sites with a range of colours are those with the 

greatest hydrological heterogeneity (sites 6 and 7, Figure 2.6 b; sites 1 

and 2, Figure 2.6 c). As reflected by the colour variation across the 

site, site 1 (Figure 2.6 c) is the most topographically variable of the 

sites surveyed. The difference in elevation between the lowest part 

next to the river and the highest part of this site is 1.98m with this 

change in elevation occurring over a length of approximately 440m. 
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Figure 2.6. Digitised flood models for 12 study sites. Flood duration is 

calculated by interpolating mean river level data (1990 

between recording stations and subtracting measured in site elevation 

data. Scale bars surround each inset 

apart. Details of study sites given in 

 

The variation in the topography across each meadow results in 

variation in flood patterns. On average a decrease of 1.5 cm in 

elevation results in one additional day of flo

(Figure 2.7). Flooding occurs up to ca 34 m (a.s.l.) above which flood 

events are rare or absent. 
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Digitised flood models for 12 study sites. Flood duration is 

calculated by interpolating mean river level data (1990 

between recording stations and subtracting measured in site elevation 

data. Scale bars surround each inset flood model where ticks are 100m 

apart. Details of study sites given in Chapter 3. 

The variation in the topography across each meadow results in 

variation in flood patterns. On average a decrease of 1.5 cm in 

results in one additional day of flooding on a meadow 

). Flooding occurs up to ca 34 m (a.s.l.) above which flood 

events are rare or absent.  

 

Digitised flood models for 12 study sites. Flood duration is 

calculated by interpolating mean river level data (1990 - 2009) 

between recording stations and subtracting measured in site elevation 

flood model where ticks are 100m 

The variation in the topography across each meadow results in 

variation in flood patterns. On average a decrease of 1.5 cm in 

oding on a meadow 

). Flooding occurs up to ca 34 m (a.s.l.) above which flood 
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Figure 2.7. Cubic relationship between mean annual hydroperiod 

and elevation on the Shannon Callows (Ireland). S = 1.98; adjusted 

R2 = 0.999; P < 0.0001. Equation: Hydroperiod = - 12.84 

(Elevation)3 + 1,362 (Elevation)2 - 4.8 x 104 (Elevation) + 5.7 x 105.  

 

2.5.4 Plant species occurrence in relation to hydroperiod  

In the areas mapped, each flood category supports a different suite of 

species. From each suite of species, key indicator species (indicative 

of the plant communities associated with each flood zone) were 

selected (Figure 2.8) (Maher et al., in prep. b). Key flood meadow 

species and their associated flood variables (mean flood duration and 

mean maximum flood depth) are given in Table 2.1.  In addition, the 

hydroperiod is given for where each species occurs at its highest 

percentage cover. This value indicates the hydrological conditions 

under which that species is performing at its optimum in the field.  

The driest parts of the meadows (< 30 mean annual flood days, 

represented by yellow, see Figure 2.8 and Table 2.1, support species-

rich grassland; mean plant species richness = 24.75 ± 4.9, per 4m2) 

containing species such as Cynosurus cristatus and Cerastium 

fontanum (Table 2.1).  
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Those areas with 30-60 days of flooding (light green, Figure 2.8 and 

Table 2.1) are characterised by species such as Potentilla erecta, 

Carex echinata and Ranunculus flammula which tolerate flooding to 

a maximum depth of 1.5 metres.   

Areas with intermediate flood duration (mid-green, 60-90 flood days, 

Figure 2.8 and Table 2.1) support typical hay meadow plant 

communities characterised by species such as Lathyrus pratensis 

and Achillea ptarmica but capable of tolerating slightly longer flood 

duration. These areas represent a transition along the hydrological 

continuum and support species with broad hydrological niches 

(Table 2.1).  

Those areas with flood duration between 90 and 120 days per year 

(dark-green, Figure 2.8 and Table 2.1) support wet grassland 

communities and higher abundances of two species: Lolium perenne 

and Rumex crispus.  

Those parts of the meadows with average flood duration longer than 

120 days support a range of wetland plant communities including 

swamps and tall-herb fen communities. 

Areas with 120-150 flood days (light blue, Figure 2.8 and Table 2.1) 

support wet grassland, tall-herb and swamp communities, 

characterised by species such as Mentha arvensis and Iris 

pseudacorus. 

Those parts of the flood meadows subject to the longest hydroperiods 

(>180 days p.a.) are typically species-poor with only those species 

which are capable of tolerating prolonged floods such as Equisetum 

fluviatile and Carex vesicaria, being present  
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Figure 2.8.  Mean 20yr

its highest cover on the River Shannon Callows, Ireland. The highest 

percentage cover of 

days (thus not visible on graph). The colour codes are

flood models (Figure 2.6

category. 

 

Table 2.1. Key species associated with hydroperiod classes. 
Hydrological variables given are arithmetic means for the period 1990
2009. Colour coding matches that 
2.6). n refers to the number of relevés in which each species occurs. 

Hydrological 
Category 

Species

0-30.0 
Cynosurus 

cristatus

  n=8 

  
Cerastium 

fontanum

  n=12 
30.01-60.0 Potentilla erecta

  n=19 
  Carex echinata

  n=7 

  
Ranunculus 

flammula

  n=20 
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Mean 20yr-hydroperiod at which each species occurs at 

its highest cover on the River Shannon Callows, Ireland. The highest 

percentage cover of C. cristatus  occurs at a mean hydroperiod of 0.4 

days (thus not visible on graph). The colour codes are as per digitised 

Figure 2.6) with 30-day increments for each flood 

Key species associated with hydroperiod classes. 
Hydrological variables given are arithmetic means for the period 1990
2009. Colour coding matches that in digitised flood models (

refers to the number of relevés in which each species occurs. 

Species 

Mean 
Hydroperiod 
(days) 
(St Dev) 

Median 
Hydroperiod 
(days) 

Mean Max. 

Depth (m)
 (St Dev)

Cynosurus 

cristatus 
20.2 18.1 

(21.2)  
Cerastium 

fontanum 
42.3 45.5 

 (33.6)  
Potentilla erecta 35.7 39.6 

 (34.4)  
Carex echinata 39.4 40.74 

(3.0)  
Ranunculus 

flammula 
92.3 76.4 

 (51.2)  

 

hydroperiod at which each species occurs at 

its highest cover on the River Shannon Callows, Ireland. The highest 

occurs at a mean hydroperiod of 0.4 

as per digitised 

day increments for each flood 

Key species associated with hydroperiod classes. 
Hydrological variables given are arithmetic means for the period 1990-

in digitised flood models (Figure 
refers to the number of relevés in which each species occurs.  

Mean Max. 
Flood 

Depth (m) 
(St Dev) 

0.2 

(0.2) 

0.5 

0.4 
0.3 

(0.4) 
0.4 

(0.0) 

1.0 

(0.5) 
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Hydrological 

Category 
Species 

Mean 

Hydroperiod 

(days) 

(St Dev) 

Median 

Hydroperiod 

(days) 

Mean Max. 

Flood 

Depth (m) 

 (St Dev) 

60.01-90.0 
Lathyrus 

pratensis 
64.3 66.4 0.7 

  n=41 (32.5)  (0.4) 

  
Achillea 

ptarmica 
84.6 76.4 0.9 

  n=20 (46.3)  (0.5) 

90.01-120.0 Rumex crispus 120.4 115.0 1.3 

  n=26 (33.9)  (0.3) 

  Lolium perenne 60.81 66.37 0.7 

  n=11 (42.6)  (0.4) 

120.01-

150.0 
Mentha arvensis 150.0 156.8 1.5 

  n=16 (26.3)  (0.2) 

  
Myosotis 

scorpioides 
137.4 145.0 1.4 

  n=19 (32.1)  (0.3) 

  
Senecio 

aquaticus 
107.1 137.2 1.1 

  n=9 (50.3)  (0.5) 

150.01-

180.0 

Carex elata 

group 
152.1 151.4 1.4 

  n=5 (3.1)  (0.1) 

  Iris pseudacorus 146.6 157.5 1.3 

  n=13 (26.6)  (0.3) 

  
Glyceria 

maxima 
136.4 161.2 1.3 

  n=10 (48.4)  (0.4) 

  
Phalaris 

arundinacea 
138.5 148.4 1.4 

  n=75 (28.6)  (0.3) 

180.01-

210.0 

Equisetum 

fluviatile 
140.4 158.9 1.5 

  n=18 (42.9)  (0.4) 

  Carex vesicaria 148.9 157.5 1.4 

  n=10 (28.4)   (0.2) 

 

2.6 Discussion 

The results of our study support the hypothesis that a combination of 

microtopographical variation and hydrological integrity maintains 

biodiversity along hydrological gradients. The River Shannon 

comprises a large flat catchment with an extensive and intact 

floodplain. The microtopography and dynamic hydrological regime 

result in large differences in flood durations and flood depth across 
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the floodplain over very low altitudinal gradients and these 

hydrological variables have implications for the plant community 

composition. It is the hydrological heterogeneity, both spatially and 

temporally, that is determining the botanical diversity. 

 2.6.1 Flooding in the catchment 

Topography is an important determining factor affecting 

natural flood events. In Ireland the topography is such that most 

mountain ranges occur near the coast, while the centre of Ireland, 

where most of the river Shannon is located,  comprises a large flat 

saucer shaped basin, so attempts to control the extent and duration 

of the flooding along the River Shannon have been unsuccessful 

(Heery, 1993) and the digital elevations model for the Shannon 

catchment demonstrates the low elevation occurring across most of 

the catchment. The low altitude and gradient of the River Shannon 

impedes drainage from the catchment and results in a very slow 

response to individual rainfall events (Mills, 2001). This gradient is 

lowest along the River Shannon Callows, between Loughs Ree and 

Derg where the river drops as little as 35cm over a 50km stretch 

(Hickey, 2010), resulting in the most extensive flooding in the 

catchment. Our results highlight how this gradient is lowest in the 

upper part of the River Shannon Callows, north of Shannonbridge. 

The closeness of the river level at Shannonbridge to the river level ca 

23 km upstream at Athlone throughout the year supports 

demonstrates that, irrespective of river level downstream of 

Shannonbridge, the flow of water from this stretch of river is 

impeded. An important contributing factor to the lower gradient 

upstream of  Shannonbridge is the confluence with the River Suck 

(SRBD, 2003). The River Suck which enters the Shannon just south 

of Shannonbridge, is the largest tributary on the Shannon, draining 

over 1,000km² and produces a sufficient volume of water to cause 

backwater as far north as Athlone town (SRBD, 2003). At certain 

times during this 20 year period, the elevation of the river level at 

Shannonbridge was actually above the river level at Athlone 
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(unpublished data). On the other hand, the drop in river level south 

of Banagher, particularly in winter, indicates that no constraint to the 

flow of water occurs downstream of Banagher despite the presence of 

sluices at Victoria Lock (or Meelick, adjacent to Victoria Lock). These 

results and others (Cullen, 2002, CFRAM, 2012) demonstrate that 

flooding along the River Shannon callows occurs as a result of natural 

factors and neither the extent nor duration of flooding are 

exacerbated by sluice operations. This analysis is particularly 

important in the context of landowners concerns that management of 

weirs along the Shannon is responsible for longer and more frequent 

flooding on flood meadow farmland. 

The substantial rainfall received over the catchment area, 

averaging 1,000mm/yr is another contributing factor affecting 

flooding in the catchment  (Met_Éireann, 2012a). The seasonality of 

this rainfall is reflected in flood patterns across the floodplain. The 

combination of these three factors, i.e. large flat basin, high rainfall 

and low gradient, have resulted in the Shannon callows floodplain 

surviving past drainage attempts and thus continuing to support a 

diversity of plant species. In comparison with other European rivers, 

where connectivity between the main channel and the floodplain 

have largely been lost (Parsons and Gilvear, 2002) these floodplains 

have retained connectivity and remain hydrologically functional. 

Across Europe and the globe efforts to restore floodplains (Tockner 

and Schiemer, 1997, Buijse et al., 2002) reflect the value of natural 

floodplains to conservation, ecosystems and agriculture (Cook, 

2010). The value of an intact floodplain such as the River Shannon 

Callows can be measured against the cost of such restoration 

projects. 

2.6.2 Microtopography and lateral hydrological regime within the 

floodplain 

In addition to the small change in river gradient, very small changes 

in topography on the flood meadows can significantly influence the 

hydroperiod. Our digitised flood models indicate the heterogeneity of 
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topographical variation throughout the floodplain. Each meadow 

displays a continuum from wet to dry, but on different spatial scales 

such that while some meadows display a wide range of hydrological 

conditions, others are relatively flat with only minor undulations. The 

variation in the topography across each meadow results in variation 

in flood patterns since an additional day of flooding can occur as a 

result of as little as a 1.5cm decrease in elevation. Furthermore, as 

water regimes operating at small spatial scales are of significant 

importance to both the structure and diversity of wetland vegetation 

(Schmalholz and Hylander, 2011, Moran et al., 2008b, Raulings et al., 

2010, Sheehy Skeffington et al., 2006), microtopography plays a vital 

role in promoting plant diversity. In turn, diversity in vegetation 

structure and composition results in greater insect diversity (Ní 

Bhriain et al., 2002, Williams et al., 2009b, Moran et al., 2012, 

Maher et al., in press. c). Conservation advisors need to be aware of 

the importance of microtopography when advising land owners 

regarding appropriate land management practices for nature 

conservation.  

2.6.3 Plant species and community response to flooding patterns 

 In agreement with other studies on floodplains (Grevilliot et 

al., 1998), plant species distributions are strongly correlated with 

flooding regime. Each species has a distinct hydroperiod signature 

and thus plant communities are both distinct and varied in relation 

to flood regime.  Those species that are not adapted to tolerate soil 

saturation or physical inundation, such as Cynosurus cristatus and 

Cerastium fontanum, occur at the higher elevations. The mean 

hydroperiod for which these species shows a preference is less than 

thirty days; in many years the areas in which they grow do not 

become inundated at all. Areas subject to between 90 and 120 annual 

flood days support, among other species, Lolium perenne and Rumex 

crispus, both of which are indicative of higher nutrient status 

possibly as a result of longer duration of flooding as inundation 

results in increased nutrient availability (Banach et al., 2009). The 
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wetter parts of the meadows, although species-poor, support species 

that do not occur at higher elevations in the floodplain. Moreover, 

these areas provide vital services in terms of flood attenuation as they 

remain inundated for up to 180 days per annum and to a depth of 

almost 2 metres. These floodplains support species, once typical of 

species-rich flood meadows, that are now increasingly rare in Europe 

(Joyce, 2001, Grevilliot et al., 1998) as well as in Ireland. The 

intensification of land-use has resulted in a reduction in the 

occurrence of species-rich grassland (Critchley et al., 2004, Crowley, 

2008, Sullivan et al., 2010) and degradation of wetlands has resulted 

in loss of wetland plant communities (Brinson et al., 2002). The 

River Shannon callows, however, provide a refuge for rare plant 

species and their communities (Heery, 1993). The 

microtopographical undulations of the meadows create a mosaic of 

hydrological niches, within which many plant species occupy smaller 

niches (Silvertown et al., 1999, Bartelheimer et al., 2010). It is, 

therefore, necessary to maintain the variations in topography and 

thus in hydrology to preserve plant species diversity on flood 

meadows where differences of centimetres can result in distinctly 

different plant assemblages.  

Along with supporting different plant species at different 

elevations, ecosystem services also vary along a hydrological 

gradient. The upper reaches of the floodplain supports species- rich 

grassland, which in turn support pollinators that provide pollination 

services (Öckinger and Smith, 2007). The lower reaches, nearer to 

the river, provide essential regulatory and maintenance services 

including sequestering carbon, storing nutrients, purifying water and 

attenuating floods (de Groot et al., 2006, Okruszko et al., 2011). In 

addition, these wetter swamps and tall herb communities, in 

supporting threatened wetland plants, provide biodiversity 

protection to species and communities that are becoming 

increasingly rare as threats to wetlands continue (Brinson et al., 

2002). Of hydrological services, surface water dynamics face the 

greatest threat and ecosystem services associated with them are 
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among the most fragile (Okruszko et al., 2011). Thus, the role 

hydrological regime plays in delivering a diversity of ecosystem 

service across intact floodplains needs to be highlighted. 

 

2.7 Conclusions 

The literature to date indicates that few intact floodplains remain, 

and are particularly threatened in Western Europe. Furthermore, 

their existence may face renewed threat by the increasing need to 

protect settlements if increased rainfall and flooding persist. The 

River Shannon is exceptional in being unregulated, low in nutrients 

and, for a catchment of its size, among the least industrial in Europe 

(Heery, 1993). Our data demonstrate the importance of 

topographical and hydrological variability of the Shannon Callow 

flood meadows, both spatially and temporally in determining and 

maintaining plant diversity. As close links exist between ecosystem 

functioning, biodiversity and the provision of ecosystem services 

further research is necessary to fully understand these processes. In 

particular, a deeper understanding of how microtopographical 

undulations affect water table fluctuations needs to be examined. 
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Chapter 3. Atlantic floodplain 

meadows: Plant species richness and 

community composition explained by 

hydrological niches and traditional 

farming practices  

  

3.1 Abstract  

Questions: What are the factors supporting high plant species 

richness on low nutrient floodplains? How is hydroperiod affecting 

the plant communities of unregulated lowland floodplain meadows? 

Do farming practices on hay-meadows affect plant species richness 

and/or community composition? 

Location: River Shannon, Ireland. The floodplains along the River 

Shannon are unregulated, support rare and endangered bird and 

plant life, and are of ecological importance on a European scale. 

Methods: Relevés were recorded to describe the plant communities 

across twelve hay meadows. Hydrological variables were calculated 

for each relevé by combining river level data with fine-scale 

topographical elevation data. Species distributions were plotted along 

their hydrological gradients within the floodplain with details of 

mowing / grazing regimes and agro-chemical input collected using 

questionnaires.  

Results: Plant community composition and diversity vary along 

hydrological gradients with plant species diversity being negatively 

correlated with increased hydroperiod. Species can be placed along a 

hydrological gradient with niche separation being more defined 

among congenerics. Low-intensity farming practices play a 

secondary, but vital, role in maintaining high plant species diversity 

in floodplain meadows. 
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Conclusions: Spatio-temporal hydrological heterogeneity is essential 

in maintaining floristic diversity on these unregulated floodplains. 

Flood depth and duration determine individual plant distributions as 

well as plant community composition and diversity. To maintain 

floodplain plant species diversity and plant community gradients, 

both topographic undulations and hydrological regime need to be 

maintained. Traditional farming practices exist on these flood 

meadows incorporating a diversity of low intensity management 

practices on spatial and temporal scales.  

 

3.2 Introduction 

An important ecosystem service provided by riparian 

landscapes is the maintenance of  regional biodiversity (Johansson et 

al., 1996). The dominant influences affecting the biodiversity of 

wetlands, such as floodplains, are hydrology, productivity, 

disturbance and spatial heterogeneity (Pollock et al., 1998). An 

absence of pressures from agricultural intensification and urban 

development, often experienced more acutely in the wider landscape, 

means riparian systems act as refugia for flora and fauna (Naiman et 

al., 1993, Tockner et al., 2009).  On riparian floodplains, hydrological 

fluctuations exert the greatest influence, determining plant 

distributions, species diversity and community composition 

(Grevilliot et al., 1998, van Eck et al., 2004, Jung et al., 2009, Cronk 

and Fennessy, 2001). The timing, depth, duration and frequency of 

flooding plays a major role in controlling the distribution of wetland 

plants which results in a mosaic of plant communities (Casanova and 

Brock, 2000, Antheunisse and Verhoeven, 2008, Wassen et al., 2003, 

Cronk and Fennessy, 2001). Abiotic factors affecting plants during 

floods are the limited supply of oxygen, light and carbon dioxide, and 

the subsequent accumulation of phytotoxins under reduced 

conditions (Cronk and Fennessy, 2001, Crawford, 1992). Plants vary 

in their ability to cope with these stresses (Blom et al., 1990, Blom et 

al., 1994, Lenssen et al., 1999, He et al., 1999). Agricultural practices 
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also influence wetland plant communities (Grevilliot et al., 1998). 

Traditional hay meadows are frequently associated with floodplains 

and their management influences flood meadow plant species 

composition (Comakli et al., 2005, Reece et al., 1994, Joyce, 2001, 

Woodcock et al., 2006, Edwards et al., 2007). Mowing of meadows 

has been shown to maintain plant species richness and diversity (Cop 

et al., 2009). Where nutrient application is part of farm management 

on floodplains, increased nutrient levels decrease plant species 

richness (Willems et al., 1993, Stephens et al., 2004, Mountford et al., 

1993).Despite their importance as biodiversity refuges, 95% of 

European river floodplains have been modified to protect settlements 

from flooding events or to facilitate agricultural intensification 

(Tockner et al., 2009). The straightening / widening of river channels 

and deepening of river beds are, therefore, regular occurrences in 

continental Europe (Tol et al., 2003). This has resulted in a reduction 

in the extent and quality of riparian semi-natural habitats and a 

consequent impoverishment of species (Aarts et al., 2004). Due to 

the restriction in extent and occurrence of riparian communities, 

many are no longer managed by the farming community (Tockner et 

al., 2009). The River Shannon in Ireland is a notable exception, as 

any attempts to control the extent and duration of flooding have been 

unsuccessful (Heery, 1993) due to three factors: 1) more than 20% of 

the island land mass (>18,000km²), the centre of which comprises a 

large flat basin, is drained by the River Shannon (Kilroy et al., 2005); 

2) the low gradient of the River Shannon impedes drainage from the 

catchment which results in a slow response to rainfall events (Mills, 

2001); 3) the substantial rainfall received over the catchment area, 

averaging 1,000mm per year (http://www.meteireann.ie). In 

summary, a large flat basin with high rainfall throughout the year 

and a low gradient makes the River Shannon Callows one of the last 

remaining natural floodplain systems in NW Europe (Brennan, 

2006). These floodplains provide valuable ecosystem services in 

terms of flood attenuation and water retention following heavy 

rainfall, but are also invaluable refuges for wildlife, including plant 
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communities of EU importance (see Study Area). In addition to a 

largely intact floodplain, the hay meadows of the Shannon 

floodplains have been managed in the same way for centuries with 

farmers still valuing the annual hay cut as a nutrient-rich food source 

for their livestock (Heery, 1993, Heery, 1991, Otte, 2003). While the 

annual winter flooding restricts agricultural intensification, the 

waters and sediments bring some nutrients to the meadows each year 

which, during the drier summer months, are cut for hay. This annual 

removal of biomass plays an essential role in maintaining the 

nutrient balance on flood meadows and promoting floristic diversity 

(Fenner and Palmer, 1998, Maron and Jefferies, 2001, Bakker et al., 

2002). 

The aims of the present study are to assess, for the first time, 

the influences of hydrology, topography and farming practices on 

plant species composition of the Atlantic floodplain meadows of the 

River Shannon. The likely effects of any changes to current influences 

on this largely intact floodplain are also discussed. 

 

3.3 Study area 

The River Shannon Callows (from the Irish word, caladh 

meaning river meadow) Special Area of Conservation (SAC) comprise 

5,856.48 ha of continuous floodplain  along 50km of river (NPWS, 

2011). The longitudinal gradient of the river is particularly low in the 

River Shannon Callows (between Loughs Ree Derg; Figure 3.1), 

where the river drops as little as 35cm over 50km (Hickey, 2010). 

This results in the most extensive flooding in the catchment 

expanding over 1km wide in places (Heery, 1993). Due to extensive 

arterial drainage carried out in Ireland in the last century, the 

Shannon Callows having largely retained their natural 

geomorphology are now one of the last remaining and by far the most 

extensive floodplains in Ireland (Heery, 1993). In addition, on a 

European scale, the River Shannon retains a relatively low-nutrient 

status (Bouraoui et al., 2009, Lyche-Solheim et al., 2010, Grizzetti et 
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al., 2012). The River Shannon is designated as SAC under the EU 

Habitats Directive and as a Special Protection Area (SPA) under the 

EU Birds Directive. The River Shannon Callows SAC comprises the 

central section of the river and seven of its habitats are listed in 

Annex 1 of the EU Habitats Directive: Molinia meadows (EU code: 

6410); lowland hay meadows (6510); orchid-rich grasslands* (6210); 

floating river vegetation (3260); limestone pavement* (8240); 

alluvial forests* (91E0); and hydrophilous tall herb (6432) (* 

indicates priority habitats) (NPWS, 2008). Of these, four are listed as 

conservation objectives for the site (NPWS, 2011) and thus are 

protected under EU Habitats Directive 92/43/EEC while the 

remaining habitats are afforded protection under the EU 

Environmental Liability Directive 2004/35/CE.  

The River Shannon Callows, due to low river gradient and 

related factors, have resisted attempts to eliminate flooding. Winter 

flooding has played a crucial role in restricting agricultural 

intensification within the floodplain and the extensive agricultural 

practices that persist have been vital in protecting the wet grassland 

plant communities of the callows (Heery, 1991, Heery, 1993).  Most of 

the area designated as SAC is semi-natural wet pasturelands or hay 

meadows in which no ploughing or reseeding has ever been 

undertaken (Heery, 1991). This study focuses on the hay-meadows, 

which represent roughly half the grassland area of the callows and 

are botanically the most species-rich (Heery, 1991).  

Cultural landscapes, maintained by low-intensity farming practices, 

including mowing of traditional meadows, are in decline throughout 

Europe and elsewhere (Bignal and McCracken, 1996, Riley, 2005, 

Fischer and Wipf, 2002, Edwards et al., 2007). A long established 

form of ownership exists on the Shannon callows such that large hay 

meadows are divided, by ownership, into long narrow strips of 

meadow which are unfenced but managed as separate units. While 

these meadows appear as one continuous management unit and often 

lack markers that indicate otherwise, they are (through each farmer's 

intimate knowledge of these sites) cut separately each year as 
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individual strips. The meadows which include this form of ownership 

are often called 'co-meadows' and as such these traditional meadows 

are of cultural as well as economic value. The term private ownership 

(Table 3.1) refers simply to the usual form of management where 

each meadow is fenced and mown as a single farming unit in the 

summer or autumn.  

 

 
Figure 3.1.  The River Shannon, Ireland; the extent of the catchment 

and the River Shannon Callows (inset), including twelve sites 

(numbered 1-12). Site names are given on Table 3.1. 

 

3.4 Methods 

Site selection 

Twelve hay meadows were selected as study sites from a total 

of 762 private land ownership units (of hay meadows) within the 

5,856.48 ha SAC. Stratified random selection was used to maximise 

the spread of the sites along the riverbank (Figure 3.1). Site selection 

required that sites be a) mown annually for hay; and b) exposed to a 
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natural flood regime. (for this reason naturally and artificially 

embanked sites were excluded from the study). 

 

Quantifying the hydrological regime 

In October 2007, a Trimble TSC2 differential GPS (DGPS) was 

used to record over 5,000 elevations across all 12 study sites (Figure 

3.1). These data were used to assess the micro-topographical changes 

in elevation at each site and served as the raw data to construct 

digital elevation models (DEMs) for each site. The hydrological 

regime was then characterised by combining the digital elevation 

data for each site with daily river level data (1999-2009) gathered 

from four recording stations (Figure 3.1) operated by national 

organisations including the Electricity Supply Board and Office of 

Public Works. Hydrological variables were calculated by interpolating 

between the river level at adjacent recording stations and the site 

locations with within-site elevations being subtracted from daily river 

level values to determine whether each point was submerged on 

which days and to what depth. Hydrological variables within each site 

were used to produce digitised flood models details of calculations 

(Chapter 2). The mean hydroperiod refers to the arithmetic mean 

number of days of flooding per year for each location and was 

calculated for each elevation point datum. Mean maximum flood 

depth was determined by firstly calculating the maximum flood depth 

for each year (1990-2009) and then calculating the arithmetic mean 

of these maximum values, again for each elevation point datum.  

 

Vegetation survey 

The vegetation was surveyed between June and September in 

2007 and in 2010 (not including any repeats). Twenty-eight 

homogeneous vegetation zones across twelve hay-meadows were 

sampled for plant community composition (Table 3.1). Within each of 

these vegetation zones, three to six relevés were recorded (the 

number depending on the size of the vegetation zone and 

accessibility), noting percentage cover of each plant species within a 
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2m x 2m quadrat. The elevation of each quadrat was recorded to 

nearest mm (allowing 2cm accuracy) using the DGPS and elevation 

readings combined with river level data (1990-2009) to calculate 

flood variables as described above. 

 

Table 3.1. Summary of sampling details at the River Shannon Callows 

(32-35m O.D.) study sites, Ireland.  

Site 

Number 

Site Name 

(see Fig 1) 

 

Private (P) 

or 

Co-Meadow 

(CM) 

Number of 

relevés 

recorded 

Number of 

vegetation 

zones 

sampled 

1 
Lusmagh Co-

meadow 
CM 20 4 

2 Lusmagh Private P 13 3 

3 Bullock Island CM 6 1 

4 Moystown CM 16 3 

5 Derryholmes P 9 2 

6 Kilaphort CM 14 3 

7 Leitra P 13 3 

8 Mathers CM 6 1 

9 Drumlosh CM 5 1 

10 Clonmacnoise CM 22 3 

11 Curraghnaboll P 5 1 

12 Carrickobreen P 12 3 

Totals 12 sites (meadows) 5 P and 7 CM 141 28 

 

Land-use survey 

Land management practices (both current & past) for each 

meadow surveyed were determined by interviewing landowners 

using a questionnaire (see Appendix I). Details of fertilizer 

application, weed control, size of machinery used, after-grazing (the 

practice of allowing animals to graze the meadow after hay has been 

mown and removed) and cutting dates were gathered. The total 

number of years fertilizer was applied multiplied by the rate of 

fertilizer application per hectare to give total number of units of 
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nitrogen (N), phosphorus (P) and potassium (K) applied to each site 

since 1970 and divided by 40 to calculate number of kg per hectare 

per year (1970-2010). Two inorganic fertilizers were commonly used, 

with N, P and K ratios of 10/10/20 and 18/6/12. The selective 

phenoxyl herbicide MCPA (2-methyl-4-chlorophenoxyacetic acid) 

was used at four sites. The rate of inorganic fertilizer and herbicide 

application were assigned categories (Table 3.2) and these added to 

give a combined chemical input (CCI) index used in analyses to 

determine its influence (if any) on plant communities.  

 

Table 3.2. Categories for inorganic fertiliser and herbicide application 
on the River Shannon Callows, Ireland (1970-2010). 

Inorganic Fertilizer application 

(kg/ha/year) Herbicide (MCPA) application 

0 0 0 Never 
1 0.01 - 10.00 1 once (prior to 2000) 

2 10.01 - 20.00 2 
every 10  years (3/4 times in 

total) 

3 20.01 - 30.00 3 
every 3/4 years ( 5- 10 times 

in total) 
4 30.01 - 40.00   
5 40.01 - 50.00   

 

Plant community analysis 

Relevé groups were determined using hierarchical, 

agglomerative, polythetic clustering in PC-ORD (Version 6.0). 

Quantitative Sørensen distance measure and the flexible beta linkage 

method with β = -0.25 (McCune and Mefford, 1999) were used as 

they are the most suitable for (usually non-normal) ecological data 

(Perrin et al., 2006). Cluster analysis was performed repeatedly with 

a step-wise increase in the number of clusters specified and the group 

membership variable added to the second matrix on each run (Perrin 

et al., 2006). Indicator species analysis (ISA) (Dufrene and Legendre, 

1997) was used as an objective method to choose the stopping point 

in the cluster analysis and thus select the optimum final number of 

groups. Average P-value and number of significant indicator species 
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(p< 0.05) were used to determine the most suitable level of 

clustering. Cluster analysis divided the relevés into three main 

groups, each with a number of sub-Groups. Multi-response 

permutation procedures (MRPP) were used to test the difference 

between the main vegetation groups and between the sub-Groups, 

using Sørensen distance measure in PC-ORD (Version 6.0). MRPP 

uses the within-group similarities to conduct a permutation test for 

differences among or between groups; it is a non-parametric tool that 

does not require distributional assumptions and is thus suited to 

ecological data (McCune and Grace, 2002). The Kruskal-Wallis test, a 

univariate non-parametric test, was used to test for differences 

between groups in relation to a single environmental variable and is 

also suited to ecological data as it does not require distributional 

assumptions. Relationships between relevés and environmental 

variables were illustrated by non-metric multidimensional scaling 

(NMS) ordination using the Sørensen distance measure. This method 

of ordination allows for flexibility in the choice of distance measure 

used and is suited to ecological data as it avoids assumptions about 

the shapes of distributions (e.g. linear relationships among 

variables).  

A further measure of diversity, the complement of Simpson’s 

diversity index (D'), was included in the analysis as a measure of 

evenness; thus D' = 1 - Σ pi2, where pi is the proportion of individuals 

belonging to species i, for an infinite population. This index was 

chosen as it provides a meaningful and robust diversity measure 

which lacks sensitivity to rare species (McCune and Grace, 2002, 

Magurran, 2004).  

Ellenberg indices, weighted for community composition and 

corrected for use in the British Isles (Hill et al., 2001), were also 

included in the analysis. Results from a recent study (Williams et al., 

2011) strongly support the use of Ellenberg moisture (F) and 

Ellenberg nutrient (N) indices in the study of dynamic Irish wetlands. 

Results from Williams et al. (2011) offer no significant support in the 

use of Ellenberg reaction (R) but the authors acknowledge their tests 
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were based on a limited pH range. As attempts to collect soils for this 

study were hampered by unexpected floods and no complete set of 

soil samples was collected, use of Ellenberg index R is examined as a 

surrogate for pH. All multivariate techniques were carried out using 

PC-ORD Version 6.0. 

3.5 Results 

In total, 112 species of vascular plants (of which 62% were 

forbs) were recorded from 26 families and 73 genera. Members of the 

Poaceae (20.5%) and Cyperaceae (12.5%) constituted one-third of the 

species pool followed by the Asteraceae (8%) and Ranunculaceae 

(6.3%). Most species occurred at low frequencies, with only seven 

species present in over 50% of the relevés. These seven species were 

Filipendula ulmaria (occurring in 92.19% of relevés), Agrostis 

stolonifera (73.76%), Carex nigra (63.82%), Galium palustre 

(59.57%), Ranunculus repens (58.86%), Phalaris arundinacea 

(53.19%) and Vicia cracca (51.06%).  

3.5.1 Community composition 

The three main groups identified contain distinct plant 

communities, each further sub-divided into sub-Groups (Table 3.3). 

Group 1 comprises species of relatively dry basic to neutral soils; 

Group 2 has more species of neutral, mesotrophic soils and Group 3 

is defined by species of organic, hydric soils.  
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Table 3.3. Constancy table of plant relevés for the River Shannon 
Callows, Ireland. Indicator species within each group are highlighted 
(nomenclature after Stace 2010). 

Group 1a 1b 1c 2a 2b 3a 3b 3c 3d 

No. of Relevés 12 11 21 27 7 20 16 11 16 

          
Lotus corniculatus -  Cerastium 
fontanum group                         

Lotus corniculatus                                V II II I   I       

Centaurea nigra                                   V I III             

Cerastium fontanum                                IV I I             

Cynosurus cristatus                               III II               

Galium verum                                      II   I             

Holcus lanatus                                    II                 

Arrhenatherum elatius                             II                 

Dactylorhiza incarnata                            I I       I       

Dactylis glomerata                                I   I             

Euphrasia arctica                                 I                 

Carex pulicaris                                    I                 

Polygala vulgaris                                 I                 

          
Potentilla erecta - Ranunculus flammula  
group                                    

Molinia caerulea                                  III V II             

Succisa pratensis                                 II V III             

Carex panicea                                     II V II I   II     I 

Potentilla erecta                                 II V I       I     

Carex echinata                                      IV               

Ranunculus flammula                                 IV I I   I I I   

Comarum palustre                                    II               

Pedicularis palustris                               II       I I     

Rorippa amphibia                                    II       I     I 

Carex hostiana                                    I II               

Danthonia decumbens                               I I               

Silene flos-cuculi                                   I               

          

Achillea ptarmica group                                    

Achillea ptarmica                                   I III I   II       

Lathyrus pratensis                                IV II III III   I I     

          
Group 1 accompanying 
species          

Rhinanthus minor                                  V III IV II II III     I 

Rumex acetosa                                     IV IV IV II   I       

Trifolium pratense                                V V III I   I       

Ranunculus acris                                  V V V I III I I   I 

Festuca rubra                                      V V IV I   I       

Anthoxanthum odoratum                             V V II I           

Moss spp                                           III IV III I   I   I I 

Stellaria graminea                                V I II II     I   I 

Angelica sylvestris                               I III II I           

Agrostis capillaris                               III II I I           

Cirsium dissectum                                 I II I I           

Briza media                                        I I I             

Prunella vulgaris                                 I I I             

          
 
 
Carex hirta - Persicaria amphibia 
group         

Carex hirta                                            I III           
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Group 1a 1b 1c 2a 2b 3a 3b 3c 3d 

Persicaria amphibia                                   I II   I I II   

Lathyrus palustris                                I I III II   II       

X Schedonorus loliaceum                                I           

          

Rumex crispus - Lolium perenne group                                         

Rumex crispus                                           I V III   I II 

Elytrigia repens                                  III II V III V III I   I 

Schedonorus arundinacea                           I I II II V I     I 

Lolium perenne                                    II     I IV I       

          
Group 2 accompanying 
species          

Deschampsia caespitosa                             I I I II I   I   I 

Lysimachia nummularia                                   I II I   I I 

Stellaria palustris                                    I I I   II I 

          

Transition group          

Taraxacum sp                                      V   IV II III II     I 

Carex flacca                                       III II II I   II I     

Schedonorus pratensis                             V I III II   II I I   

Phleum pratense                                   IV III IV III V II     II 

Vicia cracca                                       V II V V   III II     

Plantago lanceolata                               V V IV III   III I     

Trifolium repens                                  V IV IV II   V I I   

Scorzoneroides autumnalis                          IV III III II   III I     

          
Myosotis scorpioides - Thalictrum 
flavum group         

Myosotis scorpioides                                  I     IV I   I 

Thalictrum flavum                                           II I     

Senecio aquaticus                                   I I     II       

Triglochin palustris                                        I       

          

Mentha arvensis group          

Mentha arvensis                                         I     III II I 

Lythrum salicaria                                     I       I     

Carex elata                                              I     I   I 

Carex acuta                                                    I     

Carex X prolixa                                               I     

          
Galium uliginosum- Equisetum 
fluviatile Group         

Iris pseudacorus                                      I I       IV I 

Galium uliginosum                                   II   I   I II III   

Equisetum fluviatile                                  I I   I II II   

Glyceria maxima                                       I     I   II II 

          
Group 3 accompanying 
species          

Phalaris arundinacea                                  I III V IV V V V 

Ranunculus repens                                     II IV V V III IV IV 

Caltha palustris                                      I II II IV IV V II 

Mentha aquatica                                       II II   V II IV II 

Eleocharis palustris                                    II   III IV IV I 

Carex disticha                                         II V III III I V III 

Lysimachia vulgaris                                   I II   III IV I II 

Carex vesicaria                                             I I II I 

Potentilla anserina                                     I I I II I I 

          

Companion species          

Filipendula ulmaria                               V V V V V V V IV IV 
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Group 1a 1b 1c 2a 2b 3a 3b 3c 3d 

Agrostis stolonifera                              IV V V IV V V II II IV 

Galium palustre                                   I II II III II V V V IV 

Carex nigra                                        II III III III I V V V III 

Cardamine pratensis                               II III IV III I III II II I 

          

Occasional species          

Avenula pubescens                                       I           

Cardamine hirsuta                                         I         

Crepis capillaris                                 I                 

Epilobium palustre                                  I   I   I       

Equisetum palustre                                    I I           

Eriophorum angustifolium                            I               

Glyceria fluvitans                                      I           

Hydrocotyle vulgaris                                  I     I I     

Hypochaeris radicata                              I                 

Juncus bufonius                                          I           

Juncus acutiflorus                                  I       I       

Juncus articulatus                                  I I     I I     

Juncus conglomeratus                                I I I           

Juncus effusus                                               I       

Juncus inflexus                                          I           

Lysimachia nemorum                                      I           

Myosotis laxa                                            I       I I 

Myosotis secunda                                            I       

Oenanthe fistulosa                                          I I I   

Ophiglossum vulgatum                              I                 

Parnassia palustris                                 I I             

Poa trivialis                                      I   I     II I   I 

Rorippa x anceps                                            I     I 

Rumex conglomeratus                                     I     I     

Veronica scutellata                                         I I     

Veronica serpyllifolia                                  I   I       

 

The characteristics of each group in relation to the key 

response variables (species diversity and species richness), 

hydroperiod (an environmental factor) and Ellenberg N (a proxy 

environmental factor) are illustrated using box plots (Figure 3.2). 

Whereas groups and sub-Groups vary along a hydrological 

continuum (Figure 3.2a), Ellenberg N (Figure 3.2b) and Ellenberg R 

(Table 3.4) values vary, particularly within groups. As the same data 

are used to define groups as are used to derive Ellenberg indices we 

avoid circular testing. However, we can use the Ellenberg indices to 

elucidate the ecology of the sub-Groups.  

 

Group 1 

Species of deep, neutral soils with moderate fertility (Group 1 

accompanying species), define this group. The strongest Group 1 

indicator species are Trifolium pratense, Rumex acetosa,  
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Rhinanthus minor, Potentilla erecta and Lotus corniculatus 

(Indicator Value (IV) = 72.5, 52.0, 40.7, 40.5 and 39.4 respectively) 

with many other species also (Lathryrus pratensis, Cardamine 

pratensis, Cerastium fontanum and Stellaria graminea) 

demonstrating strong preference for this group ( all IV > 30). Group 1 

is associated with short flood duration and depth; and higher spent 

species richness and diversity (Table 3.4). Group one is further 

divided into three sub-Groups. 

 

Sub-Group 1a 

This is the most species-rich and includes 12 relevés from the 

distal parts of each meadow (i.e. furthest from the river and flooding 

influence). With a mean species richness of 24.75 species per relevé, 

this plant community is dominated by the presence of Lotus 

corniculatus, Centaurea nigra and Cerastium fontanum, as well as 

some of the accompanying neutral grassland species. The strongest 

indicator species for this sub-Group are Cerastium fontanum and 

Lotus corniculatus (IV = 63.8 and 53.2 respectively).  

 

Sub-Group 1b 

Sub-Group 1b is dominated by Molinia caerulea, Succisa 

pratensis and Potentilla erecta and the same common species as in 

Group 1a. Carex panicea and Ranunculus flammula also occur at 

high frequencies. The strongest indicator species for this sub-Group 

are Potentilla erecta (IV = 77.4) and Carex echinata (IV = 63.6). 

There is a significant difference between the Ellenberg R values for 

sub-Group 1a relevés and sub-Group 1b relevés. Sub-Group 1b has 

the lowest Ellenberg N, due to the presence of wet heath species such 

as Molinia caerulea, Succisa pratensis and Potentilla erecta, 

reflected also in the lowest Ellenberg R value (4.83 –Table 3.4) for 

this group. 

 

Sub-Group 1c 
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This is characterised more by the absence or low cover of sub-

Group 1a and 1b species rather than the presence of additional 

species. However it has quite high species richness (Table 3.4), as it 

also contains many Group 3 indicator species. Group 1c indicator 

species are Achillea ptarmica and Lathyrus pratensis (IV = 19.1 and 

21.7 respectively). This sub-Group is characerised by a broader 

hydroperiod than the other Group 1 sub-groups, this is reflected in a 

broader range in species richness recorded (Figure 3.2). 

 

Group 2 

This group (34 relevés) is a transition from Group 1 to Group 

3. The strongest Group 2 indicator species are Deschampsia 

caespitosa, Rumex crispus, Lolium perenne and Persicaria amphibia 

(IV 21, 17.4, 16.0 and 15.9 respectively). Other indicator species for 

this group include Stellaria palustris and Lysimachia nummularia 

with IV of 11.6 and 11.5 respectively. Group 2 comprises two sub-

Groups. Group 2 relevés are intermediate in terms of flood variables, 

between groups 1 and 3, with flooding lasting approximately three 

months per year and to a mean depth of circa 1 metre (Table 3.4).  

The Ellenberg N values for Group 2 are higher than for Group 1 

(Table 3.4). 

 

Sub-Group 2a 

The indicator species are Persicaria amphibia (12.5), 

Lathyrus palustris (13.6) and X Schedonorus loliaceum (X 

Festulolium loliaceum) (11.1).  

 

Sub-Group 2b  

This is most notable for the high frequency of Lolium perenne, 

Rumex crispus, Elytrigia repens and Schedonorus arundinacea 

(Festuca arundinacea). The strongest indicator species for this sub-

Group are Lolium perenne and Rumex crispus (IV = 66.3 and 50.8 

respectively). In comparison to sub-Group 2a, sub-Group 2b has a 

lower Ellenberg N value and higher species richness (Table 3.4). Its 
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component species indicate higher nutrient conditions, being 

dominated by e.g. Rumex crispus and Lolium perenne (Table 3.3), 

both indicators of high nutrient conditions (Chapin et al., 1998).  

 

Figure 3.2. Box plots  for plant community sub-Group on the River 

Shannon Callows, Ireland (as per Table 3.3; colour-coded for group: 1= 

yellow; 2 = red; 3 = blue) values for: (a)  Mean annual hydroperiod 

(days), (b)  Ellenberg N index, (c)  Plant species richness and (d)  

Complement of Simpsons diversity index (D'). Each box plot displays 

the minimum, inter-quartile range, maximum and median (horizontal 

line in each box).  

 

Group 3 

Sixty-three of the total 141 relevés belong to this group. Group 

3 indicator species include Myosotis scorpioides, Mentha arvensis, 

Carex vesicaria and Equisetum fluviatile (IV = 27.6, 17.1, 15.9 and 

14.1 respectively). The dominant species in this group are Phalaris 

arundinacea, Filipendula ulmaria, Ranunculus repens and Galium 

palustre. Carex nigra and Caltha palustris are also abundant. There 

are four sub-Groups. As indicated by the hydroperiod and the 

maximum flood depth and summarised by the mean Ellenberg F 

values for the groups, Group 3 comprises species most tolerant of a 
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longer hydroperiod (Table 3.4). However, although the Group 3 sub-

Groups have similar hydroperiods (p = 0.2) they do have significantly 

different Ellenberg R (Table 3.4) and Ellenberg N values (Figure 

3.2b). 

Sub-Group 3a  

This has the highest mean species richness (20.2) of Group 3 

and contains many species in common with Groups 1 and 2, such as, 

Rhinanthus minor, Carex panicea and Achillea ptarmica and even 

some Lotus corniculatus is present. Sub-Group 3a is defined by four 

indicator species: Myosotis scorpioides, Thalictrum flavum, Senecio 

aquaticus and Triglochin palustris (IV = 62.6, 22.5, 19.5 and 15.0 

respectively).  

 

Sub-Group 3b 

Mentha arvensis (IV = 25.0) and Lythrum salicaria (IV = 

11.4) are the strongest indicator species of sub-Group 3b. Carex elata 

and C. acuta, although not significant indicator species, do display 

high fidelity to this sub-Group. This group is quite species-poor 

(mean spp. richness 11.82) lacking most of the species of the 

Transition Group. Sub-Group 3b, has the second lowest Ellenberg R 

value (median = 5.2) and Ellenberg N (median = 3.7) of all the groups 

after 1b (Table 3.4 Figure 3.2b). 

 

Sub-Group 3c 

This is defined by a high frequency of Iris pseudacorus 

combined with the relatively high frequencies of the indicator species 

Galium uliginosum (IV = 16.7) and Equisetum fluviatile (IV = 22.7). 

The Transition Group species are almost entirely absent from this 

group. Group 3c has the highest hydroperiod (161.82) and Ellenberg 

F (8.32) values (Table 3.4). 

 

Sub-Group 3d  

This is not defined by the presence of any species (and has no 

indicator species) but rather the absence of many species occurring in 
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the other Group 3 sub-Groups. Plant species diversity (D') is 

consistently high across most groups (Table 3.4, Figure 3.2d), 

dropping only for this sub-Group, 3d. The Ellenberg N value is also 

highest for this sub-Group (6.25, Table 3.4). 

 

 

Table 3.4. Mean environmental variable values and species’ 
characteristics for each vegetation sub-Group (Table 3.3), River 
Shannon Callows, Ireland. Hydroperiod represents mean annual flood 
duration (1990-2009). Plant spp Rich = Mean plant species richness per 
2m2. Standard deviation is given in brackets. Ellenberg F = moisture; N 
= Nitrogen; R = reaction or pH 

Group 1a 1b 1c 2a 2b 3a 3b 3c 3d 

Hydroperiod 

(St Dev) 

 

30.9 

(22.6) 

 

 

41.4 

(4.3) 

 

 

66.3 

(36.1) 

 

 

97.4 

(30.8) 

 

 

94.8 

(17.4) 

 

 

131.5 

(34.3) 

 

 

144.6 

(24.5) 

 

161.8 

(22.2) 

142.8 

(22.9) 

Max Flood 

Depth (m) 

(St Dev) 

 

0.35 

(0.3) 

0.31 

(0.2) 

0.74 

(0.4) 

1.02 

(0.2) 

0.93 

(0.1) 

1.35 

(0.3) 

1.47 

(0.3) 

1.54 

(0.2) 

1.40 

(0.2) 

Ellenberg F 

(St Dev) 

5.61 

(0.2) 

6.99 

(0.5) 

6.21 

(0.3) 

7.52 

(0.4) 

6.39 

(0.3) 

7.42 

(0.4) 

8.27 

(0.4) 

8.32 

(0.1) 

8.06 

(0.5) 

 

Ellenberg N 

(St Dev) 

4.29 

(0.5) 

3.19 

(0.4) 

4.69 

(0.5) 

5.01 

(0.3) 

5.81 

(0.3) 

4.76 

(0.6) 

3.91 

(0.6) 

5.02 

(0.5) 

6.25 

(0.8) 

 

Ellenberg R 

(St Dev) 

5.64 

(0.3) 

4.83 

(0.3) 

6.00 

(0.4) 

6.57 

(0.2) 

6.10 

(0.2) 

6.06 

(0.4) 

5.40 

(0.6) 

5.98 

(0.2) 

6.64 

(0.2) 

 

Plant Spp. 

Richness  

(St Dev) 

 

24.75 

(4.99) 

23.55 

(3.53) 

22.29 

(5.45) 

16.67 

(4.77) 

12.00 

(2.52) 

20.45 

(3.15) 

11.81 

(4.55) 

12.40 

(2.50) 

8.76 

(3.15) 

Simpsons 

Diversity (D’) 

(St Dev) 

0.91 

(0.03) 

0.90 

(0.03) 

0.92 

(0.03) 

0.76 

(0.17) 

0.84 

(0.04) 

0.89 

(0.03) 

0.70 

(0.08) 

0.82 

(0.03) 

0.55 

(0.23) 

 

3.5.2 Species diversity and environmental factors 

The NMS ordination (Figure 3.3) produced a 3 dimensional 

solution which explained 77.9% of the total variance and which had a 

final stress of 14.64 and final instability of <10-5 after 73 iterations. 

The strong hydrological gradient evident on the vegetation table 

(Table 3.3) is again illustrated in the ordination diagram (Figure 3.3). 

A gradient from dry to wet is evident from left to right across the 
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ordination, along Axis 1, which explains 50.9% of the variation in the 

ordination (Table 3.5). Group 1 relevés (orange symbols) occur on the 

left and the Group 3 relevés (blue symbols) are on the right of Axis 1. 

Group 1 species most strongly negatively associated with Axis 1 

include Ranunculus acris and Plantago lanceolata.  

 
Figure 3.3. NMS ordination diagram of Axis 1 and Axis 3 for relevés 

on the River Shannon Callows, Ireland (colour coded for main 

vegetation groups and symbol coded for sub-Groups) with vector 

overlays showing correlation between axis scores and environmental 

variables (Table 3.5). Species are represented by + symbols. Full 

variable names are given on Table 3.4. 

 

Axis 3, which explains 11.9% of the variance, is strongly correlated 

with both biotic and abiotic factors, whereas Axis 2, although it 

explains 15.2% of the variance, illustrates less variation in relation to 

abiotic variables (such as CCI). Axis 3 illustrates the correlation 

between the Ellenberg indices for nutrients (Ell N) and pH (Ell R), 

associated mainly with Groups 2b and 3d (Figure 3.3). CCI and 

number of years of inorganic fertiliser application (Yrs NPK) are also 

negatively associated with Axis 3 (Table 3.5). Associated with these 

nutrient vectors are species such as Lolium perenne and Rumex 

conglomeratus. In relation to application of inorganic fertilizer, the 

number of years it was applied (Yrs of NPK) is more strongly 
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negatively correlated with Axis 3, along with Ellenberg N, than the 

rate of application (NPK kg/acre). The vectors for plant species 

richness and Simpsons diversity index (D') are strongly negatively 

correlated with Axis 1 (Table 3.5) and the group 1 relevés (species 

richness >20, Table 3.4) and species. Fewer species are on the right 

of the diagram, since the groups here (Groups 3b-d) had a species 

richness of <15 (Table 3.4). Maximum flood depth, mean annual 

hydroperiod and Ellenberg F are all strongly positively correlated 

with Axis 1 (Table 3.5). Associated with these hydrological variables 

are species such as Carex vesicaria, Glyceria maxima and Phalaris 

arundinacea. 

 
Table 3.5. Pearson's (r2, parametric) and Kendall's (tau, non-
parametric) correlation coefficients between environmental variables 
and NMS ordination axes (River Shannon Callows, Ireland) (Figure 
3.3). Values r2 >0.3 are in bold. 

Axis 1 2 3 

 r-sq tau r-sq tau r-sq tau 

Spp Richness 0.563 -0.555 0.001 0.037 0.052 0.145 

Simpson D' 0.354 -0.518 0.007 0.188 0.096 0.169 

Ellenberg F 0.709 0.665 0.079 -0.183 0.04 0.14 

Hydroperiod 0.679 0.636 0.009 0.059 0.006 0.086 

Flood Depth 0.656 0.635 0.005 0.041 0 0.095 

Ellenberg N 0.259 0.355 0.276 0.341 0.315 -0.391 

Ellenberg R 0.178 0.263 0.233 0.37 0.359 -0.386 

Yrs of NPK  0 0.03 0.029 0.185 0.216 -0.375 

NPK kg/acre 0.038 0.14 0.096 0.232 0.183 -0.311 

CCI 0.006 0.069 0.025 0.144 0.222 -0.368 

% variance 

explained 50.9  15.2  11.9  

 

Species richness and Simpson's diversity index (D') have highly 

significant, strongly negative correlations with hydroperiod, 

Ellenberg F and Ellenberg N (Table 3.6). There is a very strong 

positive and highly significant correlation between hydroperiod and 

Ellenberg F (Table 3.6). Both CCI and Years of NPK application are 

significantly positively correlated with Ellenberg N (rs = 0.44, p < 

0.0001). 
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Table 3.6. Spearman's correlation coefficient top-right, two-tailed 
significance test P values given bottom left (River Shannon Callows, 
Ireland). 

 
Species 

Richness 

Simpsons 

Diversity 

Hydroperio

d 

Ellenberg F 

(moisture) 

Ellenberg 

N 

(nutrients) 

Species 

richness 
- 0.711 *** - 0.575 *** - 0.612 *** - 0.475 *** 

Simpsons 

Diversity 
0.000 - -0.377 *** - 0.515 *** - 0.432 *** 

Hydroperiod 0.000 0.000 - 0.728 *** 0.410 *** 

Ellenberg F 

(moisture) 
0.000 0.000 0.000 - 0.028* 

Ellenberg N 

(nutrients) 
0.000 0.000 0.000 0.185  - 

 

 

 
Figure 3.4. Quadratic relationships between plant species richness 

and Ellenberg indices and mean annual hydroperiod on the River 

Shannon Callows, Ireland. (a) Plant species richness and Ellenberg 
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index for nutrients (N); S = 5.72; adjusted R2 = 28.5%; P < 0.001. 

Equation: Plant species richness = - 1.329 (Ellenberg N)2 + 9.375 

(Ellenberg N) + 3.936. (b) Plant species richness and Ellenberg index 

for moisture (F); S = 5.3; adjusted R2 = 38.4%; P < 0.001. Equation: 

Plant species richness = - 0.8981 (Ellenberg F)2 + 8.397 (Ellenberg F) +  

4.32. (c) Plant species richness and Ellenberg index for pH (R); S = 

5.96; adjusted R2 = 22.3%; P < 0.001. Equation: Plant species richness 

= - 5.102 (Ellenberg R)2  + 54.31 Ell R - 123.8. (d) Plant species richness 

and mean annual hydroperiod (days). S = 5.4; Adjusted R2 = 36.4%; P < 

0.001. Equation: Plant species richness = 5.3 x 10 -4  (hydroperiod)2  - 

0.1836 (hydroperiod) + 29.11. 

 

Ellenberg F (adjusted R2 = 38.4%) is explaining more of the variation 

in plant species richness than hydroperiod (adjusted R2 = 36.4%) or 

maximum flood depth (adjusted R2 = 33.4%). A humpback response 

of plant species richness to nutrients is observed (Figure 3.4a), 

peaking with 35 species at an Ellenberg N value of 3.25. A unimodal 

peak in plant species richness can be seen with Ellenberg R (Figure 

3.4c) with highest species richness occurring around Ellenberg R 

5.25.  

3.5.3 Floristic gradients and hydrologically defined niches 

Plant community composition across the groups can be seen 

to be related to hydroperiod. The hydrological variability of the 

indicator species for each sub-Group demonstrates the range of 

flooding tolerated by each (Figure 3.5). Cynosurus cristatus, Lotus 

corniculatus, Comarum palustre and Potentilla erecta differ slightly, 

but mostly are associated with a mean annual hydroperiod of 50 days 

or less. Within Group 1, only the sub-Group 1c species Achillea 

ptarmica, is associated with a broad range of flood conditions. The 

optimum for A. ptarmica is at a median of 76.4 days per annum 

where its percentage cover is also at its highest (Maher, 2013) though 

it can tolerate up to 163 days of flooding. 
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Figure 3.5.  Range of mean annual hydroperiod for Indicator species 

for each sub-Group on the River Shannon Callows, Ireland (see Table 

3.3).  Each box plot displays the minimum, inter-quartile range,  

maximum and median (horizontal line in each box) hydroperiod for 

each indicator species. 

 

The species-poor group 2 is represented by Persicaria amphibia, 

which can tolerate between 60 and 160 days of flooding, with median 

value at 117 days where this species occurs at its highest percentage 

cover. The group 3 species are all associated with more prolonged 

flood conditions, all median values (except L. salicaria) (and highest 

percentage cover values) for flooding in excess of 140 days. 

Equisetum fluviatile is the species with greatest observed 

tolerance/preference for flood conditions, with a median value of 159 

days (Figure 3.5). The genus Carex is widespread in wetlands, but 

species exhibit a wide range of association with flood duration. 

Comparing ten species recorded on the callows, a significant (p < 

0.001) difference is observed (Figure 3.6). C. pulicaris, C. echinata, 

C. hostiana have narrow ranges occurring in sites with between 30 

and 50 days of flooding per year. C. hirta is somewhat restricted to 

dry areas but slightly more tolerant of longer flood duration. C. 

flacca, C. panicea and C. nigra occur within a range in flood 
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conditions, from 0 to over 160 days of flooding per year which spans 

a wide range of plant communities (Table 3.3).  

 

 

Figure 3.6. Carex  species recorded on on the River Shannon Callows 

(Ireland) in relation to the observed mean annual hydroperiod for each 

species .  Each box plot displays the minimum, inter-quartile range, 

maximum and median (horizontal line in each box). 

 

C. disticha also occurs across a range of hydroperiods, but is absent 

from the drier zones (less than 50 flood days per year). Three Carex 

species extended into the wettest conditions i.e. C. nigra, C. disticha 

and C. vesicaria were recorded at the lowest elevations of the 

meadows, within the swamp communities and tolerating up to 186 

days of flooding per year. The C. elata agg. group (including C. elata, 

C acuta and C. x prolixa) is narrowly restricted to areas with 

prolonged flooding (148 - 156 days) (Figure 3.6). 

 

3.5.4 Farming practices and plant species diversity 

A feature of this landscape is the small size of the management 

units, (mean = 2.68ha ± 1.5ha) and the long history of hay making 

across most meadows. Although most co-meadows are situated 

within a complex of small meadows (Table 3.7), there is no significant 
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difference between the mean species richness (per 2m2) of co-

meadows compared to privately owned (p = 0.1, Mann Whitney test).  
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Table 3.7. Details of farming practices for each site on the River Shannon Callows (Ireland). History: LTHM = Long-term hay meadow, 
i.e. farmed as meadow in living memory (>40 years); 10yr & 20yr = hay meadow for 10 & 20 years, respectively, prior to which used for 
pasture; * indicates uncut for last 4 years; No. adj. meadows = number of adjacent meadows contiguous with the site; Area (ha) adj = 
Mean area (ha) of adjacent meadows ; Grazing animals: C = Cattle; Grazing categories: 0 = no grazing; 1 = some after-grazing (weather 
dependant), 2 = grazed continuously at some stage; Years NPK = Total number of years inorganic fertilizer was applied, Rate NPK = Rate 
of application of inorganic fertilizer in kg's per acre; kg/acre/year = Mean number of Kg's of inorganic fertilizer applied per acre per year 
(1970-2010); NPK and Herbicide categories given on Table 3.2; CCI = combined Fertilizer + Herbicide scales per site (see Methods for 
details). Species richness = mean/m2. Standard Deviation (StDev) is given below each mean. See Table 3.1 for site names.  

Site  1 2 3 4 5 6 7 8 9 10 11 12 

             

Area (ha) 1.54 6.19 2.43 2.86 3.77 5.06 2.47 0.8 2.14 1.51 1.04 2.44 

History LTHM 10yr LTHM LTHM 20yr* LTHM LTHM LTHM LTHM LTHM LTHM LTHM 

Co-meadow (C) or 
Private (P) 

C P C C P C P C C C P P 

No. adj meadows 21 1 109 19 1 10 6 128 28 59 0 0 

Area (ha) adj  1.74 3.30 1.09 1.98 3.03 0.97 3.49 1.07 1.22 0.95 0 0 

StDev 1.4 0 0.7 0.9 0 1.3 1.9 0.7 0.6 0.7 0 0 

             

Grazing Animals 0 C C 0 C 0 C 0 0 0 Sheep C 

Grazing Category 0 2 1 0 2 0 1 0 0 0 2 1 

             

Years  NPK  0 2 36 28 30 15 0 36 36 28 0 15 

Rate NPK (kg/ha) 0 40.47 30.35 40.47 40.47 12.14 0 50.99 40.47 20.23 0 20.23 

Kg/ha/year (40yrs) 0 2.023 27.32 28.33 30.35 4.553 0 45.89 36.42 14.16 0 7.588 

NPK Category 0 1 3 3 4 1 0 5 4 2 0 1 

Herbicide Category 0 0 4 1 0 1 0 4 0 0 0 0 

CCI  0 1 7 4 4 2 0 9 4 2 0 1 

             

Species Richness 21.20 14.46 9.33 16.19 10.44 15.86 15.23 17.17 7.20 22.95 22.20 19.42 

StDev 7.7 4.4 2.0 4.8 4.6 5.8 6.0 1.8 1.6 4.1 3.6 6.3 
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Mowing and grazing 

Mowing regime is similar across most sites; however, exceptions 

occur, e.g.  Site 5 (Derryholmes, *Table 3.7), where no mowing has 

taken place since 2004, and Site 2 (Lusmagh Private) was converted 

to meadow in 2000, prior to which it was continuously grazed by 

cattle. The lowest minimum species richness was recorded at Site 5 

(Derryholmes) which had not been mown since 2004. Hydrologically 

Site 5 is very similar to Site 6 (Kilaphort) but median species richness 

is significantly higher at Site 6 (Mann-Whitney U test, p < 0.001). 

There is variation in terms of grazing by animals at each site.  

 

 
Figure 3.7. Differences in plant species richness between a. grazed 

and ungrazed sites; and b. those sites grazed by cattle compared to 

sheep on the River Shannon Callows, Ireland. Each box plot displays 

the minimum, inter-quartile range, maximum and median (horizontal 

line in each box). 

 

Many sites do not have a history of grazing by any livestock (Table 

3.7). However, Site 11 (Curraghnaboll) has a history of being regularly 

grazed by sheep either prior to or after hay cutting, and in some years 

(if adverse weather prevents hay making) is grazed continuously by 

sheep.  Site 5 (Derryholmes), was continuously grazed by cattle prior 

to 1990, and after that regularly cut for hay (up to 2004); and as 

already mentioned, Site 2 was continuously grazed by cattle prior to 

2000. After-grazing is a regular practice at some sites (Sites 3, 

Bullock Island 7 and 12) where mixed cattle, are allowed access to the 

meadow (herds when the ground is dry enough) (Table 3.7). There is 
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a significant difference (Mann-Whitney U test, p < 0.005) between 

meadows that were grazed and those that had no history of grazing 

(Figure 3.7a). Among the grazed meadows the species richness was 

significantly higher (Mann-Whitney U test, p < 0.01) for the site 

grazed by sheep than those grazed by cattle (Figure 3.7b). Relevés 

recorded were sheep grazing took place are in sub-Group 3a (See 

Appendix II for a full list of sites relating to each vegetation sub-

Groups). 

 

Chemical application (NPK) 

There is more variation among sites in application of fertilizer 

and/or herbicide than in mowing regime. Although the flood 

meadows are now designated SACs and fertilizer application no 

longer permitted, sites vary considerably in relation to the intensity 

of the chemical input in the past (1970-2010) (Table 3.7).  At the 

lowest end of the scale (e.g. Site 1) there was no history of any 

chemicals being applied to the site. This is, in part, due to the fact 

that the meadow is co-owned, with ownership units in narrow strips, 

resulting in no effort to 'improve' individual strips. Site 3 (Bullock 

Island) and Site 8 (Mathers), also co-meadows, did receive both 

regular fertilizer and herbicide application in the past. However, at 

these sites the individual strips are relatively wide and at Site 3 they 

were fenced in the past (the remnants of which still remain).  

At Site 8, due to high chemical input (Table 3.7, Figure 3.8) 

and low variation in hydroperiod (Figure 3.9), species richness is 

expected to be lower than recorded (17.2spp). However, a factor in 

this maybe that Site 8 is located in a large co-meadow complex, amid 

128 other narrow strips of meadows; the proximity and numerosity of 

such may facilitate reintroductions by replenishment of the seed 

bank. 
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Figure 3.8. Plant species richness for each site on the River Shannon 

Callows (Ireland) ordered according to increasing CCI (given in 

brackets). Each box plot displays the minimum, inter-quartile range, 

maximum and median (horizontal line in each box) species richness for 

each site. Site numbers are as listed in Table 3.1. 

 

Site elevation and susceptibility to flooding influenced the 

frequency of chemical application. Where meadows are relatively 

topographically homogenous and with longer flood duration (i.e. at 

lower elevations), such as at Sites 11 and 12 (Figure 3.9), there is 

higher risk of unpredictable flooding. Thus investment in fertilizer 

application was less likely, because of the high threat of it being 

washed away. Those meadows at relatively higher elevation, such as 

at Sites 3 and 8, were less prone to unexpected flooding and at some 

of these sites (e.g. Site 8) chemical fertiliser was regularly applied. 

The level of chemical application (fertilizer and/or herbicide as CCI) 

at each site is reflected in the plant species richness (Figure 3.8). Site 

1 (Lusmagh co-meadow) had the highest species richness per quadrat 

and has no history of any use of chemicals. Site 3 (Bullock Island) 

and Site 9 (Drumlosh), both of which have histories of fertilizer and 

herbicide application, support the lowest plant species richness. 
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Figure 3.9. Mean hydroperiod (data from 1990-2009) for 12 sites on 

the River Shannon Callows (Ireland) illustrating variation in flood 

duration at each site. Each box plot displays the minimum, inter-

quartile range, maximum and median (horizontal line in each box) 

species richness for each site. Site names are as listed in Table 3.1. 

 

Plant species richness is also a reflection of the greater 

hydrological heterogeneity, resulting from greater topographical 

variation at a site (Figure 3.9). A greater number of plant 

communities as zones relating to topographical variation resulted in 

higher species richness. At those sites with narrow ranges in their 

hydroperiod, such as Sites 11, 10, 8, 3, and 9, fewer plant 

communities occur and thus there is a lower overall species richness 

(Figure 3.9). In addition, longer hydroperiod results in lower plant 

species richness, such as at site 9 and shorter hydroperiod, higher 

species richness (Site 10). A notable exception to this is Site 11 

(Curraghnaboll), which has prolonged flooding across the site (Figure 

3.9) but a high plant species richness - this site is however, regularly 

grazed by sheep.  

S
it
e
 1

2

S
it
e
 1

1

S
it
e
 1
0

S
it
e
 9

S
it
e
 8

S
it
e
 7

S
it
e
 6

S
it
e
 5

S
it
e
 4

S
it
e
 3

S
it
e
 2

S
it
e
 1

200

150

100

50

0

M
e
a
n
 a

n
n
u
a
l 
h
y
d
ro

p
e
ri
o
d
 (

d
a
y
s
)



Maher, 2013 Chapter 3 Vegetation 

92 

 

3.6 Discussion  

The River Shannon floodplains are unique in terms of their 

unregulated seasonal flood patterns and traditional hay meadow 

system that results in a complex ecological matrix.  

3.6.1 Phytosociological classification of plant communities  

Group 1 comprises species of moist neutral grassland; Group 

2, species of moist grassland, some of which tolerate longer periods 

of flooding, such as Ranunculus flammula (Smirnoff and Crawford, 

1983); while Group 3 comprises species with high tolerance to 

prolonged flooding, such as Carex vesicaria (Visser et al., 2000) and 

Potentilla anserina (van Eck et al., 2004). The plant communities 

present on the Shannon Callow hay-meadows have many similarities 

to plant communities described by the UK National Vegetation 

Classification (NVC) scheme (Rodwell, 1995, Rodwell, 1992) and the 

Irish phytosociological classification  of lowland and wet grasslands 

(O'Sullivan, 1982, O'Connell et al., 1984). Group 1 is most similar to 

the NVC's MG5 Cynosurus cristatus - Centaurea nigra grassland 

which is synonymous with the Centaureo-Cynosuretum grassland 

plant community (O'Sullivan, 1982, Rodwell, 1992). Sub-Group 1a 

most closely resembles MG5, as it contains, in high abundance, all 

the constant species associated with that community (Rodwell 1992) 

and is dominated by dicotyledons, especially legumes and rosette 

hemicryptophytes. Sub-Group 1b more closely resembles the M24 

Molinia caerulea - Cirsium dissectum fen-meadow community with 

a high frequency of Molinia caerulea, Succisa pratensis and 

Potentilla erecta and phytosociologically aligns with the Cirsio-

Molinietum caeruleae (Rodwell, 1992). Sub-Group 1c represents a 

species-poor variation of the MG5 grassland community with 

Lathyrus pratensis as indicator species, along with Achillea 

ptarmica and aligns to the Lathyrus pratensis sub-community of the 

MG5 Cynosurus cristatus - Centaurea nigra grassland (Rodwell 

1992). Group 2 is species poor, similar to the NVC's MG6 Lolium 

perenne- Cynosurus cristatus but lacks Cynosurus cristatus and 
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other constant species. Group 2 is dominated by Rumex crispus and 

Lolium perenne, species indicative of higher nutrient conditions 

(Chapin et al., 1998) and lacks many of the common meadow species. 

Group 3 plant community is dominated by Phalaris arundinacea, are 

more similar to that of  the Phalaris arundinacea tall-herb fen (S28) 

communities (Rodwell, 1995) with elements of swamp communities. 

Phytosociologically this group aligns with the Phalaridetum 

arundinaceae and in an Irish context this community has been 

described previously from the edges of lakes in Counties Galway and 

Cavan (Mooney and O'Connell, 1990, Conaghan, 1999). Four 

community types occur in this Phalaris arundinacea dominated 

community, as with previous studies (Conaghan, 1999, Rodwell, 

1995) these sub-Groups are variable in their composition and their 

species richness. The Phalaridetum arundinaceae 3a sub-Group is 

characterised by an abundance of Myosotis scorpioides along with 

Ranunculus repens and Mentha aquatica. This is the most species 

rich of the group 3 sub-Groups and contains many species in 

common with the transition group, notably Trifolium repens is 

frequent here. In addition, four of the companion species are at their 

highest frequency in this group (Filipendula ulmaria, Agrostis 

stolonifera, Galium palustre and Carex nigra).  Sub-Group 3c 

represents small areas of sedge (Carex elata, C. acuta and C x 

prolixa) and Phalaris arundinacea dominated communities. These 

areas were subject to prolonged flooding and limited to just a few 

sites and occurred close to the river bank near Phragmites australis 

reed-beds. Sub-Group 3c is dominated by Iris pseudacorus and has 

an abundance of Filipendula ulmaria but does not quite align with 

the Iris pseudacorus- Filipendula ulmaria mire (NVC's M28) due to 

the dominance of Phalaris arundinacea. The higher nutrient 

indicator (Ellenberg N) value for sub-Group 3d combined with long 

flood duration explain the lower species richness and thus lack of 

indicator species.   
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3.6.2 Hydrological influences on plant community composition and 

diversity 

The hydrological variables are the dominant factors 

determining plant species diversity, plant species distributions and 

thus plant community composition. This effect is reflected in the 

composition of the plant communities at the upper end of the 

meadows where, at the drier end of the hydrological scale, species-

rich communities support species such as Galium verum and Lotus 

corniculatus intolerant of prolonged flooding (Grevilliot et al., 1998). 

Similarly, Centaurea nigra is restricted to drier areas, and although 

tolerant of intermediate hydroperiods, it is absent from areas subject 

to flooding for most of the year. Plant species richness is lowest 

where plants are flooded for much of the year as fewer plants are 

adapted to prolonged flood conditions (Blom, 1999, Crawford, 1989). 

The wettest areas of the callows are dominated by monocots, e.g. 

Phalaris arundinacea, Glyceria maxima, Carex vesicaria and Iris 

pseudacorus. Previous studies in wetlands have shown that plant 

species have been observed to segregate along hydrological gradients 

(Silvertown et al., 1999, Silvertown, 2004, Araya et al., 2011) and the 

same pattern is observed here. Hydrological niche segregation was 

particularly apparent on the callows within the genus Carex. Similar 

patterns were observed by Visser et al (2000) who found root 

porosity is more developed in those Carex more tolerant of longer 

flood duration. For those species where broad and/or overlapping 

flood tolerance is observed, hydrological niche segregation can be 

explained by below ground differentiation of root lengths (Moog and 

Janiesch, 1990, Bartelheimer et al., 2010).  

3.6.3 Ellenberg indices 

The Ellenberg moisture index (F) correlated strongly with 

measured hydrological variables on the callows and has been 

successfully used as a measure of flood tolerance in turloughs, which 

have similar flooding patterns to that of the callows (Williams et al., 

2011). Of the hydrological variables measured, Ellenberg F correlated 
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best with hydroperiod (r = 0.73, p ≤ 0.001). In fact, Ellenberg F 

correlated more strongly with hydrophilic plant species than either of 

the measured hydrological variables. Examination of Ellenberg 

indices for nutrients and pH inform us of the subtle differences in 

community composition where communities are defined more by 

edaphic conditions and less by hydrological variables. A complex N 

gradient is known to occur along a linear moisture gradient as a 

result of limitations on N mineralisation in both wet and dry 

conditions (Araya et al., 2011, Araya et al., 2012).  In addition, it has 

been shown that low species richness in agricultural grasslands 

occurs at Ellenberg N values above 6 (Sullivan et al., 2010). Here the 

lowest species richness (3 species) is occurring at Ellenberg N of 6.9, 

whereas the highest plant species richness (28+ species) is found at 

Ellenberg N values below 4 (with maximum species richness 

occurring at Ellenberg N = 3.3). The hydrological regime plays a dual 

role with the micro-topography where pooling of water in slight 

depressions encourages peat formation and lowered pH. Williams et 

al (2011) concluded that their Ellenberg R values in the range 6.09-

7.20 were not sufficient to differentiate the plant communities. Here 

our Ellenberg R values range from 4.21 to 6.96, and correlation with 

plant communities is highly significant (p ≤ 0.001).  A similar 

response in Ellenberg N and R is expected as habitats with lower pH 

tend to be nutrient limited.  

3.6.4 Effects of farming practices  

Farming practices are affecting plant species richness, with 

differences in hay meadow management influencing plant species 

richness and composition.  Management is playing a secondary role 

to hydrology, as is found on other floodplain meadows (Toogood and 

Joyce, 2009). Gerard et al. (2008) found that mowing played an 

equally important role but this is explained by the greater variation in 

management as they compared mown with abandoned meadows. In 

another study in the Shannon floodplains, the plant communities of 

the hay meadow were compared to that of the grazed pastures and 
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results indicated marked differences in community composition 

(Heery, 1991). Whereas modern hay harvesting techniques remove all 

biomass from a large area immediately, mowing on these traditional 

meadows where each ownership unit is mown at a different time each 

year involves differentiation of mowing in space and time, a practice 

known to benefit biodiversity (Cizek et al., 2012).  

Grazing is known to have variable effects on plant diversity 

and richness (Olff and Ritchie, 1998, Hillebrand, 2003). Grazing may 

increase species diversity by reducing vigorous monocots (Olff and 

Ritchie, 1998, Pykälä, 2005) or decrease species richness if stocking 

densities are above the threshold for a particular habitat (Fischer and 

Wipf, 2002, Härdtle et al., 2006). Due possibly to the higher 

productivity of wet grasslands, flood tolerant species respond 

positively to grazing and species diversity is observed to increase with 

grazing (Proulx and Mazumder, 1998, Stammel et al., 2003, Ryder et 

al., 2005).  In this study, albeit based on only one meadow grazed by 

sheep, sheep grazing appears to increase plant species richness, given 

the significantly higher mean plant species richness than expected at 

that hydroperiod. Size of grazers is known to influence the effects of 

grazing (Bakker and Olff, 2003, Bakker et al., 2006) and we find 

grazing by cattle does not have the same effect of increasing plant 

richness. However, the diversity of grazing practices adds further 

complexity to the spatio-temporal heterogeneity of the landscape and 

it is recommended that further work be undertaken on grazing 

impacts to elucidate their effects. 

The level of chemical input also reduces plant species richness 

on the callows which is consistent with previous studies elsewhere 

(Willems et al., 1993, Rajaniemi, 2002, Härdtle et al., 2006, 

Mountford et al., 1993). The negative correlation between Ellenberg 

N and D' suggests an inverse relationship between high nutrients and 

lower evenness (D'), indicating certain species optimised 

performance under nutrient rich conditions. As with other studies we 

find Lolium perenne becoming more frequent under increased 

nutrient conditions. Among the sedges, Carex hirta tolerates higher 
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nutrient conditions which is in agreement with Beltman et al. (2009). 

That study indicated Carex disticha and C. hirta flourished in the 

nutrient enrichment following extended periods of flooding (Beltman 

et al., 2009). Although species richness is declining with chemical 

input, these flood meadows, nevertheless, remain relatively low in 

nutrients (Kleijn et al., 2009). Indeed, within this study, diverse plant 

communities are still retained by those sites with the highest levels of 

chemical application. 

3.6.5 Implications for policy makers 

The Ramsar Convention has highlighted the huge importance 

of wetlands as productive life-support systems of immense ecological 

and socio-economic value (Hails, 1997). This is reflected in European 

policy, in the form of Water Framework Directive (Directive 

2000/60/EC of the European Parliament) and Habitats Directive 

(92/43/EEC) and in Biodiversity Action Plans and River Basin 

Management Plans at regional levels (Amezaga et al., 2002). These 

European directives highlight the importance of wetlands in 

providing ecosystem services such as flood mitigation, water 

purification and the preservation of regional biodiversity. Results 

from the analysis of this natural floodplain system can serve to 

inform management for restoration of sites across the rest of Europe 

by demonstrating the importance of different flood patterns across 

meadows, as a result of microtopographical undulations. These flood 

meadow plant communities are defined primarily by hydrological 

variables and within each plant community plant species tolerate a 

certain number of flood days.  If water levels rise, such as is predicted 

under various climate change scenarios, with one in 100 year floods 

predicted to become more frequent (Pfister et al., 2004), shifts in 

plant species distributions are likely to occur. The potential loss of 

dry species which lack the ability to acclimatise to wetter conditions 

(Jung et al., 2009) will result in changes in species compositions and 

loss of diversity. Locally rare species, such as Ophiglossum vulgatum, 

Parnassia palustris and Stellaria palustris, recorded in the middle 
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and upper reaches of this floodplain, may no longer have their 

hydrological niche available to them. If water levels drop, (potentially 

as a result of water extraction) then the wetland plant communities 

will be lost as a result of drought stress (Luo et al., 2008). The 

addition of chemicals to floodplains reduces plant species diversity 

and richness. The diversity of low-intensity farming practices also 

need to be maintained given that their role in conserving regional 

biodiversity and rare species (e.g. Ophiglossum vulgatum)  has  been 

highlighted in other studies (Muller, 2002b, Ryder et al., 2005). 

Within this floodplain the highest plant richness and diversity occurs 

on meadows with variable topography and extensive farming 

practices. Thus the topographical integrity, hydrological 

heterogeneity and low-nutrient status need to be maintained. In 

addition to maintaining species diversity, hydrological heterogeneity 

also provides a range of ecosystem processes, from protecting plant 

diversity in the upper reaches of the floodplain, to those fen and 

swamp communities in the lower floodplain, the anaerobic soils of 

which sequester carbon (Díaz and Cabido, 2001, Hwang et al., 2009). 

3.7 Conclusions 

The importance of low-intensity farming practices, including 

diversity of mowing and limited chemical application, in maintaining 

biodiversity is highlighted. These traditional mowing practices 

incorporate spatial and temporal partitioning of hay cutting and 

biomass removal, a method which has been preserved for decades by 

the hydrological regime. Hydrology is exhibiting the foremost 

influence on the plant community composition with high species 

richness resulting from hydrological niches along the floodplain. 

Differences also occur within and between sites relating to varying 

edaphic conditions. Both water abstraction and climate change pose 

two potential threats to the future hydrological functioning of 

wetlands. Any alteration to the hydrological regime will affect plant 

species distributions and community composition. Increased water 

tables will result in an increase in aquatic and swamp communities 
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and a loss of drier, often more species-rich, plant communities. On 

the other hand, lowered water tables may result in a loss of diversity 

due to lowered hydrological heterogeneity and loss of fine scale 

hydrological niches. Lowered water tables will result in the loss of the 

tall-herb fen communities. Maintaining the hydrological functioning 

of these dynamic wetlands is crucial to preserving ecosystem services, 

traditional farming practices and plant biodiversity. There is an 

immediate need for the scientific integration of management and 

policy to preserve the integrity of these valuable resources. 
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Chapter 4. Atlantic floodplain 

meadows: Influence of hydrological 

gradients and management on 

Sciomyzid (Diptera) assemblages 

 

4.1 Abstract 

Wetlands are now widely recognised as providing humans with 

essential ecosystem services. Maintaining biodiversity is central to 

maintaining ecosystem functionality as species diversity and species 

composition are both integral to ecosystem functioning. Hydrology 

has the strongest influence on wetland biodiversity, second to which 

agriculture is the most influential factor. This study investigates the 

influence of hydrological regime and farming practices on the 

abundance, species richness and composition of dipteran 

communities on temperate Atlantic floodplain hay meadows. Insects 

were sampled by sweep-net across twenty-four vegetation zones for 

which hydrological variables were calculated by combining river level 

data with fine-scale topographical elevation data. Plant community 

data were gathered using relevés and questionnaires were carried out 

with land owners to gather data on current and past management 

regimes. Data were analysed using regression analyses and 

multivariate statistical techniques. A total of twenty-two sciomyzid 

species were recorded, representing over one-third of the Irish 

sciomyzid fauna. Hydrological variables, including flood depth and 

duration, were found to have the strongest influence on sciomyzids, 

syrphids and plants. Sciomyzid species richness and total abundance 

were both positively correlated with increased hydroperiod and flood 

depth while both plants and syrphids responded negatively to 

increases in hydrological variables.  This difference in response 

highlights the need to assess more than one taxonomic group, when 
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assessing the impact of changing environmental variables on 

biodiversity. Whereas vegetation structure drives changes in 

sciomyzid indicator species abundance, plant species richness and 

composition, past managements regimes and current nutrient inputs 

do not appear to influence these species. Thus, while the 

maintenance of the hydrological heterogeneity and the diversity of 

mowing regimes is important in maintaining biodiversity, variation 

in nutrient inputs and previous management (at least within the 

range here investigated) is likely to be of lesser importance for 

Syrphidae and Sciomyzidae. 

 

Key words: Floodplain hydrology, hay meadow, management, 

hoverflies, mowing, marsh flies, nutrients, River Shannon, 

vegetation. 

4.2 Introduction 

Wetland ecosystems provide many services to humans which are of 

ecological, socio-cultural and economic benefit (de Groot et al., 2006, 

Hails, 1997), including flood attenuation, water quality improvement 

and biodiversity support. The latter is particularly important given 

that 10% (approx.) of the earth’s species are supported by freshwater 

habitats which, in themselves, only occupy <1% of the earth's surface 

(Strayer and Dudgeon, 2010).  

The strongest factors influencing wetland biodiversity are hydrology, 

productivity, disturbance and spatial heterogeneity (Pollock et al., 

1998). Within floodplains, hydrological fluctuations exert the greatest 

influence on plant distributions, species diversity and community 

composition (Grevilliot et al., 1998, van Eck et al., 2004, Jung et al., 

2009). In addition, hydroperiod affects wetland invertebrate species 

composition and diversity both directly and indirectly via biotic 

(primary production, breakdown of detritus, shifts in predator and 

prey communities) and abiotic (temperature, light, dissolved oxygen) 

factors that are correlated with hydroperiod (Williams et al., 2009a, 

Pritchard et al., 1996, Mc Donnell and Gormally, 2007, Batzer and 
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Wissinger, 1996, De Szalay and Resh, 2000, Williams, 1996, Whiles 

and Goldowitz, 2001, Williams et al., 2009b, Williams and Gormally, 

2009, Moran et al., 2012). Agricultural practices are the next most 

influential factor affecting wetland insect communities (Williams et 

al., 2009b, Moran et al., 2012) in that the application of nitrogen 

results in reduced insect diversity both directly, as a result of nitrogen 

loading (Haddad et al., 2000), and indirectly, as a result of the 

decrease in plant diversity (Haddad et al., 2009). 

 

Insect conservation: 

Insects vary considerably in the environmental requirements of 

different life cycle stages, making them sensitive indicators of 

environmental change. In particular, specialist species, confined to a 

particular habitat or food type, are acutely sensitive to changes in 

that habitat/food. Insect larvae survive flooding due to a range of 

behavioural (horizontal and vertical migration through the soil), 

morphological, phenological and physiological strategies with insects 

being one of the most versatile invertebrate groups in relation to 

flood survival strategies (Plum, 2005). The flora and fauna of 

temperate floodplains must endure an unpredictable seasonal flood 

pulse, superimposed on seasonal temperature/light variability if they 

are to survive. Whereas terrestrial invertebrates of tropical 

floodplains develop adaptations synchronised with predictable, 

monomodal flood pulses, invertebrates of temperate floodplains, 

which experience less predictable hydroperiods, survive utilising a 

'risk strategy' by combining high reproductive rates, dispersal and re-

immigration following flood/drought events (Adis and Junk, 2002).  

Sciomyzidae (Diptera), commonly known as marsh flies, are mostly 

wetland specialists, confined primarily to marshes, wet grasslands, 

swamps and lake margins (Knutson and Vala, 2011). For this reason 

they are recommended as a bioindicator of wetland habitats (Speight, 

1986). Sciomyzidae are also commonly referred to as snail-killing 

flies due to the unusual feeding behaviour of the larvae which are 
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predominantly obligate malacophages (Berg and Knutson, 1978, Vala 

et al., 2000, Gbedjissi et al., 2003, Berg, 1953). Adult sciomyzids tend 

to be sedentary, seldom travelling far from their larval prey and 

exhibiting microhabitat specificity to wetlands (Keiper et al., 2002, 

Williams et al., 2007, Williams et al., 2010). Sciomyzidae of cool, 

temperate latitudes show six distinct patterns of phenology and life-

history strategies (Berg et al., 1982, Knutson and Vala, 2011). Species 

of this family exhibit either multivoltine (completing many life-cycles 

in a year) or univoltine (completing just one life-cycle in a year) life 

cycles (Berg et al., 1982). Of those multivoltine species two 

phenological adaptations have been observed with some species 

overwintering as adults and others in the puparium. Of the univoltine 

species, three phenologies are observed where species either 

overwinter as embryonated eggs, partly grown larvae, or in the 

puparium (Berg et al., 1982). Temperate sciomyzids appear to 

diverge from the 'risk strategy' described by Adis and Junk (2002) in 

that they do not migrate far and generally display phenologies well 

adapted to seasonal flooding (Berg and Knutson, 1978). Various 

feeding behaviours are also observed in Sciomyzidae with the 

majority of larvae being aquatic, or semi-aquatic, attacking 

freshwater molluscan prey in wetland habitats (Knutson and Vala, 

2002). Most predatory and/or parasitoid sciomyzid larvae feed on 

non-operculate freshwater snails with just a few species (e.g. 

Renocera spp.) feeding on fingernail clams (Mollusca: Sphaeridae) 

(Foote, 1976) and some (e.g. Tetanocera elata) on various slugs 

(Knutson et al., 1965). More recently, one species of sciomyzid 

(Sepodonella nana, Verbeke) was observed feeding on an oligochaete 

worm (Aulophorus furcatus, Muller) (Vala et al., 2000). Sciomyzid 

assemblages of ephemeral wetlands are affected primarily by 

vegetation structure and hydrology (Williams et al., 2009a, Whiles 

and Goldowitz, 2001). The most common and widespread of 

sciomyzids are those mutivoltine species that overwinter as pupae 

(Berg et al., 1982, Rozkošný, 1997) which typically coincides with the 

flood period in ephemeral wetlands. 
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Syrphidae (Diptera) are chosen as an additional bioindicator in this 

study as they display preferences for different environmental and 

ecological requirements. Syrphids, due to longer flight ranges, are 

considered suitable bioindicators for landscape scale assessment and 

are recommended as a foundation group in bioindication of the wider 

landscape (Speight, 1986). However, studies have shown that even on 

a larger European scale inundation remains an important factor, 

reflecting the importance of moisture to syrphid larvae (Keil et al., 

2008). Syrphids differ from Sciomyzids in displaying a range of larval 

food choices including, saprophagy, zoophagy and phytophagy 

(Stubbs and Falk, 1983). 

 

River Shannon, an unregulated floodplain system: 

Attempts to control the extent and duration of flooding along the 

River Shannon in Ireland have been largely unsuccessful (Heery, 

1993) and as a result the Shannon remains one of the most extensive 

semi-natural floodplain systems in western Europe (Brennan, 2006). 

Winter flooding has played a crucial role in restricting agricultural 

intensification within the floodplain and the extensive agricultural 

practices that persist have been vital in protecting the wet grassland 

plant communities of the callows (Heery, 1991, Heery, 1993). Little 

study of insect communities has been carried out in these wetland 

habitats, or on the relationships between hydrology, plant diversity 

and insect diversity.  

This study focuses on dipteran response to flood conditions and flood 

meadow management. Our objectives were to test the hypothesis 

that: 

1.  hydrological heterogeneity has a positive effect on dipteran 

diversity. This was achieved by precisely quantifying 

hydrological variables and the abundance and/or species 

richness of two dipteran families (Sciomyzidae and Syrphidae) 

across the floodplain topography.  

2. a range of management practices has positive effects on 

dipteran diversity. This was achieved by quantifying the 
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abundance and species richness of Sciomyzidae and the 

abundance of Syrphidae under different meadow management 

conditions recorded across twelve flood meadows.  

Recognising that different taxonomic groups may respond in 

different ways, the response of plant species richness (details in 

Chapter 3) was included, for comparison, in testing both hypotheses. 

 

4.3 Study Area 

The River Shannon Callows (from the Gaelic word ‘caladh’ meaning 

river-meadow) are located within a 50km stretch (0.75 – 1.5km wide) 

between Loughs Ree and Derg (Figure 4.1). The floodplains along the 

Shannon Callows are not only by far the most extensive floodplains in 

Ireland and Britain but also represent some of the most natural 

floodplains of western Europe (Brennan, 2006). Seven plant 

communities that occur on the callows are listed in Annex 1 of the EU 

Habitats Directive under which the callows are designated as a 

Special Area of Conservation (SAC). The callows are also protected as 

a Special Protection Area (SPA) under EU legislation due to the 

presence of birds of international importance. The callow hay 

meadows have been managed in the same way for centuries, where 

farmers typically remove just one crop of hay from the meadows in 

late summer (Heery, 1993). 

 

4.4 Methods  

Site selection 

The twelve study sites are hay meadows lying within the extensive 

floodplain along the River Shannon between weirs at Athlone and 

Victoria Lock (Figure 4.1). Stratified random selection was used to 

maximise spread of the sites along the river and to avoid 

pseudoreplication (Hurlbert, 1984) for statistical analysis of 

biodiversity data. Since sites were selected to represent hay meadows 
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with a natural flood regime, any sites with artificially elevated banks 

were not included in the study. 

 
Figure 4.1. River Shannon Callows, Ireland showing location of the 

twelve study sites and four hydrometric stations (in bold) where river 

levels were recorded.  

 

Diptera sampling 

Twenty-four vegetation zones across twelve hay meadows were 

sampled for Diptera in the summer of 2008. Three vegetation zones 

were sampled on six of these hay meadows (proximal, median and 

distal to the river bank) and on the remaining six meadows, which 

were smaller in area, one vegetation zone (proximal to the river bank) 

was sampled. Eight (1m x 5m) sweep paths, separated by 1m buffer 

zones, were demarcated within each homogenous vegetation zone. 

Sampling, using standard (0.5m diameter) entomological sweep-

nets, was carried out in the direction of the river. Sweep-netting took 

place fortnightly between April 27th and August 8th 2008 (details of 

collection dates are in Appendix 4.1). Insects were killed using 

ethanol and stored in industrial methylated spirits (IMS) for later 
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identification in the laboratory. Environmental variables which were 

measured in the field during sampling included temperature (oC), 

humidity (%), and luminosity (Lux) above and below the vegetation. 

Percentage nebulosity was also recorded using subjective estimation 

(%). As a measure of the structural complexity of the vegetation, the 

standing height of the tallest plant was recorded at five points (at 

equal intervals) along each sweep path.  

 

Table 4.1. Summary of sampling at each study site on the River 
Shannon Callows, Ireland. Two-letter site codes are followed by D 
(Distal), M (Median) or P (Proximal). * Co-meadow refers to a 
traditional ownership type, whereby numerous (sometimes > 100) long, 
narrow, unfenced management units are mown each year.  

     Zones   
   Distal Median Proximal  

Site 

Number 
Site Name  

Site 

Code 
Sweeps x 8 Sweeps x 8 

Sweeps x 

8 

1 
Lusmagh co-

meadow* 
LC LCD LCM LCP 

2 
Lusmagh 

Private 
LP LPD LPM LPP 

3 Bullock Island BI - - BIP 
4 Moystown MY MYD MYM MYP 
5 Derryholmes DH - - DHP 
6 Kilaphort KL KLD KLM KLP 
7 Leitra LT LTD LTM LTP 
8 Mathers MA - - MAP 
9 Drumlosh DL - - DLP 
10 Clonmacnoise CM CMD CMM CMP 
11 Curraghnaboll CL - - CLP 
12 Carrickobreen CK - - CKP 

 

Characterising hydrological regime 

The hydrological regime was characterised by combining daily 

river level data gathered from four separate recording stations with 

digital elevation data collected within each site (Figure 4.1). Elevation 

data were collected using Trimble TSC2, combined with virtual 

reference station, using real time kinematics methodology, with 

accuracy < 2cm (Maher et al., in prep. a).  Long-term (1990-2009) 
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river level data were acquired from the Office of Public Works (OPW) 

for hydrometric recording stations at Athlone, Shannonbridge and 

Banagher and from the Electricity Supply Board (ESB) for a 

hydrometric recording station at Victoria Lock (Figure 4.1). These 

recording stations are located at points along this stretch of river 

where the gradient of the river changes (Tom Hayes, ESB, pers. 

comm.). Thus, for the purpose of calculating the river level adjacent 

to each study site, a linear hydrological gradient was assumed 

between any two consecutive recording stations. Hydroperiod 

(duration of flooding) and maximum flood depth, calculated for each 

sampling zone, were also included in the analyses (Maher et al., in 

prep. a). 

 

Management survey  

For each meadow study site questionnaires were carried out with 

landowners to ascertain details of site management (both current and 

past long-term). Details of inorganic fertilizer and herbicide 

application, after-grazing (the practice of allowing animals to graze 

the meadow after it has been cut) and cutting dates were gathered. 

These data were analysed to determine the influence (if any) of 

management on sciomyzid and syrphid assemblages. Two inorganic 

fertilizers were commonly used, with N, P and K ratios of 10-10-20 

and 18-6-12. The selective phenoxyl herbicide MCPA (2-methyl-4-

chlorophenoxyacetic acid) was used at four sites. The rate of 

inorganic fertilizer and herbicide application which were assigned 

categories (Maher et al., in prep. b) were added to give a combined 

chemical input (CCI) index used in analyses to determine its 

influence (if any) on the selected dipteran communities. The length of 

time (in years) for which inorganic fertilizer was applied at each site 

was also included as a variable in the analyses. 

 

Vegetation survey 

A vegetation survey was carried out between June and September in 

2007 and in 2010 (Maher et al., in prep. b). Within each of twenty-
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four sample plots surveyed for Diptera, three to six relevés 

(depending on the size of the vegetation zone and accessibility), were 

recorded and percentage cover of each plant species within a 2m x 

2m quadrat noted. In addition, Ellenberg indices, weighted for 

community composition and corrected for use in the British Isles 

(Hill et al., 2001), were also included in the analysis. Results from a 

recent study (Williams et al., 2011) strongly supports the use of 

Ellenberg moisture (F) and Ellenberg nutrient (N) indices in the 

study of dynamic Irish wetlands. 

 

Analysis of insect assemblages 

Sciomyzids were identified to species level using Rozkošný (1987) 

with both species richness and abundance calculated. Due to time 

constraints, abundance data only are presented for syrphids which 

were identified using (Stubbs and Falk, 1983). Data from sweep 

collections were pooled for each sample plot to avoid 

pseudoreplication (Hurlbert, 1984). Linear regressions were fitted to 

community metrics (sciomyzid species richness, total sciomyzid 

abundance, total syrphid abundance and plant species richness) 

using SPSS (Version 21.0) and stepwise general regressions were 

carried out in Minitab (Version 16). Non-metric multidimensional 

scaling (NMS) ordination of sweep samples and environmental 

variables was undertaken using the Sørensen distance measure. This 

method of ordination is suited to ecological data as it avoids 

assumptions about the shapes of distributions (e.g. linear 

relationships among variables) (McCune and Grace, 2002). A two-

dimensional NMS solution, which explained a cumulative 83.1% of 

the original variation, was chosen. Multivariate statistical analyses 

were carried out on community data using PC-ORD (Version 6.0).  

 

4.4 Results 

Of the environmental variables measured, the stochastic sampling 

variables (wind speed, humidity, luminosity, temperature or 
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nebulosity) did not have any significant effects on community 

metrics. Permanent variables, however, including hydrological and 

management variables, were found to significantly influence different 

aspects of biodiversity.  

4.4.1 Total sciomyzid abundance and species richness 

A total of 1,887 individual Sciomyzidae, representing 22 species, were 

collected by sweep netting. The most abundant species was the 

univoltine, Ilione albiseta (Scopoli) with 705 individuals collected 

(Table 4.2). The second most abundant species was Pherbellia nana 

(Fallén), (543 individuals), a small species with body length of only 

2.4 - 3.5mm (Rozkošný, 1987). I. albiseta and P. nana, account for 

95.8% and 79.2% of the relative abundance of catch respectively. In 

terms of distance from river bank, the greatest abundance and 

highest species richness of Sciomyzidae were collected proximal to 

the river bank, while the lowest abundance and species richness were 

collected distal from the river (Table 4.2).  Six and two species were 

captured only in the proximal and median zones respectively. While 

no species were unique to the distal zone, Limnia unguicornis 

(Scopoli) is the only species found at its highest abundance distal 

from the river bank. 

 

Table 4.2. Total abundance of Sciomyzid species for each zone (distal, 
median and proximal distances from the river bank) on the River 
Shannon Callows, Ireland. Species collected in only one zone, and the 
totals for each zone are given in bold. (* Rozkošný in Knutson et al. 
1975). 

   Zone    
Species Distal Median Proximal Total 
Ilione albiseta (Scopoli) 31 235 439 705 
Pherbellia nana (Fallén) 62 72 409 543 
Pherbellia ventralis (Fallén) 21 41 96 158 
Pherbina coryleti (Scopoli) 4 61 76 141 
Ilione lineata (Fallén) - - 84 84 
Tetanocera ferruginea (Fallén) 3 2 51 56 
Pherbellia schoenherri (Fallén) 2 6 34 42 
Pherbellia griseola (Fallén) 1 2 26 29 
Pteromicra pectorosa (Hendel) - 3 24 27 
Pteromicra angustipennis  
(Stæger) 

7 2 13 22 
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   Zone    
Species Distal Median Proximal Total 
Tetanocera arrogans (Meigen) 2 7 10 19 
Tetanocera hyalipennis (Roser) - 13 3 16 
Limnia unguicornis (Scopoli) 10 - 1 11 
Pherbellia argyra (Verbeke) - - 11 11 
Hydromya dorsalis (Fabricius) 2 3 5 10 
Pteromicra leucopeza (Meigen) 1 1 5 7 
Psacadina verbekei (Rozkošný *) - 1 - 1 
Tetanocera elata (Fabricius) - 1 - 1 
Colobaea distincta (Meigen) - - 1 1 
Pherbellia cinerella (Fallén) - - 1 1 
Tetanocera freyi (Stackelberg) - - 1 1 
Tetanocera robusta (Loew) - - 1 1 
Total no. of Individuals 146 450 1291 1887 

Species richness 12 15 20 22 

 

4.4.2 Stepwise regressions 

Of the hydrological, management and plant community data 

analysed, only the hydrological variables significantly influenced 

biodiversity. The most parsimonious model (Table 4.3) describes 

hydroperiod as the only variable having a significant effect on 

sciomyzid species richness and abundance, while flood depth has a 

significant effect on plant species richness and syrphid abundance. 

Variables included in the models, but not found to be significant, 

were: plant species richness, vegetation height, Ellenberg N, 

Ellenberg R, number of years of organic fertilizer application, CCI 

(combined chemical, fertiliser + herbicide, input) and grazing level 

(Maher et al., in prep. b).  

 

 

 

 

 

 

Table 4.3. Model parameters for stepwise regressions for the four 
biodiversity metrics. Hydroperiod = Mean annual hydroperiod (days). 
Flood depth = Maximum flood depth (metres). Adjusted R2 (Pearson 
correlation coefficient and Mallows Cp (statistic which allows for 
comparison of models) are given for each model. 
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Response variable Constant 
Hydroperi
od (days) 

Flood 
depth 
(m) 

Adj. 
R² (%) 

Mallow
s Cp 

Plant species 
richness 

25.69  -8.8*** 41.97 1.4 

Sciomyzid species 
richness 

3.06 0.036**  32.47 1.5 

Total Sciomyzid 
abundance 

-30.64 1.01***  45.88 -0.6 

Total Syrphid 
abundance 

69.97  -37.9** 37.53 -3.1 

 

 

4.4.3 Species responses to hydrological variables and vegetation 

height 

Hydrological variables, including flood depth (Figure 4.2) and 

hydroperiod (flood duration in days) (Figure 4.3) have significant 

effects on biodiversity. There is a negative correlation between 

increased flood depth and hydroperiod and both plant species 

richness and total Syrphid abundance (Figures 4.2a and 4.2b and 

Figures 4.3a and 4.3b). Conversely, increasing flood depth and 

hydroperiod have a positive effect on both sciomyzid species richness 

and total sciomyzid abundance (Figures 4.2c and 4.2d; Figures 4.3c 

and 4.3d). Flood depth has a stronger effect on plant species richness 

and syrphid abundance while sciomyzid species richness and total 

abundance of Sciomyzidae are more strongly influenced by 

hydroperiod (Figures 4.2 and 4.3). While plant species richness and 

total abundance of Syrphidae decrease as vegetation height increases 

(Figure 4.4a and 4.4b respectively),  sciomyzid species richness and 

abundance increase with increasing vegetation height (Figures 4.4c 

and 4.4d).  
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Figure 4.2 .  Linear relationships between flood depth (m) and 

biodiversity on the River Shannon Callows, Ireland. (a) Plant species 

richness. S  = 4.76, Adjusted r
2  = 42.0%; P < 0.001. Equation: Plant 

species richness = - 8.78 (flood depth) + 25.69. (b)  Total abundance of 

Syrphidae. S  = 22.43, Adjusted r2  = 37.5%; P < 0.001 . Equation: Total 

abundance of Syrphidae = - 37.93 (flood depth) + 69.97. (c) Species 

richness of Sciomyzidae. S  = 2.31, Adjusted r
2  = 26.2%; P < 0.01 .  

Equation: Species richness of Sciomyzidae =  3.067 (flood depth) + 

3.681.  (d) Total abundance of Sciomyzidae. S  = 48.32, Adjusted r
2  = 

45.1%; P < 0.001.  Equation: Total abundance of Sciomyzidae = 94.72 

(flood depth) - 21.30. S is the square root of the Mean Squared Error, 

S2.  
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Figure 4.3 . Linear relationships between mean annual hydroperiod 

(days) and biodiversity on the River Shannon Callows, Ireland. (a) 

Plant species richness. S  = 5.035, Adjusted r
2  = 35.1%; P = 0.001.  

Equation: Plant species richness = - 0.086(hydroperiod) + 25.71. (b) 

Total abundance of Syrphidae. S  = 23.447; Adjusted r
2  = 31.7%; P = 

0.002 . Equation: Total abundance of Syrphidae = - 0.373 

(hydroperiod) + 70.27. (c) Species richness of Sciomyzidae. S  = 2.206; 

Adjusted r
2  = 32.5%; P = 0.002.  Equation: Species richness of 

Sciomyzidae =  0.0356 (hydroperiod) + 3.063. (d) Total abundance of 

Sciomyzidae. S  = 47.98, Adjusted r
2  = 45.9%; P < 0.001 . Equation: 

Total abundance of Sciomyzidae = 1.011 (hydroperiod) - 30.64.  S is the 

square root of the Mean Squared Error, S2.  
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Figure 4.4 . Linear relationships between vegetation height and 

biodiversity on the River Shannon Callows, Ireland. (a) Plant species 

richness. S = 5.109; Adjusted r2  = 33.2%; P = 0.002 . Equation: Plant 

species richness = - 0.326 (vegetation height) + 27.93. (b) Total 

abundance of Syrphidae. S = 25.86; Adjusted r2  = 16.9%; P = 0.026.  

Equation: Total abundance of Syrphidae = - 1.12 (vegetation height) + 

69.37. (c) Sciomyzid species richness.  S = 2.36; Adjusted r2  = 22.7%; P  

= 0.011 . Equation: Species richness of Sciomyzidae = + 0.119 

(vegetation height) + 2.716. (d) Total abundance of Sciomyzidae.  S = 

58.91; Adjusted r2  = 18.4%; P = 0.021 . Equation: Total abundance of 

Sciomyzidae = + 2.658 (vegetation height) - 15.16. S is the square root 

of the Mean Squared Error (S2).  

 

4.4.4 Effect of site and farming practices on dipteran diversity 

The twelve meadow sites of this study are all (at the time of the 

study) being managed as hay meadows. However, past management 

of each meadow does vary in terms of how long it has been managed 

as a hay meadow and/or for grazing (Table 4.4). Results are 

presented for the proximal zones at each site. The same trend as 

previously described is evident in terms of species responses to 

changing hydrology across the sites (Figure 4.5, sites are ordered left 
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to right in order of increasing hydroperiod). Species responses that 

are not explained by hydrological variables can be explained by 

management practices on the meadows. For example, at Site 5 

(Derryholmes) twelve species are recorded among the sciomyzid 

fauna collected within the sampling plot (20m x 5m).  Site 5 has both 

the highest species richness and the highest total abundance of 

Sciomyzidae. In addition, Site 5 has higher mean Syrphid abundance 

than sites with similar hydroperiod (Site 4 and Site 12, Figure 4.5) 

despite having lower mean plant species richness than other sites 

with similar flood duration (Figure 4.5). Unlike all the other sites, 

which have all been mown regularly, Site 5 has not been mown since 

2004 (Table 4.4).  

Site 1 and Site 12 also have higher species richness of Sciomyzidae 

than other sites. Total abundance of Sciomyzidae is low at Site 1 and 

high at Site 12. At Site 12 higher plant species richness was recorded 

than other sites with similar hydroperiod but the higher plant species 

richness is not reflected in the total abundance of Syrphidae (Figure 

4.5). Site 11 (Curraghnaboll) has higher plant species richness than 

expected (based on hydrology for that site) at that hydroperiod. 

Sciomyzid species richness and total abundance is as expected (based 

on hydrology for that site) but for such high plant species diversity 

the Syrphid abundance is significantly (p < 0.001) lower than other 

sites with similar hydrology and similar plant species richness. Site 11 

is also subject to grazing, by sheep, at various times throughout most 

years, and grazed by sheep, without mowing, if weather conditions 

are poor (Table 4.4). Site 3 (Bullock Island) has the lowest total 

abundance of Sciomyzidae (Figure 4.5), lower than other sites with 

similar flood duration. Site 3 also has a history of high chemical input 

(Table 4.4). 
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Table 4.4. Details of farming practices for each site, in increasing order of hydroperiod. History: LTHM = Long-term hay meadow, i.e. 
farmed as meadow in living memory (>50 years); 10yr & 20yr = hay meadow for 10 & 20 years, respectively, prior to which used for 
pasture; * indicates uncut for previous 4 years (Site 5). Hydroperiod = Mean annual hydroperiod in days (1990-2009). Grazing 
categories: 0 = no grazing; 1 = some after-grazing (weather dependant), 2 = grazed continuously (prior to being mown as meadow), # 
indicates a site where after-grazing is by sheep (Site 11). NPK and Herbicide categories and CCI = Combined Chemical Input per site, 
details in Maher et al. (in prep b). Plant species richness = mean/m2; Sciomyzid species richness is mean/8 sweeps. Standard Deviation 
(St Dev) is given below each mean. See Table 4.1 for site names. Bold is used to highlight management that is discussed in the text. 

Site  8 10 3 2 9 7 11 1 4 5 12 6 

             

Area (ha) 0.8 1.51 2.43 6.19 2.14 2.47 1.04 1.54 2.86 3.77 2.44 5.06 

History LTHM LTHM LTHM 10yr LTHM LTHM LTHM LTHM LTHM 20yr* LTHM LTHM 

             

Hydroperiod (days) 71 74 88 120 140 152 156 160 160 165 165 185 

             

Grazing Category 0 0 1 2 0 1 2 # 0 0 2 1 0 

             

NPK Category 5 2 3 1 4 0 0 0 3 4 1 1 

Herbicide Category 4 0 4 0 0 0 0 0 1 0 0 1 

CCI  9 2 7 1 4 0 0 0 4 4 1 2 

             

Mean Plant Species Richness 
(n = 4-6) 

17.2 23.0 9.3 14.5 7.2 15.2 22.2 21.2 16.2 10.4 19.4 15.9 

St Dev 1.8 4.1 2 4.4 1.6 6 3.6 7.7 4.8 4.6 6.3 5.8 

             

Mean Sciomyzid Species 
Richness (n = 8) 

4.8 1.8 1.5 3.1 7.5 4.0 3.4 2.5 3.6 3.3 2.4 4.5 

St Dev 1.5 0.9 0.8 1.2 1.9 1.1 0.7 0.8 0.9 0.7 0.9 1.2 
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Figure 4.5. (a) Plant species richness, (b) Total Syrphid abundance,  

(c) Sciomyzid species richness and (d) Total abundance of Sciomyzidae 

from twelve hay meadow sites on the River Shannon Callows, Ireland. 

Sites from left to right are in order of increasing hydroperiod (Table 

4.4). See Table 4.1 for site names. Each box plot displays the minimum, 

inter-quartile range, maximum and median (horizontal line in each 

box). 

 

4.4.5 Indicator species analysis for sites 

Indicator species analysis (ISA) assesses the preferences of species 

for categorical variables. Here we use it to determine species fidelity 

to agricultural practices and individual sites. Three different 

management categories (CCI level, type of grazing and number of 

years of inorganic fertilizer application) have significant sciomyzid 

indicator species (Table 4.5). Among the grazing categories, species 

show preferences only for a history of continuous grazing (Category 

2; Sites 2, 5 and 11; Table 4.4). The species displaying a preference for 

grazing (grazing (2), Table 4.5) are mostly small, and one medium-

sized, species (Appendix 4.2). Site 5 (Derryholmes) has six indicator 

species with significant preferences for this site (Table 4.5).  
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Table 4.5. Significant (P < 0.05) sciomyzid indicator species for 
farming practices and individual sites on the River Shannon Callows, 
Ireland. Indicator value (IV) measured as percentage of perfect 
indication and significance level (P) assessed by permutation of the 
matrix.  

Indicator sciomyzid 
species 

Agricultural 
practice/ Site 

IV (% perfect 
indication) 

p (4999 
permutations) 

Pherbina coryleti CCI level 4 26.6 0.017 
Pherbellia 
schoenherri 

CCI level 4 25.3 0.0152 

Ilione lineata CCI level 4 21.5 0.0138 
Pteromicra pectorosa CCI level 4 18.8 0.0276 
Pherbellia 
schoenherri 

Grazing (2) 23 0.0006 

Ilione lineata Grazing (2) 19.5 0.0002 
Pteromicra pectorosa Grazing (2) 15.4 0.0018 
Pherbellia griseola Grazing (2) 11.3 0.0138 
Ilione lineata 30 Yrs NPK 98.4 0.0002 
Pherbellia 
schoenherri 

30 Yrs NPK 84.9 0.0002 

Pteromicra pectorosa 30 Yrs NPK 81 0.0002 
Pherbellia griseola 30 Yrs NPK 69 0.0002 
Tetanocera 
ferruginea 

30 Yrs NPK 68.2 0.0002 

Tetanocera arrogans 30 Yrs NPK 39.4 0.0004 
Pherbina coryleti 30 Yrs NPK 25.5 0.0086 
Pherbellia ventralis 36 Yrs NPK 21.1 0.0462 
C. distincta 30 Yrs NPK 12.5 0.0428 
Pherbellia argyra 15 Yrs NPK 12.3 0.0264 

Ilione lineata 
Site 5 

(Derryholmes) 97.7 0.0002 

Pteromicra pectorosa 
Site 5 

(Derryholmes) 77.5 0.0002 

Pherbellia  
schoenherri 

Site 5 
(Derryholmes) 66.4 0.0002 

Pherbellia griseola 
Site 5 

(Derryholmes) 61.2 0.0002 

Tetanocera 
ferruginea 

Site 5 
(Derryholmes) 51.7 0.0002 

Pherbellia ventralis Site 9 (Drumlosh) 39.4 0.0002 

Tetanocera arrogans 
Site 5 

(Derryholmes) 29.6 0.0006 

Tetanocera  
hyalipennis 

Site 1 (Lusmagh Co) 24.4 0.0044 

Pherbina coryleti Site 4 (Moystown) 20.5 0.0076 
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4.4.6 Non-metric multi-dimensional scaling 

A non-metric multi-dimensional scaling (NMS) ordination (Figure 

4.6) of the 24 sample plots (colour coded for distance to river bank: 

proximal, median and distal) shows that both sciomyzid species 

richness and total sciomyzid abundance are strongly negatively 

correlated with Axis 1, which explains 54.3% of the variation. Most of 

the variables measured are negatively correlated with this axis; of 

which hydroperiod is the strongest (Figure 4.6, Table 4.6). Plant 

species richness and total syrphid abundance are positively 

correlated with Axis 1, as is distance from river bank (Table 4.6). 

Limnia unguicornis occurs to the right of the ordination associated 

with short flood duration, distance from river bank, higher plant 

species richness and syrphid abundance.  The majority of sciomyzid 

species are associated with higher flood duration and depth as well as 

taller vegetation (Figure 4.6).  

 

 

Figure 4.6. Non-metric multi-dimensional scaling ordination of sweep 

plots (colour & symbol coded for zone in relation to distance from 

river), sciomyzid species (blue crosses) and environmental variables as 

vectors (River Shannon Callows, Ireland).  
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Table 4.6.  Pearsons correlation for NMS ordination. R2 values > 0.2 
are in bold 

Axes 1  2 
Variables r r-sq   r r-sq 

Hydroperiod -0.740 0.548  -0.098 0.010 
Sciomyzid abundance -0.716 0.513  -0.347 0.121 
Veg. height -0.708 0.501  0.343 0.117 
Max flood depth -0.679 0.461  -0.353 0.125 
Ellenberg F -0.676 0.457  0.073 0.005 
Veg. length -0.578 0.334  0.381 0.145 
Syrphid abundance 0.569 0.324  0.180 0.033 
Sciomyzid spp richness -0.545 0.297  -0.039 0.001 
Plant spp richness 0.500 0.250  -0.229 0.052 
Distance from river bank 0.459 0.211  0.187 0.035 

 

On examination of sciomyzid species distributions solely along a 

hydrological gradient (Figure 4.7), T. robusta and T. hyalipennis, 

along with L. unguicornis, are restricted to the drier parts of the 

meadows, whereas other species, such as Colobaea distincta 

(Meigen), Ilione lineata (Fallén) and P. argyra, are found only where 

hydroperiod exceeds 100 days/year. Within the genus Pherbellia, 

some distinction is evident between species occurrence along a 

hydrological gradient. Although both P. ventralis and P. nana have 

broad hydrological niches, P. nana shows a significant (p < 0.0001; 

Mann-Whitney test) preference for wetter areas, while P. argyra is 

found only in the wettest parts of the meadows where flood duration 

exceeds 150 days/year. Separation along a hydrological gradient is 

evident among congenerics of the genus Tetanocera. Tetanocera 

robusta, T. hyalipennis and T. elata are all found in the drier areas of 

the meadows while T. freyi and T. ferruginea are found primarily in 

the wetter parts. Another species displaying preference for long flood 

duration, I. lineata, occurs only in the proximal zones (Table 4.2) but 

only in those with flood duration longer than 150 days (Figure 4.7).  
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Figure 4.7. Distributions of the 22 species of Sciomyzidae caught on 

the River Shannon Callows, Ireland, in relation to hydroperiod. Each 

box plot displays the minimum, inter-quartile range, maximum and 

median (vertical line in each box). 

 

4.5 Discussion 

In floodplain ecosystems hydrological variables have been shown to 

be the main factors influencing biodiversity (Ward et al., 2002). In 
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sites on one of the largest, undeveloped, low-nutrient and 

unregulated river floodplains in Europe. We also precisely determine 

the agricultural practices, including nutrient inputs and grazing 

practices that affect dipteran species occurrence. Previous studies of 

invertebrate ecology on ephemeral wetlands have either relied on 

surrogate hydrological variables (Williams et al., 2009b) or detailed 

hydrological data, but restricted to a single (Moran et al., 2012) or 

small number of sites (Whiles and Goldowitz, 2001). The flood 

duration for the study sites ranged from 40 to 185 mean annual flood 

days (1990-2009), which ranged from 0.8 to 1.7 metres in maximum 

flood depth. Agricultural practices on the callows were generally of 

low intensity, but there were variations in nutrient inputs and grazing 

practices, both current and historical. Overall, plant species richness 

is negatively correlated with increased flood depth and duration, as in 

other floodplains (Grevilliot et al., 1998). When flood duration is 

high, the number of plant species able to tolerate sustained anoxic 

soil conditions is low and comprises mostly monocots (Crawford, 

1989, Maher et al., in prep. b). Syrphid abundance also responds 

negatively to hydrological variables, with a decrease in total 

abundance observed with increased flood depth and duration. This 

correlated response must, in part, be due to syrphid dependence on 

plant species diversity, notably of insect-pollinated species – many of 

which are forbs (Branquart and Hemptinne, 2000). Sciomyzid 

species richness and abundance, on the other hand, are positively 

related with longer and deeper floods. The high abundance and 

diversity of sciomyzids at longer flood depths and duration reflects 

prey availability (Knutson and Vala, 2011) but also reflects sciomyzid 

preference for tall grasses (Lindsay, 1982). In contrast to Williams et 

al. (2009b), where unimodal responses between the sciomyzid 

metrics and environmental variables were observed, thus supporting 

the intermediate disturbance hypothesis, we observe linear 

relationships between the two. This may be as a result of sciomyzids 

responding differently in lentic and lotic systems but it is difficult to 

establish as Williams et al. (2009b) used soil moisture as a surrogate 
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for flood duration. However, as the flood durations recorded in the 

wettest zones of these flood meadows did not exceed six months, a 

subsequent decrease in sciomyzid diversity may well occur at longer 

hydroperiods if they were to occur.  

4.5.1 Hydrology  

The majority of sciomyzid species collected on the River Shannon 

callows are those which are adapted to seasonal inundation (Knutson 

and Vala, 2011).  Although univoltinism is considered to be an 

adaptation to ephemeral wetlands (Berg et al., 1982), the majority of 

species collected here are multivoltine. However, the occurrence of 

the univoltine Ilione albiseta as the most abundant species, is 

consistent with other studies of ephemeral wetlands (Williams et al., 

2009b). The multivoltine Pherbellia nana, the second most abundant 

species collected, has a widespread distribution and is not host-

specific (Bratt et al., 1969). Such an abundance of P. nana is 

somewhat unexpected in hay meadow vegetation as it displays a 

preference for shorter vegetation (Williams et al., 2009b). However, 

in the present study this species population peaks in late May, while 

meadow vegetation is still relatively short, and is present in low 

numbers thereafter. Many sciomyzid species displayed broad 

hydrological niches that overlap. Coincidental hydrological niches 

may be separated along other gradients, such as, phenology, prey 

resource or vegetation structure.  

4.5.2 Management  

Meadow management is also important in determining species 

richness and composition of sciomyzids, as mowing regime and use 

of inorganic fertilizer influence community composition, though the 

latter did not affect sciomyzid total abundance or species richness. 

Flood meadow management influences vegetation height and length 

which in turn affect Sciomyzid community metrics. Species displayed 

strong preferences for specific sites, where in particular vegetation 

height, as a site characteristic, positively influenced both total 

abundance and species richness of Sciomyzidae. Sites characterised 
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by taller vegetation supported the highest abundance and richness of 

Sciomyzidae.  Pherbellia schoenherri, here as with other studies 

(Williams et al., 2009b), displays a preference for longer vegetation.  

Previous studies demonstrate reduced invertebrate and plant 

diversity in response to increased nutrients (Haddad et al., 2000, 

Haddad et al., 2009).In our study, however, the number of years of 

application of inorganic fertilizer does not appear to negatively affect 

sciomyzid species preferences but this is not unexpected as rates of 

fertilizer application on these flood meadows are at a relatively low 

level. In fact, many species display a preference for sites with a long 

history of fertilizer application. Site 5 (Derryholmes) has the highest 

number of indicator species (6 species). Ilione lineata, a univoltine 

species (feeding on fingernail clams), has the highest indicator value 

for Derryholmes; indicating strongest preference for this site. 

Tetanocera arrogans, a multivoltine species that feeds on semi-

terrestrial snails and T. ferruginea, another multivoltine species 

(feeding on aquatic snails) also occur preferentially at Derryholmes. 

Pherbellia griseola and P. schoenherri also display preference for 

this site. This site (Derryholmes) is characterised by long vegetation 

(dominated by Phalaris arundinacea and Glyceria maxima) with 

low plant species richness. Previous studies demonstrated  the high 

conservation value of different successional stages of grasslands to 

invertebrates (Baur et al., 2006)  and that Site 6 (Derryholmes) was 

not mown for four years prior to the invertebrate survey may be 

significant. In terms of site indicators, Tetanocera hyalipennis, the 

indicator species for Lusmagh co-meadow (Site 1), is a multivoltine 

species which overwinters in the puparium (Table 4.6), whereas 

Pherbina coryleti, a univoltine predator of aquatic snails occurs 

preferentially at Site 4 (Moystown). Thus, the diversity of agricultural 

practices, as identified by species preferences for particular sites and 

practices, is supporting a greater diversity of species. Overall, 

temporal and spatial hydrological dynamics combined with a 

diversity of farming practices results in a complex ecological matrix. 
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4.5.3 Plant species richness versus insect species richness 

The literature indicates that higher plant species richness generally 

supports higher insect species richness where species richness of 

insects (herbivore, predator and parasite) respond positively to 

increased plant species richness (Knops et al., 1999). Here, we find 

sciomyzid species richness responds negatively to increased plant 

species richness since sciomyzids respond primarily along a 

hydrological gradient (Whiles and Goldowitz, 2001, Williams et al., 

2007).  The contrasting responses of different taxa along hydrological 

and management gradients is an important consideration in the 

conservation management of flood meadows. 

4.5.4 Wetland conservation 

It is now appreciated the important role wetlands play in providing 

humans with basic needs and services. However, under different 

circumstances, where rainfall increases and floods become more 

unpredictable, the protection of settlements will need consideration, 

potentially at the expense of wetland conservation. These results 

highlight how variation in hydrological regime enhances biodiversity. 

As wetter plant communities support greater species richness and 

diversity of Sciomyzidae, any loss of wetland vegetation will result in 

diminished capacity for supporting Sciomyzid fauna. 

4.6 Conclusion 

Wetlands are recognised as globally threatened and this threat 

applies also to wetland species such as sciomyzids. Members of the 

family Sciomyzidae, as wetland specialists, respond positively to 

hydrological conditions; species richness and total abundance 

increase with increasing flood depth and duration. In contrast, plant 

species and Syrphidae respond negatively to prolonged flooding. This 

emphasises, the different requirements of the component species 

within a single ecosystem and the need to bear this in mind when 

addressing possible future flood regulation. Furthermore, the 

different responses of biological groups along a hydrological 

continuum highlight the necessity of maintaining hydrological 



Maher, 2013 Chapter 4 Diptera 

134 

 

heterogeneity both spatially and temporally to conserve a broad 

range of wetland species. Management plays a secondary role to 

hydrology in determining dipteran assemblages. Recommendations 

for management of flood meadow plant communities includes 

mowing annually to maintain plant species richness (Muller, 2002a). 

Here we demonstrate that an absence of mowing for a four-year 

period benefits sciomyzid diversity, but this high diversity of 

Sciomyzidae may, of course, decline again if succession of the plant 

community continues. Clearly, it is the diversity of management 

between sites that is critical to maximising biodiversity in a 

fluctuating flood environment, as is the case for other temporary 

wetlands such as turloughs (Ní Bhriain et al., 2002, Sheehy 

Skeffington and Gormally, 2007).  Low levels of nutrient application 

are not found to influence dipteran assemblages. Hydrological 

heterogeneity, both temporally and spatially, of the unregulated 

floodplain in combination with a natural diversity of low-intensity 

farming practices maintains a diversity of dipteran assemblages. 
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Chapter 5. General Discussion 

 

The important role wetlands play in providing humans with basic 

needs and services is now appreciated (de Groot et al., 2006, 

Okruszko et al., 2011, Blackwell and Pilgrim, 2011). However, the 

degradation of wetlands, has resulted in loss of water quality, flood 

abatement ability and wetland plant communities (Brinson et al., 

2002, Zedler and Kercher, 2005). Threats to wetlands include water 

pollution flow modification, habitat degradation, species invasions 

and over-exploitation (Dudgeon et al., 2006). The immense 

ecological and socio-economic value of wetlands was highlighted by 

the Ramsar Convention (Hails, 1997). This is also reflected in 

European policy (Water Framework Directive (Directive 

2000/60/EC); Habitats Directive (92/43/EEC); Biodiversity Action 

Plans and River Basin Management Plans) at national and regional 

levels (Amezaga et al., 2002). European directives highlight the 

importance of wetlands as productive life-support systems. Analysis 

of natural floodplain systems, such as the River Shannon Callows, 

serves to inform management for restoration of floodplains across 

the rest of Europe. The results gathered here contribute to our 

understanding of how the hydrological regime affects biodiversity 

and highlights how different species and taxonomic groups may 

respond differently under similar environmental conditions. Those 

areas within the floodplain that are subject to prolonged flooding (ca 

6 months/year), support species-poor plant communities and low 

numbers of syrphids. However, these areas do support a high species 

richness and diversity of sciomyzids. Conversely, it is only the highest 

parts of the floodplain that support the most species-rich plant 

communities and highest abundances of syrphids. Thus any 

reduction in the range and especially the extremities of spatial 

hydrological heterogeneity will result in a diminished capacity for 

supporting biodiversity.  
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The River Shannon floodplains are unique in terms of their 

unregulated seasonal flood patterns. Within floodplain ecosystems, 

hydrological variables have been shown to be the main factors 

influencing biodiversity (Ward et al., 2002, Bendix and Hupp, 2000). 

Here we precisely defined these variables (flood depth and flood 

duration) across twelve flood meadow sites on one of the largest, 

undeveloped, unregulated, and low-nutrient river floodplains in 

Europe. The digitisation of the hydroperiod across the floodplain was 

achieved by combining river level data with fine scale topographic 

elevation data. These hydrological data were combined with the 

results from vegetation and insect surveys to allow for analysis of 

how flood regime affects biodiversity.  

The traditional hay meadow system results from a complex hydro-

ecological matrix. Few intact floodplains remain, especially in 

Western Europe (Dynesius and Nilsson, 1994, Buijse et al., 2002, 

Tockner et al., 2009). Here semi-natural grasslands persist within 

the floodplain, supporting rare species and communities on a 

continuum of wet to dry. In the wider landscape, the intensification 

of land-use has also resulted in a reduction in the occurrence of 

species-rich grassland (Critchley et al., 2004, Crowley, 2008, Sullivan 

et al., 2010). On these floodplains traditional farming practices have 

persisted at low intensity, and with a high diversity of methods, 

which diversity enhances biodiversity and, in turn, supports 

ecosystem properties (Matson et al., 1997, Tscharntke et al., 2005).  

In summary, our main findings include:  

1. The flood regime is natural and varies in relation to 

catchment topography, floodplain microtopography and 

seasonal rainfall patterns, all of which determine hydrological 

variability. Flood duration ranged from no flooding in the 

driest parts to ca 185 mean annual flood days and 1.7 metres 

maximum flood depth in the wettest parts of the meadows. 

Each site displayed a unique microtopographical variability 

which was reflected in unique flood patterns on each meadow 

site. 
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2. Hydrology has the strongest influence on species diversity 

and abundance with different taxa (plants and insects) 

responding differently along hydrological gradients.  

3. Plants and syrphids are negatively correlated with increased 

flood depth and duration, whereas sciomyzid species richness 

and abundance are positively correlated with hydrological 

variables. 

4. Traditional farming practices persist on these flood meadows 

and they play an important role in maintaining habitat 

heterogeneity within the landscape 

5. Traditional farming practices, by their nature, do not use a 

high chemical input and this also important in maintaining 

the high plant and insect diversity. 

5.1 Hydrological functioning 

Flooding in the River Shannon catchment occurs naturally due to a 

combination of flat topography, high rainfall and the low longitudinal 

gradient of the river. The hydrological integrity of the River Shannon 

floodplain is in stark contrast to most European rivers, where 

connectivity between the main channel and surrounding floodplains 

has largely been lost (Parsons and Gilvear, 2002). At the upper part 

of the River Shannon Callows, north of Shannonbridge (above the 

confluence of the Suck and upstream of Shannonbridge) the lowest 

gradient is observed and here flooding persists for longer. At 

Shannonbridge the elevation of the river level is much closer to the 

elevation ca 23km upstream at Athlone than at Banagher ca 13km 

downstream. Downstream of Shannonbridge, the longitudinal 

gradient of the river changes, with an increased drop in elevation. 

Here the large drop in river level south of Banagher, particularly in 

winter, indicates that no constraint to the flow of water occurs 

downstream of Banagher despite the presence of sluices at Victoria 

Lock (and/or Meelick, adjacent to Victoria Lock). Other reports 

(Cullen, 2002, CFRAM, 2012) support the findings that flooding 

along the River Shannon callows occurs as a result of natural factors 



Maher, 2013 Chapter 5 Discussion 

143 

 

and, contrary to local opinion, neither the extent nor duration of 

flooding are exacerbated by sluice operations (CFRAM, 2012). Above 

Shannonbridge, the river level rises earlier than downstream near 

Banagher, and recedes later in spring, highlighting the important role 

this section of the floodplain plays in attenuating floods.  

Combined with the catchment topography the natural 

microtopographical undulations across the floodplain ensure that 

each meadow displays a unique continuum from wet to dry 

hydroperiod conditions. The overall variation is such that a decrease 

in elevation of 1.5cm within the floodplain results in an additional 

day of flooding each year. The microtopography and the dynamic 

hydrological regime result in large differences in flood durations and 

flood depths across the floodplain and these hydrological variables 

have implications for the diversity and community composition of 

both plants and diptera. Few other European floodplains have such a 

complex set of conditions remaining intact over such an extensive 

region. 

5.2 Ecological diversity along hydrological gradients 

The ecological diversity of the River Shannon Callows is maintained 

primarily by the hydrological heterogeneity. The overall trend in 

response to hydroperiod is that plant species richness is negatively 

correlated with increased flood depth and duration, a trend which 

has been observed in other continental European floodplains 

(Grevilliot et al., 1998). Wetland plant species segregate along 

hydrological gradients (Bartelheimer et al., 2010, Grevilliot et al., 

1998, Silvertown et al., 1999, Araya et al., 2011), and on the Shannon 

callows, microtopographical undulations of the meadows create 

mosaics of hydrological niches such that plant species richness is 

increased. A range of hydrological conditions meet a range of 

hydrological needs - this is apparent in congenerics (e.g. Carex spp) 

where closely related species, but with different hydrological 

requirements, can all coexist across the floodplain. Although 

recommended primarily for assessment at landscape scale (Speight, 
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1986) here we find syrphid respond to small-scale hydrological 

gradients across the floodplain, with a decrease in total abundance 

observed with increased flood depth and duration. The highest 

abundances of syrphids were observed in drier areas of the meadows 

rich in floral resources, thus reinforcing the importance of semi-

natural grasslands in supporting pollinating insects (Öckinger and 

Smith, 2007). As monocots are the most tolerant, of higher plant 

taxa, to anoxia (Crawford, 1989), they will naturally predominate in 

areas of longest hydroperiod (hydroperiod > 100 days), as observed 

on the Shannon callows. This results in a predominance of grasses 

and sedges, which do not provide food for adult syrphids; thus 

syrphid abundance is dependent on abundance of floral resources 

(Sutherland et al., 2001, Hegland and Boeke, 2006). The low 

application of fertiliser results in species-rich meadows, whereas  

high nutrient-input systems, either from fertiliser (O'Sullivan, 1982) 

or from a more eutrophic river system (Wassen et al., 2003) 

encourage grasses in particular, that provide little food source for 

adult Syrphidae (Öckinger and Smith, 2007). Sciomyzid species 

richness and abundance are, however, independent of the nutrient 

status of the vegetation and the system in general. They are positively 

correlated with longer and deeper floods. The majority of sciomyzid 

species collected on the River Shannon callows are adapted to 

seasonal inundation, (Knutson and Vala, 2011) with a small number 

of species, which feed on terrestrial snails, found in the upper reaches 

(hydroperiod < 100 days). Many sciomyzid species display broad, 

overlapping, hydrological niches separated along other gradients, 

such as, phenology, prey resource or vegetation structure. Disruption 

to the hydrological regime will adversely affect prey communities and 

hydrophilic sciomyzidae (Williams et al., 2009b).  

5.3 Extensive agriculture  

Agricultural practices on the callows are generally of low intensity 

with variations evident in terms of nutrient inputs and grazing 

practices, both current and historical. We precisely determined 
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agricultural practices, including nutrient inputs and grazing 

practices, via management questionnaires, and discuss implications 

for biodiversity.  

5.3.1 Effects of mowing on biodiversity 

The traditional mowing practices on the River Shannon Callows 

incorporate both spatial and temporal partitioning of both mowing 

and removal of hay. This method has been preserved in part by the 

hydrological regime which has prevented agricultural intensification 

and, for example a switch to silage, as has occurred elsewhere in 

Ireland (Crowley, 2008) and Europe (Vickery et al., 2001). Annual 

mowing of meadows is beneficial to plant diversity and necessary for 

maintaining hay meadow plant communities  (Gerard et al., 2008). 

Regular mowing maintains the vegetation structure and plant species 

diversity. The staggering of mowing dates within the meadows 

benefits biodiversity (Cizek et al., 2012). Abandonment is often 

perceived as a threat to biodiversity (Burnside et al., 2007) but here 

we demonstrate that cessation of mowing can benefit Diptera, if only 

in the short-term, as sciomyzid diversity increased in the (temporary) 

absence of mowing on the Shannon callows. In semi-natural 

grasslands elsewhere (Romania and Hungary) similar increases in 

insect diversity have been observed with the set-aside of meadows 

(Baur et al., 2006, Kovács-Hostyánszki et al., 2011). In addition, flood 

meadow management affects vegetation structure (height and length) 

which in turn affect sciomyzid community metrics, whereby plant 

communities characterised by taller vegetation supported the highest 

abundance and richness of Sciomyzidae (Williams et al., 2009b). On 

the other hand shorter vegetation swards benefit other sciomyzid 

species and it is the diversity of management practices in terms of 

resultant vegetation height, that benefit sciomyzid, as well as other 

species diversity (Ní Bhriain et al., 2002). 

5.3.2 Effects of grazing on biodiversity 

Grazing affects plant diversity and richness (Olff and Ritchie, 1998, 

Hillebrand, 2003), by reducing vigorous monocots and thus 
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increasing species diversity (Olff and Ritchie, 1998, Pykälä, 2005) or 

by decreasing species richness if stocking densities are above the 

threshold for a particular habitat (Fischer and Wipf, 2002, Härdtle et 

al., 2006). On the River Shannon Callows grazing by sheep in 

particular, is seen to increase plant species richness which may be 

due to the higher productivity of wet grasslands (Proulx and 

Mazumder, 1998, Stammel et al., 2003, Ryder et al., 2005) and 

reflective that the stocking rate is at an appropriate level (Olff and 

Ritchie, 1998, Bakker et al., 2006).  Sheep are not commonly used to 

graze wetlands as they are less tolerant of wet ground conditions 

(Benstead et al., 1997) and are only occasionally used on the callows 

(Heery, 1991). Converse to the positive effect observed in relation to 

plant species richness, grazing by sheep was observed to negatively 

affect syrphid abundance. Studies indicate that excluding sheep from 

pastures during peak flowering, benefits flower-visiting insects as 

flower abundance is increased (Sjödin, 2007, Scohier et al., 2012). 

Sheep grazing did not significantly influence sciomyzid richness or 

abundance. Occasional grazing by cattle did not have a significant 

effect on any of the taxonomic groups studied, but as cattle grazing 

was of limited duration (after mowing) or it was a long time (10 years 

or more) since cattle grazed continually, the effects may be diluted.  

5.3.3 Effects of chemical input on biodiversity 

The level of chemical input also reduces plant species richness on the 

callows which is consistent with previous studies elsewhere (Willems 

et al., 1993, Rajaniemi, 2002, Härdtle et al., 2006, Mountford et al., 

1993). Although species richness is lower in sites with higher 

chemical input, these flood meadows, nevertheless, remain relatively 

low in nutrients, as compared to continental Europe  (Kleijn et al., 

2009); indeed, within this study, even those sites subject to the 

highest levels of chemical application support relatively diverse plant 

communities. Here, as elsewhere, the effects caused by fertilizer 

application are secondary to flood effects (Grevilliot et al., 1998, 

Beltman et al., 2009). In relation to Diptera a long history of fertilizer 
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application does not appear to negatively affect either species 

richness or abundance.  

5.4 Conservation of rare species  

The River Shannon floodplains support a number or rare plant and 

dipteran species. Lathyrus palustris in particular and Stellaria 

palustris are both very local in Ireland, the former being also rare in 

Britain and protected in N. Ireland (Preston et al., 2002, National 

Botanic Gardens, 2012). Ophiglossum vulgatum, and Parnassia 

palustris, two somewhat declining indicators of calcareous wetlands 

(Preston et al. 2002), were recorded in the middle and upper reaches 

of this floodplain. Rare species of sciomyzid recorded within the 

floodplain include Pherbellia stackelbergi, recorded for the first time 

in the British Isles (Staunton et al., 2008) and Colobaea distincta, 

recorded for the second time in Ireland. The syrphid, Neoascia 

geniculata, a anthropophobic species considered to be in decline in 

Ireland (Speight, 2008) was collected (unpublished data).  Both 

Colobaea distincta and Neoascia geniculata were collected at 

Derryholmes, the meadow site which was not mown for four years 

prior to sampling of Diptera.  

 

5.5 Ecosystem services 

Plant species richness is lowest where plants are flooded for much of 

the growing season as fewer plants are adapted to the anoxic 

conditions associated with prolonged floods  (Blom, 1999, Crawford, 

1989). Thus the wettest areas of the callows are dominated by 

monocots, e.g. Phalaris arundinacea, Glyceria maxima, Carex 

vesicaria and Iris pseudacorus. These areas, although in botanical 

terms quite species-poor, provide essential services in terms of water 

storage and support of wetland specialist species (including 

sciomyzidae). Most areas of meadow with extended flood duration 

the plants species are tall, with a large biomass facilitating, not only 

water storage, but nutrient uptake from the Shannon floodwaters 
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(Vermeer and Berendse, 1983). Mowing of the meadows 

subsequently removes these nutrients from the ecosystem, thus 

preserving greater plant species diversity (Gerard et al., 2008). In 

contrast, the upper reaches of the flood meadows, due to their low-

intensity farming, support a high diversity of flowering plants and 

greater abundance of pollinators. Pollinators perform an essential 

ecosystem service, not only for biodiversity, but for human activities, 

such as horticulture (fruit) and agriculture (oilseed rape) (Kevan and 

Baker, 1983, Biesmeijer et al., 2006, Thapa, 2006, Losey and 

Vaughan, 2006, Kremen et al., 2007). Furthermore, in terms of 

choosing indicator groups, insect conservation needs consideration 

not just on a local scale where services are delivered, but on a larger 

scale that takes into account the requirements of a species across its 

range. Conservation needs to be of a scale that incorporates the 

different requirements at each life stage, the mobility of the species, 

along with foraging ranges and breeding requirements (Kremen et 

al., 2007). 

5.6 Implications of a potentially altered hydrological 

regime 

Of the possible hydrological services, surface water dynamics face the 

greatest threat and ecosystem services associated with them are 

among the most fragile (Okruszko et al., 2011). The vital role 

hydrological regime plays in delivering ecosystem service on intact 

floodplains needs particular attention. If water levels rise and one in 

100 year floods become more frequent, as is predicted under various 

climate change scenarios (Pfister et al., 2004), alteration of plant 

species composition and distribution may occur. The loss of dry 

grassland plant species, which lack the ability to acclimatise to wetter 

conditions (Jung et al., 2009) and lack a low-nutrient grassland 

habitat further from the river, due to farm intensification, and loss of 

dry grassland sciomyzid species are potential outcomes. In addition, 

locally rare species may no longer have their hydrological niche. If 

water levels drop, (potentially as a result of water extraction) then the 
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wetland plant and dipteran communities will be lost as a result of 

drought stress for wetland plants (Luo et al., 2008) or absence of 

prey for wetland diptera (Williams and Gormally, 2009). 

Both water abstraction and climate change pose potential threats to 

the future hydrological functioning of wetlands. Any alteration to the 

hydrological regime will affect plant and dipteran species 

distributions and community composition. Maintaining the 

hydrological functioning of these dynamic wetlands is crucial to 

preserving ecosystem services, traditional farming practices and 

plant biodiversity.  

5.7 Conclusions and recommendations  

It is the hydrological heterogeneity, both spatial and temporal, that is 

determining the ecological heterogeneity on the River Shannon 

Callows; with microtopography playing a vital role in promoting 

biodiversity. Second to hydrology, the traditional agricultural 

practices add further heterogeneity to the landscape. The 

topographical integrity, hydrological heterogeneity and low-nutrient 

status of these floodplains need to be maintained. In addition to 

maintaining species diversity, hydrological heterogeneity also 

provides a range of ecosystem processes, from protecting plant 

diversity in the upper reaches of the floodplain, to fen and swamp 

communities in the lower floodplain, the anaerobic soils of which 

sequester carbon (Díaz and Cabido, 2001, Hwang et al., 2009). The 

diversity of low-intensity farming practices also need to be 

maintained, given their role in conserving regional biodiversity and 

rare species has been highlighted both here and in other studies 

(Muller, 2002b, Ní Bhriain et al., 2002, Ní Bhriain et al., 2003, Ryder 

et al., 2005). Whereas modern hay harvesting techniques remove all 

biomass from a large area immediately, mowing on these traditional 

meadows involves separation of mowing and hay removal in space 

and time, thus benefitting biodiversity as some habitat (grass 

biomass) remains (Cizek et al., 2012). Within this floodplain the 

highest plant species richness and diversity occurs on meadows with 
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variable topography and extensive farming practices. Thus, ecological 

functioning is reliant on the hydrological integrity and low-intensity 

farming practices; hydrological functioning requires maintenance of 

the connectivity between the river channel and the wider landscape; 

while the agricultural functioning is dependent on the timing of 

floods, conservation management and weather conditions. All values 

are interdependent highlighting the need for collaborative 

management. 

Overall, temporal and spatial hydrological dynamics combined with a 

diversity of farming practices results in a complex ecological matrix 

with maintenance of the natural hydrological regime, crucial to 

maintaining ecosystem integrity. Furthermore, conservation advisors 

need to be aware of the importance of microtopography when 

advising land owners regarding appropriate land management 

practices for nature conservation. Maintaining the hydrological 

functioning of these dynamic wetlands is crucial to preserving 

ecosystem services, traditional farming practices and plant and 

dipteran diversity. There are still many research questions that need 

quantifying in order to fully understand these dynamic floodplains. 

There is a need to examine: 

• the water table variations throughout the year 

• the effect of prolonged pooling of water behind rises when 

floods have receded 

• the response of other invertebrate groups to hydrological and 

agricultural variables  

• how functional diversity (plant and invertebrate) varies across 

the floodplain  

• further, how different grazing practices  impact biodiversity 

• the effects of the regular seasonal flooding on ground-nesting 

bird populations in the long-term 

There is an immediate need for the scientific integration of 

management and policy to preserve the integrity of these valuable 

resources.  As close links exist between ecosystem functioning, 
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biodiversity and the provision of ecosystem services further research 

is necessary to fully understand these processes. Areas that need 

consideration for policy include:  

• Maintaining natural flood regime 

• Maintenance of low-nutrient status 

• Management for conservation of all taxonomic groups 

• Annual mowing for conservation of Annex habitats 

 The River Shannon floodplain is suitable for further research in 

many regards (Table 5.1).  

 

Table 5.1 Checklist of important factors in need of consideration 

when selecting and prioritising wetlands for conservation (after 

Keddy 2000) with emphasis on the suitability of the River Shannon 

Callows for further study.  

Factor Comment 
River Shannon Callow 
details 

Area 
 

 
Ecological values & functions 
increase with area 
 

Ca 5,700 ha, 

Naturalness 
 

 
Minimal alteration to natural 
patterns & processes 
 

Natural flood regime persists 
 

Representation 

 
Example of one or more 
important ecosystem types in 
Europe 
 

Excellent example of natural 
floodplain ecosystem 

Significance 

 
Relative global importance: 
rate of loss? 
 

One of the few examples in 
NW Europe 

Rare species  

 
Rare plants and diptera 
recorded to date 
 
 

Richness  
Higher plant species richness 
than in the surrounding 
agricultural landscape 

 
Productivity 

 
Good production of 
commercial species 

 
Acceptable production of 
commercial  

 
Hydrological 
functions 

 Essential for flood mitigation 
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Factor Comment 
River Shannon Callow 
details 

 

Social functions 
 

 
Excellent (fishing, boating & 
water sport facilities) 
 

Carrier functions  

 
Excellent carbon storage 
facility 
 

Food production 
 

 
Importance to agriculture &  
fisheries 
 

Special functions 
 
 

 

All SPA, International and 
national important bird 
species and populations 
 
 

Potential  
Restoration to recover lost 
values 

Plant community restoration 
necessary, grassland habitat. 
 

Prospects  

 
Very good. Ireland reducing 
nutrients, floodplain will 
persist, species can recover 
 

Corridors 
 
 

Connection to other protected 
areas, or a corridor? 
 

All Shannon is protected, 
callows are a direct corridor 
between Loughs Ree & Derg. 
Important for regional 
biodiversity 
 
 

Science function 
 
 
 
 

Published work on site? 
Potential for future research? 
Existing use by scientists? 
Existing research station? 
 

(Heery, 1991) 
(Hooijer, 1996) 
(van Helsdingen 1997) 
(Staunton et al., 2008) 
(Maher, 2013) 
 

Note: Factors listed in approximate order of importance (Keddy, 

2000). 
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Chapter 6. Appendices 

Appendix 2.1. Digitised flood models for each site 

 
Site 1. Lusmagh CoMeadow, CO. Offaly. 
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Site 2. Lusmagh Private, Co. Offaly. 
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Site 3. Bullock Island, Co. Offaly. 

 
Site 4. Moystown, Co. Offaly. 
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Site 5. Derryholmes, Co. Offaly. 
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Site 6. Kilaphort, Co. Offaly. 
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Site 7. Leitra, Co. Offaly. 
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Site 8. Mathers, Co Roscommon 
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Site 9. Drumlosh, Co Roscommon. 
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Site 10. Clonmacnoise, Co. Offaly. 
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Site 11. Curraghnaboll, Co. Roscommon. 
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Site 12. Carrickobreen 
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Appendix 3.1. Callow management questionnaire 

 

Site Number: ________________________ 

 Q. no.:_________ 

Date: ______________________________ 

Time (start):___________ 

Callow Name: 

__________________________________ 

 

Section 1: History, background & general 

information: 

 

1. a.  How many years have you been managing that meadow/strip 

of meadow? 

_______________________________________________

_______________________________________________

_______________________________________________ 

1. b. What size is your meadow/strip of meadow? 

_______________________________________________

______________________ 

1. c. What distance is the meadow from the farmyard/homestead? 

_______________________________________________

______________________ 

1. d.   When, if ever, was the meadow/strip of meadow first fenced 

(on a continuous basis)? 

_______________________________________________

_______________________________________________

______________________________________________ 
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1. e. How is it fenced? 

_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________ 

1. f. If it is not fenced now, was it ever fenced? 

___________________________________________

___________________________________________

___________________________________________ 

1. g. If it was once fenced, (but is no longer), when was this? 

_______________________________________________

_______________________________________________

______________________________________________ 

 

Co-meadow only: 

1. h.  How are the individual strips currently marked on your 

callow? 

_______________________________________________

_______________________________________________

___________________________________________ 

1. i. Are you aware of any old stone markers on the meadow 

marking the strips? 

_______________________________________________

_______________________________________________

______________________________________________ 

 

 

Section 2: Cutting on the meadows: 

 

2. a. Has your meadow/strip of meadow always been cut for hay? 

___________________________________________

__________________________ 
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2. b.  If it was not always cut for hay, then what was it previously 

used for? (e.g. grazing?)  

& when was it used for that? 

___________________________________________

_________________________ 

2. c.  What month do you usually cut hay? 

___________________________________________

_________________________ 

2. d. What is the earliest date you would cut hay? 

___________________________________________

__________________________ 

2. e.  What would be the latest date you would cut hay? 

_______________________________________________

______________________ 

2. f.  Has the meadow been left uncut in any years? 

___________________________________________

_________________________ 

2. g.  When was the last time it was left uncut?  And prior to 

that? 

___________________________________________

_________________________ 

2. h.  What would be the reason(s) for it to remain uncut?  

___________________________________________

_________________________ 

2. i.  After how many years of being left uncut would you notice a 

difference, if any, in the quality of the hay?  Explain. 

___________________________________________

_______________________________________________

_______________________________________________

_______________________________________________

________ 

2. j. In the absence of summer flooding what would be your ideal 

cutting date? Why? 
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___________________________________________

___________________________________________

___________________________________________ 

 

2. k.  What would be your ideal cutting date in a year following a 

late cut? Why? 

_______________________________________________

_______________________________________________

______________________________________________ 

2. l.  What would be your ideal cutting date in a year following no 

cut? Why? 

_______________________________________________

______________________________________________ 

 

2. m. Cutting date in 2006?  _______________ 

Cutting date in 2007?  _______________ 

Cutting date in 2008? _______________ 

Cutting date in 2009? _______________ 

Cutting date in 2010? _______________ 

 

2. n. Do you cut the hay yourself or use a contractor? 

_______________________________________________

_______________________________________________

_______________________________________________ 

2. o. What type of mower do you/ the contractor use? 

_______________________________________________

_______________________________________________

_______________________________________________ 

2. p. What type (round or square) of hay-bales do you make each 

year? 

_______________________________________________

_______________________________________________ 

2. q. How many bales do you make each year? 

 2006 _____________________________ 
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2007 _____________________________ 

2008 _____________________________ 

2009 _____________________________ 

2010 _____________________________ 

 

Co-meadow only: 

2. r. How is hay cut on the rest of the callow? 

_______________________________________________

_______________________________________________

____________________________________________ 

2. s. What type (round or square) of bales are made on the rest of 

the meadow? 

_______________________________________________

______________________________________________  

 

Section 3: Grazing: 

 

3. a.  Does after-grazing currently occur on the site? 

_______________________________ 

What time of year?  

_______________________________________________ 

Does it occur every year? 

_______________________________________________ 

_______________________________________________

_______________________________________________

___________________________________ 

 

3. b. If yes, has it always taken place in the past? When? How 

often? 

_______________________________________________

_______________________________________________

____________________________________________ 
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3. c.  If yes, what type of animals? What breed? How many? 

_______________________________________________

_______________________________________________

______________________________________________ 

3. d.  For how long (in weeks) are stock on the meadow? 

_______________________________________________

_______________________________________________

_____________________________________________ 

3. e.  If after-grazing takes place, are stock ever put out on the field 

when it is partially flooded? 

_______________________________________________

_______________________________________________

______________________________________________ 

3. f.  If no, has after-grazing ever taken place in the past? When? 

How often?  

What breed? How many? 

_______________________________________________

_______________________________________________

____________________________________________ 

3. g.  Does any grazing take place before hay cutting? i.e. spring 

grazing? When? For how long? 

_______________________________________________

_______________________________________________

__________________________________________ 

3. h. Is winter grazing ever carried out on the meadow? 

_______________________________________________

_______________________________________________

______________________________________________ 
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Section 4: Use of fertilizer: 

 

4. a. Is the field fertilized? 

_______________________________________________

______________________ 

4. b. If yes, when? How often (every 1/2/3/4/n years)? 

_______________________________________________

______________________ 

4. c.  If yes, how much fertilizer is used per hectare?  

_______________________________________________

_______________________________________________

______________________________________________ 

4.  d. If yes, what type of fertilizer used? ( FYM and/or slurry and/or 

commercial fertilizer) 

_______________________________________________

_______________________________________________

______________________________________________ 

4. e. If yes, what time of year was it applied? 

_______________________________________________

______________________________________________ 

4. f. If no, was it ever fertilized in the past?  When? 

_______________________________________________

_______________________________________________

____________________________________________ 

 

Co-meadow only: 

4. g. Has any of the rest of the meadow been fertilized? Any 

details? 

_______________________________________________

_______________________________________________

_______________________________________________ 
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Section 5: Weed control: 

 

5. a. Do you have a problem with weeds 

(docks/ragwort/meadowsweet) on your meadow? 

_______________________________________________

_______________________________________________

______________________________________________ 

5. b. If yes, how do you control these weeds? 

 ___________________________________________

___________________________________________

___________________________________________ 

 

Co-meadow only: 

5. c. Are weeds a problem on the rest of the meadow? If yes, what 

weed(s)? 

_______________________________________________

_______________________________________________

_______________________________________________ 

5. d. If yes, how are these weeds controlled? 

_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________ 

 

Section 6: Re-seeding: 

 

6. a.  Has the field ever been re-seeded?  

___________________________________________

_______________________________________________ 

6. b.  If yes, when was it last reseeded? 

___________________________________________

_______________________________________________ 

6. c.  If yes, with what seed mix? 
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_______________________________________________

_______________________________________________ 

 

Section 7: Drainage: 

 

7. a.  Has any attempt been made to drain that callow? If yes, when? 

______________________________________________

______________________________________________ 

7. b. Was that the only time the callow was drained? If no, when in 

the past was it drained? 

_______________________________________________

_______________________________________________

______________________________________________ 

7. c. What effect did drainage have on the callow? 

_______________________________________________

_______________________________________________

_______________________________________________ 

 

7. d. Has any attempt been made to clear the drainage ditches on 

your meadow? 

_______________________________________________

_______________________________________________

___________________________________________ 

7. e. By whom? Why? How often? 

_______________________________________________

_______________________________________________

____________________________________________ 

 

Co-meadow only: 

7. f. Has any attempt been made to clear ditches on the rest of the 

callow? 
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_______________________________________________

_______________________________________________

____________________________________________ 

7. g. By whom? Why? How often? 

_______________________________________________

_______________________________________________

____________________________________________ 

 

Section 8: Participation in Environmental 

schemes: 

 

8. a. Have you ever taken part in the Corncrake Grant Scheme? 

If so, what years? 

_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________

________ 

 

 1. What impact, if any, did participation in the scheme have on 

your farming practices on the meadow?  

_______________________________________________

_______________________________________________

_______________________________________________

______________________________________________ 

 2. What impact, if any, did it have on the meadow?? 

_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________

_ 
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3. What do you think about the changes (if any) that have taken 

place? 

_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________

______________________________________________ 

 

8. b.  Have you ever taken part in the Farm Plan Scheme? If so, 

what years? 

___________________________________________

__________________________ 

1. Which measure: corncrake or wet grassland? 

_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________

___________________ 

 2. What impact, if any, did participation in the scheme have on 

your farming practices on the meadow?  

 ___________________________________________

___________________________________________

___________________________________________

___________________________________________

___________________________________ 

 3. What impact, if any, did it have on the meadow? 

___________________________________________

_______________________________________________

_______________________________________________

_ 

4. What do you think about the changes (if any) that have 

taken place? 
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_______________________________________________

_______________________________________________

____ 

 

8. c. Have you ever take part in REPS? If so, what years? Which 

REPS? 

___________________________________________

_______________________________________________

_______________________________________________

_ 

 1. Were any measures relevant to the meadow? 

_______________________________________________

_______________________________________________

____________________________________________ 

 2. What impact, if any, did participation in the scheme have on 

your farming practices on the meadow?  

 ___________________________________________

___________________________________________

___________________________________________

______ 

 3. What impact, if any, did it have on the meadow?? 

___________________________________________

__

 ___________________________________________

__

 ___________________________________________

__ 

4. What do you think about the changes (if any) that have 

taken place? 

___________________________________________

_______________________________________________

_______________________________________________ 
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Section 9: Access: 

 

9. a. How accessible is the meadow to machinery? 

_______________________________________________

_______________________________________________

___________________________________________ 

 

9. b.  What size (horse-power?) machinery do you use on the 

meadow? 

_______________________________________________

_______________________________________________

___________________________________________ 

 

9. c  How long has that size machinery been used on the meadow? 

_______________________________________________

_______________________________________________

_________________________________________ 

 

Section 10: Other Farming issues: 

 

10. a. In your opinion what are the important issues regarding 

farming on the callows? 

_______________________________________________

____________________________ 

10. b. Other than flooding what issues are important? 

_______________________________________________

_______________________________________________

_______________________________________________

______ 

 

Finally, any comments, questions or suggestions? 

_______________________________________________

_______________________________________________
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_______________________________________________

_______________________________________________

_______________________________________________

_______________________________________________

________________________ Time (end):_______ 

 

Thank you very much for taking the time to answer 

these questions! 
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Appendix 3.2. List of Sites associated with each plant sub-

group 

 

Veg. Group 1  
sub-Groups 

Relevés 
recorded 
at Site No  

Veg. Group 2 
sub-Groups 

Relevés 
recorded 
at Site No  

Veg. Group 3 
sub-Groups 

Relevés 
recorded 
at Site No 

1a 1  2a 2  3a 2 

1a 1  2a 2  3a 6 

1a 1  2a 2  3a 6 

1a 1  2a 2  3a 6 

1a 1  2a 3  3a 6 

1a 2  2a 3  3a 7 

1a 2  2a 3  3a 7 

1a 2  2b 1  3a 7 

1a 6  2b 1  3a 7 

1a 6  2b 1  3a 7 

1a 6  2b 1  3a 7 

1a 6  2b 3  3a 7 

1b 1  2b 3  3a 10 

1b 1  2b 4  3a 11 

1b 1  2b 4  3a 11 

1b 10  2b 4  3a 11 

1b 10  2b 4  3a 12 

1b 10  2b 4  3a 12 

1b 10  2b 4  3a 12 

1b 10  2b 4  3a 12 

1b 10  2b 4  3b 2 

1b 10  2b 4  3b 6 

1b 10  2b 4  3b 6 

1c 1  2b 4  3b 6 

1c 1  2b 8  3b 7 

1c 1  2b 8  3b 7 

1c 1  2b 10  3b 7 

1c 5  2b 10  3b 7 

1c 5  2b 10  3b 7 

1c 5  2b 10  3b 7 

1c 5  2b 10  3b 11 

1c 8  2b 10  3b 11 

1c 8  2b 10  3b 12 

1c 8  2b 10  3b 12 

1c 8     3b 12 

1c 10     3b 12 

1c 10     3c 1 

1c 10     3c 1 

1c 10     3c 1 
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1c 10     3c 1 

1c 12     3c 2 

1c 12     3c 2 

1c 12     3c 4 

1c 12     3c 4 

      3c 6 

      3c 6 

      3c 6 

      3d 2 

      3d 2 

      3d 3 

      3d 4 

      3d 4 

      3d 4 

      3d 5 

      3d 5 

      3d 5 

      3d 5 

      3d 5 

      3d 9 

      3d 9 

      3d 9 

      3d 9 

      3d 9 
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Appendix 3.3. Plant species code and latin name 

 

 

Species code Species name 
Achil ptar Achillea ptarmica 
Agro capi Agrostis capillaris 
Agro stol Agrostis stolonifera 
Ange sylv Angelica sylvestris 
Anth odor Anthoxanthum odoratum 
Arrh ela Arrhenatherum elatius 
Aven pube Avenula pubescens 
Briz medi Briza media 
C el gr Carex elata group 
Calt palu Caltha palustris 
Card hirs Cardamine hirsuta 
Card prat Cardamine pratensis 
Carx nig Carex nigra 
Cent nigr Centaurea nigra 
Cera font Cerastium fontanum 
Cirs diss Cirsium dissectum 
Coma palu Comarum palustre 
Crep cap Crepis capillaris 
Crx dist Carex disticha 
Crx echi Carex echinata 
Crx flac Carex flacca 
Crx hirt Carex hirta 
Crx host Carex hostiana 
Crx pani Carex panicea 
Crx puli Carex pulicaris 
Crx vesi Carex vesicaria 
Cyno cris Cynosurus cristatus 
Dact glom Dactylis glomerata 
Dact incar Dactylorhiza incarnata 
Dant decu Danthonia decumbens 
Desc caes Deschampsia cespitosa 
Eleo palu Eleocharis palustris 
Elyt repe Elytrigia repens 
Epil pal Epilobium palustre 
Equi fluv Equisetum fluviatile 
Equi pal Equisetum palustre 
Erio angu Eriophorum angustifolium 
Euph arct Euphrasia arctica 
Fest loli X Schedonerous loliaceum 
Fest rubr Festuca rubra 



Maher, 2013 Chapter 6 Appendices 

198 

 

Fili ulma Filipendula ulmaria 
Gali palu Galium palustre 
Gali ulig Galium uliginosum 
Gali veru Galium verum 
Glyc fluv Glyceria fluvitans 
Glyc maxi Glyceria maxima 
Holc lana Holcus lanatus 
Hydr vulg Hydrocotyle vulgaris 
Hypo rad Hypochaeris radicata 
Iris pseu Iris pseudacorus 
Junc acut Juncus acutiflorus 
Junc arti Juncus articulatus 
Junc bufo Juncs bufonius 
Junc cong Juncus conglomeratus 
Junc effu Juncus effusus 
Junc infl Juncus inflexus 
Lath palu Lathyrus palustris 
Lath prat Lathyrus pratensis 
Loli perr Lolium perenne 
Lotu corn Lotus corniculatus 
Lysi nemo Lysimachia nemorum 
Lysi numm Lysimachia nummularia 
Lysi vulg Lysimachia vulgaris 
Lyth sali Lythrum salicaria 
Ment aqua Mentha aquatica 
Ment arv Mentha arvensis 
Moli caer Molinia caerulea 
Moss spp Moss spp 
Myo laxa Myosotis laxa 
Myos scor Myosotis scorpioides 
Myos secu Myosotis secunda 
Oena fist Oenanthe fistulosa 
Ophi vulg Ophiglossum vulgatum 
Parn palu Parnassia palustris 
Pedi palu Pedicularis palustris 
Pers amp Persicaria amphibia 
Phal arun Phalaris arundinacea 
Phl prat Phleum pratense 
Plan lanc Plantago lanceolata 
Poa triv Poa trivialis 
Poly vulg Polygala vulgaris 
Pote anse Potentilla anserina 
Pote erec Potentilla erecta 
Prun vulg Prunella vulgaris 
Ranu acri Ranunculus acris 
Ranu flam Ranunculus flammula 
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Ranu repe Ranunculus repens 
Rhin mino Rhinanthus minor 
Ror amph Rorippa amphibia 
Ror x anc Rorippa x anceps 
Rumx acet Rumex acetosa 
Rumx cong Rumex conglomeratus 
Rumx cris Rumex crispus 
Salx cine Salix cinerea 
Sched arun  Schedonorus arundinacea 
Sched prat Schedonorus pratensis 
Scor atum Scorzoneroides atumnalis 
Sene aqua Senecio aquaticus 
Sile fl cu Silene flos-cuculi 
Stel gram Stellaria graminea 
Stel palu Stellarial palustris 
Suc prat Succisa pratensis 
Tarax sp Taraxacum sp 
Thal flav Thalictrum flavum 
Trif prat Trifolium pratense 
Trif repe Trifolium repens 
Trig palu Triglochin palustris 
Vero scut Veronica scutellata 
Vero serp Veronica serpyllifolia 
Vici crac Vicia cracca 
Vici sepi Vicia sepium 
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Appendix 3.4. NMS ordination of co-meadows and private 

meadows. 
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Appendix 4.1. Dates for collections of diptera 

Collection dates for sweep netting on the River Shannon Callows, 
Ireland in spring, and summer of 2008. 

Collection Dates Distal Median Proximal  
 in 2008 Sweeps x 8 Sweeps x 8 Sweeps x 8 
29 April-05 May Wk1 Wk1 Wk1 
12-16 May Wk3 Wk3 Wk3 
26-30 May Wk5 Wk5 Wk5 
09-12 June Wk7 Wk7 Wk7 
23-26 June Wk9 Wk9 Wk9 
07-11 July Wk11 Wk11 Wk11 
21-25 July Wk13 Wk13 Wk13 
05-08 Aug Wk15 Wk15 Wk15 
18-22 Aug Wk17 Wk17 Wk17 
02-05 Sept Wk19 Wk19 Wk19 
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Appendix 4.2. Sciomyzid species hydrology, phenology 

and behaviour 

 
Mean annual hydroperiod (days) for each species of Sciomyzid collected 
on the River Shannon Callows, Ireland. Over-Winter = Over-wintering 
phase (after Berg et al. 1982). Generations (Gen.) per year: 1 = 
Univoltine, 3-5 = Multivoltine (after Berg et al. 1982). Body size: Small 
= 2.0-5.0 mm, Medium = 5.01-8.0 mm, Large = 8.01-12.0 mm 
(Rozkošný, 1987). Prey type: fw = freshwater, terr = terrestrial (after 
Knutson and Vala, 2002). A dash (-) indicates where data are unknown. 

Species 

Mean 
Hydroperi
od (days) 

Over-
Winter 

Gen. per 
year Body Size 

Prey 
Type 

Tetanocera 
hyalipennis 50.22 Pupae 3-5 Medium Fw 
Limnia 
unguicornis 50.28 

Larv>Pu
p 3-5 Medium terr 

Tetanocera elata 76.37 Pupae 3-5 Medium terr 
Pherbellia 
ventralis 112.64 Pupae 3-5 Small Fw 
Tetanocera 
arrogans 114.41 Pupae 3-5 Large Fw 
Pteromicra 
angustipennis 115.00 Pupae 1 Small Fw 
Psacadina 
verbekei 119.68 Adult - Medium Fw 
Hydromya 
dorsalis 123.71 Pupae 3-5 Medium Fw 
Pherbellia nana 124.19 Pupae 3-5 Small Fw 
Pherbina coryleti 124.72 Larvae 3-5 Large Fw 
Ilione albiseta 135.00 Larvae 1 Large Fw 
Pteromicra 
leucopeza 138.88 Pupae 1 Small fw 
Pherbellia 
cinerella 143.05 Pupae 3-5 Small terr 
Pherbellia 
schoenherri 146.32 Adult 3-5 Small Fw 
Tetanocera 
ferruginea 150.86 Pupae 3-5 Large Fw 
Pherbellia 
griseola 156.97 Pupae - Small Fw 
Tetanocera freyi 158.62 - 3-5 Medium - 
Pteromicra 
pectorosa 159.00 Pupae 1 Small Fw 
Colobaea 
distincta 163.26 Pupae 3-5 Small - 
Ilione lineata 164.26 Larv/Egg 1 Medium Fw 
Pherbellia argyra 176.77 Pupae 3-5 Small Fw 

 


