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Summary

Calcareous fens are wetlands that accumulate peat and have alkaline groundwater as their dominant hydrologic
input. This combination of environmental characteristics produces an unusual type of habitat and a large number
of rare and regionally important plant and invertebrate species are found within these fens. Groundwater
discharge to a fen is the critical factor controlling the ecology of a fen. An understanding of eco-hydrological
links is critical in the assessment of likely impacts on the wetland, which typically could arise from groundwater
abstraction, drainage or agricultural practice. The awareness of the significance of groundwater to fens was
increased with implementation of the EU Water Framework Directive, under which fens classify as groundwater
dependent terrestrial ecosystems (GDTE) and must be included in River Basin Management plans nationwide.

Wetland studies have a long history; however a quantitative assessment of eco-hydrological interactions within
them is difficult and hardly exists in Ireland. In this study a multidisciplinary approach was adopted and the eco-
hydrology of the fen of Pollardstown, Co. Kildare was examined. This investigation was focused at the fen
margin, where groundwater discharges from the surrounding aquifer as springs and seepages, and creates an
interesting habitat that combines a mixture of rare plants and animal species, many of which are protected under
the EU Habitats Directive.

The specific interest of the study was set on the conservation requirements of Vertigo geyeri snail and the habitat
it lives in. As such, the investigation was focused on selected areas of the fen margin where the snail was known
to occur and that were considered to be potentially threatened by a combination of natural and human-induced
factors. While the hydrological investigation of the fen margin included four selected study sites, the snail’s
microhabitat characterisation is based on a detailed investigation carried out at one selected site (Site A). The
observations lasted for three and half years and were undertaken between 2001 and 2005.

The snail’s preferred habitat was quantitatively defined in terms of micrometeorology and microhydrology and
revealed that the snail requires a consistently damp atmosphere with relative humidity varying between 80% -
95%, very small fluctuations in phreatic level (0-20 cm) with the mean of 10 cm below the ground surface and
soil moisture content within the moss substrate at 80% - 90% saturation levels. Soil water content was
established between 70% - 80% and the surface wetness level was found to be greatly affected by shading
vegetation. Micrometeorology was found to be uniform across the whole fen area and no major differences were
found between various locations on both southern and northern sides and the weather station placed on the fen.
The only exception was that incoming radiation was circa 50% less under the canopy than it was at the weather
station. In order to maintain the soil continuously wet and the phreatic level at a constant level at approximately
10 cm below ground level, water needs to be delivered at rates that are at least equal to the average summer
actual evapotranspiration rates and so the depletion driven by evapotranspiration is balanced by upward seepage.
This seepage rate was quantitatively estimated as a minimum of 2.5 mm/day.

Hydrological characteristics of the fen were studied through a water balance analysis. The total catchment area
was determined at 32.2 km” and the majority of that was located on the southern side of the fen. Meteorological
inputs were collected at the weather station established within the study site. The gross rainfall was recorded
between 750-850 mm/yr and potential evapotranspiration was estimated at 490-540 mm/yr. Actual
evapotranspiration for the fen area was calculated by application of a crop factor and was found in a range
between 547-595 mm/yr; while for the rest of the catchment it was 423-475 mm/yr. The higher
evapotranspiration found within the fen area reflects high transpiration rates within a densely vegetatéd fen site
in summer months. In total, hydrological inputs into the wetland were determined at ~ 11 x 10° m’/yr and
discharge from the fen was measured under the Hanged Man’s Arch Bridge in the range 8.6 to 11 x 10° m’/yr.
Further assessment of flows within the Milltown Feeder revealed that about 90 - 95% discharge from the Feeder
originatés from the southern part of the catchment.

vii
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Hydrochemical analysis of water at three indicative depths from selected piezometers located on the southern
and northern edges of the fen revealed different characteristics of water samples. Results suggest that water in
the deepest piezometers at the northern side of the fen is recharged locally, rather than coming from the southern
side. This conclusion is based on the relatively high concentrations of nutrients found at this location. In contrast,
lower nutrient loading found in the deepest screens at the southern side suggests that water at this depth is likely
to come from more distant parts of the catchment. This implies that groundwater pressures within the southern
part of the fen’s catchment will pose a risk mostly to the southern edge of the fen, whilst the northern fen margin
will be affected by activity in the local area.

Assessment of hydrographs from four intensively monitored sites around the fen margin, two on the south side
and two on the north confirmed these differences and showed varying in phase responses to rainfall. Data
suggest that water levels on the northern fen margin respond faster than water levels on the southern margin.
Groundwater flow was assessed at the margin of the fen, in the seepage zones, and suggests vertical specific
discharge rates ranging from ~0.001 — 0.004 m/day at the northern and south eastern fen margins. The most
elevated site (Site A) indicated a specific discharge one order of magnitude lower than at the other studied
locations. This site is of significance due to the presence of a large population of Vertigo geyeri sp. and also
because of its relatively high topographic elevation (2-3 m higher than the other studied sites) which makes it
most vulnerable to decreases in regional water levels. Seepage rates were estimated using permeabilities assessed
in situ. Field measurements suggest permeabilities of 1.19 x 10 m/s for peat and 1.21 x 10™ m/s for gravel. The
mean vertical permeabilities for assessed vertical profiles varied from 1.73 x 10" m/s to 5.44 x 10” m/s. Upward
seepage, although dominating at the marginal sites, was also found in a few discrete central locations, which
shows that this recharge mechanism may also occur in central parts of the fen. The stability of water levels was
observed to be dependent upon the amount of seepage delivered into the peat and this was shown to be
controlled by the hydraulic head in the underlying gravel strata.

While hydraulic head in the underlying gravels was found to be the primary controlling factor for distribution of
seepage and its rates, geomorphology of the fen margin was determined to be the second controlling factor. A
clay layer beneath the fen peat was found to be discontinuous and varying in depth and structure. The thickness
of the clay strata is greater at the northern side, which results in higher hydraulic pressure and artesian heads
occurring even upgradient from the fen margin. In places where the clay liner is absent, or thinner, flooding is
common.

The Vertigo geyeri snail acted as an indicator of the specific type of fen margin environment. Based on the
preferred microhabitat conditions established for the snail, it was determined that in order to maintain stable
water levels and within a fluctuation range acceptable to the snail (0-0.2 m bgl) at the specific site known as Site
A, the level of hydraulic head in the underlying gravel layer must be not less than 88.67 m OD in piezometer
SP31 located at the southern fen margin. This level was determined as a local critical water level necessary to
sustain wetness of the most elevated, southern part of the fen. Further comparison with hydraulic head levels
within the Curragh aquifer facilitated establishment of critical water levels for the regional scale as 91.20 m OD
and 88.92 m OD for monitoring boreholes MB29 and MB6 respectively (two monitoring boreholes within the
catchment of the southern fen margin). These critical water levels can be used as indicators for a potential threat
to the habitat of the snail. Mitigation threshold levels were established to be at 88.75 m OD at the fen margin in
piezometer SP31, 89.06 m OD in monitoring borehole MB6 (upgradient from the fen) and 91.44 m OD in MB29
at the top of the Curragh aquifer. These groundwater levels can be adopted as triggers for action when
groundwater levels approach critical levels. There is 2-month period, approximately, for preparation of an
adequate mitigation strategy for the southern snail site.
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| Chapter One: Introduction

I -1. Introduction

Wetlands are one of the most important ecosystems on Earth. Their unique ecological functions, on a global
scale, are being compared by scientists to those of tropical forests (Mitsch & Gosselink, 2000). They act as
natural treatment plants for polluted water, stabilisers of water supplies regulating floods and droughts, and
aquifer recharge areas (Heathwaite, 1995). They contribute to the stability of global levels of available nitrogen,
sulphur, methane and carbon dioxide causing a reduction of the greenhouse effect. They also provide unique
habitats hosting a wide variety of the rarest species of flora and fauna. No other type of ecosystem is as

important to millions of migratory birds, fish, amphibians, insects, plants and trees (Mitsch & Gosselink, 2000).

Wetlands are usually formed at the interface of terrestrial and aquatic ecosystems, but can also be found in
isolated locations where the source of the water is usually groundwater. The main features characterising
wetlands are:

o,

« The presence of standing water for some period during the growing season;

+» Unique soil conditions that differ from adjacent terrestrial habitats;

% Organisms, especially vegetation (hydrophytes), adapted to or tolerating saturated soil.

Multiple definitions of wetlands exist worldwide. A very generic definition of wetlands was established in 1971
during the Ramsar Convention (Mitsch & Gosselink, 2000) where wetlands were defined as ‘areas of marsh, fen,
peatland or water, whether natural or artificial, permanent or temporary, with water that is static or flowing,
fresh, brackish or salt, including areas of marine water, the depth of which at low tide does not exceed six
metres’. As the ecology of wetlands is the key element of wetland ecosystems, a definition by the US Army
Corps of Engineers and the US Environmental Protection Agency seems more appropriate, especially in a
context of eco-hydrological study, and this states that wetlands are ‘those areas that are inundated or saturated by
surface or groundwater at a frequency and duration sufficient to support, and that under normal circumstances do
support, a prevalence of vegetation typically adapted for life in saturated soil conditions’(US Army Corps of
Engineers, 1987).

Wetlands are found all over the world, from the polar regions to the tropics. It is assumed that wetlands cover
from 7 to 9 million km?® which is about 4 to 6 % of the land surface of the Earth (Mitsch & Gosselink, 2000).
750000 km” of wetlands has been registered with the Convention on Wetlands of International Importance
(Ramsar) as of 2000. This represents about 8 to 10% of the world’s total wetlands. In many regions wetlands are
deteriorating rapidly. The rate of that process on a global scale is unknown. Many wetlands were dried out
centuries ago and the practice is still ongoing in present times. It is assumed that we have probably lost as much
as 50% of the original wetland areas on Earth which emphasises the urgent need to end this trend. Losses of up
to 90% have been reported in Europe and New Zealand (Mitsch & Gosselink, 2000). Mechanisms such as
embanking a river, over exploitation of groundwater resources or building dams are only a few of the many

reasons why wetlands are deteriorating. Progressive draining policy for agriculture and forestry, mosquito



control, feeling for residential and development or waste disposal, mining, as well as excessive harvesting, sea
wall construction and coastal development are common practices all over the world, and contribute to
widespread and fast wetland loss. Apart from the above mentioned factors, pollution from agricultural and
industrial sources can increase levels of nutrients, pesticides or heavy metals and seriously impair ecological
processes. Most wetland habitats are extremely vulnerable, with many threatened fish, amphibians and other

species.

With regard to wetland types; numerous classes have been defined, and these depend on selection criteria
adopted in the classification process. While a more extensive description of wetland classification concepts is
provided in an Addendum to this volume, at the most basic level wetlands can be differentiated based on either
hydrological or ecological qualities (also referred to as gradients). Within hydrological concepts, three most
prominent criteria include soil substrate, hydrochemistry and hydromorphological settings; although the
hydrochemical gradient (which gives rise to differentiation between bogs and fens) seems most commonly used.
From the biological perspective, features that can impact upon wetland’s ecological characteristics are soil base
richness and soil fertility. Chemical characteristics of the subsoil and the amount of available nutrients are in fact
strongly dependent on the water recharge mechanism; however, these ecological classes do not consider
hydrological input and wetlands are assessed based on their floristic and faunal properties. This is important to
remember in an impact assessment process as a different classification will give rise to a different
characterisation of pressures. For a detailed description of different wetland types refer to the Addendum to this

volume.

All wetlands, by definition, depend on water supply and form only in places where a positive water balance is
achieved. Water, then, plays a critical role in sustaining a wetland’s integrity. Wetland hydrology affects species
composition and richness, its productivity and the build up of peat. Small changes in hydrology can result in
significant biotic changes, which means that wetlands are inherently sensitive to manipulation of their water

supply and water levels (Heathwaite, 1995, 2005, Grootjans et al., 1996, Baird and Wilby, 1999).

I-2. Wetland Conservation: Current Legislative Instruments

Because of their fast diminishing rates and high ecological, economical and social values, wetlands are broadly
recognised as endangered habitats which have to be preserved for future generations, and therefore they are often
protected through national and international designations and legislations. Within the European Union, wetland’s
unique habitats are protected by E.U. Habitats Directive 92/43/EEC, which was implemented into Irish
legislation in 1997 (S.I. No. 94 of 1997). This legislation protects uncommon and endangered habitats and rare
species whose habitats must be protected. Sites protected under the E.U. Habitats Directive are given the
designation of a Special Area of Conservation and are automatically included in the Natura 2000 network. Other
relevant legislations are: the Wildlife Act 1976 and its amendment of 2000, which provides for the conservation
of plants, animals and wildlife habitats of importance in Ireland; and the E.U. Birds Directive (79/409/EEC)
which protects rare bird species, also often found on wetlands. Wetlands that are of the highest ecological
importance can also be listed in The Ramsar List of Wetlands of International Importance, which gives
worldwide sites of greatest significance. The Ramsar Convention requires signatory governments to designate

and conserve wetlands that are considered as particularly good examples of a specific type of wetland,
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characteristic of its region. The convention notes the presence of rare, vulnerable, endemic or endangered plants
or animals as a factor in determining international importance. Natural habitats which are representative
examples of natural European heritage, scientific research and exchange of information can also be given a
designation of Biogenetic Reserves, which is offered by the Council of Europe (E.U.). In all the above
legislation, a criterion for designating and protecting given sites is based on biotic composition of their
ecosystems. This can be either a singular plant or an animal species or an unusual mix of plants creating an
extraordinary habitat on which the existence of other rare species depends. However, with the continuous
increase of human pressure on wetlands, which results from stable economic growth, the perception of
conservation underwent evaluation in recent years. It is now accepted that wetlands have to be protected on both
component and ecosystem levels, where both biotic and abiotic components that are required to sustain habitats
must be cared for. In response, wetlands that are dependent on groundwater and surface water as the primary
hydrological input (fens, floodplain marshes and meadows), have been included in a framework of an integrated
water resource management (IWRM). In principle, IWRM is an approach to find a balance between the
protection of natural resources for their long term sustainability and the utilisation of the benefits and services
provided by them in order to meet social and economic development imperatives. The core component of IWRM
is the catchment area (River Basin), which is a physical unit within which water resources are managed. River
Basin Management (RBM) focuses on all water bodies (ground and surface) within a given catchment area and
attention is given to the relationship between these elements. The RBM approach has been adopted by E.U.
legislation called the Water Framework Directive (WFD; 2000/60/EC).

1-2.1. Position of Wetlands within the Water Framework Directive

The WFD is a framework for the comprehensive management of water resources in the European Union, within
a common approach and with common objectives, principles and basic measures. It addresses inland surface
waters, estuarine and coastal waters and groundwater. The fundamental objective of the Water Framework
Directive aims at maintaining the ‘high status’ of waters where it exists, preventing any deterioration in the
existing status of waters and achieving at least ‘good status’ in relation to all waters by 2015. Member States
have to ensure that a coordinated approach is adopted for the achievement of the objectives of the WFD and for

the implementation of programmes of measures for this purpose (www.wfdireland.ie).

In order to fulfil its aims the WFD defines a number of objectives, one of which (Article 1a) is to establish a
framework for the protection of inland surface waters, transitional waters, coastal waters and groundwater. This
will prevent further deterioration, protect and enhance the status of aquatic ecosystems and, with regard to their
water needs, terrestrial ecosystems and wetlands directly dependent on aquatic ecosystems. According to Article
S, each RBD shall be characterised in the way by which all pressures are identified and possible impacts
assessed. The Water Framework Directive does not set independent ecological objectives for wetlands other than
where wetlands are part of surface water bodies; however it:

a) Sets groundwater objectives that include obligations towards the wetlands ecosystem;

b) Identifies the use of wetland functions (water purification) as a possible means of achieving the

Directive’s objectives.



The most important WFD provisions in relation to wetlands are:

= Obligations to surface waters, which will apply to those open water wetlands which are identified as
water bodies (Article 4.1[a]i) and belong to either rivers, lakes, transitional waters or coastal waters.

= Obligations to prevent more than very minor anthropogenic disturbance to the hydromorphological
condition of surface water bodies of high ecological status. The hydromorphological quality elements of
a surface water body include the structure and condition of riparian, lakeshore or inter tidal zones, and
hence the condition of any wetland located in this zone. (Article 4.1[a]i; Annex V 1.2).

= Obligation to protect, enhance and restore wetlands identified as water bodies, where this is necessary
to support the achievement of (Article 4.1[a]i & ii; Article 4.5):

a) Good ecological status or good ecological potential;
b) Good surface water chemical status;
c) A less stringent objective.

*  Obligations towards wetlands that are not individual water bodies, but part of a riparian zone. Member
states are required under Article 11.3(i) to establish measures to control and mitigate modifications to
the structure and conditions of these zones, including that of any wetland they contain, to the extent
required to ensure that the hydromorphological conditions of the water bodies are consistent with the
required ecological status or ecological potential.

= Obligations to achieve good groundwater status (Article 4.1 [b] i& ii; Annex V 2.1.2 and 2.3.2) and to
reverse any significant and sustained upward trends in the concentration of any pollutant in
groundwater in order to progressively reduce pollution in groundwater (Article 4.1 [b] iii). Member
states must, among other things, control and remediate anthropogenic alterations to groundwater quality
and water levels to the extent needed to ensure that such alterations are not causing, and will not cause:
a) significant damage to terrestrial ecosystems that directly depend on bodies of groundwater; and b)
significant diminution in the chemical and ecological quality of bodies of surface water associated with
bodies of groundwater. This also includes an obligation to ensure that dependent surface waters achieve
their environmental objectives under Article 4, so far as these depend on groundwater quality and
quantity. Fens and marshes, which are dependent on groundwater to maintain their characteristic
structure and function, may fall within the category of a dependent terrestrial ecosystem.

Obligations to protect and restore areas registered as special areas of conservation (Natura 2000 sites)
under the Habitats Directive (92/43/EEC) and special protection areas under the Birds Directive
(79/271/EEC).

The E.U. Common Implementation Strategy for the WFD (2000/60/EC) Wetland Horizontal Guidance was
created to provide information about how to understand WFD requirements with respect to wetlands and how to
identify the role of wetlands in the implementation of the directive (CIS, 2003). It also provides best practice

recommendations for actions in order to meet the legal obligations stated in WFD.

In the view of the WFD, fens as groundwater dependent ecosystems shall be included in river basin management
plans with the aim of protecting and maintaining the hydrological and ecological integrity of these ecosystems.
In order to do so, a firm understanding of wetland hydrology in relation to groundwater bodies (aquifers) is vital

as well as hydroecological links between ecology and hydrological regimes within the wetland ecosystem itself.



Knowledge of the site’s ecological sensitivity allows identifying all possible pressures on the wetland ecosystem
which shall be integrated into the water resource management plans to prevent any potential ecological hazards

to the protected habitats.

Because of the relatively recent implementation of WFD, such an approach is new in environmental science and
results are not yet widely discussed. The majority of studies that have been reported on the hydroecology of
wetland ecosystems focus on the relationship between local ecology (in terms of specific species of plants or
animals) and their requirements with regard to the proximity of water level, water availability or water
chemistry, which gives a fairly good understanding of some wetland habitats; however, there is little published
work that would relate ecological status of fen ecosystems to the regional groundwater regime on which they

depend.

I -3. Wetland Eco-hydrology

For years wetland studies have been conducted by ecologists, botanists, hydrologists, limnologists, etc., many of
whom were interested in the structure, function and biota of different types. In recent years, more and more work
has been done in an attempt to relate hydrology to ecology (or vice versa) which is commonly named as a study
of eco-hydrology. Eco-hydrology is considered a relatively new discipline, and its importance has been
strengthened with the implementation of the integrated river basin management concept promoted by the E.U.
Water Framework Directive. From the hydrological perspective, eco-hydrology overlaps the scientific fields of
hydrology and ecology, and analyses impacts that changes in hydrology may have on ecology (Kundzewicz,
2002). It aims at a better understanding of hydrological factors determining the natural development of wet
ecosystems, especially in regard to their functional values for natural protection and restoration (Hannah ez al.,
2004). As a discipline analysing functional interrelations between hydrology and biota on a catchment scale
(Zalewski, 2000), eco-hydrology is often studied in the context of water resource management, risk assessment
and biological conservation, particularity in terms of the need to assess ecosystem responses to natural and

anthropogenically induced pollution and water stress (Hannah ez al., 2004).

I-3.1. Eco-hydrological and Hydro-ecological Models

A list of studies that have contributed to the subject includes works by Boyer e7 al. (1989), van Wirdum (1991),
Bernaldez er al. (1993), Wheeler and Shaw (1995a), Grootjans ez al. (1996; 2005), Wheeler (1999), Baird and
Wilby (1999), Johnson (2000) and others. In countries where water management practices are extensive, such as
in the Netherlands or the UK, studies on eco-hydrological relationships within wetland ecosystems have an
especially long history and scientific output. One of the most comprehensive reviews on eco-hydrology of
wetlands is that by Grootjans er al. (1996) who, in their paper, reviewed the early stages of research science
which developed in the Netherlands in response to the increased degradation of water controlled ecosystems
caused by mainly anthropogenic and socio-economical factors. The concept of hydro-ecology that emerged at

this stage demonstrates that the ecology of a given site is expressed based on a fertility gradient' (i.e. reflected

! For information about hydrological and ecological gradients refer to the Addendum to this volume.
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by diversity of flora and fauna) and is conditioned by the local soil/water relationship (i.e. the local hydrological
regime) and this is controlled externally by hydrological gradients (i.e. the regional hydrological regime, the
water supply mechanism). This model, called a hierarchical approach, focuses on biotic receptors and has been
widely acknowledged and is still valid and applied. It promotes a concept of understanding the physical
functioning of ecosystems to protect them against increasing socio economic pressures. So the major focus on
eco-hydrological studies has been aimed at so called ‘positional and conditional factors’ (Grootjans et al., 1996)
such as controlling water levels, which in fact leads to the integration of hydrological and ecological gradients
within a wetland system, looking for a firm relationship between the two approaches. This approach stimulated
works on water chemistry within ecological gradients and species distribution as a reflection of hydrological
gradients. These works aimed at developing models in which hydrological data could be used for the prediction

of responses of wetland vegetation and possibly be used to regenerate some already damaged sites.

Further correlation between the plant species composition (ecological receptors) and distribution with geo-
hydrological data, (i.e. upwelling and calcidity of the groundwater in deep aquifers, its interactions with phreatic
aquifers and the incidence of flooding with surface water) led to the formation of a landscape model where
ecological zonation was related to geological information and suggested patterns of discharge from different
bodies of groundwater. The model was found to have wide application in the Netherlands; however, attention
was drawn to the fact that some calcareous deposits present in the subsoil may also lead to high water calcidity
on a very local scale, and this could cause interpretation to be misleading. At the same time, other studies,
including that by Wheeler and Shaw (1995a), and Wheeler (1999), questioned the applicability of plants as
indicators of the hydrological regime, which is a basis for the landscape model. Considerable amplitude of
tolerance to changing water levels presented by numerous wetland species, and plant responses to water
conditions controlled by proximity of other species, soil fertility and vegetation management are major factors
restricting the credibility of plants as precise hydrological indicators. Only when hydrological regimes change
significantly, i.e. water level falls are large, these are considered to be the most probable causes for changes in
vegetation. It is worth stating here that lack of responses in vegetation patterns should not be treated as a lack of
evidence of any ecological change in the studied habitat but may just reflect the inadequate sensitivity of the

receptor.

In recent times, with increasing wetland degradation, more emphasis is given to impact definition and
assessment of wetlands, and this is specifically driven by the E.U. Water Framework Directive. Under the WFD,
some wetlands are recognised as part of water resources (Groundwater Dependent Terrestrial Ecosystems) and
protection is given to a wetland in tandem with a groundwater or surface body of water that it depends on. As
eco-hydrological (hydro-ecological) links are obvious, these need to be firmly defined to offer optimum
protection, and this requires systematic assessment guidelines and management protocols (conceptual models of
different ecosystems). These guidelines need to address both receptors and stressors but also must define
potential distribution pathways for impacts. No firm model exists so far for Ireland, but work is progressing

under the auspices of the EPA. The results of this project will feed into this model.

In Great Britain, Wheeler and his team (Wheeler and Shaw, 2001; Wheeler et al,, 2004) have developed two
systematic eco-hydrological classification models in recent years. Firstly, the WETMEC model was developed in

2001 (Wheeler and Shaw, 2001) and was based on both hydrological and ecological inputs. This classification



combined the following aspects: landscape settings, water supply mechanisms, topography, base status and
fertility. Although this classification reveals a better understanding of links between the hydrology and ecology
of different wetland sites, it did not include information regarding the impact upon water regimes and therefore
was not broadly accepted. However, the following document entitled Ecohydrological Guidelines for Lowland
Wetland Plant Communities developed by Wheeler ez al. in 2004 provided comprehensive information on
hydrological requirements for selected freshwater wetland communities. Acknowledging the efforts of many
studies undertaken in wetland hydro-ecology and understanding the complexity of wetland ecosystems, this
report ‘does not provide definite and absolute figures but indicates a broad range of hydrological regimes that
gives rise to specific vegetation communities’. These guidelines distinguished between three wetland classes of
communities which are: lowland wet grassland, fen/mire and ditch/swamp, and, when applicable, these classes
were linked with NVC? classifications. Based on scientific research, these guidelines provide generic
information on the hydrological requirements of a plant community that can be applied broadly at any site. The
output is such that three ranges of water depth (with regards to the ground surface level) are given; one that is
preferred by the local community, one that is tolerable throughout a certain period of time and one that is beyond
tolerable limits. Where possible, the maximum, minimum, and mean water table is specified and the cumulative
duration of flooding is given. Data are grouped according to seasons. The guidelines also include information
about typical water supply mechanisms (conceptual model), expected topography and typical nutrient
characteristics. Information regarding characteristic species and communities’ vulnerability is also given, with a
view to proper management and conservation. Such guidelines are very powerful management tools, combining
comprehensive research efforts and professional experience over the years. Unfortunately, not all communities

are described in such comprehensive terms. Fen communities were not detailed by Wheeler ez al..

Outside Europe, an interesting approach was proposed by Euliss et al. (2004), who developed a complex model
including and interlinking both abiotic and biotic elements, called the Wetland Continuum Concept. The model
is an extension of hydrochemical classification gradient, but it further translates the hydrological settings into a
biotic environment explaining environmental transitions on a habitat level. Although the concept was developed
for the prairie pathole region in North America, its clarity in presenting the internal complexity of wetland
ecosystems is worth noting and perhaps adopting for a wider range of wetlands. The Wetland Continuum model
is based on two dimensional gradients, with groundwater and atmospheric water constituting the horizontal and
vertical axes respectively. This allows positioning a wetland on both axes of the continuum, depending on its
hydromorphological settings and then predicting potential biological responses, Figure I-1. The model provides a
framework useful in the organisation and interpretation of biological data from wetlands by incorporating the
dynamic changes these systems undergo as a result of normal climatic variation, rather than placing them into
static categories common to many wetland classification systems, as described in the previous section. This takes
into account changes in soil characteristics, nutrient and mineral availability and water hydrochemical
composition which change from time to time and depend on specific hydrologic conditions. Thus, the beginning
and end points on the groundwater axis represent wetlands that function hydrologically to recharge groundwater

(recharge wetlands) and those that receive groundwater discharge (discharge wetlands) respectively. Wetlands

% All natural, semi-natural and major artificial habitats in Britain and Ireland are systemised using Rodwell’s NVC (National Vegetation
Communities), (Rodwell, 1991-1995) classification. This is a comprehensive and systematic account of the vegetation types of the UK
(Haslam, 2003). The system provides descriptions of around 400 named plant communities, with details of their characteristic species
composition and structure. Relationships with habitat factors are discussed, and the natural influences of climate, geology and soils, and the
impact of man on the appearance and distribution of vegetation types is also examined.
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that both recharge groundwater and receive groundwater discharge are termed ‘flow through’ wetlands. The
proportion of groundwater discharge versus water loss to recharge strongly influences the hydrochemistry of
flow through wetlands. Although the physical location of wetlands does not change, its relationship to
groundwater does change on a seasonal and inter annual basis. The vertical axis in the continuum concept
reflects the dynamics of atmospheric water input which responds to the climatic variability, and specifically
precipitation — evapotranspiration ratio. The end points on this axis range from extremely dry to extremely wet.
At any given time, the relative location of a wetland on this axis determines the potential condition of the
biological community. However, the position of a wetland on the atmospheric axis is constrained by the position
along the groundwater axis, and hence both axes of the wetland continuum must be considered simultaneously
to interpret observed biological associations correctly. This system allows the prediction of biological conditions
at any point in time and it also allows for seasonal changes in biological associations in response to changes in
climatic conditions. Eulliss e al. (2004) have shown that these biological changes occur within floral as well as
within faunal communities such as those of aquatic invertebrates and wetland birds. While the continuum
concept, as driven by hydrological controls, may be considered as a very useful classification idea from the risk
assessment perspective, the question is how to separate the different classes. Lack of well defined boundaries
and lack of time dependency built into the drought deluge scale are obvious drawbacks with this classification

system.

Purely ecological models also exist. The most common is the Ellenberg Moisture Value Numbers (1974), known
also as the Ellenberg Wetness Index (F) which provides an indication of water levels associated with particular
plant species (Wheeler ez al., 1995a, 1999). This index allocates an indicator of moisture value from 1 to 12 to
some 2000 species of vascular plants, where 1 reflects dry soil and 12 fully inundated. This was first developed
for western and central Europe (1974) and was further adapted for British and Irish Flora by Hill et al. (1999).
The problem with using the Ellenberg Wetness Index is that the system was originally developed for grasslands;
therefore most fen species may occur in a very narrow range of 8-9 on the scale. This implies that the method
may not be sensitive enough to represent ongoing trends, especially when working on groups rather than single

species which may have higher tolerance of water changes.
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Figure I-1 Euliss’s concept of wetland continuum (from Eulliss et al., 2004). a) Wetlands located on the lefi on
the groundwater axis recharge into groundwater but do not receive any groundwater discharge. On the right of
that axis are wetlands for which the main water source comes from the groundwater. These wetlands do not
recharge any groundwater. The climatic condition axis varies from drought to deluge conditions and represent
different atmospheric water inputs. Plant communities on the above figure were systemised to reflect four
different discrete points along both groundwater and climatic axes. b) General pattern of plant community
variation in wetlands along the spatial and temporal gradients of the wetland continuum.



I -4. Review of Eco-hydrological Research

The most commonly studied aspects in eco-hydrological studies include changes in water levels, fluctuation
ranges and comparison between rainfall, surface water and groundwater contributions to the overall water
balance, including its hydrochemical implications. These characteristics are believed to induce changes in plant
and animal species’ communities and cause shifts in habitat characteristics within the wetland ecosystem.
Moving water in either the form of springs or run off streams delivers more chemicals than still water. When
water is moving or seeping, soil, vegetation and living microorganisms are exposed to it, which allows the plants
to absorb nutrients. Spring fed wetlands have a relatively constant inflow and outflow of water. As they do not
accumulate water, water seeps through at a constant (or seasonal) rate. Any difference in the rate at which water
flows through a wetland will significantly affect the effective soil minerotrophy. In highly soligenous (flowing)
fens, water moves rapidly through the acrotelm, causing a large influx in nutrients across root uptake zones. It
may also bring oxygenated water into the root zone. If the recharge mechanism is changed, and this results in a
reduction of nutrient rich groundwater being supplied to the wetland surface, the wetland with time becomes
dependent on rainfall. Then more acidophilic vegetation can invade. If rainfall does not provide enough water to
sustain waterlogged conditions, the lack of water can lead to the drying out of a wetland, a decrease in
productivity of fen vegetation, intrusion of grasses and ultimately transformation into a grass fen. Fen peat soil,
when dried and exposed to the air, mineralises, oxidises and having negligible ash content, vanishes. This
highlights the importance of a hydrological balance within wetland ecosystems to sustain unchanged habitat

existence and also imposes a need for advanced wetland management systems.

The effects of drainage on wetland ecology have been extensively studied in the literature (e.g. Bernaldez et al.,
1993; Harding, 1993; Hudges and Heathwaite, 1995; Grootjans ez al., 1996; Gowing et al., 1998; Haslam, 2003;
Grootjans et al., 2005) and all conclude that unless a hydrological regime is managed, habitat changes will occur.
These changes can sometimes be irreversible, even when hydrology was returned to its original state. For
example, extensive groundwater extraction and subsequent declining water tables in Central Spain have been
recognised as major causes of impacts on a number of wetland ecosystems in the area, and effects varied
depending on the wetland’s relationship with an underlying aquifer. Groundwater extraction at a rate of 3.5
I/sec/km’ in the Douro basin in the early 1950s and during the period 1970-1987 caused the average annual
decline, ranging from between 0.9-1.2m/yr. As a result, the habitat loss in early 1990 reached astonishing rates
which ranged from between 39%-82.2%, depending on the habitat type. Accompanying processes such as
increased nitrification due to mineralisation of unstable organic matter in the new moisture regime, soil
desiccation, wind erosion, soil salinisation have been proven to dictate changes in botanical successions and
subsequent habitat transformations. Also Hudges and Heathwaite (1995) strongly stress the permanent alteration
of the substrate structure that results from uncontrolled drainage. The increased rate of organic decomposition
that accompanies a reduced water table results in primary consolidation followed by shrinkage, secondary
compression and finally wastage of the upper layers in the wetland. These processes are believed to be
irreversible and as such lead also to irreversible changes in a wetland’s ecology and its ability to buffer against
external influences such as changing rainfall patterns. As a result, drainage reduces the stability of a wetland so
that it becomes more sensitive to external pressures. Furthermore, drier conditions induce vegetation pattern
shifts toward more aeration tolerant and deeper rooting species, which in turn causes increased

evapotranspiration losses and this augments hydrological changes on water balance.
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Groundwater abstraction in a nearby borehole and dredging of drainage channels have been found to cause
significant degradation of Redgrave and Lopham Fens in East Anglia between 1959 and 1991 (Harding, 1993).
Declining water levels resulted in the following change processes being identified: alteration of the competitive
balance of the community dominants; changes in environmental conditions required by individual species; an
increase in site fertility, an increase in scrub cover on the fen; and a change from groundwater to rain fed
hydrology. The importance of the stability of water levels in view of sustainability of species composition was
also discussed by Grootjans ez al. (1996, 2005), who emphasised that a small lowering of the water table can
lead to dramatic changes in species composition and impact on soil mineralisation and water chemistry.
However, increasing water levels resulting from land use changes - for instance harvesting forest - can also be
undesirable as some wetland species such as Howellia aquatis require wetlands to dry up seasonally in their
annual cycle (Reeves and Woessner, 2004). This shows that regional water management is vital to control stable

ecological conditions within wetland habitats.

The second, parallel to the change in the hydrological regime, cause for a change in wetland ecology (i.e.
diversity of plants and animals) has been attributed to changes in nutrient budgets which could be triggered
either by hydrological gradients (i.e. changes in distribution of groundwater vs. precipitation in water budgets) or
possibly by external modification of the groundwater and surface water chemical signatures in response to
agricultural fertilisation. Changing land use on the wetland’s surroundings may often affect the chemical status
of both surface runoff and groundwater, which may possibly discharge into wetland. Considering the high
sensitivity of wetland ecology to nutrient availability, this alteration of the hydrochemical regime may have a
significant implication on species richness in given habitats. Nutrient availability is specifically of high
importance in fens (Heathwaite et al., 1995; Pauli e al., 2002, Haslam, 2003) as it controls ecological gradients
and can lead to changes to a habitat. Pauli ez al. (2002) examined such influences on calcareous fen meadows of
low productivity in Switzerland. Simulating atmospheric nitrogen deposition by adding nitrogen fertilisers and
the influx of combination of nutrients by adding a nutrient mixture containing phosphorus, potassium and
nitrogen over a two year experiment resulted in significant increases in plant biomass and an increase in the
number of generalist species, suggesting that species composition and richness would change over longer periods
if eutrophication persisted. These results demonstrated that both atmospheric nitrogen deposition and the influx

of a mixture of nutrients can drastically change the characteristics of fen meadows.

In recent times, more attention has been given to new external stressors. Weltzin et al. (2003) investigated an
effect of climate change, reflected in changing air temperature and shallow water table regimes on bogs and fens
in northern Minnesota, USA. This research examined plant community responses to soil warming and drying
using infrared warming and modifying the water table regime at the same time. The study revealed that in fens,
changes in plant cover were driven primarily by changes in the water table, and responses were species specific.
Increasing water table elevations increased the cover of grass as well as moss. In contrast a decrease of water
table elevation increased shrub cover. The response of grasses and shrubs to the water table treatments illustrated
apparently different thresholds of response to water table elevation for these life forms and suggest that depths
greater than 10cm are most conducive to shrubs and that a water table shallower that 10cm is more favourable to
grasses. This contradicts the findings of a similar study carried out by Kotowski e al. (2001) who investigated

the effects of water table depth and differences in light intensity on the performances of four specific fen species,
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namely Carex curta, Viola palustris, Hydrocotyle vulgaris and Poa trivialis. The study proved that for all species
light availability had a larger effect on biomass production than differences in the water level. It further suggests
that the occurrence of fen species in the landscape is directly related to the availability of light, whereas the
relationship between fen species’ occurrence and hydrological conditions seems to be an indirect one. This
shows that although water availability is crucial for existence of wetland habitats, other environmental conditions
are important and it is a combination of factors that govern habitat transitions. Intensity and rapidity of these
changes is likely to vary between different sites, even though these can belong to the same wetland types. As
such, the emphasis is on site specific assessments as generalisation may not be possible or not be sensitive

enough adequately to cover the impact on all sites.

In summary, wetland studies have a long history and the majority stress that wetland ecology is very sensitive to
external pressures and specifically to the water regime. These pressures can also easily induce internal stressing
factors, for example changes in soil chemistry in response to a changing hydrological regime. Some
contradicting opinions suggest, however, that sensitivity of receptors to certain triggers can vary depending on

environmental settings and can be more important at one site than at others.

Within an Irish context, published works on eco-hydrology are rare, although studies on turloughs and fens are
ongoing. Works on wetland hydrology are available but the majority of them have been focussed on raised bogs,

mainly investigating their degradation related to the nationwide harvesting of peat.

I -5. Measuring Eco-hydrological Links: Challenges and Obstacles

Given the complexity of wetlands on both a community and species level, assessing an eco-hydrological
wetland’s health is a multifarious task and studies by many, including Lloyd ez al. (1995), Wheeler et al. (1995
a&b), Ertsen et al. (1995), Toner & Keddy (1997), Wierda et al. (1997), Keddy (2000), Pezeshi, (2001),
Porporato et al. (2002), Reeves et al. (2004), McCartney et al. (2004), Rodriguez-Iturbe & Porporato (2004),
Niemi & McDonald (2004), often proved inconclusive or contradictory. Although much effort has been put in to
quantitative analysis, authors stress that since observations usually refer to a small range of wetlands and over
short periods, results are very site specific and only general trends can be distinguished on a bigger scale. There
are still many uncertainties regarding the best quantitative measuring approaches. Water level availability can
affect vegetation in many different ways depending on various characteristics such as magnitude, duration,
frequency, and periodicity; and it still is not clear which of these parameters is the most important for plant
distribution. As previously stated, groundwater levels not only regulate the water supply but also the availability
of nutrients (Wierda er al, 1997). Okruszko (1995) identifies transformations that peat soils undergo after
dehydration, such as secondary humification, compactness, disintegration, and chemical changes in soil fertility.
These changes and their effects on plant distribution are very difficult to quantify and not well understood. Some
researchers concentrate their efforts on specific plant species (Kennedy ez al., 2003), which gives a very good
understanding of physiology and response mechanisms of specific plants. It is difficult to say, however, which
parameters are more significant for assessing the environmental health of habitats. If we use single species as
indicators, their spatial distribution is clearly defined; on the other hand, some species have wide ecological

tolerances and can survive long periods in conditions outside their preferred habitat (Cladium mariscus for



example which is usually found in very wet conditions; however, studies have shown that it is able to withstand
water levels at 72 cm below ground level (Wheeler er al, 1995a). Vegetation communities, which in turn
represent plant associations, also usually have a very narrow ecological tolerance. The disadvantage of using
associations is that, with increasing anthropogenic pressures, they are losing their characteristics and sometimes
it is difficult to define a vegetation community. Nevertheless, Wierda (1997) found a better correlation with
hydrological regimes on a community level than on a species level. He also concluded that vegetation
distribution is mainly determined by the highest water table and the fluctuation of the water table during the
vegetation period. Plants used as indicator species for specific habitats should demonstrate that their occurrence
and abundance indicates a clear relationship to a specific water level. Wheeler (1995a) recognises three groups
of fen species: principal, affiliated and accidental. The principal species are acknowledged as the best indicators,
as they are particular and sometimes exclusive to fens. A good example of a principal fen species is Schoenus
nigricans (black bog rush). Affiliated species occur widely in fens, however may also be found in dryer habitats.
Accidental species occur rarely on fens and are usually associated with other habitats. The last two groups

should not be used as indicator species.

Animals are also studied in the context of environmental change assessment; however, they are rarely ever used
explicitly as ecohydrological indicators. For animals, factors controlling habitat selection are food availability
and the presence of safe land for breeding. Depending on the species, different parameters would be therefore
considered; for example, insects will be sensitive to changing vegetation patterns not only as a food source but
also as hibernation sites, and more specifically soil moisture, may be important to larvae development.
Amphibians may rely more on water levels as they use water gathered in hollows for laying eggs and for their
tadpoles. Birds may be sensitive to changing vegetation patterns as a food source (both plants, and insects that
rely on plants) and as breeding sites. Many reported works on specific wetland species describe responses to
habitat change on a taxonomic basis rather than on an ecological basis (Rossell & Rossell, 1999; Paillisson J., et
al., 2002; Jansen & Healey, 2003). For example Jansen and Healey (2003) looked into frog communities in
relation to floodplain wetland conditions that were undergoing intense grazing. The study proved that
overgrazing of a wetland has a serious impact on wetland quality, particularly on vegetation but also on water
quality which had a serious impact on frog communities. Some of the species are, however, more sensitive to
hydrological regimes than others and may be indicative of specific hydrological conditions. Paillisson et al.
(2002), for example, concentrated his interests on trends in water birds’ occurrence in relation to water regimes,

concluding that the species studied lived within range of their preferred habitats.



I -6. Wetland Risk Assessment Framework

The high sensitivity of wetland to small environmental changes has been well defined by others. Therefore, in
order to protect these habitats, the sensitivity of these ecosystems to different pressures must be well understood
and quantified. Identification of these pressures ultimately leads to ecological risk assessment. By definition, risk
is a product of the probability that an ecosystem suffers damage from exposure to some eco-environmental
hazard (Equation I-1) and the damage thus caused. Ecological risk assessment (ERA) is a quantitative evaluation
of the risk, and its aim is to provide scientific information for planning so that environmental damage can be
minimised. Ecological risks have two important characteristics: damage and uncertainty (Xu et al., 2004). Risks
have the potential to cause long term and even irreversible damage to the environment, which may affect the
quality of life both of people and other living species. Stochastic and possibly cumulative risks are difficult to

forecast, hence the uncertainty.

Equation I-1
where: R —risk
P — probability of an event

D — possible damage arising from an event

Ecological risk assessment has been developed as an environmental management concept with a view to natural
resource protection and biodiversity conservation. Up until recently risk assessment was focused on the biology
of particular species and population receptors. However, since the nature of living ecosystems is dynamic and
they have complex structures with a sophisticated hierarchy which may lead to knock on effects on other
components, it has been now accepted that ERA shall evaluate the risk on both ecosystems and on its
component’s scales as well as the magnitude of the likely damage; nevertheless, very little work has been so far
published on this approach (Lemly, 1996; Xu et al., 2004). The concept of an ecosystem approach is that abiotic
and biotic components that determine the structural and functional characteristics of wetlands are inseparable.
Each of these components should be identified, and their contribution to ecosystem functions determined in
order to assess whether the stressor is a risk to the sustainability of a given wetland. An understanding of
external and internal factors regulating the functioning of a wetland is critical for risk characterisation.
Determining the links between these factors and how they influence the way ‘stressors’ affects wetlands is the
basis for an ecosystem approach. Consideration of all components such as ecology, hydrology, geomorphology
and soils can greatly reduce the uncertainty associated with risk assessment and lead to more effective risk

management.

1-6.1. Source — Pathway — Receptor Concept

The Source — Pathway — Receptor (S-P-R) framework has been broadly accepted in hydrogeological risk

assessment and is a technique to define pressures and targets and links between them, as suggested in the above



ecosystem approach. Most common pressures on groundwater and further groundwater dependent terrestrial
ecosystems of wetlands are: groundwater abstraction, drainage and groundwater pollution from diffuse or point
sources. These pressures impact upon the state of groundwater body, causing a reduction in the groundwater
heads, affecting flow rates, changing flow patterns and the deteriorating quality of the groundwater in aquifers.
In hydrogeological risk assessment, groundwater and the groundwater body as a whole is usually considered as a
target in itself. But in the case of wetlands, the groundwater aquifer, and more precisely the groundwater flow is
a pathway through which the effects resulting from pressure are propagated and passed on to wetlands
ecosystems causing environmental damage. Therefore there are two elements within the S-P-R wetland

framework that are sensitive to these pressures; firstly the pathway and secondly the receptor.

The sensitivity of the first of the two elements is very much controlled by the physical properties of the aquifer,
which further controls groundwater flow rates and impact transmission. The intrinsic properties of the medium
will have an important bearing on flow patterns and rates and thus a good understanding of the local geology in a
spatial sense becomes vital when evaluating the vulnerability of the aquifer. For example, superficial aquifers
which usually have higher permeability than bedrock aquifers have higher a potential to propagate impacts
across the aquifer in relatively short periods. Nevertheless, preferential flow paths found in karstified bedrocks
usually have even higher flow velocities than superficial deposits and their largely unknown flow paths (which
are difficult to detect) give rise to many uncertainties which again induce high sensitivity of the pathway
element. Large aquifers with long pathways, long residence time and significant storativities will be less
sensitive to drainage and abstractions than small aquifers; nevertheless, the distance between stressor and target

is important.

Every ecological receptor (e.g. wetland, selected protected species) has it own vulnerability to certain impacts. It
is very important to define the receptor precisely, as in systems as complex as wetlands are, different species of
fauna and flora have different levels of tolerance to change. Therefore, firm definitions and criteria are needed to
evaluate the sensitivity of a receptor. The sensitivity of a receptor is likely to be correlated to the size of a
receptor, but in the case of a plant species will depend on its ability to adapt physiologically. The most sensitive

receptors are often used as early warning indicators, which will be discussed in more detail in 1-6.3.

To conclude; when assessing risks to wetland groundwater dependent ecosystems, a broad picture of this system,
including these variable elements which define a wetland, and their accessibility to impact shall also be

considered. Only then, when impact transferring mechanisms are known, will a risk evaluation be valid.

1-6.2. Risk Sssessment Procedures

The Convention on Wetlands (Ramsar, 1971) drew a conceptual framework for wetland risk assessment, which
was adopted during the 7" meeting of the Conference of the Contracting Parties in San José, Costa Rica, in May
1999. This framework provides guidelines on how to predict and assess change in the ecological character of
wetland and promotes the usefulness of early warning systems. The Wetland Risk Assessment Framework is
presented as an integral component of the management planning process for wetlands (Ramsar Convention,

1999). To ensure the appropriate application of early warning indicators (systems), it is necessary that selecting,
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assessing, analysing and basing decisions on indicator responses are structured in an assessment framework. A

basic model for wetland risk assessment consists of 6 steps- Figure 1-2:

1. Identification of a problem identifies the nature of the problem and defines the objectives and
scope of, and provides the foundation for risk assessment. In general it identifies a source of

impact, possible receptors and possible pathways of an impact.

2. Identification of adverse effects evaluates the extent of possible impact on a wetland. This
information should be derived from field studies and cover quantitative field experiments and

qualitative observational data.

3. Identification of the extent of the problem shall consider known previous behaviour of the
wetland with reference to a given impact. Historical information based on other studies providing
information about pathways of impact and reaction with an ecosystem, field and laboratory
experiments and modelling are used for complimentary characterisation of the probable extent of

an impact.

4. ldentification of the risk consists of the integration of the assessment of likely effects and its
level of adverse ecological change on wetland. Often, GIS techniques are used in characterising the
risk. In this approach. various assessments are overlaid onto a map of the region of interest in order

to link possible effects and identify problematic areas of impact.

5. Risk management and risk reduction is a final, decision making process utilising achieved
information and understanding of a system with an attempt to minimise the risk without
compromising other societal, community or environmental values. The risk management considers
all possible aspects; including political, social, economic, and technical as well as other benefits
and the limitations of risk reducing actions. It requires communication between experts in different

disciplines.

6. Monitoring is an action taken to verify the effectiveness of the risk management decisions. It
should incorporate components that function as a reliable early warning system, detecting the
failure or poor performance of risk management decisions prior to the onset of serious
environmental harm. Effective monitoring is necessary for the evaluation of a risk assessment and
managerial action. The choice of end points to measure in the monitoring process is critical. A
further GIS based approach is a useful technique for wetland risk assessment as it incorporates

spatial dimensions.
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Figure I-2 Elements of Wetland Risk Assessment Process, Ramsar Convention, 1999

1-6.3. Early Warning Indicators

The concept of early warning indicators is such that the effects of an impact can be detected and taken as a
precursor of an actual environmental change. Such early warning indicators do not necessarily provide evidence
of large scale environmental degradation; they provide an opportunity to determine whether intervention or
further investigation is required. Early warning indicators, therefore, can be defined as the measurable biological,
physical or chemical responses to a particular stress, preceding the occurrence of potentially significant adverse

effects on the system of interest.
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The choice of early warning indicators shall be preceded by careful analysis of an issue of concern, and
determining the environmental value to be protected. Measurement of an ecosystem’s ‘surrogates’ is usually
required to determine the effect upon the ecosystem as a whole. Typically, these surrogates are communities or
assemblies of organisms; or habitat’s species indicators where these were closely liked to ecosystem level
effects. When selecting an ecological indicator, it is necessary to consider different types of possible effects
(such as biological, chemical and physical) on the ecosystem. It is therefore advisable to select such indicators
that will be susceptible to all of these three components. Ideal attributes of early indicators are (Ramsar
Convention, 1999):

= Anticipatory — it should occur at the levels of organisation, either biological or physical, that provide an
indication of degradation, or some form of adverse effect, before serious environmental harm has
occurred;

= Sensitive - in detecting potentially significant impacts prior to them occurring, an early warning
indicator should be sensitive to low levels, or early stages of the problem;

*  Diagnostic - it should be sufficiently specific to a problem to increase confidence in identifying the
cause of an effect;

*  Broadly acceptable - it should predict the potential impact from a broad range of problems;

*  Correlated to actual environmental effects and ecological relevance - an understanding that continued
exposure to the problem, and hence continued manifestation of the response, would usually or often
lead to significant environmental (ecosystem-level) adverse effects;

*  Timely and cost effective - it should provide information quickly enough to initiate effective
management action prior to a significant environmental impact being felt, and be sufficiently
inexpensive to measure while providing the maximum amount of information per unit of effort;

*  Regionally or nationally relevant - it should be relevant to the ecosystem being assessed,

*  Socially relevant - it should be of obvious value to, and observable by, stakeholders or predictive of a
measure that is socially relevant;

*  Easy to measure - it should be possible to measure using a standard procedure with known reliability
and low measurement margin of error;

*  Constant in space and time - it should be capable of detecting small changes, and of clearly
distinguishing a response that is caused by some anthropogenic source and not by natural factors as part
of the natural background (that is, high signal to noise ratio);

*  Non-destructive - measurement of the indicator should be non-destructive to the ecosystem being

assessed.

The importance of these attributes cannot be over emphasised, since any assessment of actual or potential
changes in ecological character will only be as effective as the indicators chosen to assess them. However, an
early warning indicator possessing all of the ideal attributes cannot exist, as in many cases some of the attributes

will conflict, or will simply not be identifiable.

Inclusion of early warning indicators in a monitoring programme implies a protective management approach;
that is, intervention before real and important ecosystem level changes have occurred. Intervention in response to

changes in an early warning indicator, therefore, occurs at a conservatively specified threshold trigger value.



The most powerful impact assessment programmes will generally be those that include two types of indicator,
namely those associated with early warning of change and those closely associated with ecosystem level effects.
The ‘ecosystem-level’ type indicator might include ecologically important populations (e.g. indicator species) or
habitat, or communities of organisms that serve as suitable ecosystem ‘surrogates’. With both types of indicators
measured in a monitoring programme, information provided by ‘ecosystem level’ indicators may then be used to

assess the ecological importance of any change observed in an early detection indicator.

I-7. Study Overview

1-7.1. Reason for the Study

Fen margins are considered to be very rich and biologically diverse ecosystems. Complexity of groundwater
delivery to these sites through complicated systems of springs and seepages, although hydrologically difficult to
describe, is acknowledged by the presence of many semi aquatic species of wetland plants, which flourish along
the edge of a wetland supporting a plentiful variety of fauna (O’Connell, 1987; Otte, 2003). These species often
include rare and protected types of animals, which are restricted to these ecosystems only. The availability of
minerals and nutrients being delivered with groundwater fluxes is what makes margins of fens favourable
habitats for many alkaline water loving species (Porporato et al., 2002). Usually the supply of alkaline
groundwater takes place all year round; however, discharge rates and seepage areas vary seasonally depending
on groundwater heads. These are jeopardised by local abstractions, dewatering and drainage, decreased recharge
due to climatic change or alteration in catchment structure. Hydrological controls of these habitats have not been
widely examined as yet, especially not in a quantitative manner. It is, however, accepted that water supply is the
key for sustainability of these habitats. Hydrogeology and its relationship to ecology in this kind of environment

are believed to be site specific. There is no published information on fen margin hydrology in Ireland.

Pollardstown Fen is the largest calcareous, spring fed fen in Ireland, and has been designated a Special Area of
Conservation under the EU Habitats Directive and a European Council Biogenetic Reserve. Three habitats listed
in Annex 1 of the EU Habitats Directive occur in the area: alkaline fen, calcareous fen and petrifying springs
with tufa’ formation. Annex II of the Habitats Directive lists species whose habitat must be protected and these
include a number of species from Pollardstown Fen of which Geyeri’s whorl snail (Vertigo geyeri), Des
Moulin’s whorl snail (Vertigo moulinsiana) and the narrow mounted whorl snail (Vertigo angustior) are known

to be rare and declining species in Europe.

Ecological monitoring of the fen has been carried on since 1994, although the site had already gained the
attention of scientists in 1976, when it was included in the list of Areas of Scientific Interest in Kildare (WYG

Ltd, 2004). 1t was 1994 when, following the EU Habitats Directive obligations, Pollardstown Fen was selected

* Tufa formation is associated with hard water springs, where groundwater which is rich in calcium bicarbonate comes to the surface. On
contact with the air, carbon dioxide is lost from the water and a hard deposit of calcium carbonate (tufa) is formed; Ca(HCO;), (ag) — CO,
(g) + H,O (/) + CaCO; (). These conditions occur most often in areas underlain by limestone or other calcareous rocks. Tufa is white or
cream in colour and forms on plant stems or between moss patches. The deposit may be quite solid and crunchy or be present in the form of a
soft coat on the ground surface.
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for inclusion in the Special Area of Conservation list. Hydrological monitoring began in 1997 and was initiated

to facilitate ecological monitoring.

More intensive monitoring of the fen was initiated in 2001 as a result of the construction of the Kildare town
bypass, a new road scheme proposed approximately 3.5 km southwest of the site. The reasons for monitoring
originated from an unusual design proposal, which suggested building the road in a 4.5 km long deep cutting, 3.5
km of which was below the water table. Because of this cutting, 5.5 million gallons of water would have been
lost per day from the Curragh aquifer — an extensive gravel plain of an area of more than 200 km” with discharge
into, among others, Pollardstown Fen. The first plan of the road was proposed in 1982 and the E.L.S. was
completed in 1993. This was objected to particularly regarding dewatering, which was necessary for the duration
of the road construction project. The proposed design caused a vigorous public debate about how the road would
affect nearby sites like Pollardstown fen, whose ecology was believed to be highly dependent on the water
supply from the Curragh aquifer; however, specifics of the ecosystems’ dynamics and eco-hydrological links
were not well defined at the time. Disagreement over the design and possible environmental impacts were heard
by the Minister of the Environment (1996) who ordered the road to be raised by 2 metres (which was still below
the water table). This did not satisfy objectors (e.g. An Taisce) and the case was brought to the EU council,
which ordered a halt to construction until a full hydrological investigation was completed. Numerous
hydrogeological investigations were conducted and a numerical groundwater flow model was designed by
Rushton (Entec, 1999). The assessment concluded that any loss of water to the fen could be replaced with
artificial recharge /.e. pumping water back into the aquifer, so that it would then flow to the fen. This proposal
was again rejected and construction was postponed until an agreement was reached between interested parties
(the county council, hydrogeologists and ecologists) with regard to a new design for the road. Kildare County
Council proposed tanking' underneath the road, protecting the regional flow patterns but requiring temporary
dewatering within short sections of the road during construction. A full monitoring and assessment of possible
ecological impacts on the Curragh aquifer and adjusted locations including Pollardstown Fen was ordered. This
consisted of several components including hydrological modelling, monitoring at the regional scale, a ‘fen
interface study’ (designed to describe the connection between the local and regional water systems), and detailed
hydrological and ecological monitoring of relevant snail sites within the fen (K.T. Cullen, 2001). This thesis
results from this order. Specifically, this project was initiated to observe and analyse the eco-hydrological regime

of the fen margins.

1-7.2. Aims, Objectives and Originality of this Work

This project was designed to study hydrological conditions existing within the fen margin and to define how this
hydrological regime controls a specific habitat typical to the fen’s margin only. This habitat specifically refers to
seepage zones, where many protected species and habitats listed in the EU Habitats Directive tend to occur.
Following the Environmental Risk Assessment framework, the project focuses on assessment of the margin’s
ecological sensitivity to changes in hydrological regime. The sensitivity of this environment will be studied

using an early warning indicator species of snail Vertigo geyeri. Knowledge of the wetland’s sensitivity to

* Tanking involves placing an impermeable liner underneath the road in a cutting and maintaining local water levels above the road level by
means of control drains. Such design allows the post-construction water levels to rise above the pre-construction summer levels but not the
original winter water levels, i.e. there will be some long-term dewatering during winter periods.
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changes in hydrological regime is a vital element in wetland management practices and can be used to comply

with objectives of the Water Framework Directive. This project aims, therefore, to enhance knowledge and

understanding of these relationships and specifically to find out the following:

)

2)

How the relevant changes in the water regime of the fen margin are transferred to the apparent

operational environment of critical habitats and species?

What are the regional aquifer conditions that sustain the water regime of the fen margin as

required by critical habitats and species?

The critical habitat was defined as the suitable environmental conditions for the existence of the mollusc species

Vertigo geyeri, listed in Annex II of the Habitats Directive. The snail was chosen as an indicator species due to

its very small size (1-2 mm) and limited movement abilities, which infers that the species is very sensitive to

environmental change and will quickly reflect undesirable trends. The stability of the habitat that the mollusc

lives in is of high importance for the survival of the species. The hydrological controls of the snail habitat are

unknown at present, although humidity is considered to be an important factor.

Although extensive dewatering of the aquifer due to construction of the Kildare bypass was ongoing while this

study was carried out, assessment of the effects of dewatering was not the aim of this research.

In order to address the research questions, work was focussed on the following three specific objectives:

)

2)

3)

Firstly, the work focussed on developing a comprehensive understanding of the workings of
the Pollardstown fen ecosystem and its relationship with regional hydrogeology. Emphasis was
put on quantitative flow analysis, flow directions, interface with the Curragh aquifer and
different mechanisms of discharge (springs and seepage zones). This facilitated building a
conceptual model about how the groundwater is being discharged into the fen margins. Water

balance analysis was employed to quantitatively assess all hydrological inputs and outputs.

Secondly, the microhabitat of the indicator species Vertigo geyeri in terms of
micrometeorology, microtopography and microhydrology was studied in order to establish the

key local elements controlling the presence of the indicator species on site.

The third objective was to establish hydrological controlling factors for the sustainability of the
habitat in which the indicator species lives. These controlling factors were established on both
local and regional scales. This allowed assessing sensitivity of this habitat to changes in

regional hydrogeology i.e. potential anthropogenic pressures.
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The originality of this work lies in the following:

a)

b)

¢)

d)

Fen’s margin microhabitats have not been studied on a similar scale before and this study
provides new information about the micrometerological and microhydrological conditions of

this environment.

Quantitative information on Vertigo geyeri’s preferred habitat was not available before this
study was initiated, and provides the first description of microhydrological and
micrometerological conditions that the species requires for living. Specific emphasis was

placed on the hydrological regime that supports the snail habitat; and this was achieved.

Also, taking into account the complexity of wetland ecosystems, and the physical difficulties
restricting measurements, quantitative hydrological regime analyses are not very common at a
similar scale to this study is. In this study, in total 46 observation points were monitored and
the comprehensive groundwater flow regime was determined. Detailed survey of springs and
seepages provides in-depth documentation on Pollardstown Fen’s hydrological inputs.
Employment of a weather station within the fen site allowed precise measurement of climatic
conditions and subsequently estimation of evapotranspiration losses within a fen wetland. This
improves understanding of Pollardstown Fen’s hydrology and provides more information for

general wetland studies.

The final outcome of the project is that critical groundwater levels controlling the existence of
the species at the fen margin were defined locally and translated into regional trigger levels.
These define minimum groundwater levels within the Curragh aquifer that are required to
sustain the fen margin in its optimum state of conservation. This is valuable information for
further management of groundwater resources in the Curragh aquifer, specifically in light of

the Water Framework Directive.
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I -8. Structure of the Thesis

Because of the complexity of this project and extremely wide range of data that were collected during the
project, the thesis was structured into six chapters, which hopefully will make it easy for the reader to follow.
This chapter is an introduction to the project and focuses on theoretical background about wetlands and wetland
eco-hydrology, legislation and risk assessment. The second chapter summarises the geographical, geological and
hydrological features of the study area and introduces the investigation sites including the instrumentation. A
review of the literature concerning the Vertigo family is also provided to introduce the reader to the indicator
species. Chapters three and four focus on experimental aspects of the work and summarise the results of the
research that refers to the first two objectives stated above. Hence, chapter three describes the hydrogeology of
the fen from the view of its regional settings and chapter four describes the microhabitat of the snail Vertigo
geyeri. Quantitative analyses are followed by presentation of a conceptual model of the groundwater discharge
mechanism at the fen margin and micro meteorological and hydrological requirements for the preferred snail
habitat. Chapter five fulfils the third objective of the study and presents the hydrological conditions that control
the snail’s presence within the fen margin. These local controlling factors were translated into the regional
picture and so are available on two levels. The sixth and final chapter provides the summary and the synthesis of

the project. Recommendations are included.
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I1 Chapter Two: Pollardstown Fen: Hydrology, Geology
and Ecology

The ecology of Pollardstown Fen depends on groundwater supply from the Curragh aquifer, which constitutes
the largest gravel aquifer in Ireland and for its large area and high yields it is recognised in the country as
‘regionally important’ (Hayes ez al., 2001). During the Pleistocene period, a series of glacial retreats resulted in
current Irish geomorphology, particularly the Curragh glacial outwash plain. A short geological description of

the region is a necessary precursor to an understanding of the characteristics of Pollardstown Fen.

Il - 1. Regional Settings: Physiology, Geology and Hydrogeology

T1-121. Introduction

County Kildare is an inland county of 1,688 km” located in the east of Ireland between 275 494 E and 215 390 E
and 268 653 N and 222 058 N. It is bounded on the south by County Carlow, to the west by counties Laois and
Offaly and to the east by counties Dublin and Wicklow. Meath bounds Kildare to the north. The county is
dominated by low lying and flat topography. Approximately two thirds of the county is less than 100 m OD. The
county may be divided into three main physiographic regions, which are presented in Figure II-1:

*  The Plainlands occupy the central and southern plains, the west central lowlands and the northwest
boglands. The plain of central and southern Kildare varies from very flat to strongly undulating. The
west central lowlands are characterised by raised bogland, which was formed after the last glaciation.
This region is drained by the River Barrow and its tributaries. Elevation in this area varies from 60 m
to 100 m OD.

* The East Kildare uplands — these uplands occupy a narrow strip which runs along the
Kildare/Wicklow county boundary to the southeast of Kill and host the highest point in the Kildare
region, which is 349 m OD.

*  The Chair of Kildare and the Newtown Hills comprise a ridge of low hills trending northeast-
southwest between Kildare and Rathangan. Redhills, the most southerly of the hills, rises to a height
in excess of 138 m OD. Dunmurray Hill, immediately to the north of Redhills, reaches 234 m OD and
Grange Hill (known as Chair of Kildare) reaches 226 m OD. These three hills are separated from the
Hill of Allen (202 m OD) by almost 3 km of lower plain (92 m OD).

Pollardstown Fen lies on the northern edge of the central Curragh Plain, which is the dominant landscape

surrounding Kildare town. The Curragh Plain will be described in more detail in a later section.
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II-1.2.  Geological Settings

The bedrock geology of Kildare County is discussed in the GSI publication ‘Geology of Kildare — Wicklow’,
(McConnell et al., 1994). The bedrock geology in the region can be divided into four groups based on
lithological variation (Figure 11-2):

1. Lower Palaeozoic slates, volcanic rocks and Old Red Sandstone formations.

2. Silurian rocks.

3. Tullon Granite Pluton.

4

Carboniferous limestone.

Carboniferous Limestone
DPBL - Dinantian Pure Bedded

Limestones

DPUL - Dinantian Pure Unbedded
Limestones

DUIL - Dinantian Upper Impure
Limestones

DESSL - Dinantian early Shales,
Sandstones and Limestones

DLIL — Dinantian Lower Impure
Limestones

Lower Palaeozoic rocks
OM - Ordovician
Metasediments
OV - Ordovician Volcanics
CM — Cambrian
Metasediments

Silurian sediments
and Volcanics
SMV - Silurian

Metasediments and
Volcanics

Granite and other Igneous
Intrusive rocks

Gll-  Granites and other Igneous
Intrusive rocks

Figure II-2 Bedrock geology map of Kildare County. Not to scale. Source: www.gsi.ie

The oldest rock units in the area are Cambrian Metasediments, Ordovician Volcanics and Ordovician
Metasediments which were deposited in the Lower Palaeozoic. These rocks outcrop in the northeast trending line
of hills, from Hill of Allen to Grange Hill and to Dunmurry Hill (Chair of Kildare). The northwestern margin of
this inlier (known also as Kildare Inlier) is a fault, lying against Carboniferous limestone and the southern

margin is an unconformity with overlying Old Sandstone conglomerates and other sandstone. Old Red
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Sandstones are Devonian sediments, which were deposited following the uplift and partial erosion of the Lower
Palaeozoic rocks. Lower Palaeozoic rocks are also found in the southeastern part of the county (Silurian
Metasediments and Volcanics), which consist mainly of greywacke and shale and were deposited primarily as
turbidities. Granite and other igneous rock intrusions originated during the Devonian period, Caledonian
orogeny, and are found mainly on the southern edge of the county. These rocks are part of the Wicklow

Mountains chain.

The land subsidence that occurred during the Carboniferous Period in the Upper Palaeozic led to extensive
ingress of seawater into lower ground and this resulted in an accumulation of marine sediment comprising
intertidal laminated mud and sand. The type of sediment being accumulated was dictated by the depth of the sea
in a given location, and so progressive subsidence caused shallow water sediments to be deposited below the
deep water marine sediments. These deposits are currently broadly described as Carboniferous limestone and
large numbers of different formations have been identified. Based on the 1:100,000 scale bedrock geology map
(GSI, Sheet 16), dominant rock units close to the study area are the Rickardstown Formation (RK), Waulsortian
Limestone (WA) and the Boston Hill Formation (BN), Figure 1I-3. All formations were formed during the

Chadian-Arundian age and belong to the Lower Carboniferous, Dinantian systems.

The Rickardstown limestone is cherty; often dolomitised limestone and the GSI distinguished two distinct
horizons in this formation. The lower is notably varied and includes thin interbedded units of nodular crinoidal,
cherty micrite and fossiliferous shale. The upper part consists mainly of rather uniform, moderately dark grey,
fine grained dolomite with abundant chert. The Waulsortian Limestone is massive unbedded fine-grained
limestone which consist mainly of pale grey biomicrite. Boston Hill Limestones consists mainly of uniform,
thick successions of nodular and diffusely bedded, argillaceous fossiliferous limestone and thin shale. The
Boston Hill Formation includes major units of very distinctive, laminated fine limestone, which distinguish this

formation from the Ballysteen Formation.

The area around Kildare, especially in a northwestern direction, is extensively cut with faults running
predominantly in northwest-southeast direction. Pollardstown Fen lies between two such faults, one located

approximately 1.5 km northeast and the second some 2.5 km southwest of the study area.

With respect to regional Quaternary history; this was mapped by the Geological Survey of Ireland, Teagasc and
the EPA (www.gsi.ie). The following main types of subsoil were identified in the region: till (boulder clay); sand
and gravel; till with gravel; alluvium and peat. Spatial regional distribution of these sediments can be seen in
Figures 1I-4 — II-5. Generally, the majority of the county is covered with superficial deposits of till. Till, often
described as boulder clay, is a diverse material, which is deposited sub glacially and has a wide range of
characteristics, due to the variety of parent materials and the different processes of deposition. The majority of
tills in Kildare county are derived from limestone bedrock, but some deposits derived from sandstone and shale
are also present. Sand and gravel are deposited usually when glaciers melt. Large volumes of meltwater have
high energy levels and cause extensive surface erosion. With the flow of meltwater, large quantities of eroded

materials are transported and deposited on the bottom or dropped at the front of the glacier.
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DPUL - Dinantian Pure Unbeded Limestone
DPBL -Dinantian Pure Bedded Limestones

DLIL - Dinantian Lower Impure Limestones

SMV - Silurian metasediments and volcanics

DESSL - Dinantian Early Sandstones, Shales &
Limestones

DS - Dinantian Sandstone

DORS - Devonian Old Red Sandstones

OM - Ordovician Metasediments

CM — Cambrian Metasediments

OV - Ordovician Volcanics

WA — Waulsortian Limestones (Carb. Limestones)
BA - Ballysteen Formation (Carb. Limestones)
RK - Rickardstown Formation (Carb. Limestones)

BN - Boston HillFormation (Carb. Limestones)
FE - Feighcullen Formation (Carb. Limestones)
CO - Croughaun Formation (Carb. Limestone Shales)

Figure 1I-3 Bedrock geology map of the area surrounding (a) the Curragh aquifer; and (b) Pollardstown Fen.
Source: www.gsi.ie
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Being of granular nature, these deposits can store water in porous spaces between their own particles and as such
they act as undergroundwater reservoirs. Large quantities of sand and gravel in the Kildare region form a glacial
outwash plain which hosts the present Curragh aquifer. Sand and Gravel deposition is often reflected in
topography as eskers, hummocks and hollows, or large outwash deltas, all of which provide storage for
groundwater. In the Kildare region, there are numerous occurrences of small eskers. Alluvial deposits are those
associated with river flow aligned along the main rivers of the Kildare region: the Liffey, the Barrow and the
Boyne. There are a few areas of peatland in County Kildare with the majority being raised bogs located in the

middle of the county: Allen, Boora and Clonast, all raised bogs but also the groundwater fed fen at Pollardstown.

A - Alluvium
Pt - Peat
Mrl — Marl

GLs -
Glaciofluvial
Sands and
Gravels

TLPSs -
Sandstone
and Shale Till
(Lower
Paleozoic)

TLs —
Limestone Till

R el N

Figure II-4 Quaternary map of Kildare County. Source: www.gsi.ie
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Figure II-5 Quaternary geological map of the area (a) surrounding the Curragh aquifer; and ( b) Pollardstown
Fen. Source: www.gsi.ie




11-1.3. Surface Drainage

In terms of surface drainage, there are three major rivers in the area, namely the Barrow, the Liffey, and the
Boyne. The closest to the study site is the River Liffey, which runs approximately 3 km to the east of
Pollardstown Fen, through Newbridge town, and it drains in a northeasterly direction, Figure 1I-1. The river rises
in the Wicklow Mountains, approximately 30 km southeast of Kildare town and flows west before swinging
northwards at Kilcullen. It meanders through Kildare before turning east toward Dublin, where it discharges into
the Irish Sea. The northern parts of the county are drained the by River Boyne and its tributaries, including the
River Blackwater. The river rises near Edenderry (Co. Offaly) some 30 km northwest of Kildare town, and it
flows in a northeasterly direction, entering the Irish Sea at Drogheda. The last large river in the area, the Barrow,
rises in Slieve Bloom and the Devil’s Bit Mountains, some 50 km west of Kildare; it drains western parts of the
county. It drains first into the northeast and east and swings southwards at Monasterevin (10 km west of Kildare
town). The river merges with the River Suir, east of Waterford town, where it discharges into the Atlantic Ocean.
Regarding the study site, the Barrow runs approximately 18 km southwest of Pollardstown Fen. In addition, the
Grand Canal, a man-made surface water channel built in the late 18" century, linking Dublin with the Shannon
River, runs through the northern and western parts of the county. The Milltown Feeder, which originates at

Pollardstown Fen, connects to the Grand Canal at Huband Bridge, west of Robertstown.

11-1.4. The Curragh Plain

The dominant landscape in the vicinity of Kildare town comprises the Curragh Plain - an open area of semi-
natural grassland and heath, based on a substratum of till. The plain has existed as an uncultivated and
unenclosed plain for at least 2,000 years. It is one of Ireland's best known landscapes, probably the largest semi
natural grassland in the country. The Curragh is approximately 1,971 hectares in area (4,870 acres) and extends
for some 10 km in a northwest/southeast direction and is 5 km across at its widest. The main landscape qualities
of the Curragh Plain derive from its geological origins. The very flat, though gently rolling topography of the
Curragh has been formed on rocks of the Carboniferous limestone series and a variable covering of boulder clay,
sand and gravel that overlies them. The land itself has been mainly uncultivated since prehistoric times, leading
to present soil type and topography. Sand and gravel of the Curragh Plain form the Curragh or Mid-Kildare
limestone aquifer. Water from the aquifer is rich in calcium carbonate and supplies the needs of the Curragh
Camp, the National Stud and the Japanese Gardens. In addition, water emerges naturally from the aquifer around

the margins of the gravel plain as a series of springs including those of Pollardstown Fen.

II-1.5. Characteristics and Properties of the Curragh Aquifer

The properties of the Curragh aquifer have been studied by many, and an extensive geological and
hydrogeological description is provided by Wright (1988), K.T. Cullen (1993), White Young Green Ltd. (2001,
2004) and MacCarthy (2008). The latter undertook a detailed investigation of the aquifer in order to assess the
potential impact of the proposed construction of a bypass around Kildare town. Substantial amount of

information was generated and includes geological coring information and hydrogeological modelling. This

34



extensive information was reviewed as part of the study but is outside the scope of this thesis, which focuses on

the surface of the fen margin.

The Curragh aquifer occurs in an extensive glacial gravel deposition, which extends as far as Nurney and
Suncroft in the south, the Hill of Allen in the north and near Kilcullen in the east, Figure 11-6. To the east and
northwest, the limits of the aquifer are defined by outcrops. Elsewhere, the edge of the aquifer is less clear as the
outwash deposits pass laterally into a more till dominated glacial sequence. The central part of the aquifer is
underlain by limestone bedrock with more resistant sandstone and volcanic rock forming the edges of a trough
like structure. The thickness of the glacial overburden cover is estimated to be less than 20 metres in the area
surrounding the Curragh. This increases to between 20 and 40 metres at the edges of the bedrock trough and
ultimately extends to greater than 60 metres deep in the centre of the bedrock depression (Figure 11-7). This
shallow geology is characterised by little vertical or lateral continuity. The overburden sequence is a complex
succession of outwash gravel interbedded with till and lake deposits, underlain at depth with outwash gravel. The
topography consists of esker and lake features related to the final retreat phase of the last glaciation. Peat and
alluvial deposits infill hollows within the overburden surface. Figure 1I-7 presents characteristics of some local

geological features in the Curragh area.

Hydrogeological properties of the Curragh aquifer were first assessed by Aldwell of the Geological Survey of
Ireland in the 1960s and 1970s (Wright, 1988). The yields of wells surveyed during the course of this work
ranged between 0.0025-0.024 m*/s and all of them were placed in ‘drift’, which refers to Quaternary deposits
including sand and gravel. A number of drilling and pumping tests performed by K.T. Cullen & Co. Ltd. in
1992/1993 (K.T. Cullen, 1993) indicated two distinct water bearing layers within the aquifer. The upper layer
consists of clay and its transmissivity is much lower than the transmissivity of the gravel underlying the clay.
The gravel layer was considered the primary aquifer. All wells were screened in gravel at a depth close to 16
metres below ground level. Established yields varied between 0.017 m’/s (Frenchfurze Road), 0.006 m’/s
(Sewage Treatment Work) and 0.0026 m’/s (Greyabbey Road) which corresponds with previous findings. The
above results indicate that the permeability of the subsoil varies with location, which is related to the complexity
of local geology. However, an arithmetical mean for permeability (k) was established at a level of 53 m/day
(6x10™ m/sec), (K.T. Cullen, 1993). Surface flow is absent in much of the Curragh area (Figure 1I-1), as aquifer
recharge is considered to be 80-85% (Misstear & Brown, 2007, draft) and run off is taken as low (due to the high
permeability of the subsoil and relatively flat topography). The groundwater discharges to the south through
springs in the Japanese Gardens and further south into the King’s Bog and the Tully Stream. To the north, the
groundwater discharges into Pollardstown Fen and into Milltown Stream. To the east, aquifer discharges into the

Liffey and on the west to a tributary of the River Barrow.

The nearest Met Eireann synoptic weather station in the area is Casement. The 30 year average (1961-1990)
annual total rainfall at this station is 711 mm. Met Eireann calculates the potential evapotranspiration (PE) for
the Casement station using the Penman Monteith (1948) equation with an average annual value of 524 mm/yr for
the period of 1995-2001. Actual evapotranspiration (AE) is not available from the Met Eireann office, however,
results of a recent EPA study evaluating groundwater recharge of the Kildare aquifer (Misstear & Brown, 2007,
draft), indicate AE values ranging between 436-474 mm/yr (based on a 30 year observation period 1971-2005),

allowing for a seasonal soil moisture deficit. The same study further suggests effective rainfall in the region of
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321 mm — 366 mm which is in line with previous GSI estimates (McConnell ez al., 1994) suggesting effective
rainfall (ER) at a level of 325mm/yr for the gravel aquifer.

The lowest water levels in the aquifer are usually recorded around October-November; however, there was a
tendency toward an extended recession running until January during the 2004 and 2005 monitoring period. The
highest water levels usually occur at the turn of February/March and annual fluctuations range between 1.25-2.5
metres, indicating high specific yield of the aquifer (porosity c. 30-40%), (Hayes et al., 2001).

Generally, the aquifer is considered to be semi-confined by surface till deposits. At the top of the Curragh Plain,
close to the groundwater divide in the aquifer, the groundwater table is unconfined and usually reflects the
topographic surface. Close to the discharge points, particularly at the fen margins, where topography is steep and
clay and peat overlay gravel, the piezometric surface becomes artesian. The regional groundwater flow towards
the fen is generally in a northerly direction. The difference in hydraulic head between the fen margin and the

groundwater divide at the top of Curragh is 3 metres maximum (Figures II-8 - I1 9).

<ildare:

Figure [I-6 Extent of the Curragh aquifer. Source: www.gsi.ie
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Il -2. Pollardstown Fen Settings

11-2.1. Introduction

Pollardstown Fen is a wetland located on the northern margin of the Curragh plains. It is roughly elongated in
plan running from the northwest to the southeast between Milltown village and Newbridge town in Co. Kildare
and is located in a wide flat bottomed basin flanked along either side of its long axis by low ridges under
agriculturally improved grassland. The area of wetland fen habitat is around 2.2 km®. Formerly it was larger, but
peat has been removed from the area around Milltown to the northwest; the land was reclaimed for agriculture,

and coniferous forestry has been unsuccessfully attempted in a further area to the west.

As a fen, Pollardstown fen is a groundwater fed wetland (and a groundwater dependent terrestrial ecosystem
GWDTE under the Water Framework Directive), maintained by the continuous groundwater inflow through
more than 40 springs and seepage zones. The majority of these springs rise around the margins of the fen
depression above the level of the fen and carry groundwater from the Curragh aquifer. This continuous inflow of
water to the fen creates waterlogged conditions with limited drainage from the depression, which leads to peat
formation. Some layers of calcareous marl in the fen peat, reflecting inundation by calcium rich water or periods
during which the present fen was a freshwater lake, have been recorded in previous studies (Daly, 1981). The fen
peat marl deposits are believed to reach 6 m thick at its deepest point and are underlain by clay. Outflow from
the fen supplies water to the Grand Canal, the existence of which depends on an uninterrupted flow of water
from the Curragh aquifer via the fen. The stable quality of water is maintained by its passage through the gravel

aquifer and the fen.

To the north of Pollardstown are extensive acid peat bogs. Most ancient Irish fens (similar to Pollardstown) have
been transformed into raised bogs by vegetation and peat growing above the influence of groundwater. The
constant inflow of calcium rich water to and through the basin at Pollardstown did not allow acid peat to develop
(small patches exist on the margins) and the fen, therefore, has remained relatively unchanged for thousands of
years. Today, it represents an example of an ancient landscape. The history of the fen can be tracked back to the

end of the last glaciation, approximately 12,000 years ago.

It is believed that, over the past 1000 years, the fen has been left relatively undisturbed except for some human
intervention within the last 250 years which has caused a diversion of the natural water outflow to power a
number of mills and to supply the Grand Canal; turf cutting and an attempt to reclaim the fen for agricultural use
in 1960s and 1970s. To redress the effects of the latter, the fen was re-flooded in 1983 and subsequently most of
the fen area was purchased by the State. Slow and relatively undisturbed development of the fen has allowed its

unique ecology to develop and its many characteristic species to survive.

The morphology of the fen can be best described as a flat bottomed depression with sharply defined edges. These
edges are defined by tall ridges to the east and by the edge of the gravel Curragh Plain to the southwest.
A rise in the ‘floor’ of the fen occurs to the south west, where fen vegetation occurs up to a level of 89.00m OD.

The largest inflow of groundwater at Seven Springs occurs to the south east at an elevation of 85.65m OD,
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Figure 1I-10. The northern boundary varies between 86.00-87.00m OD but the main central area of the fen lies
between 85.00 - 85.50m OD and is normally flooded.

Box 1. The history of Pollardstown Fen, after WYG (2004)

12,000 years ago

Intervening period

1780 - 1790
to 1950

1960 - 1970

1963
1970
1976

1978

1981

1983

1986
1993

1994

Post-glacial lake depositing clay on its bed

Accumulation of a marl lake sediment, increasing development of fen peat, transformation to
bog peat prevented by drainage conditions and continuous supply of water.

Canalisation of the outflowing streams to feed the Grand Canal.
Excavation of peat from local areas of the fen.

Drainage and agricultural land reclamation between the Seven Springs and Grand Canal
feeders, notably the excavation in 1964 of a culvert below the Canal Feeder to direct water to
Milltown Stream.

Afforestation of the area south west of the Milltown feeder by An Foras Forbartha.
Purchase of fen areas by Bord na Mona.
Inclusion in the list of Areas of Scientific Interest in Kildare

Kildare County Council's proposal to pass a Special Amenity Area Order covering the fen and
all lands between the fen and the nearest road (this proposal failed).

The Forest and Wildlife Service's purchase of parts of the fen and acquisition of other parts in
Bord na Mona ownership

Blocking of the Culvert under the Canal Feeder and re-wetting of the area between the
feeders.

National Nature Reserve designation
Threat of drainage effects caused by the Kildare bypass proposal investigated in an EIA.

Redesignation of the ASI as a Natural Heritage Area. Boundary confirmed by aerial
photography and fieldwork and the proposed designation as a Special Area of Conservation
under the ‘Habitats Directive’, including the fen and immediate surface water catchment
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Figure 11-10 Extent of Pollardstown fen, aerial photograph 2002. Geological cross section along A-A’ will be discussed in further text and on Figure 1I-11




I11-2.1.1. Quaternary Processes that Led to the Formation of the Fen

The history of Pleistocene deposits within the study area was investigated and described by Glanville, (1997,
1999) whose model suggests that the fen was formed from meltwater flowing from the south through a narrow
channel and depositing materials in a shallow flat bottomed basin. In order to accommodate the formation of a
glaciolacustrine fan and delta deposits, a considerable amount of water was required at the margins of the ice.
There were a number of ice sheets which played an important role in defining spatial distribution of glaciofluvial
and lacustrie deposits within the Curragh area. One ice margin has been located along the western margin of the
Pollardstown fen and retreated in a westerly direction; another lay along the Ballysax fan moraine and retreated
in a northerly/northwesterly direction (Hayes et al., 2001). The two ice margins are believed to belong to the
same ice body. A third margin of a separate ice mass was located to the northeast of Kilcullen which has
retreated in a northerly or easterly direction. As these lobes retreated they uncoupled in the area of the present
River Liffey basin, opening up an area where water ponded. The surface deposits of gravel in the Curragh may
have been deposited as outwash into a shallow lake, which rapidly became sediment filled as the ice margins
retreated and the shallow lake drained. Drainage was likely to be southwards along meltwater channels, south
from Kilcullen as seen today towards the Barrow and the Slaney basins. As the ice margins retreated, however,
lower ground to the north was opened and water could then flow towards the north and the present direction of

the River Liffey. It is likely that the meltwater channel to the fen formed at this stage.

The current geological structure shows a ridge of unsorted deposits of sand, silt, cobble and boulders, known as
diamicton overlying the extensive sediments of gravel (The Curragh gravels) on the northeastern margin of the
Curragh, adjacent to the Pollardstown fen. These diamictons are similar in lithological content and particle size
to the gravel, suggesting a local till reworked from previously deposited sand and gravel during a local advance
fluctuation in the ice margin. The Curragh gravel appears to continue below the diamicton to the fen, where they
are exposed in extensive gravel pits. Vertically, fine sand is overlain by well sorted, cross bedded gravel and
these are overlain by a gravel diamicton. At the base of the middle section of sand and gravel, extending towards
the fen, sediments become finer and horizontally layered. The middle layer of the section exhibits long, steeply
sloping crossbeds of sand and gravel grading into planar beds towards the fen. These crossbeds dip eastwards
and northeast towards the fen. The upper subsoil consists of unconsolidated diamicton with a sandy matrix and

gravel clasts.

At the fen margin, topsoil changes into a thin deposit of peat that is underlain by grey gravelly clay, in turn
underain by sand and gravel. Daly (1981) suggests that gravels are present around the margin of the fen and
probably are present at a depth beneath the clay underlying the peat in the central part; however, drilling
performed in the middle of the fen did not reach the gravel, Figure II-11. The upper layer (recent deposit)
consists of grey clay rich in organic matter, peat and marl. Vertical sections indicate marl deposition in the
deeper central areas and peat deposition around the margins of the fen. In general, marl is more predominant in
the central areas (whereas it usually is thin) or is absent around the fen margins. An exception is on the northeast

side of the fen where marl was found in the topsoil and at the base of the peat layer.
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I11-2.1.2. Ecological Aspects of Pollardstown Fen

Aspects of the ecology of Pollardstown Fen have been studied by many, including Neff (1980), Doyle (1984),
Patton ez al. (1990), Moorkens (1997), Killeen & Moorkens (2002), WYG Ltd. (2004) and is described as
species rich with numerous well defined plant communities and several rare or unusual species (Figure 11-12).
Distribution of species, their richness and composition structure is dictated by a mixture of physical, geomorphic
and hydrological conditions creating various habitats within the fen ecosystem. The dominant plant species at the
fen are saw-sedge (Cladium mariscus), common reed (Phragmites australis), blunt-flowered rush (Juncus
subnodulosus) and a variety of sedges. Scrub vegetation has hardly developed on the fen but there are small

groups of (free standing) shrubs of willow (Salix sp and others.).

The central fen area is dominated by more uniform vegetation types such as saw-sedge Cladium mariscus. On
the margins, where the water first emerges from the ground, there are species and communities characteristic of
base-rich conditions (Duff in WYG Ltd., 2004). Damp grasslands on the margins are species rich with
particularly good displays of orchids in some areas. Regenerating fen occurs on an area of reclaimed land which
was reflooded in 1983 and has reverted to open water, swamp and fen. Some of the springs are free flowing;
some are seepage zones where water oozes from the ground. A number of springs have tufaceous deposits where
solid calcium carbonate precipitates from the calcium rich water. Some of the more unusual species and
communities of the fen are located in the vicinity of tufaceous springs. The list of flora and fauna is extensive

and only some of the most noteworthy species are listed in Table II-1 below.

Table 11-1 Selected characteristic plant and animal species recorded at Pollardstown fen.

Orchids Early Marsh Orchid (Dactylorhiza incarata), Common Spotted Orchid (D. fuchsii), Heath
Spotted Orchid (D. maculata), Narrow Leaved Marsh Orchid (Dactylorhiza traunsteineri),
Marsh Helleborine (Epipactis palustris), Fragrant Orchid (Gymnadenia conopsea), Early
Purple Orchid (Orchis mascula), Common Twayblade (Listera ovata), Fly Orchid (Ophrys
insectifera), Lesser Butterfly Orchid (Platanthera bifolia).

Other flowering plants Mountain Everlasting (Antennaria dioica), Bog Thistle (Cirsium dissectum), Fen Bedstraw
(Galium uliginosum), Marsh Bedstraw (G. palustre), St. John's Wort (Hypericum sp.), Ragged
Robin (Lychnis palustris), Water Mint (Mentha aquatica), Bogbean (Menyanthes trifoliata),
Grass of Parnassus (Parnassia palustris), Marsh Lousewort (Pedicularis palustris), Common
Butterwort (Pinguicula vulgaris), Yellow Rattle (Rhinanthus minor), Devil's Bit Scabious
(Succisa pratensis), Marsh Arrowgrass (Triglochin palustris), Intermediate Bladderwort
(Utricularia intermedia).

Sedges Glaucous Sedge (Carex flacca), Slender Sedge (C. lasiocarpa), Fen Sedge (C. lepidocarpa),
Carnation Sedge (C. panicea), Flea Sedge (C. pulicaris), Saw Sedge (Cladium mariscus),
Broad-Leaved Bog Cotton (Eriophorum latifolium).

Rushes Juncus acutiflorus, J. articulatus, J. subnodulosus, Schoenus nigricans.
Mosses Tomentypnum nitens, Cratoneuron commutatum, Scorpidium cossonii
Invertebrates There are many invertebrate species at Pollardstown Fen; some of them are rare in Ireland.

Significant species include the E.U. Annex Il molluscs Vertigo geyeri and Vertigo
moulinsiana. A number of internationally important flies and butterflies including Diptera (true
flies) and the E. U. Annex Il species the Marsh Fritillary butterfly (Eurodryas aurinia) have
been also recorded from the site.

Vertebrates Vertebrates on the fen include the Otter (Lutra lutra) (Annex Il), Brook Lamprey (Annex ),
the Hare and Pygmy Shrew. The fen is an important habitat for frogs and newts as well as for
both breeding and wintering birds. Little Grebe, Teal, Mallard, Water Rail, Coot, Moorhen,
Snipe, Sedge Warbler and Reed Bunting all breed each year in the fen vegetation. Reed
Warbler and Garganey, both rare breeding species in Ireland, have been recorded at
Pollardstown.
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11-2.1.2.1 National and International Importance

The national and international significance of Pollardstown Fen is reflected in its inclusion in various protective
legislation and conventions. The list of the statutory designations arrogated to the fen are summarised in the table

below.

Table 11-2 Summary table of statutory designations and related protected species and habitats present at
Pollardstown Fen

Statutory designation Target species/habitats

Statutory Nature Reserve

The whole spring fed fen ecosystem with
associated fauna and flora comprising numerous
vascular plant species including tufa lowing

Legislation: Wildlife Act, 1976 and the Wildlife (Amendment) : 3
species and rare invertebrates

Act, 2000.

Special Area of Conservation SAC

Rare and endangered species and habitats protected under
the E.U. Habitats Directive (92/43/EEC) are listed in annexes
to the legislation. Annex | of the ‘Habitats Directive’ identifies
these natural ‘priority habitats’ which are in danger of
disappearing and whose natural range falls mainly within the

E.U. Habitats Directive Annex | habitats:

— 7210 Calcareous fen with Cladium mariscus*
— 7220 Petryfying spings with tufa formation**
— 7230 Alkaline fens***

territory of the E.U. Annex Il of the Habitats Directive lists
species (other than birds which are catered for in the ‘Birds
Directive’) whose habitats must be protected. It is intended
that these species are protected in the E.U.-wide network of
sites known as the Natura 2000 network, thus the species
may be referred to as Natura 2000 species.

E.U. Habitats Directive Annex Il species:

Otter (Lutra lutra); Brook Lamprey (Lampetra
planer); White-clawed Crayfish
(Austropotamobius pallipes); Geyer's Whorl Snail
(Vertigo geyeri), Des Moulin’s Whorl Snail
(Vertigo moulinsiana); Narrow-Mouthed Whorl
Snail (Vertigo angustior); Marsh Fritillary
(Euphydryas aurinia)

Legislation: EU Habitats Directive (92/43/EEC)

Ramsar Site

The whole spring fed fen wetland ecosystem. Site
no 474

Legislation: none. Designation under the Convention on
Wetlands of International Importance.

Biogenetic Reserve

The whole spring fed fen ecosystem with
associated fauna and flora comprising numerous
vascular plant species including tufa lowing

Legislation: none. Designation signed by the Council of | species and rare invertebrates.

Europe

*7210 Calcareous fen with Cladium mariscus
The main bed spreads across the fen predominantly to the north of the confluence between the Seven Springs
and the Grand Canal Feeders where they merge to form the Milltown Feeder. This is the largest such stand in

Ireland and reputedly also the largest in Europe.

**7220 Petrifying springs with tufa formation

This is a habitat of very limited extent in European Union territory and also in Pollardstown Fen. Not all of the
springs around the fen fall into this category. Whilst some are marked by vascular plant species, especially
Rorippa nasturtium-aquaticum, the tufa forming springs are marked by the moss Cratoneuron commutatum.

Tufa forms beneath the moss carpet. Tufa formation in seepage areas has also been noted and these areas can be




interpreted (for the purposes of the ‘Habitats Directive’) as fen and petrifying spring complexes. Only a few

seepages are classed as tufa spring habitat.

**%7230 Alkaline fens
Alkaline fens extend over much of the seepage and old cutaway areas along both flanks of the fen. This
vegetation comprises several different plant communities, including the Cirsium dissectum/Schoenus nigricans

fen community for which Pollardstown Fen is one of the type localities (WYG, 2004).
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I1-2.2. Pollardstown Fen Risk Assessment

In hydrogeological studies, a conventional risk assessment analysis is based on a source - pathway — receptor
framework (Chapter I - 6.1). A fundamental step in this assessment process is the characterisation of a receptor.
Good understanding of what requires protection, how it works, what it is controlled by and how sensitive it is
before any damage occurs is essential to provide a comprehensive analysis of risks and establishing an effective
risk management strategy. This requires a firm knowledge of a receptor including building a conceptual model,
undertaking long term observations and a quantitative analysis. Such an approach allows determining most
crucial elements controlling sustainability of the ecosystem and later deciding on potential sources and pathways
of various risks. Within one site, a few receptors may be identified, all potentially threatened by the same
elements, but with different sensitivity and response mechanisms allied to an individual scale. In the case of

Pollardstown Fen, the receptor can be characterised on three basic scales:

1) Pollardstown Fen as a whole area of a wetland of a unique size and floristic composition;
2) Protected habitats listed in Annex I E.U. Habitats Directive, i.e. petrifying tufa springs, Cladium
mariscus beds and alkaline fen habitat ; and

3) Protected species listed in Annex 11 E.U. Habitats Directive

No matter the scale, the core for existence of all the above receptors lies in hydrological relationship between the
fen basin and the Curragh aquifer. If it wasn’t for the water resources gathered within the Curragh outwash sands
and gravels, the fen habitat should have transited into a raised bog habitat, as with many other wetland sites in
Ireland, with the majority of protected habitats and species being lost during the transformation process. Thus,
maintaining the hydrological continuum between the fen and the Curragh should be a major priority in the view

of future conservation of the fen.

A schematic Source - Pathway — Receptor framework for the case of Pollardstown Fen is presented in Figure II-

13.

The effects of interference with the water supply mechanism can be grouped as follows:
*  Decreased discharge rate (lower flow velocities);
*  Changed groundwater and phreatic level regime (lower water table, increased fluctuation range); and
*  Potential change of flow pathways outside and within the fen area causing diversion or intensification

of flows into specific areas and drying of other, usually most elevated zones.

Ecological effects resulting from the above hydrological changes will be relative to the extent of induced
hydrological changes but will also depend on the sensitivity of given receptors. Thus, in the short term, relatively
small reductions in groundwater inflow rates might have a negligible effect on the overall fen water balance and
the fen as a whole, but may have a significant impact upon the uppermost fen margin and its vegetation (often
protected habitats of seepage) and the quality of water delivered into petrifying tufa springs and potential
changes in calcium precipitation equilibrium. In the long term, however, such reductions can increase the

significance of rainfall in an overall water balance equation and can induce physiochemical changes in soils with
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an effect on habitat transformation. Dutch studies (cited in van Wirdum, 1999 a&b) have shown that permanent
acidification of top peat can be triggered by a decrease in average water levels as small as 0.05 m and that that
may stop development of characteristic fen moss species. Assessing sensitivity of the receptor should be thus of
utmost importance in an effective risk management strategy. These strategies further include development of
realistic mitigation measures such as (for example) restoration of water levels/flows (temporary irrigation
systems), or the creation of alternative habitat sites (temporary or permanent new locations artificially adjusted
to create an adequate environment for a given species, to counteract induced hazards and eliminate potential
risks. To achieve that, extensive monitoring of the receptor and all those elements that it depends on must be in
place to establish baseline information and conditions of habitats and species at risk. Numerical analysis based
on good quality and widespread observation data is essential to develop a conceptual model of a working
mechanism for given habitats. The sensitivity of Pollardstown Fen and its elements (i.e. Vertigo geyeri sp. and
tufa springs habitat) has not been defined, as no monitoring of the fen flora and fauna in context of hydrology
has been carried out, although some botanical studies exist. Such monitoring was proposed for the first time
when sustainability of the fen ecosystem was deemed to be threatened by abstractions carried out in conjunction
with construction of the Kildare bypass, which initiated this research. To assess the risk associated with
potentially lowered water tables and flow rates, the research focused on monitoring the most sensitive, i.e. most
endangered and first to be lost habitats located at the fen margin. The rationale for choosing adequate indicators

and strategy for monitoring is outlined in the following paragraph.
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Figure I1-13 Schematic of Source-Pathway-Receptor Framework developed for Pollardstown Fen
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I1-2.3. Selection of Ecological Indicators

A list of habitats and species whose habitats must be protected with respect to the E.U. Habitats Directive and
that are present on Pollardstown fen is relatively extensive (as shown earlier in Table II-2). Additionally, the
exceptional abundance of these species within one site makes Pollardstown fen a unique nature reserve.
Currently, there is no other known site in Europe that hosts three species of molluscs from the Vertigo family
and a part of the Cladium mariscus fen is considered to be one of the largest of its kind within the E.U. All of
these rare species and habitats qualify as ecological indicator species, based on which the fen is categorised as a
priority habitat. These species are further used for monitoring changes in overall wetland health, which can be
approached either on a habitat or on a species level. As mentioned in the first part, the use of ecological
indicators is related to a risk management framework in which environmental monitoring is triggered by an
identified potential risk. The risk assessment process allows the prediction of potential effects resulting from
imposed pressures and this shall drive the selection of adequate ecological indicators to ensure choosing the most
sensitive species from the wider ecological indicators group. To comply with the Ramsar Risk Assessment

Framework (see Chapter One), these most sensitive species shall be referred to as early warning indicators.

The most common species characteristics for fens are hydrophytes which, by definition, are adapted to live in
permanently or temporarily waterlogged conditions. Various species and habitats do have, however, varying
sensitivities and ranges of acceptable change, which, so far, is understood and quantified for individual species
and habitats only (Wheeler e al, 1995a, 2001). Nevertheless, the general concept of utilising the indicator
species is to use the most sensitive species to identify environmental changes, if any, at their early stage. In case
of Pollardstown fen, there are a number of species and habitats that make the fen an internationally important
nature reserve and which could be used as ecological indicators. These were further classified into three

following indicator groups (van Wirdum, 1999a):

= Hydrophytes with a particular stress on alkaline fen and calcareous fen communities;
= Tufa springs with an indicator species of Psychodidae (Diptera) and Syrphidae (Diptera); and

= Annex Il Habitat Directive species of the Vertigo family.

Out of the three ecological indicators quoted above, mollusc species of the Vertigo family were considered the
most sensitive to a hydrological regime in both quantitative and qualitative ways, and therefore any changes in
their distribution and population sizes were deemed to be the best available early warning indicator of a probable
habitat change. The rationale for this was that the Vertigo species are small in size (~2mm) and have restricted
mobility. They occupy fen margins, which makes them the most vulnerable for even a small change in
hydrological regime. The fen receives water from the main sand and gravel aquifer through seepages located at
the fen margins; therefore any alteration in groundwater regime causing any stress on the fen habitat is expected
to be reflected first in those areas. Although it is not well quantified, the main parameters that mollusc species
are known to vary in their needs are vegetation structure and substratum wetness (inclusive of aerial humidity),
calcium and major nutrients such as nitrogen and phosphorus. Availability of all of these parameters is

dependent on water distribution.
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I11-2.3.1. Facts on Distribution and Vulnerability of the Vertigo Genus

There are twenty eight species of the mollusc Vertigo known from the Tertiary history of Europe, although there
were probably many more. These days, only fifteen species of Vertigo are known to still exist in Europe
(Pokryszko, 2003). Some of them occur in mountains (5 spp.), some in lowlands (3 spp.), but the rest do not
have clear preferences and are found at various altitudes. Other classifications associated with preferred habitat
indicate that four out of the fifteen species prefer forest ecosystems, and seven others can be associated with
wetlands. The Vertigo species, however, are not limited to Europe, but are also found in other parts of the world,

including America and Siberia.

In terms of their distribution in Europe, the Vertigo species cover more or less the whole continent, from the
Iberian Peninsula (V. moulinsiana) to Scandinavia (V. genesii) and from Ireland (V. geyeri) to Russia (V.
lilljeborgi). Distribution and population densities vary and some species are evenly and continuously spread
across big areas; but others are limited to very isolated and scattered localities. Some of the species are restricted
to a very specific habitat only, like Vertigo geyeri, which is associated with calcareous, spring fed wetlands only.
These are known as unihabitat species. The multihabitat species are characterised by the fact that two
populations of the same Vertigo type may be found a few kilometres apart inhabiting different macrohabitats.
There are still many uncertainties regarding the life cycle of the Vertigo species, their distribution and population
densities; more research is needed with regard to their future conservation. Pokryszko (2003) stresses current
limited available information on present populations and thus on understanding the threats that the Vertigo
species face. The Vertigo species are very small in size, reaching a couple of millimetres only, hence their
movement is limited and preservation of their habitat is essential for the protection of the species. All known
losses of the species that have been recorded within historical times have been caused by human activity. The
main threats are total physical destruction of habitat through alteration in local hydrology, induced grazing
practice, eutrophication of water or the succession of vegetation. Climatic changes combined with anthropogenic

activities are blamed for the decline of a species that, as known from Quaternary fossils, was once widespread.

At present, two out of the fifteen European species are considered threatened globally (Pokryszko, 2003). These
are Vertigo moulinsiana and Vertigo angustior, both present on Pollardstown fen. Three or four other species,
including Vertigo geyeri, are threatened locally and the remaining are not considered threatened. However, due

to their very limited distribution, they could still be victims of random events.

11-2.3.2. Vertigo Species Found at Pollardstown Fen

Six different (non-marine) species of the Vertigo genus have been recognised on the fen, three of which are
protected under Annex Il of the European Union Council Directive on the Conservation of Natural Habitats and
of Wild Fauna and Flora (Habitats Directive). These are:

. Vertigo geyeri Lindholm, 1925

. V. moulinsiana Dupuy, 1849

. V. angustior Jeftreys, 1830 (Stylommatophora : Vertiginidae)
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Their hydrological requirements differ between the species and can be briefly described as:

= Vertigo geyeri requires saturated soils in rather open environment;
. Vertigo moulinsiana needs saturated soils and strong growth of tall plants;
= Vertigo angustior requires humid conditions in a more draining environment — ‘contact’ zones

between wet and dry sites, somewhat variable wetness.

Out of the three, V. geyeri is considered the most sensitive to small changes in the water table. It remains a rare
animal in Ireland, with relict Postglacial distribution. It is considered to be an indicator of undisturbed ancient
habitat and is frequently associated with rare species and high quality habitats that deserve the utmost protection
(after Moorkens, WYG, 2004). Also, it lives in the highest part of the Pollardstown fen making it exposed and
vulnerable to the slightest change in local hydrology. That is the reason why it was chosen as an indicator

species for this study.

I1-2.3.3. Vertigo geyeri, Lindholm 1925

Vertigo geyeri (Figure 11-14) is a mollusc belonging to the class
Gastropoda, and the family Vertiginidae. The species has a brown
shell with a glossy texture and usually 3-5 whorls. It has four
il (sometimes less) narrow teeth and its dimensions are 1.7-1.9 mm in
height and 1.1 mm in width. The species is hermaphrodite and
mainly self fertilising, with more than 80% found to be aphallic,

although some cross fertilisation occurs (Cameron er al., 2003).

= One to 10 uncalcified, separated eggs are produced within a two

week development period.

Figure 1I-14 Vertigo geyeri Lindholm 1925

The species reaches reproduction maturity in less than a year. Large juveniles become adults around midsummer
(June/July), and a peak of small juveniles occurs usually in September/October. Cameron (et al., 2003) reported
also that juveniles are present at all times with peaks occurring in late summer and in autumn (a two month space
from two years of observation), the timing associated with differences in climatic conditions in these years.
Individuals may live between one and two years. V. geyeri grazes on algae or bacteria on vegetation and

decaying humic and plant material.
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Photo 1I-1 Vertigo geyeri crawling on a stem of a dead plant. Photograph made on Pollardtown fen by Dr. E.
Moorkens

11-2.3.3.1 Densities and Distribution

Many studies have been carried out on population densities and distribution (von Proschwith, 2003; Falkner,
2003; Killeen, 2003; Valovirta, 2003; Willing, 2003; Holyoak, 2003) and results show rather small population
sizes in localised areas. Willing (2003), for example, surveyed a total of 31 calcareous flushes and fen habitats,
all very similar and potentially suitable for the snail. However, positive results were found on ten sites only. The
theory of ‘population explosions’ which states high fluctuations in population size varying from one year to
another without obvious reason is also broadly discussed. Cameron et al. ( 2003) concluded that population
dynamics vary in site specific ways and are weather dependent. Willing (2003) stressed the influence of
overgrazing, which, in excess, may destroy some flush habitats that support V.geyeri habitats. Although grazing
has been shown to be destructive and fatal for some mollusc populations (Ausden ez al., 2005), it is considered
also to be a dispersal mechanism for the species. Transport by birds has also been hypothesised (Cameron et al.,
2003).

Vertigo geyeri is found at widely scattered localities in Europe between northern Scandinavia, the Swiss and
Austrian Alps and Ireland, at a wide range of altitudes. European records of its existence come from eight EU
countries (Cameron et al., 2003) including Austria, Denmark, Finland, Germany, Ireland, Italy, Sweden and UK
(available data refer to EU before accession of the 10 new member states in 2004). EU conservation regulations,
under which V.geyeri is protected, (Habitat Directive, Annex II), apply to all member states; therefore, the snail
is under strict control in all EU countries. Exceptionally high numbers of the species are found only in Sweden,
where the species is recognised as ‘not threatened’ (von Proschwitz, 2003). In Denmark, the species is
vulnerable. There are approximately 400 locations in Scandinavia known for hosting V. geyeri with major threats
coming from eutrophication caused by leakage from agricultural fertilizers or faeces and urine from cattle.
Unfortunately, it is apparent from the literature, populations in the remaining parts of Europe are definitely

smaller, seriously vulnerable or even endangered.

11-2.3.3.2 Preferred Habitat

The tiny Geyer’s whorl snail, Vertigo geyeri, is found in relatively exposed, constantly humid calcareous flush

fens (including the Annex I E.U. Habitats Directive habitat type 7230 Alkaline fens) that may be fed by tufa
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depositing springs (including 7220 Petrifying springs with tufa formation). Colville (1996) and Cameron ez al.
(2003) noticed that V. geyeri is especially found on gently sloping sites, which are often present at fen margins
along with emerging springs and flushes. On the other hand, Holyoak (2003) reports that the sites are generally
level or almost level (less than 15° slope) so that shallow water ponds in dry weather, even where much of
calcareous flushing occurred on a steeply sloping hillside. At all sites surveyed, calcareous associations are
obvious, although strong botanical relationships are less apparent. For example, Killeen (2003) during his study
in Cumbria found that the distribution and abundance of V. geyeri is influenced by habitat, with a preference for
a short Carex dominated sward, rather than Schoenus nigricans tussocks, which differs from what was found in
Ireland (Holyoak 2003; Moorkens in WYG Ltd., 2004). Cameron ef al. (2003), who investigated Waun Eurad
fen in Wales, showed a local preference for Schoenus tussocks and associated sedge rich swards with declining
densities of snails in Molinetum and in very wet patches dominated by Juncus subnodulosus. Observations with
regards to preference for tufaceous deposits are also inconclusive. On the Waun Eurad site, Schoenus dominated
sites were characterised by tufaceous mineral soil, ‘suffused by slowly flowing spring water’, but on upland sites

visited by Holyoak in Co. Leitrim, tufaceous deposits were infrequent.

11-2.3.3.3 Conclusions

In summary, most of the data on the molluscs’ autecology in the literature is based on botanical associations.
These are available on a macrohabitat scale and show rather weak botanical associations which vary from site to
site. The fact that there is no clear relationship with species association of plants indicates that Vertigo geyeri
species rather responds to other factors. In terms of hydrological conditions, it seems that the mollusc shows a
preference for calcareous, groundwater-fed seepage areas; however, preferences for tufa deposition which is a
characteristic of extremely rich, calcareous fens are inconclusive. Other factors, like site topography, whether it
is sloping or flat, allowing for a temporal ponding of water are also not clear. Nonetheless, the studies reviewed
above do show that the snail needs rather humid conditions and/or is found in flushing zones. Although these
hydrological needs have been often described in a vague, descriptive way, which is very subjective and limits its
usefulness for quantitative modelling, it does suggest that water availability either as proximity to water or air
content are likely to be important features of the snail microhabitat. And this conclusion led to the formulation
of the scope of this investigation. Since botanical associations are not conclusive, it is hypothesised that
conditions controlling the existence of the Vertigo geyeri species have a rather physical nature and have to be
defined locally at Pollardstown fen. Considering the small size of the indicator species, these conditions will be
investigated on a microhabitat scale. Specifically microhydrogeology and micrometeorology, understood as
characteristics of the phreatic level, soil wetness and moisture conditions just at or above the soil surface, in the
closest proximity to the snail. It is believed that an understanding of essential key needs for local survival of the
molluscs will lead to establishing controlling factors for sustainability of an important, species rich, habitat of the
fen margin. Nonetheless, while microscale changes may indicate problems on the macroscale, it is essential to

system’s science that microscale “health” is not a sufficient proof of good macroscale conditions.
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Il -3. Monitoring Strategy

Investigation of the hydrogeological conditions supporting the snail habitat necessitated monitoring at two
different levels: regional and local. At the regional level, the movement of subsurface water (groundwater) in the
Curragh aquifer feeding the fen is closely connected to the movement of water in the springs and seepages
supporting the snail habitat. Broadly, in order to define the hydrogeological characteristics of this habitat
required monitoring of:

. Groundwater levels;

. Surface water levels, velocities and discharges;

«  Meteorological data including temperature, humidity, radiation and wind speed;

«  Water chemistry (major ions);

. Vertigo geyeri presence; and

«  Vegetation structure and type.

All drilling and borehole installation had been done before the research started, and many monitoring points have
already been included in an ongoing monitoring programme associated with monitoring the effects of the
construction of a road bypass around Kildare town (WYG Ltd., 2002). This programme was reviewed in light of
the objectives of the research and, where necessary, additional monitoring locations were chosen and
implemented. Only selected monitoring points from existing monitoring schemes were chosen for inclusion in
this thesis. Physical collection of data was executed in collaboration with various specialists which included
Trinity College Dublin, White Young Green Ltd. (WYG Ltd.), Dr Evelyn Moorkens (mollusc counts) and

Natura Environmental Ltd. (botanical studies).

11-3.1. Groundwater Monitoring

Three types of groundwater monitoring sites were selected depending on objectives and scale. These sites had

already been established (WYG Ltd., 2002) when research started and are known as:

Permanent Quadrats (abbreviation used: PQ): selected for monitoring of the hydrological regime of the
fen as a whole;

Intensive Quadrats (abbreviation used: 1Q/Site): selected for intensive monitoring of the hydrological
regime at the fen margin including the Vertigo geyeri microhabitat;

Monitoring Boreholes (abbreviation used: MB): selected outside the fen and within the Curragh aquifer
to monitor behaviour of the aquifer and its response to impacts arising from
construction of the Kildare bypass. For the purposes of this study, only selected
boreholes from the MB monitoring network were chosen to relate the fen
hydrology to regional hydrology and in defining the sustainability of the fen margin

hydrology on the regional groundwater recharge.
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II-3.1.1. Permanent Quadrats

Permanent Quadrats are 20 x 20 metre square sites that were originally selected for hydro-botanical monitoring.
Ten locations were selected within the fen boundary, mostly along the margins, but some quadrats are also
present in the central, flat part of the fen; Figure 1I-15 shows exact locations of all PQs. These locations were
labelled PQI, PQ2, ..., PQ10. Permanent Quadrats were first selected in 1997 and all, except for one (PQ10),
were equipped with two standpipes, one ‘shallow’ reaching a depth of circa 1 metre and a second — ‘deep’,
reaching approximately 2-3 metres. It is likely therefore, that the shallow standpipes registered phreatic water
levels and the deep standpipes had the potential to act as piezometers. Standpipes are small diameter (50 mm)
PVC pipes used for monitoring the groundwater level with perforations over the bottom metre of its depth. The
standpipes were labelled as in Table II-3. Specific information for each of the pipes within PQ locations such as
coordinates and elevations is given in Appendix 1. All standpipes were surveyed using Trimble® RTK GPS
surveying equipment and data presented in metres OD (Poolbeg). Descriptions (logs) of the strata in which the
pipes are screened in are not available, but a strong similarity between most of the hydrographs from both levels
indicates that both of them are probably screened in the same stratographic layer (or are hydrologically
connected) but at different depths. The installation was undertaken with a hand auger (WYG, per. com.) and it is
unlikely that the underlying clay layer was penetrated. Also, the standpipe S10, located within Permanent
Quadrat 10 - the highest site on the fen, where peat is only 0.5 metre deep, was equipped with a shallow pipe

only, which indicates that the hydrological focus was water levels in peat only.

Although the pipes were installed in 1997, water level data were not collected on a regular basis until summer
1999 when they started to be collected at one month intervals. However, it was only in June of 2000, when the
monitoring started on a regular, biweekly (i.e. every two weeks) basis. This continued until April 2004 when the
frequency was reduced back to once a month only and the number of sites was reduced from 10 down to 5,
namely PQ 1, PQS5, PQ6, PQY and PQ10. The rationale for this reduction was the relative stability of the water

levels in most of the PQs.

Table I1-3 Standpipe information within Permanent Quadrats

Location name Abbreviation used Shallow standpipe name Deep standpipe name
Permanent Quadrat 1 PQ1 S1A S1B
Permanent Quadrat 2 PQ2 S2A S2B
Permanent Quadrat 3 PQ3 S3A S3B
Permanent Quadrat 4 PQ4 S4A S4B
Permanent Quadrat 5 PQ5 S5A S5B
Permanent Quadrat 6 PQ6 S6A S6B
Permanent Quadrat 7 PQ7 S7A S7B
Permanent Quadrat 8 PQ8 S8A S8B
Permanent Quadrat 9 PQ9 S9A S9B
Permanent Quadrat 10 PQ10 S10




Milltown / \\ \ , B

Stream POyl A
¢ ‘\\
/ \ AN
\\
\ N .
s o0 X Milltown
iy AN . .‘ Feeder
Y. Pa10 PA\7 \ .
/ e o\ N -
s PQ 9
v o \ \
Legend /
D Perm"\enl Quadrate Location > \ ‘01 \
MilltoWn Feeder > pas \
MI"'FT\ Stream ® :Q\4

1KM

Figure II-15 Location Map of Permanent Quadrats, map drawn using Maplnfo

I1-3.1.2. Intensive Quadrats

Intensive Quadrats were established to study the hydrological characteristics of the fen margin, i.e. the
microhabitat of the selected indicators, the Vertigo geyeri habitat. As such, positioning of these sites was based
on snail distribution on the fen and this was established during an extensive survey by Dr. Moorkens, who
identified a total of sixteen potential sites within the fen boundary (this was undertaken in 2000/2001 but
reported by Moorkens in WYG report in 2004). Further study proved the presence of the snail in five out of
sixteen identified locations; all of these were found on the fen margin, in the areas associated with the upwelling
springs or ditches. On the southern side, the snail was found in two locations; one at the most elevated
southwestern edge of the fen, and secondly in a ditch close to the Permanent Quadrat 9. The three populations
found on the north side of the fen were located along the northernmost edge of the fen (these locations will be

discussed in more detail in an introduction to the microhabitat result section).

Based on this information, four Intensive Quadrats were selected in 2000 and these were named Sites A, B, C
and D (Figure 1I-16), (WYG Ltd., 2002). Sites A, C and D were chosen in seepage locations where the snail was
known to be present. Site B was a dug out, tufaceous spring with a habitat unsuitable for Vertigo geyeri and was
chosen as a control site to distinguish geological, hydrological and chemical differences from seepages. It was
hoped that such site selection would allow the definition of the processes that are responsible for the seepage. All
sites were equipped with nine nests of standpipes/piezometers, each nest reaching two or three depths depending

on local geology. The detailed description of each site will be given later, but the general idea was to drill a
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network of monitoring boreholes reaching ‘deep’ gravel (7-8 metres depth), ‘shallow’ gravel (if any, 2-3 metres
depth) and phreatic levels in a peat stratum (1 metre depth), which would enable analysis of flow patterns and
velocities. In total, 34 nests of standpipes were drilled across four sites. Data are available for all 4 x 9 nests of 2-
3 standpipes on a two weekly basis from 2001 until 2004 and later for two nests at each site with the same
frequency. The nests of piezometers were aligned roughly parallel to the fen margin. Water levels were
measured from the top of the casing, which were surveyed with Trimble® GPS equipment and related to
Ordnance Datum (Poolbeg). Each of the sites will be described in detail later and the location map including
standpipes together with tables of coordinates and casing elevation for each standpipe are presented in Appendix

2.

For the purpose of describing the hydrological microhabitat of the snail, some standpipes were also equipped
with ‘Divers’ (Van Essen Ltd.), which are self contained pressure transducers with built in loggers and these
were measuring water level fluctuations continuously on a 1 or 2 hour basis. Data were later aggregated into

daily records.

Within each Intensive Quadrat, 4 to 6 Botanical Quadrats were established. These are | x | metre Quadrats in
which intensive study of vegetation patterns and the occurrence of key species such as those of Vertigo geyeri
was monitored. Some of these sites, which will be later described in a section related to the snail microhabitat,

were equipped with additional phreatic tubes (50 mm perforated PVC pipes) with Divers.
One further Intensive Quadrat (E) (Figure 11-16) was established in 2003, and this was equipped with a phreatic

tube with the Diver. Since no other standpipes/piezometers were drilled on this site, it was not used for

hydrological regime evaluation but only for the monitoring of a snail habitat.
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I11-3.1.3. Monitoring Boreholes

Regional groundwater level in the Curragh aquifer was monitored in 45 drilled monitoring boreholes placed
across the gravel plateau: the Curragh Plains, the Japanese Gardens and around Pollardstown Fen. A location
map together with coordinates and screened depths of these boreholes is presented in Appendices 3 and 4 and
also in Figure 1I-8. The depth of these boreholes varied and some of them were equipped with nested
piezometers at different depths, although all of theses boreholes reached the level of deeper gravels (Vicky
Conlon, WYG, pers. com.). Water level data are available from 1998 for a few monitoring boreholes only, and
the majority of boreholes have two weekly data records starting in 1999 running until 2004. In 2004, the number
of wells included in regular monitoring was reduced, and the frequency changed to monthly. The monitoring
boreholes used in this analysis are those located along the fen margins and at the top of the Curragh aquifer and
these are MB 6, MB 7, MB 38, MB 45, MB 29, MB 30, and MB 17. The aim of selecting these boreholes was to
be able to monitor groundwater behaviour along a transect more or less along the flow line towards the fen
margin and extending beyond the groundwater divide. At the same time, boreholes were selected so as to be able

to monitor vertical as well as lateral gradients.

I1-3.2. Surface Water Monitoring

In order to determine inflows and outflows to and from the fen, a number of automatic water level recorders of
the Thalimedes type (a float counterweight system with a variable resistance pulley by OTT-Hydrometry Ltd.)
were installed in three locations on the drains within the Milltown Feeder system. Two instruments were placed
in November 2001, one under Hanged Man’s Bridge and one below the Seven Springs. A third instrument,
measuring the water level in the canal feeder network was installed in a tributary drain below site A in March
2002 (Figure 11-17). As a result, water level fluctuation has been observed and the data used to analyse water
fluxes through the fen and their effect on key habitat sites. In parallel with the water level recording, flow
discharge measurements (by current meter) were taken irregularly at the same three locations. This work was
undertaken many times throughout the study period with the aim of constructing a stage discharge curve for the
Milltown Feeder, which with continuous recording of water levels it was hoped could be used for monitoring
discharge from the Feeder. The Milltown Feeder, as a part of the Grand Canal System, is regulated by a lock
operation, which tends to be intermittent at best, but it is massive seasonal weed growth in the channel that
mitigates against a unique rating curve being established. During this study, weed growth and weed cutting were
found to impact greatly on the water level during summer time, and this caused an inverse relationship between
water level and discharge — higher stages from weed growth relate to lower discharges. The only way to
determine the discharge of water from the Milltown Feeder was through direct measurement of velocity — by
installing an automatic device which recorded flow velocities and water levels continuously. The device installed
was a Starflow Ultrasonic Doppler meter. The meter was centred on the bed of the feeder between fixed channel

side walls and in relatively weed free conditions which were established under the Hanged Man’s Bridge.
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Photo 11-3 Water level monitoring station under the Hanged Man's Arch in Milltown (secured in a PVC pipe)
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Figure I1-17 Locations of surface water monitoring stations within the Milltown Feeder canal system, map
drawn using Map Info
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I1-3.3. Meteorological Station

In order to get a precise measure of regional water balance in the vicinity of the fen, local evaluation of
meteorological fluxes was essential. Thus, an automatic weather station was employed on site to monitor various
meteorological parameters used for calculation of the fen water balance (mainly evapotranspiration and
precipitation). This station was previously operating at Kildare Sewage Treatment Plant and was moved to the
northern side of the Fen in November 2001 and data collected since March 2002. The site chosen for placing the
weather station is situated on the north side of the fen, in close proximity to site D (Figure 1I-16). To ensure
stability of the monitoring sensors, steel poles were driven through the peat and a triangular framework was

constructed. Onto this base, a full meteorological mast was then fixed and sensors connected.

The parameters being monitored at the station were: air temperature, barometric pressure, incoming radiation,
net radiation, wind speed, wind direction and rainfall. The sensors were placed at a typical (for a meteorological
station) height of 2-3 metres (FAO, 1998). Air temperature, barometric pressure, incoming radiation and net
radiation sensors were placed 2 metres above ground level and wind speed and wind direction instruments were
placed at 3 metres above the ground surface. Rainfall gauges were placed on a plate mounted just above the
surface of the ground, just above surface vegetation level. All sensors were provided by ELE International,
except for the net radiometer, which was provided directly by Kipp & Zonen. The sensors’ specification and
frequency of logging is summarised in Table 11-4. The sensors were connected to an ELE logger operated by
‘Dialog’ software and data were recorded on an hourly basis. The weather station was visited on a monthly basis
for data collection and equipment maintenance. Small difficulties occurred sporadically but these were solved
promptly. The rainfall gauge (a tipping bucket) was blocked with plant debris in August 2004, so for this month
rainfall data were taken from the nearest rainfall station based at Naas CBS School supplying data to the Irish
Meteorological Service (Met Eireann), which has well correlated records. A humidity sensor was also originally
on site; however data showed evidence of an instrument ‘drift’ and therefore, it was agreed that humidity data
from a synoptic station at Casement Aerodrome (approx. 20 km east from the site) would be used for all analysis
(operated by the Irish Meteorological Service). The Naas station, although located closer to the site, does not

record humidity or other meteorological data.

For all analyses that considered longer weather records, before the fen weather station was in operation, rainfall
data from Naas CBS was used. This is the nearest rainfall station to the fen. Homogeneity between records from
the two stations was assessed through statistical analysis covering the period from March 2002 until June 2005
and revealed good correlation. Although the correlation coefficient between daily rainfall data from Naas and the
Fen station was calculated to be 0.55, monthly data had a coefficient of 0.82. The two sites are c¢. 10 km apart;
therefore differences in rainfall distribution may account for rather poor correlation on a daily basis.
Nevertheless, the double mass curve between two data sets showed an acceptable level of agreement (Appendix

5) and Naas rainfall is 5% higher.
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Table 11-4 List of parameters measured at the Pollardstown Fen Weather Station with specification of
sensors and recording frequencies

Parametsrs Unit Range Resolution Accuracy Frequen_c y Output

measured of scanning
Wind direction degrees 0-360 1 10 degrees 1 sec 1- hour mean
Incoming radiation W/m2 -400 to 1200 1 5% 5 sec 1- hour mean
Air Temperature 'C -20 to +35 0.1 0.1 5 sec ;gztr reading on the
Barometric Pressure hPa 910 to 1050 0.1 0.3 5 sec :pot {acN n ho

our
(mbar)

Net radiation W/m? -2000 to 2000 | 1 +/-30W/m? 5 sec 1- hour mean
Wind Speed m/sec Oto 75 0.05 0.5 (or 5%) 1 sec 1- hour mean
Rainfall

) mm 0 to 999 2 2 1 hour totals
mm/tip

Photo 1I-4 Automatic weather station employed on the fen at site D.
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11-3.4. Botanical and Vertigo Quadrats

With the aim of gaining a better understanding of the hydrological regime and vegetation habitat associated with
the snail Vertigo geyeri, extensive malacological and botanical surveys were conducted by Dr Evelyn Moorkens
and Natura Environmental Ltd., respectively. Assessments were undertaken at the same locations as
investigations for conceptualisation of the hydrogeological model of the fen margin. Research areas for this part

of the study were located within Intensive Quadrats mentioned earlier and included:

* Botanical Quadrats (I x | metre areas distinguished within each of the Intensive Quadrats) for the
purpose of intensive botanical, micrometeorological and microhydrological study, Figure 11-18. There
were 2-6 Botanical Quadrats within each site located usually along the trackway’ (Figure 11-19).
Abbreviations used: BQ1, BQ2, etc.... Each Botanical Quadrat was divided into a grid with 10 x 10
(10cm) squares. The X axis of the grid was numbered 0-9 and the Y axis A-J. The X axis was parallel

to the trackway.

*  Vertigo Quadrats. These were 0.5 x 0.5 metre quadrats that were placed within Botanical Quadrats
and in which snail counts were carried out. Similarly to BQs, Vertigo Quadrats were divided into a

grid with 5 x 5 cm identified squares. Abbreviations used: VQ1, VQ2, etc.
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Figure 11-18 Concept of Botanical and Vertigo Quadrats

5 A fen surface, as any other very damp/partially waterlogged wetland surface can be easily destroyed by trampling and this, in the long term,
can affect habitat structure on a local scale. Considering the frequent monitoring programmes in selected areas of Vertigo locations on the fen
margin, all Intensive Quadrat A-D were instrumented with a trackway system, which was located at a central point of each site. Trackways
were built perpendicular to the fen margin and extended across 20-30 metres and were constructed to facilitate access to Botanical and
Vertigo Quadrats. These were chosen either along or in close proximity to trackways. All sampling and monitoring within BQs and VQs
were undertaken using small trolleys which slid on trackways and which were built specifically for the project. This strategy was developed
purely to avoid walking and the destruction of the ground surface and the habitat of the Vertigo snail.
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Photo 11-5 Example of a Vertigo Quadrat net in situ
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powered by a solér

trackway' ¢ ‘panel

Photo 11-6 Site A — an example of a trackway system with a data logger for monitoring the fen’s microhabitat.
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Table 11-7 Georeferences of BQs and VQs

Table 11-5 Georeferences of BQs and VQs locutiohs within site €

locations within site A

Corner point east north | altitude Corner point east north altitude
BQ1_A 276426 | 215906 | 88.35 BQ1_A 277315 | 216631 | 85.73
gg 2 :;:;; ilgggg gg'gs BQ1_B 277316 | 216631 | 85.72
5 b Py e e BQ2_A 277314 | 216631 | 85.66
BQ2 A 276427 | 215907 | 88.31 BQ2_B 277315 | 216632 | 85.70
BQ2_B 276428 | 215907 | 88.35 BQ3 A ZLEA0. | 21508 | 6507
BQ2 C 276428 | 215908 88.35 BQ3_B 277311 | 216629 85.68
BQ2_D 276427 | 215908 | 88.32 BQ4_A 277306 | 216625 | 85.81
BQ3_A 276426 | 215909 | 88.23 BQ4_B 277307 | 216626 | 85.75
BQ3_B 276427 | 215910 | 88.27 val A 277315 | 216631 | 85.73
e e
i a P P e s VQ2_A 277314 | 216631 | 85.66
BQ4_B 276429 | 215916 | 88.22 vaz B 2715, s1N0at L 0968
BQ5 A 276431 | 215921 | 87.82 VQ3 A 277311 | 216629 | 85.68
BQ5 B 276431 | 215922 87.97 VQ3 B 277312 | 216630 85.73
BQ6_A 276404 | 215941 | 87.82 VQ4_A 277311 | 216629 | 85.64
BQ6_B 276404 | 215940 | 87.76 VQ4_B 277311 | 216629 | 85.68
BQ6_C 276404 | 215942 | 87.77 vas A 277309 | 216628 | 8568
BQ6_D 276405 | 215941 | 87.70 Va5 B 277309 | 216628 | 85.73
VQ1_A 276427 | 215903 | 88.47 gy e i U g I
VQ2_A 276427 | 215904 | 88.44
Va2 B 276427 | 215905 | 8849 VQ6_B 277306 | 216625 | 85.72
vQ3 A 276427 | 215906 | 88.36
vas+B 276427 | 215006 | 88.37 Table I1-8 Georeferences of BQs and VQs
VQ4_A 276430 | 215913 | 88.37 locations within site D
VQ4_B 276430 | 215913 | 88.34
VQ5_A 276431 | 215918 87.96 Corner point east north altitude
VvVQ5_B 276431 | 215918 88.00 BQ1_A 277145 | 216809 85.88
BQ1_B 277144 | 216808 | 85.91
BQ2_A 277139 | 216803 | 85.71
I)i:ifol;;ﬁvﬁfl‘i’;esfietzegces OF PR 50 Vi BQ2_B 277139 | 216802 | 85.69
BQ3_A 277135 | 216799 | 85.60
Corner point east north altitude BQ3 B 277134 | 216798 85.66
BQ1_A 277030 | 215711 | 86.18 BQ4 A 277131 | 216794 | 85.66
BQ1_B 277029 | 215712 | 86.21 BQ4_B 277130 | 216794 | 85.67
BQ1_C 277030 | 215713 | 86.24 VQ1_A 277144 | 216809 | 85.87
BQ1_D 277030 | 215712 | 86.20 VQ1_B 277144 | 216808 | 85.91
BQ2_A 277027 | 215715 | 86.21 VQ2_A 277143 | 216806 | 85.89
BQ2 B 277027 | 215715 | 86.20 VQ2 B 277142 | 216806 | 85.84
BQ2_C 277028 | 215716 | 86.30 VQ3_A 277139 | 216802 | 85.71
BQ2_D 277028 | 215715 | 86.23 vQ3 B 277139 | 216802 | 85.69
VQ4_A 277134 | 216799 | 8555
VQ4_B 277134 | 216798 | 85.66
VQ5_A 277132 | 216797 | 85.65
vQ5_B 277132 | 216796 | 85.66
VQ6_A 277131 | 216794 | 85.66
VQ6_B 277131 | 216794 | 85.68
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111 Chapter Three: Hydrogeology of Pollardstown Fen

As the ecology of wetlands depends largely on their water regime, the objective of this part is to understand the
general workings of the wetlands and to characterise the hydrological conditions of the fen, such as recharge
mechanisms, water level elevations, amplitude of fluctuations, seasonality, the duration and frequency of
flooding, etc. A particular focus of this investigation was on the fen margin because of the rare species of snail,
Vertigo geyeri, which lives there. By means of long term observations of fen hydrological inputs and outputs as
well the snail microhabitat in terms of proximity to the water table and atmospheric conditions above the ground,
valuable information concerning the fen margin hydrological regime was gained, allowing the construction of a
broad picture of the conditions necessary to sustain the ecological health of the fen. The adopted methodology
included analysis of the fen water balance, characterisation of the water regime of the fen as a whole, and of
specific ecological sites located in the marginal zone. Water chemistry analysis was used to define recharge
patterns to marginal zones of the fen. The chemical signature of water reflects catchment characteristics, where
water is collected, and the pathways that it travels before discharging into the fen. This chemical composition has
an important bearing on the fen’s ecological characteristics, as it controls peat base richness and fertility status.

As such, it defines composition of plant species and controls the fen’s sensitive micro fauna (e.g. Vertigo geyeri).

First, a broad picture was constructed, in which the fen was analysed in a regional context within the Curragh
water body and later the fen margin was analysed in more detail. A conceptual model of water recharge into the

fen and flow patterns in the catchment area and specifically at the wetland margins was established.

IIT - 1. Water Balance

Water balance is a basic analysis employed in hydrological studies, used for quantitative evaluation of the
distribution of total available water among the various components of the hydrological cycle within a given
catchment area and this is the primary purpose of this part of the investigation. It solves the continuity equation
where the total volume of water entering the catchment area is balanced against the total volume of water
leaving, plus the change in volume stored in the catchment over finite time intervals (Cawley, 1994). The
investigation focuses on water movement into, out of and through the wetland, where all sources of water are
carefully examined in order to quantify specific components. This requires analysis of a catchment area, the
quantification of spring flows, analysis of water level elevations as well as assessment of meteorological inputs
(Davis & De Wiest, 1966; Freeze and Cherry, 1979; Domenico & Schwartz, 1998). The groundwater catchment
area for the fen was delineated using groundwater information from boreholes available within the Curragh
aquifer compared with results from intense topographic surveys. A spring survey was undertaken at the fen
margins to identify all areas of groundwater discharge. Water chemistry was used to verify the extent of the

catchment area and to distinguish local horizontal and vertical flow pathways.

As previously stated, the water balance refers to quantification of all of the inflows and outflows of water

throughout the system and as such has been broadly discussed in literature (Leene & Tiebosch 1993; Gilvear et
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al., 1993; Gilman 1994a, 1994b; Owen, 1995, Johnson, 2000). Factors that can contribute to water balance are
precipitation, groundwater recharge, surface water inflow and surface runoff from surrounding fields. At the
other end of the scale, water may be lost to the underlying aquifer and open water bodies such as drains or rivers

(surface outflows) and through the process of evapotranspiration (Figure I1I-1).
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Figure I1I-1 Schematic illustration of the wetland water balance with potential input and output. Directions of
arrows represent the direction of water movement

Mitsch and Gosselink (2000) distinguished the three major factors controlling the water budget of the wetland as
the water mass balance, the surface contour of the landscape and subsurface soil, and the geological and
groundwater conditions. The first of these conditions deals strictly with the inflows and outflows of a wetland.

The remaining two conditions describe the field capacity to store water within the wetland.

For any time interval, the full water balance for a wetland can be expressed in the following equation:

éﬁ:Pn +8, +0. —EF=3
At

out - Goul

Equation [1I-1

Where:

AV _ change in volume of water storage in wetland per unit time [T]

At
P — precipitation [L/T]
Sin — surface inflows [L*/T]
G, — groundwater inflows [L*/T]
ET — evapotranspiration [L*/T]
Sou — surface outflows [LY/T]

Gou — groundwater outflows [LB/T]

In the case of fens, the groundwater contribution to the water balance usually exceeds that given by precipitation,
and its magnitude differs between sites depending on local geological and climatic settings. For example,
Koerselman (1989), who studied groundwater fed wetlands in The Netherlands attributed 55% of the total inflow

to groundwater recharge and only 43% to precipitation. Gilvear ez al. (1993) recorded groundwater input as high
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as 90%. It has also been reported that some wetlands have more complicated interactions with groundwater
bodies and may be recharging in one area and discharging in another, which also may vary depending on the

seasons (Gilman, 1994b).

I1I-1.1. Methods

IIr-1.1.1. Catchment Area

The catchment area was delineated using hydraulic head information from groundwater boreholes located around
the fen. In total, there were 45 monitoring boreholes drilled in the Curragh Plain, the Japanese Gardens and
around Pollardstown Fen (Appendix 3). The total depths of these boreholes varied and some of them were
instrumented with piezometers at different depths; however, it is certain that all of these boreholes reach a layer
of glaciofluvial gravel (Vicky Conlon, WYG, pers. com.). The coordinates and depths of all monitoring
boreholes can be found in Appendix 4. The surface catchment area was established by detailed field
investigation along the topographic boundary of the catchment area taken from Ordnance Survey Map,
Discovery Series 49 (1:50 000). The catchment map was produced in cooperation with Dr. Les Brown, using the

Surfer package.

I111-1.1.2. Spring Survey

In order to delineate all groundwater discharge areas on the fen and establish their connection with a complex
central drainage system which was created to facilitate draining and reflooding activities carried on at the fen in
the 1970s and 80s, as well as the supply to the Grand Canal, a walkover survey along the fen margins was
initiated. The survey was completed during several site visits throughout 2001-2002 and was carried out:

*  along the whole fen margin,
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