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WATER QUALITY
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1 Introduction

1.1 Background

Karstic groundwater bodies have particular characteristitts n@spect to hydrological flow regime
and thus, so do the terrestrial ecosystems associated with fhieenhydrology is characterized by
relatively high groundwater velocities and relatively low gities but flows are concentrated in
solutional fissures or groups of fissures. Those ecosysissogiated with karst and typically having
protected status under the Water Framework (EU,2000) and HaEithts992) Directives are unique
to Ireland in their defined form as ‘turloughs’. Turloughs haveadtaristic hydrological dynamics
which give rise to their peculiar vegetation and fauna.

A turlough is currently defined a# ‘topographic depression in karst which is intermittently inundated
on an annual basis, mainly from groundwater, and which has a substrate and/or esologic
communities characteristic of wetlands’

The aim of this desk study has been to gather the availablenatfon and data involving turloughs
and their associated karst hydrogeology (as ‘karst flow sySteand firstly to analyze possible
relationships between the limited ecological information afiective hydrological indicators. The
second and ultimate objective was to define a risk-based methgdimodurloughs to suit the
requirements of the Water Framework Directive (WFD) in the assedsyhpressures and impacts for
groundwater bodies. It should be noted that under the definition aboeedaayer the duration of
this project) that turloughs are classified as groundwatkthaair open water surfaces during seasonal
inundation are regarded as ‘surface expressions of a groundabker t This logic has specific
implications in terms of pressures and impacts under therWedenework Directive, in contrast to
regarding turloughs as temporary surface waters. The deveiomhéhis logical framework took
some time under the discussion meetings of the Working Gruie Water Framework Directive
but the outcome in terms of a specific Risk Assessment Docusneistuded as a key outcome of this
Desk Study.

1.2 Turloughs within the Water Framework Directive and Associated_egislation

1.2.1 Turloughs as Ground Water Dependent Ecosystems (GWDTE)

In the context of the Water Framework Directive (EU,2000) turlouglisinto the category of
terrestrial ecosystems that depend directly on bodies of groundw#&eoundwater Dependant
Terrestrial Ecosystems (GWDTES) include ecosystemshwhie located in areas where the water
table is at or near the surface of the ground (Wetlands ¢itazGuidance, 2003). In addition, they
occur where groundwater discharges to the surface or to thiegramne of the vegetation is in
sufficient quantity to determine the ecological potentiathaf site (Groundwater Working Group,
2001). Thus GWDTEs are, by definition, wetland ecosystemsoudghs are included in the category
of highly groundwater dependant ecosystems, which also includes rieparticular rich fens and
flushes, springs, marl lakes and dune slacks (Groundwater Working Group, 2001).

The purposes of the directive as stated in Article 1 are:

“to establish a framework for the protection of inland surfaegers, transitional waters,
coastal waters and groundwater which, inter alia:

“(a) prevents further deterioration and protects and enhances the status of aquayistents
and, with regard to their water needs, terrestrial ecosystems ananastdirectly depending
on the aquatic ecosystems;

Thus GWDTEsS are given specific protection under the purposes of theveirect



1.2.2 Environmental Objectives

A series of environmental objectives are set out in Artcbf the WFD. The objectives in relation to
groundwater are the most relevant for GWDTEs such as turlolighsenvironmental objectives for
groundwater apply to groundwater bodies identified within aquifers.

1.2.2.1 Groundwater Bodies

The WFD defines a body of groundwater‘as distinct volume of groundwater within an aquifer or
aquifers”. According to the Irish Groundwater Working Group (2001) inteatist, the concept of
“Groundwater Bodies” embraces:

Groundwater that can provide for the abstraction of significprntities of water (i.e. the
groundwater which can and should be managed to ensure sustabvahieced and equitable
water use); and

Groundwater which is in continuity with ecosystems and can pieceat risk, either through the
transmission of pollution or by unsustainable abstraction thdiices baseflows (i.e. the
groundwater which can and should be managed to prevent environmentatsiropasurface
ecosystems).

Under the aquifer categories definedGnoundwater Protection Schem@3ELG/EPA/GSI, 1999),
which will be the starting point for delineation of groundwater ésdiy the Geological Survey of
Ireland, all Irish bedrock units are defined as aquifers, therdhe all bedrock units have become
elements of one or more groundwater bodies.

1.2.2.2 Environmental Objectives for Turloughs

The environmental objectives for groundwater (Article 4) raieva GWDTES, including turloughs,
are the achievement of:

“good groundwater status at the latest 15 years after the date of émts force of this
Directive, in accordance with the provisions laid down in Annex V”

Groundwater status is described in terms of both quantitativetendical status in Annex V. Good
groundwater quantitative status Annex V [2.1.2] requiines alia that:

“the level of groundwater is not subject to anthropogenic alterations sucloais wesult in...

-any significant damage to terrestrial ecosystems which depenctidiom the groundwater
body”

Good groundwater chemical status Annex V [2.3.2] requires that therttoaition of pollutantiter
alia:
“-are not such as would result in failure to achieve the emmental objectives specified
under Article 4 for associated surface waters nor any signifidaninution of the ecological
or chemical quality of such bodies nor in any significant damagertestrial ecosystems
which depend directly on the groundwater body”

These provisions protect groundwater dependant terrestrial stewsy from significant adverse
impacts resulting from changes in water quantity or from groundwatetipnolliu

1.2.2.3 Turlough GWDTESs to which Objectives Apply

There are a very large number of turlough GWDTEs in Irelandr the first characterisation and
pressures and impact analysis phase (due to be carried out byb2d@girarried out under the Irish
implementation of the directive, only GWDTEs which are defiae Protected Areas under Article 6
of the Directive, and which, in addition, are designated under the dbitdts Directive (EU,1992) or

the Birds Directive (EU,1979) are included. This is in accorelamth the Horizontal Guidance on
Wetlands (2003) which states may use their own nationally developedacfor identifying ‘those



dependant terrestrial ecosystems which they believe arefmienifimportance that damage to them,
as a result of anthropogenic groundwater alterations, could legitimatedy described as

‘significant™.

Article 6, Register of Protected Areadefines protected areas as those areas lying within eeagh ri
basin district which have been designated as requiring speotakcpon under specific Community
legislation for the protection of their surface water armigdwater or for the conservation of habitats
and species directly depending on water. These include Proteeas designated under legislation
listed in Annex IV, which includes the Habitats and Birds Dives. Under Article 4, member states
must achieve compliance (by 2015) with any standards and objeatides which the individual
protected areas have been established. In addition where momnthabjective exists for a water
body, the most stringent must be applied.

Turloughs are designated as priority habitats under the Habitegstiize. The most significant
standard for sites designated under this directive is the achént of favourable Conservation Status
for the designated feature of interest, in the case of turloaghsiority habitats, this consists of the
whole area of the turlough habitat. In the case of turloughstainelards which have been developed
in order to achieve this status include standards both for tlegh waters and for contributing
ground and surface waters. In addition the groundwaters contribatihg turlough will be expected
to meet the any other relevant environmental objectives pertainingundyvater.

It is hoped that in the next phase of work (after 2004) additiomlughs will be subject to the
characterisation procedure. This could occur either by addisiiea being designated as SPAs under
the Habitat's Directive or by the extension of the type of gieged sites to be subject to the
characterisation procedure.

1.2.3 Characterisation Process and Risk Assessment

The achievement of the enviromental objectives is implemented througkedgracess, River Basin
Management Plan, carried out for each of the River Basinmid@ésinto which the member state is
divided.

Article 5, Characteristics of the river basin district, review of tmevironmental impact of human
activity and economic analysis of water usets out what must be undertaken in this phased process,
River Basin Management Plafor each river basin district it includes:

“-an analysis of its characteristics,
-a review of the impact of human activity on the status of suwfabers and on groundwater,
in accordance with the specifications of Annexe I1.”

The specific requirements for groundwaters, and therefore dmciation for GWDTESs , including
turloughs, are listed in Annex Il. These are a phased process consisting of:

An Initial characterisation of all groundwater bodies to ...assessltiggee to which they are
at risk of failing to meet the objectives for each groundwater body undeleAttic

and
Further characterisation, following this initial characterisation..., thfose groundwater
bodies or groups of bodies which have been identified as beindgah risder to establish a
more precise assessment of the significance of such risk anifigdéion of any measures to
be required under Article 11

The process therefore consists of an initial charaetiéon of each groundwater body and its

associated GWDTEs, which includes an assessment of preasdr@spacts, in order to assess their
risk of failing to achieve their environmental objectives, calined above for turloughs. This



followed by a more detailed phase of characterisation, of thots Wadies/groups of water bodies
which have been identified as being at risk.

A programme of measures must be established in order to athewbjectives stated under Article
4, which in the current case for Turloughs subject to charadterisaonsists of the achievement of
objectives defined under the Habitats Directive.

1.3 Project Objectives
1.3.1 Obpjectives

The objectives of this desk study were to:

Develop a risk assessment framework for groundwater dependbitatdian Ireland, with
particular reference to turloughs

Identify and assess the qualitative and quantitative preskaemg to identification of risk of
impact of such pressures (e.g. nutrients, physical disturbahdearst aquifers) Designated
protected areas would be considered as a priority and higlrgsls would be given a more in-
depth investigation

Examine the response of turlough ecosystems to hydrological ingitey appropriate
methodologies to enable potential impacts to be addressed.



2 Turloughs

2.1 Definition

A turlough is defined as:

A topographic depression in karst which is intermittently indated on an annual basis, mainly
from groundwater, and which has a substrate and/or ecologicaimomunities characteristic of
wetlands.

This definition was developed to take account of the fact dhatrlough is an integrated hydro-
ecological entity, and not simply a hydrological entity. A tielaship exists between the water
quality, the flooding regime, the morphology and substrate of tteugh, and the composition and
distribution of its plant and animal communities, which are adapted\ivediuctuating hydrological
conditions. Turloughs exhibit a range of hydrological, morphological anstratd parameters that
are associated with a characteristic range of ecologies.

Previous definitions have focused on single aspects of tlmuglr| generally focussing on the water
regime and/or geomorphological characteristics. Each of thesdtides defines a set of waterbodies
as turloughs, though these sets will not overlap completely. These include:

Coxon, C. (1987(b)) defined what constituted a turlough based on hydrological critgrig; th

The area must flood seasonallg, it must consist of open water for part of the year, and brist
dry (except for any small residual pools occupying a small #heotrea) for part of the year, and
to a minimum depth of 0.5m and,

There must be evidence of emptying to groundwater, which generedips that there must be no
surface water outlet.

Coxon (1986) also includes a list of other author’s definitions, fsoth technical and non-technical
literature, of turloughs. Some examples include:

King (1965, from Coxon,1986): As of those places called turloughs, quasi terreni lacus, ndia
lakes, they answer the name very well, being lakes one p#re gfear of considerable depth, and
level smooth fields the rest. There holes are in there, out of wigchdter rises in winter, and retires
again in summer...."

Scannell (1972):“Turloughs, periodic lakes, occur as solution hollows on the Carbomite
Limestone”.

Drew (1976):“A characteristic landform of this area of western Ireland is the turloughmtarmittent
lake...typically they consist of a shallow depression up to 25m ddepeli defined bounding slopes
and an overall oval shape. The floor is commonly flat, and occupies an aetnefen 0.5 to 3.0Km
There is a sharp break of slope between floor and sides. True turloughavaréably bedrock
hollows, and not simply declivities in the glacial drift, although ¢heray be very little relief between
their base and the level of the surrounding lowlands”.

Other definitions include:

The Karst Working Group (2005) convened as a working group under the Mvateework Directive
by the Geological Survey of Ireland suggested:



“Seasonal lake found in the lowland karsts of western Ireland. Thiyn dill and empty via
estavelles”.

MacGowran, B.A. (1985):

“A turlough is a depression in limestone areas which is cedemostly with small perennial
vegetation, and which floods in winter after wet weather. Theaebigsic pattern of winter flooding
and summer drying, the main flooding starting in October or November”.

Goodwillie, R. (2003)*A working definition of a turloughs is that the winter size mhesttwice the
summer size if permanent water is present”.

Reynolds, J. (pers commi.).part of a continuum from field ponds through to permanent lakes”

The development of a definition which views turloughs as iatedr hydro-ecological entities is
consistent with the requirements of the Water Frameworkciee It draws in part upon these
existing definitions, the inputs of the Turloughs Working Group, andh@mn results of work carried
out for this project.

The turlough definition emphasises the input to turloughsly from groundwatertthere will also be
some surface water run-off in the turlough basin, particulahgrevthere are overlying deposits. In
addition a minority of turloughs have surface water streamsngrinto them, which sink within the
turlough area, thus there is no surface water output from tlwgh. Of 60 undrained turloughs
studied by Coxon (1986), only 3 function in this way. 5 have permanent internal sprirgjskasnand
between 40 and 50 appear to flood via estavelles or temporangssgvithin the turlough, in other
words, have input almost exclusively from groundwater.

The occurrence of flooding is a function of the climatic regand of the hydrological functioning of
the turloughs and the karstic limestone system of which thegrametegrated part. Western Ireland,
where almost all turloughs occur, has high rainfall, on averH@@0 mm per annum. The
predominantly seasonal pattern of flooding observed in turloteghdts from high rainfall in winter,
and less rainfall, with higher evapotranspiration, in summer. |&igiderived landforms in
Yugoslavia (poljes), are glacial hollows on Carboniferous dimee, but do not flood for periods of
many years due to a different climatic regime, in additma thick layer of sediments on the basin
floor (Coxon, 1986). Turloughs within the same climatic environmene ltifferent patterns of
seasonal flooding due to differences in their hydrological fantig, specifically their capacity for
filling and emptying. A small number of upland turloughs have beported to have short term
filing and emptying (Williams, 1964), in response to individuahfal events, even in Summer.
These reported turloughs all occur on the Burren plateau. Tjuwitynaf lowland turloughs flood
seasonally, filling sometime in September/October and engptfapart from residual pools) in the
April to June period. The speed of filling and emptying variesragurloughs, as does the modality
of increase and decrease in water levels during the flooded pekimalysis of rainfall data for the
Gort area of Co. Galway (Johnston and Peach, 1999), where turloughssactated with conduit
flow type hydrology, showed that intensive flooding was always &gsdcwith high winter rainfall
amounts, specifically when cumulative rainfall during the Decenfiveugh January period exceeded
550mm.

A proportion of turloughs retain some permanent water in summérer©Owill have small area(s) of
water (residual pools) which will dry out only in years when rainfall is veny |
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2.2 Inventory of Turlough Sites

A number of disparate lists of turlough sites exist. These baen collated by various institutions
and for studies in various disciplines with a variety ofegtght objectives. The most extensive lists of
existing data are contained in the following work:

-Coxon, C. E. (1986);

-Goodwillie, R. (1992);

-O’Connor, A. and Regan, E., Ecosystem Research Group, NUI Galway sampling lists
-Ecosystem Research Group, NUI Galway references database;

-Geological Survey of Ireland, Karst Database.

-Southern Water Global, (1996);

- National Special Areas of Conservation (SACs) and Speca@kdtion Areas for birds
(SPAs) databases, National Parks and Wildlife Serviceafepnt of the Environment,
Heritage and Local Government (NPWS).

For the purposes of this study four digital databases, alaila GIS and spreadsheet format were
created and an ArcView (GIS) project compiled to facilitai®wing, overlay and query of these
databases in a single visual environment.

i) TCD Project Turloughs Database.

This database is available in Arcview (GIS) shape forfh@DTurloughs.shp), for spatial viewing
and querying, and Excel spreadsheet format (TCDturloughs.xIs).

It is comprised of 128 turlough sites which are listed in Coxon, (1986pdwillie, R. (1992),
O’Connor, A. and Regan, E. (2003) aquatic and terrestrial beetleisgripls and Southern Water
Global (1996). These sources have been included because thele itite most detailed sources of
information on various aspects of turloughs, and in many casdamsger that the site is included in
more than one of the lists and therefore more than one type of ddtal@gy, morphology, substrate,
composition and distribution of plant and invertebrate ecologieseadsty for that turlough site. The
database can be used to identify and access the data availabtgviem site from each of the sources.
The locations and names of the turloughs have been validatedossdchecked across the individual
databases and the data is reliable.

Each site has been assigned a location, an internal databasgiudentification number (turlid), its
identification number from the original source and a measure of the egairdne location.

Coxon (1986) includes predominantly hydrological and morphological dat@Ofdurloughs sites
which adhere to the definition above (Coxon, C. (1987(b))) and in addit®r10 ha in area and
undrained. Substrate and vegetation were also investigated. fréitesGoodwillie (1992), which
include vegetation mapping data, are a subset of the Coxon siteincdude in addition one site
described by Coxon as drained. Topography, substrate and qualitadiatogical data are included
in Goodwillie’s report. Turlough sites were identified from amevegland sites listed in the Gort
Flood Studies project (Southern Water Global, 1997), which inclpdegominantly hydrological,
with some vegetation and invertebrate data. These pverlasome instances with the previous
sources and include additional sites, including sites less than 10 hast&iied by O’Connor, A. and
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Regan, E. (2003) for their beetle fauna, including limited wsaenpling, are a subset of the former
sites but include additional sites. Table 2.1 below lists all ofiteg isicluded in the project database.

Table 2.1 Turloughs listed in TCD projects database
Abbreviations : Turlid :Turlough identification num ber X,Y : easting and northing, Irish National Grid
Cox id : Coxon identification number RG : Goodwil lie identification number
SGF id : Southern Water Global identification num  ber
Grid ref acc : Grid reference accuracy, 1 least (  ~km), 3 most (100m) accurate
NUIG id no. : NUIGalway (O’Connor and Regan) identi  fication number

Turlid {Cchame X Y Coxidno |RGidno [SGFid |Gridref [NUIGid [County
no acc no
1|Rahasane 148000 220000 1 42 0 2 37|Galway
2|Dunkellin 145000| 219000 2 0 0 1 0|Galway
3|Killora 151000{ 219000 3 0 0 1 0|Galway
4|Aggard 150000| 218000 4 0 26 1 0|Galway
5|Tonroe 141000| 221000 5 0 0 1 0|Galway
6|Turloughnacashla | 139000/ 221000 6 0 0 1 0|Galway
7|Pollnakirka 145000| 223000 7 0 0 1 0|Galway
8|Willmount 148000| 225000 8 0 0 1 0|Galway
9|Caranavoodaun 145314| 215421 9 43 21 2 8|Galway
10|Kiltiernan 143602| 214621 10 45 25 2 23|Galway
11|Ballinderreen 140000| 215000 11 44 13 1 2|Galway
12|Blackrock 150000| 208000 12 46 53 2 35|Galway
(Peterswell)
13|Caherglassaun 141235| 206225 13 47 62 2 6|Galway
14|Garryland 141556| 203812 14 48 67 2 20|Galway
15|Newtown Lough 142787| 202556 15 49 65 1 33|Galway
16|Lough Mannagh 140336| 201630 16 50 68 1 0|Galway
17|Termon Lough 140971| 197249 17 51 88 2 0|Galway
18|Kiltullagh 137000| 230000 18 41 0 1 24|Galway
19|Turloughmore 143000| 239000 19 0 0 1 0|Galway
(Clare River)
20| Turloughour 142000| 245000 20 0 0 1 0|Galway
21|Fearagha 134000| 245000 21 35 0 1 0|Galway
22|Turlough 133000( 246000 22 34 0 1 0|Galway
Monaghan
23|Bredagh 131000| 245000 23 0 0 1 0|Galway
24|Kilcoona 131000| 244000 24 0 0 1 0|Galway
25|Turloughcor 129000| 244000 25 0 0 1 0|Galway
26|Ballyconlaught 126000| 246000 26 0 0 1 0|Galway
27|Turlough O'Gall 135000| 251000 27 32 0 1 0|Galway
28| Turloughnaroyey 138000| 250000 28 0 0 1 0|Galway
29|Killower 137000| 252000 29 0 0 1 0|Galway
30|Beagh 146000| 256000 30 0 0 1 0|Galway
31|Garrauns 145000| 254000 31 0 0 1 0|Galway
32|Shrule 127000| 252000 32 31 0 1 40{Mayo
33|Lough Nakill 126000| 254000 33 0 0 1 0|Mayo
34|Turloughmore 123000| 257000 34 0 0 1 0[Mayo
(Fountainhill)
36| Turlough Faugh 125000| 258000 36 0 0 1 0/Mayo
37|Turloughosheheen | 121000| 264000 37 0 0 1 0/Mayo
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Turlid {Cchame X Y Coxidno |RGidno [SGFid |Gridref [NUIGid [County
no acc no
38|Skealoghan 124737| 262878 38 28 0 2 41|Mayo
39|Caheravoostia 126528| 264681 39 26 0 2 0/Mayo
40| Ardkill 127490| 262382 40 29 0 2 0|Mayo
41|Kilglassan 128000| 264000 41 25 0 1 0|Mayo
42|Greghans 128944| 262708 42 27 0 2 0|Mayo
43|Rathbaun 135000/ 261000 43 30 0 1 0|Galway
44|Pollelamagur 130000| 269000 44 22000 0 1 0[Mayo
Lough
45|Scardaun 134000/ 269000 45 24 0 1 0|Mayo
46|Ballyglass 123000| 278000 46 7 0 1 0/Mayo
47|Slishmeen 122000| 279000 47 6 0 1 0|Mayo
48|Pollaghard 126000/ 285000 48 5000 0 1 0|Mayo
49|Tur Lough 153000| 273000 49 15000 0 1 0|Roscommon
50|Levally Lough 152913| 253456 50 22 0 2 0|Galway
51|Coolcam 158000| 271000 51 16 0 1 0[Roscommon
52|Croaghill 159631| 270711 52 17 0 2 16|Galway
53| Turlough Boyouna | 160000/ 263000 53 19 0 1 0|Galway
54|Ballinastack 165000| 265000 54 18 0 1 1|Galway
55|Glenamaddy 164000| 261000 55 20 0 1 21|Galway
56|Kilkerrin 163000/ 265000 56 21 0 1 22|Galway
57|Mantua 182000| 289000 57 0 0 1 0/|Roscommon
58|Corbally 184000 280000 58 8 0 1 12|Roscommon
59|Castleplunket 178000| 277000 59 10 0 1 0|Roscommon
60|Mullygollan 179803| 279400 60 9 0 2 0/|Roscommon
61|Brierfield 181000| 277000 61 11 0 1 5|Roscommon
62|Carrowreagh 179000| 275000 62 12 0 1 0[Roscommon
63|Rathnalulleagh 178000| 274000 63 13 0 1 0/|Roscommon
64|Ballinturly 178000| 273000 64 14 0 1 34|Roscommon
(Newtown)
65|Ballinturly 184000| 260000 65 37 0 1 0|Roscommon
(Castlestrange)
66| Lisduff 184163| 255350 66 38 0 2 0/|Roscommon
67|Lough Croan 188161| 249393 67 39 0 2 29|Roscommon
68|Cuileenirwan 189000| 247000 68 0 0 1 0|Roscommon
Lough
69|Feacle Lough 191000| 243000 69 40 0 1 47|Roscommon
70|Corkip Lough 193000| 243000 70 0 0 1 0/|Roscommon
71| Turloughmore 135000 200000 71 53 76 1 44/(Clare
(Burren)
72|Castle Lough 135000| 198000 72 55 77 1 0|Clare
73|Knockaunroe 131000| 194000 73 57 0 2 25|Clare
74|Lough Aleenaun 124932| 195380 74 56 0 2 0|Clare
75|Carran 129000| 199000 75 54 0 1 9|Clare
76| Turloughnagullaun | 128000/ 204000 76 52 0 1 0|Clare
77|Lough Gash 139208| 167823 77 58 0 2 0|Clare
78| Turloughmore 148000| 176000 78 0 0 1 O|Clare
(Derrybeg)
79|Loughmore 154000| 153000 79 59 0 1 O|Limerick
Common
80|Sluggary Pool 194000| 202000 80 0 0 1 0|Tipperary
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Turlid {Cchame X Y Coxidno |RGidno [SGFid |Gridref [NUIGid [County
no acc no
81|Liskeenan 197000| 199000 81 60 0 1 0|Tipperary
82|Ballingarry 197000| 196000 82 0 0 1 0|Tipperary
83|Killaturly 141000/ 298000 83 4 0 1 0|Mayo
84| Turloughmore 154000| 313000 84 1 0 1 0|Sligo
(Castleloye)
85| Turloughmore 154000| 308000 85 3 0 1 0|Sligo
(Moylough)
86|Doocastle 158000| 309000 86 2 0 1 0[Mayo
87|Fortwilliam 201473| 263179 87 36 0 2 46|Longford
88|Cordara 203000/ 264000 88 0 0 1 13|Longford
89|The Loughans 231252| 163883 89 61 0 2 0|Kilkenny
(North)
90|The Loughans 231760 163507 90 61 0 2 0|Kilkenny
(South)
91|Ballinduff 146000/ 208000 0 0 55 3 3|Galway
92|Belclare 137800| 250200 0 0 0 3 4|Galway
93|Cahermore 141600| 207800 0 0 0 3 7|Galway
94|Cockstown 148700| 210400 0 0 52 3 10|Galway
95|Coole 143000/ 204000 0 0 63 1 11|Galway
96|Cregaclare North | 148200| 213000 0 0 30 3 14|Galway
97|Cregaclare South | 147600| 211600 0 0 31 3 15|Galway
98|Cuildooish 141400| 215900 0 0 14 3 17|Galway
99|Doo Lough 142300| 204300 0 0 0 3 18|Galway
100|Frenchpark 141300| 214900 0 0 17 3 19|Galway
101 |Hawkhill 141100/ 202300 0 0 66 3 45|Galway
102|Laban North 146400/ 210900 0 0 51 3 26|Galway
103|Laban South 146500/ 210200 0 0 96 3 27|Galway
104|Lough Coy 149000/ 207500 0 0 56 3 28|Galway
105|Lough Gealain 131300| 194700 0 0 0 3 30|Clare
106|Lydacan 143700| 207800 0 0 43 3 31|Galway
107|Moran's Turlough | 121600| 261400 0 0 0 3 32|Mayo
108|Poulroe 137500/ 195700 0 0 83 3 36|Clare
109|Roo East 139600/ 201900 0 0 61 3 38|Galway
110|Roo West 138600/ 202400 0 0 60 3 39|Galway
111|Treed Turlough 130600| 194700 0 0 0 3 42|Clare
112|Tulla 136600/ 201600 0 0 59 3 43|Clare
113|Lough Bunny 139000| 197000 0 0 81 2 0|Clare
115|Tullnafrankagh 143300| 215300 0 0 20 2 0|Galway
Lough
116|Owenbristy East 143100| 211900 0 0 38 2 0|Galway
117|Ownebristy West | 142500| 211800 0 0 38 2 0|Galway
118|Brackloon Lough 143000| 212600 0 0 37 1 0|Galway
120|Skaghard 135000 197000 0 0 78 1 O|Clare
(Travaun)
121 |Kilmacduagh 140000| 200000 0 0 72 0|Galway
122|Ballinderreen 138400| 216000 0 0 4 0|Galway
Loughs
124|Lough Fingal 141700| 215000 0 0 18 2 0|Galway
126|Ballynakill 147000| 196000 0 0 94 1 0|Galway
(Hanrahan's
Lough)
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Turlid {Cchame X Y Coxidno |RGidno [SGFid |Gridref [NUIGid [County
no acc no
127|Ballylee River 148000 206000 0 0 57 1 0|Galway
128|Kilchreest Marshes | 156000| 215000 0 0 33 1 0|Galway
130|Termon South 142000| 198000 0 0 91 1 0|Galway
133|Ballyboy 142700/ 198000 0 0 90 1 0|Galway
134|Lough Skaerdeen | 139000| 199000 0 0 95 1 0|Clare
136|Four Roads| 184123| 251376 0 381 0 2 O0|Roscommon
Turlough
35| Turloughagurkall 123372| 260971 35 0 0 3 0/Mayo

i) Geological Survey of Ireland (GSI) Karst (Turloughs) database.

This database is available in Arcview shape (GIS) forfmsikarstturls.shp), for spatial viewing and
querying, and Excel spreadsheet format (gsikarstturlsdec04.xIs).

Turlough sites were selected from the GSI karst databEisis. database currently (December 2004)
comprises 285 turlough sites. The database is currently undew rfevi¢he purposes of validating
site locations and adding in the sites listed in the EcosyRemmarch Group, NUI Galway references
database. This latter database includes sites referandee literature, but not yet validated by field
work. The information included in the TCD Project Turloughdbase will also integrated. When
complete and validated, it will provide the most extensive databaseamfghd. Currently 98% of the
turloughs in the TCD turloughs database are included the GSt Karrloughs) database. However
there are small differences in the locational informatsince the dgree of accuracy varies between
databses. Consequently, the position of a turlough will frequéeetlglightly offset from the same
turlough in the other database, when displayed in the GIS environment.

The database includes locational information, a measure efcthgacy of the location, information
on the source of the location and in most instances the lithologyrastditigraphy on which it is
located.

Figure 2.1 below shows the distribution of turloughs listed in the TCD Prjelctughs Database and
the Geological Survey of Ireland (GSI) Karst (Turloughs) database.
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Figure 2.1 Distribution of turloughs listed in the TCD Project Turloughs Database and the
Geological Survey of Ireland (GSI) Karst (Turloughs) database

i) Turlough Special Areas of Conservation (SACs) database

This database is available in Arcview shape (GIS) &r(sacturlfinal.shp), for spatial viewing and
querying and in Excel spread sheet format (sacturlfinal.xIs).

The database was compiled from turlough SAC site informationiqedvoy the NPWS in GIS
format. It comprises 43 SAC areas, a number of which are SA@leres. A complex includes more
than one designated turlough site within their area, and mayralsmé other areas of conservation
value, which are not turloughs. The 43 SAC areas include 70 individual turloughs.

The database includes location, SAC code, name and county information for eaahe8AC

Annex Il of the Habitats Directive indicates that all occooes of Annex | habitats (which includes
turloughs). In reality guidance from Europe suggests that agseptative sample” of 20 to 60% of
the resource (i.e. Annex | habitat), should be designated. Iloatbe of priority habitats (as are
turloughs), the proportion should be closer to 60% (Aine O’Connor, NPWS@®rs.). Seventy
turloughs have been designated as SACs. This represeoakiapgtely approx. 25% of the potential
285 turloughs listed in the current Geological Survey of Irelangtk@atabase. It is possible that
further turloughs may be designated as SACs in the future. @dsiijonal turloughs are likely to be
designated as Natural Heritage Areas (NHAs) under thelit®ildAmendment) Act, 2000 (Jim Ryan,
NPWS pers. comm.).

This database is therefore subject to change and will ttebé updated in line with new NPWS
designations.
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Iv) Turlough Special Protection Areas (SPAs) database

This database is available in Arcview shape (GIS) format (sgaalréhp) for spatial viewing and
querying and in Excel spread sheet format in -
<TurloughSACsSPAslistTrophicimpacttablesGuidance110205.xls>, Table 2).

The database was compiled from turlough SPA site information provided by th& NP®VS format.

It comprises 2 SPA areas, the SPAs coded 4107 (Coole-Garryland) and SPRa@l0@8afe), which
are currently SPAs. Both of these turlough sites are also design&&dasbut have different
boundaries. SPAs coded 4138 (Ballinturly), 4139 (L. Croan) and 4140 (Four Roads) areambiycurr
SPAs, but have been proposed and digital boundaries are not yet avedlabMAWS. Information

on both the designated and proposed sites is included in the spreadsheet
TurloughSACsSPAslistTrophicimpacttablesGuidance110205.xls, Table 2.

The database and spreadsheet include location, SPA codeandmeunty information for each SAC
area.

Lists of turlough SPAs and SACs are given as part of Appendix Binwihe Risk Guidance
document.

v) ArcView Turloughs Project

An ArcView project (turloughs.apr) has been compiled. This allageess to all the GIS based data,
using ArcView pre-loaded in one environment. It is availableviewing, spatial and database query.
Other GIS based data can be added to the project by the uselitatdaanalysis. Ordnance Survey
1:50,000 scale raster maps were sourced from the EPA and usedtdarimpject. They provide a
useful topographic base for the data.

It is comprised of the TCD project database, the Geological Sofvegiand (GSI) Karst (Turloughs)
database, the Turlough Special Areas of Conservation (SAGas)ada and the Turlough Special
Protection Areas (SPAs) database.

Figure 2.2 below shows all the database turlough, SAC and SPA loddiBpias/ed and an associated
database table open for viewing and query in the ArcView Turloughs Project
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Figure 2.2 ArcView Turloughs Project (turloughs.apr) open for viewand query

The individual GIS data files, in shape file format, can beveteor converted for viewing in a large
number of proprietary GIS systems.

2.3  Turloughs Data and Information Resources

A comprehensive listing of references and data resourcesmmél® turloughs has been compiled in
Appendix 3Data and Information Resourcedt includes both published information and unpublished
data. It is reasonably exhaustive, however there may be omissions &ahviorioughs is on-going.

2.4 Distribution of Turloughs

The GSI Karst (Turloughs) database currently includes 285 turlagghsring in these counties and
in Counties Cork, Leitrim, Monaghan and Longford. The project dagabastains 128 turloughs

located in Counties Clare, Galway, Kilkenny, Limerick, Longford, ®a$ligo and Tipperary. As

can be seen from Table 2.2 below based on the GSI Karst (turjodatadase, the turloughs are
concentrated in Counties Galway, Mayo, Roscommon and Claredandisg order. Table 2.3 based
on the project turlough database shows the same pattern of turlough distribution

18



Table 2.2 Turlough Distribution (GSI karst database)

County Number

Clare 26

Cork 2

Galway 121

Kilkenny

Leitrim

Limerick

Longford

Mayo 62

Monaghan v

Roscommon

Sligo

@(.ﬂ-h

Tipperary

Table 2.3 : Turlough distribution (Project database)

County Number

w1

Clare

»
<

Galway

N

Kilkenny

Limerick

Longford

[N
[\ =]

Mayo

Roscommon

Sligo

DN [

Tipperary

2.5 Pattern of Turlough Distribution.

The most extensive work on the pattern of turlough distribution has beem carriey Coxon (1986).

Ninety sites were located which correspond to her criteria ali@weo(, C. (1987(b))) and in addition
are <10 ha in area and undrained. Various sources were ugsedrilgrithe 1;10,560 Ordnance
Survey maps of the area of Ireland underlain by Carboniferoestiime. (These sites are all included
in the TCD turlough database). She considers that since turlofitges than 10ha only occur in the
areas with the 90 larger ones, these turloughs represenbaablgspicture of the spatial distribution
of turloughs (Coxon, 1987a). In addition, work by Coxon (1987b) on the relapobstween area of
the turloughs and other characteristics of the turloughs identifisigndicant link between turlough
area and other turlough characteristics. The sites whichbdesreidentified in this project and from
the GSI Karst (Turloughs) database, bear out this assefTioa.additional sites occur predominantly
in the same areas as the Coxon sites.

Coxon studied the distribution of turloughs with respect to solid ggpkurrounding topography and
drift cover. The work indicated that the majority of turloughsuocon well-bedded, pure grey
calcarenite, lithologically if not stratigraphically similéeo the Burren limestone. At this time no
consistent bedrock mapping was available for the whole arednich turloughs are located, and so
assumptions were made about the lithological similarity of inconsigtesthed geological formations
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and lithologies. These well-bedded, pure limestones are susceptidestification, thus favouring
the development of turloughs. Surrounding topography tends to cohgisttty undulating, glacial
depositional landscapes. The limited drift information suggéstisih addition to the lithological
control, turloughs occur in areas where drift is relatively thin and pé&tme&tructure was thought by
Coxon to play a role in control on glaciation, with which turlooglentation does seem to be related,
but not directly on turlough location.

Coxon'’s sites were compared with the GSI Rock Unit Groups rastpping in a GIS environment.
This mapping was prepared to facilitate implementation of th® Vépecifically ground water body
delineation. The 1200 geological formations and members defineth il Republic of Ireland
have been reduced to Hock Unit Groups These have been defined within a stratigraphic
framework on the basis of what are understood to be importdetetdi€es between rock units/ rock
unit groups in terms of groundwater flow properties, including:

-Limestone purity and susceptibility to karstification;
-Bedding presence or absence and its influence on the prevalenceiogjoint

-Degree of deformation and its impact on flow properties (e.geraldcks have been
deformed many times since their formation, so lack pore spand connected fracture
networks).

With the exception of two turloughs, all of the TCD project database 128 turloughsustiocated on
the Dinantian pure bedded limestone rock unit group (this includesnS 90 sites). The bedding
planes and purity of this limestone render it susceptiblersiikeation. Of the two turloughs which
do not occur on the Dinantian pure bedded limestone, one Sluggalytérlid 80) occurs on the
Dinantian pure unbedded limestone, but close to a fault zonehwhay have made it more
suscepible to the formation of epi-karst found at that sitey(Falnter-Williams, G.S.l., pers.
Comm..). The second Ballynakill (Hanrahan's lough) (turlid 94sses the boundary between
Dinantian Lower impure limestones and Dinantian (early) sandstdradessand limestones. This site
is also in a faulted area and its catchment may occur inittatian (early) limestones, there is also a
possibility that this is not actually a turlough, but may be closer in cleatach seasonal lake.

This validates Coxon’s assumption that all the sites occurtboldgically similar bedrock with
similar bedding characteristics. It also indicates thatotighs occur on areas with similar
susceptibility to karstification. The definition of a rock ¥noitk unit group based on what are
understood to be important differences between rock units/ rocknanips in terms of groundwater
flow properties, as detailed above, and the occurrence of all Gfotken sites on one rock unit group,
confirms that the properties of the bedrock which control hydrosmgykey in the development of
turloughs. These interrelated properties consists of, the defileeestone purity, prevalence of
bedding and fracturing, and degree of karstification.

2.6 Vulnerabilty of Turloughs as elements of a Karst System

A turlough is defined as:

A topographic depression in karst which is intermittently inundated cemanal basis, mainly from
groundwater, and which has a substrate and/or ecological communities charictarisetlands.

In the context of the WFD turloughs fall into the category ofesdrial ecosystems that depend
directly on bodies of groundwater. GWDTESs are, by definitiortlamd ecosystems. Turloughs are
included in the category of highly groundwater dependant ecosy§&msndwater Working Group,
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2001). Both of these definitions arise from the fact that turloughs form amatgegpart of the karstic
system in which they occur.

The karstic systems of which turloughs form a part haramaber of characteristics that render their
hydrology very sensitive to anthropogenic pressures. Theirisépdi such that a relatively slight
stress at some point in the hydrology of the karst system may caupeopaiisonately large response
(Drew, D. and Hotzl, H., 1999). The interdependence of hydrology amdggoguarantees that any
changes to the hydrology will impact on the ecology.

These characteristics include:

The presence of potentially interconnected conduit and diffuse fyj@tems, and of flow in an
epikarst zone. These flow systems result in extremely hogh rates high relative to other g/w
flow systems with flow velocities ranging from 90-250m/hr @&ean Commission, COST 65
1995) reducing possibilities for attenuation of pollutants, andittdei easy movement of
pollutants through the interconnected system.

Surface and groundwater flow are strongly inter-related and watemove rapidly from one to
the other and through the interconnected groundwater flow systers.agpect of vulnerability is
pronounced in the case of the Irish karst in which the turloughdoea¢ed. The common
definition for a karstic area is the absence of sunfeater, with virtually all excess precipitation
quickly converted to groundwater recharge and discharging prinfaoitly springs. In many
turlough areas autogenic surface waters occur, not simpbtyeaic waters generated on non-karst
strata. This surface drainage may result from the preseha high water table, a superficial
covering of low permeability deposits or from an immature karst groundwEheis surface water
contaminants may enter groundwater via sinking streams andewfa groundwater become
part of an interchangeable system. (Coxon, C. and Drew, D., 1998).

Changes in direction of flow of groundwater and surface wadgrauocur in response to changing
hydraulic head within the system.

Catchments (contributing area to a turlough) can change rapidgsponse to changes in water
level height (hydraulic head).

Response of flow system characteristics e.g. flood duration louglns, to changes in recharge
patterns or quantity, are very rapid;

Point recharge of substances (pollutants) directly to grouedwah occur, as well as via sinking
surface waters. Turloughs may act as points of direct rechatfyeespect to the flow system and
the turloughs downstream in the flow system.

Upland karsts are frequently associated with very thin/absent soil cove

In terms of assessing the impact of pressures upon turloughs, theseeciséicactontribute to:

Potentially high and rapid impact of pressures;

Difficulty of assessing the area contributing to the turlo(ile catchment) and within which
pressures must be identified and assessed;

Difficulty in assessing the pathway via which pressures are trtiadrto the turlough;

These issues are addressed in Sections 3.3: Indicative Turlgpplogy, 3.4: Turlough Catchment
Delineation, and Section 4: Risk assessment.

2.7

Existing Classification Schemes

A number of workers have attempted to classify turloughs. Tdlassifications reflect the discipline
of the workers and their particular interest in the turlougkesysand are generally based on a single
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aspect of the turlough system. Hydrological classificationsudteclCoxon, C. E. and Drew, D.P.
1998(b), Coxon (1986) and Williams (1964 (in Coxon (1986)) and include factonsasuspeed,
duration, seasonality and routes of filling and emptying, and degresndfibution to and from
surface and groundwater.

Botanical classifications include Praeger (1932) which seferzonation of plant species. Work on
aquatic and terrestrial beetles by O’Connor and Regan (2003)ctigspe result in statistical
groupings with potential links to site nutrient status and duradind speed of filling and emptying.
More qualitative systems include that of Reynolds (pers. commkhwhissociates changing
invertebrate communities with changing water chemistry a@ossast-west gradient in the Galway,
Clare area.

Classifications which take into account more that one aspecteduttough systems are those of
Coxon (1986) and Goodwillie (2003). Coxon (1986) takes into account of a naihb@lough
characteristics and groups turloughs on the basis of combined morphapogitd, vegetation and
duration of flooding using multivariate statistics. GoodwilB9@3) identifies zones of vegetation,
with respect to qualitative measures of site nutrienustatvetness, substrate and land use. In most
cases, the authors are hampered by a lack of quantitkitteeon one or more characteristics of the
turlough.

An indicative classification scheme for turloughs, developed as part of tigstpsehich take account
of the turlough as an integrated hydro-ecological entity is discussethihidé€hapter 3.

2.8 Multidisciplinary co-operation

In addition to the project team and partners, an informal netefdikloughs researchers and initiated
interdisciplinary idea and data sharing. This group of co-tipgracientists subsequently became the
core of the WFD Co-Ordination Group, Groundwater Working Group- Turlo&glsCommittee,
which developed the risk assessment procedures and guidance forhsirloipese individuals
contributed data and ideas. They are the following:

Individual Organisation

Dr Deirdre Lynn National Parks and Wildlife Service, Department tfe
Environment, Heritage and Local Government

Donal Daly Groundwater Division, Geological Sunafyreland

Jim Ryan National Parks and Wildlife Service, Deépent of the
Environment, Heritage and Local Government

Dr Julian Reynolds Dept. of Zoology, Trinity ColesgDublin

Dr Roger Goodwillie Consultant Ecologist

Dr Stephen Waldren Dept. of Botany, Trinity Colle§aiblin

Sarah Kimberley Dept. of Botany, Trinity Collegeyiiin
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3. Study of the Eco-hydrology of Turloughs

3.1 Introduction

3.1.1 Objectives
The objective of this study of the eco-hydrology of turloughs was to:

Identify hydrological indicators for the turlough hydrological regi which can be related to
ecological parameters, in order to understand better théonsliaip between the hydrology and
the ecology of turloughs.

Identify the key ecological and hydrological characteristics of turlaughs

Based on these identified relationships and key charactsyigiicdentify pressures which impact
or could potentially impact on the hydro-ecology of the turloughs.

Develop an indicative typology for turloughs, which has relevamdbe assessment of pressures
and impacts.

Previous work has focussed on analysis of hydrology for the purpbdestter understanding this
facet of turloughs, and on ecological studies for the purposasdefrstanding that facet of turloughs,
any study of the relationship between ecology and hydrology being baspdilitative estimates of,
or surrogate measures for, hydrology. The exceptions tappiach are work carried out by Coxon
(Coxon, 1986) and by Goodwillie (Goodwillie, 2003). These studies addrekeerelationship
between flooding regime and vegetation but were restricted by a lack iddi&tadrological data.

3.1.2 Data Avallability
Data used

To achieve the objectives outlined above, large datasets forofdbe ecological and hydrological
characteristics of turloughs, which span a large number of turloagtisa long time period are
required. In the inevitable absence of such data, the most sudtthksets were chosen. These are the
datasets which cover the widest range of turlough ‘type’, fotdhgest periods of time, for any given
turlough characteristic. The main data sources are the following:

Table 2.4 : Turlough eco-hydrology - Data sources

Hydrology and Water Morphology Plant Ecology Aquatic Terrestrial
Hydrogeology Chemistry  |and Substrate Invertebrates |Invertebrates
(water (terrestrial
beetles) beetles)
Coxon, C. (1986) NUIG Coxon, C. Gooduwillie, R. NUIG NUIG
Monitoring  {(1986) 1992 Monitoring  |Monitoring
Drew, D. (1984) (O'Connor, Al Gooduwillie, R. [MacGowran, B.A.|(Q'Connor,  |(Regan. E.)
Regan, E.) (1992) 1985 A)
Drew, D. (1985) MacGowran, |NPWS, Turlough
Southern Water Global B.A. (1985) SACs data
(1996, 1997)
TCD Turloughs
Monitoring (Johnston, P.)

Within these datasets, with the exception of hydrological datadata are for only one year of
monitoring. Also, the year of monitoring for one characteristainsost always not co-incident with
monitoring for any other characteristic. The set of turlonghigeh which have been monitored for a
given characteristic frequently does not coincide with theneetitored for another characteristic. To
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supplement these large datasets, where it exists, data ontehstias of individual or groups of
turloughs was drawn from other data sources. These are referenceckjpotte r

Available Data and reference listing

In addition to the data used and references cited in this praj@omprehensive listing of turlough
related data sources and references was compiled. See App&ad&@hd Information Resources

3.1.3 Issues and limitations

The main issues and limitations in terms of data are the following:
A lack of spatially and temporally co-incident data on the differetdugh characteristics.
Lack of long-run plant ecological (plant and invertebrate) mapping or monitoring
Lack of long-run hydrological data for a large number of turloughs and no data fdradfver
Sporadic data on invertebrate populations.

An almost complete absence of water chemistry measurerfainexisting measurements, with
the exception of one turlough, are single samples from one yearwtatha is of extremely
limited value).

A complete absence of any type of data for a large proportion of turloughs.

These data limitations restricts analysis of relatiorssbgtween different turlough characteristics and
inhibits analysis of trends and of impact of pressures.

Due to these data constraints the work has focussed theoefaagalysis of relationships between
ecological and hydrological characteristics of turloughs {Babelogy) for which quantitative or
semi-quantitative results could be achieved. Some aspetislamigh ecology have therefore not
been addressed.

Issues which have not been addressed due to a lack of suitable data are:

Relationships between bird life and other turlough charactsristLimited data on distribution
and habits of breeding and overwintering birds exists.

Flora and Fauna of cave systems and their relationship tackdostding. There is extremely
limited data on existing cave flora and fauna.

3.2 Relationships between plant ecology and turlough hydrology

3.2.1 Plant ecology and flooding regime

3.2.1.1 Flooding effects on plants

The flooding regime of turloughs is variable, within an ovesathsonal pattern. The majority of
lowland turloughs flood seasonally, filling sometime in Septemimtoligr and emptying (apart from
any permanent water or residual pools that may remain) in pini¢ t& June period. The speed of
filling and emptying varies among turloughs, as does the moddilitycrease and decrease in water
levels during the flooded period, that is some turloughs fillesponse to flooding, but remain full
until they empty in Spring, whereas others may fill, then @értiempty more than once before
emptying in Spring/early Summer. A small number of turloughserBurren plateau are reported to
have short term filling and emptying (in response to individaafall events) in Summer. A
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proportion of turloughs retain some permanent water in Summ#érer©Owill have small area(s) of
water (residual pools) which will dry out only in years when rainfall is veny |

Flooding affects plants mainly through the interruption of gasexclsaage. Additional impacts are
the accumulation in soils of toxic substances that are cdnsethaerobic metabolism of plants or
bacteria and changes in soil structure. Certain plants hawdoged adaptations to survive these
conditions and as such, are termed wetland species. Adaptatiardeinobphological/physiological
changes and timing of important life cycle events. Specific adaptd@oodwillie, 2003) include:

Annual plants reduction in oxygen demand by seed dormancy and completfaairdife cycle
within a short time period.

Perennial plants ability to change from aerobic to anaerelsjiration, withstand root death or
develop aerenchyma to allow oxygen to reach the roots.

Fully aquatic plants frequently have a connection between the atmosphere and roots nsisish pe
during the winter flooding period through their dead stems.

Flooding affects vegetation by favouring those plants which kiveloped these adaptations and
thus have a competitive advantage. The vegetation of preyidiyshreas will change upon flooding
by shifting the competitive balance towards wetland specieds¢Niet al, 1991, cited in Caffarra,
2002). The variable and unpredictable nature of flooding in turlopghsde particular challenges
for wetland plants.

3.2.1.2 Turlough vegetation

Goodwillie (2003) gives a general description of turlough veigetatomposition and distribution
based on study of in excess of 90 turloughs. Turloughs typically haue sgeies poor assemblages
of plants, including only those which can withstand flooding in situ thnde which can colonise
quickly after it has passed. Goodwillie describes a regular zonatiogettien

“from the surrounding grassland or woodland through various sedge and grass coiesntmit
something wet, either exposed mud or marl, fen or grassland with a fgaticagpecies poking
through it”.

A few species occur from the edge of the turlough almoss thaise, other species are less tolerant to
changing water regime and are restricted to definite zonesre Bne no plant species restricted to
turloughs in Ireland as far as is known, but some become commonehtheeddewhere (Goodwillie,
2003)

3.2.1.3 Studies of relationship between turlough vegetation and flood regime

The relationship between flood regime and vegetation composinah distribution have been
addressed by various workers. A lack of measured hydrologfocammation on flood regime resulted
in a dependence on qualitative estimates of, or surrogate medsurhydrological parameters of the
flood regime, in almost all cases. The most frequently usedgaieris depth in the basin, taken to
equate with flood duration.

Praeger (1932) identifies three ecological zones in thresughs studied in Clare and east Galway
(Caherglassaun, turlough south of Garryland wood and turlough cldsméevin chapel). These are
defined defined from top to bottom of the turlough by, the uppet lodhithe mossCinclidotus
Fontinaloides on rocks, the lower limit of bushes, and the upper limit of thessnrontinalis
antipyretica They occur in the same relative sequence, though atediffebsolute height and
distance to one another, across the turloughs studied. These ard émuateeasing periods of flood
duration based on assumptions about the tolerance of these dpefiesding. Coxon (1987)
suggests that the relationship between the moss zones dedwyilrdeger may also be related to
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flood frequency, and that the relationship with flood regime maydplicated by competition
between the mosses as described in Allott (1976).

Caffarra (2003) identified a well defined vegetation zonatitumg the topographic gradient of the
basin of the two turloughs studied, Coole and Knockaunroe. Gradiassisned by Caffarra to
equate with flood duration. The change along the gradient involvedspetties composition and
richness, with a species poor community adapted to withstand w/etsumed to be prolonged
flooding in the lower zones and species rich communities less affectembting in the upper zones.

Lynn and Waldren (2003a) report morphological and associated physailegriation in populations
of Ranunculus repens Hawkhill turlough. This species can occur across the windieugh basin,
traversing the boundary between drier grassland habitats aneetter base of the turlough. Leaf
dissection was found to increase with depth in the basin. Deik lmasin was assumed to correlate
with susceptibility to inundation, specifically duration of inundatidtuynn and Waldren (2003b) also
identified distinctive zone up the topographic gradient of the KHdwturlough basin, with an
emergent aquatic community occupying the deepest zone, ephemethés @pen mud above this,
followed by a damp grassland community, and a drier grassland cotynmaecupying the upper
elevations.

Goodwillie (1992) surveyed 61 turloughs and subsequently added to this mdmbey the Gort
Flood Studies project (Southern Water Global, 1997). He idesht82 communities and a zonation
with depth in the basin within these communities. (See Appendix $Summary of Goodwillie
(1992) Vegetation Survey, for details). These commmunitieg wlassified in a series of 1 to 12
vegetation divisions encountered with increasing depth. A divief plant communities generally
appears in the same order of elevation relative to the othistotis, but not at the same absolute
height. Goodwillie believes that the divisions are related byaadtepth of submergence and that
coverage by water is the main controlling factor in vegataéind has the largest part to play in its
zonation. In 1995 and 1997 topographic spot heights were recorded forblgtiplant species in six
turloughs (e.g Upper zone, top \@&ronica serpyllifolia, Elymus repenfGoodwillie, 2003). For the
purposes of this work, it was assumed that the maximum flood peabdighetation can survive
dictates the species composition. The flood period (in days) anélé@se dates at these locations
were worked out from Gort Flood Studies hydrographic and persecaidds. Goodwillie reports a
relatively good association between vegetation position andabdirilg regime as measured by flood
period and release date, in that the same plant communitiéferent sites experienced the same
flood conditions.

Selected hydrological indicators: residence and response time

A number of hydrological indicators were chosen to compare witlous aspects of turlough
vegetation. Intuitively, the hydrological measures which &edylito affect vegetation type (species
communities) in a turlough wetland will include the length of tihmet a species is likely to be under
water (over an annual cycle), the timing of inundation during the roydle and the frequency with
which inundation occurs within an annual cycle. One recognizeximeder used in environmental
engineering which integrates some of these measures is so-callddrice time’ which equates to the
volume, V, of the inundated wetland divided by the flow rate, Q, whithit. In naturally
functioning wetlands, residence time is difficult to define asflitw rate, either on filling or emptying
(often through the same inlet/oulet), is variable and the volume filled in arseasen can also vary —
turloughs are not ‘steady state’ systems. Thus, ‘resideme Will vary with topographic elevation
and the duration of water cover at any particular elevatidh differ from year to year under
fluctuating climatic conditions. Relating depth of water to damatof inundation at that depth
provides an indicator of this variable residence time inngggiated way. The so-called frequency-
duration curve for water level can be determined from readé@gsured time series records of water
level in a turlough. The curve becomes a characteristic indicatoridémes time.

26



As a hydrological system, a turlough is a ‘reservoir’ which is filled and echptiresponse to rainfall.
A turlough may be represented, therefore, as a linear hydrologatahs under which S=K.Q where
S represents the hydrogeological storage (‘field porositwpecific yield of the groundwater body)
which is supplying the turlough and K is the recession constantmide&st from the hydrograph
recession characteristic of a given turlough. The measucedsien in a turlough is that of water
level naturally decreasing during periods of little or no rainfél topographic survey of a turlough
will result in a contour map or digital terrain model for theservoir’ from which a relationship
between depth and volume can be determined. The depth-volumébeanraees a hydrogeomorphic
characteristic of the turlough. When combined with a recorded water leeed¢ines, a discharge can
be determined for discrete time intervals along the stme4dV/dt : change in volume/time interval).
The recession constant is determined from either the discbarge or the stage (water level) curve
on recession. The recession constant is a well establisieriba in hydrology, as a characteristic
parameter for representing the flow behaviour of the syateimtherefore, as an indicator of response
time. A steep recession curve indicates a relativell riesponse time to a rainfall input and the
converse applies for a ‘flatter’ recession.

Thus, hydrological measures of duration of inundation, or ‘flood duratrepresented by the
frequency-duration curve, derived from the turlough water levardsc and the turlough response
time, represented by the recession constant, were selecthd ksy hydrological indicators to be
related to corresponding ecological indicators, such as Ellenmetgess indices for species
communities. These pragmatic hydrological measures, determifrableavailable data (much of
which was collected during the study) incorporate conceptssiaferece time and respsonse time for a
turlough. Indeed, the hydrological indicators which emerged asmddle best relationship with
aspects of the vegetation ecology are flood duration and hydrograph necgasiient.

3.2.2 Flood Duration and Vegetation Distribution

The relationship between flood duration and vegetation distributiovéstigated by comparing the
topographic height occurrence of the communities identified by Régedwillie (Goodwillie, 1992)
and flood duration across four turloughs, Caherglassaun, Coy, Skealoghan and Termon South.

i) Flood Duration

The duration of flooding at any given height can be read from aedaace curve. At any height on
the exceedance curve, the percentage of time for whichabeé i at or exceeds that height can be
obtained.

Calculation

Exceedance curves were constructed for Caherglassaun, ®egloghan and Termon South
turloughs. The following exceedance calculation (Fetter, 1994 usedd to create the % exceedance
values:

% Exceedance at height (h) = (descending rank position of (ascendingloatlisthge
(h))/total no. of values +1)*100

Flood duration (Exceedance) graphs
The % exceedance values are plotted on a graph of % exceedanateleight (h) (x-axis) vs. height
(y axis).
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Data

Various lengths of flood stage record were used to condinecexceedance curves for different
turloughs.

Coy. Curve constructed from three full hydrological yearstafis data (a hydrological year consists
of data from 1 October year 1, to 30 September year 2), compiledifiibyrdata collected during the
period 23/10/1999- 2/10/2003. Source: Paul Johnston, Trinity College.

CaherglassaunCurve constructed from three full hydrological years ofydathge data compiled
from data collected during the period 23/10/1999- 8/10/2003. Source Paul JohnstonChiieige.

SkealoghanCurve constructed from two full hydrological years of approxétyaweekly stage data
collected during the period 1/10/2001- 30/9/2003. James Moran, NUI Galway.

Termon:Curve constructed from one hydrological year of stage datarlHstage data was collected
during the period 12/02/1996-29/09/1996 (Source Southern Water Global, GoriStlmles project)
Based on this data was interpolated for the period 01/10/1995-11/02/1996, to ¢uHateaa of data.

The period of data collected does not include data from Octobanuary and it is possible that water
levels during this period were higher that those recorded thfeperiod. The distribution of values
used in the exceedance curve may therefore not include the higheswwiltleactually occurred and
therefore may underestimate the proportion of time that higlelslen the turlough are flooded, and
correspondingly overestimate the proportion of time that lower levéleiturlough are flooded.

All the stage data is expressed in m O.D. Malin.

i) Height Ranges of vegetation communities

The topographic height range across which each Goodwillie @iamtnunity occurs in each turlough
was recorded. . (See Appendix 1Summary of Goodwillie (1992) Vegetation Survey, for details of
Goodwillie’s vegetation mapping). MacGowran (1985) carried outgsogiological mapping of 16
turloughs. The Goodwillie mapping was chosen for comparison with hydealagdicators because
of the large number of turloughs mapped, which resulted in the greaterlap between available
vegetation and hydrological data. In addition, the Goodwillie modifiecclassical phytosociological
communities to better reflect the distribution and compositioth@fplant ecology observed in the
turlough environment.

Methodology

A topographic survey of each turlough was carried out using rablgi GPS level, accurate to a
minimum of 20cm (in X, y and z directions) and registered to thenatgrid. Height is recorded in
m. O.D. by registration to a local bench mark from the 1:10,560ra8.series. It was not possible
to level areas which were under water at the time of guf&egust-October 2002), each of these
turloughs retained some water through the driest period of this year.

Vegetation community maps from Goodwillie (1992) were digitiseduto&AD and registered to the
national grid.

Each topographic survey was overlaid on the relevant vegetdmmunity map. See Appendix 1, 2
Goodwillie Vegetation Maps with Topographic Detail (m O.D. Malin) fopma

Figure 3.1 below shows topography overlaid on Goodwillie vegetatiomeoaities for Skealoghan
turlough.
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Fig 3.1 Skealoghan, Goodwillie (1992) vegetation communities and topoghap contours (m
0O.D. Malin)

For each turlough, the topographic height range (i.e. the mininmammaximum height) of each of
the communities occurring in that turlough was recorded.

iii) Integration of flood duration and height ranges of vegetation communities

The height range of each community occurring in the turlough igeglonto the flood duration
(exceedance) graph for each turlough. (See Appendix 1, 3.Combined FlodibiD(Exceedance)
curves and Vegetation Range graphs). Figure 3.2 below is the mmmtdmmunity height range-
flood duration graph for Skealoghan turlough.
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Skealoghan flood duration (exceedance) and
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Figure 3.2 Combined community height range-flood duration graph for Skaloghan turlough

In the case of Termon turlough, the topographic survey, to whichetfpetation is referenced, was
carried out by this project, whereas the hydrological surveycaased out under the Gort Flood
Studies projects (Southern Water Global). It is not certéietier these are both referenced to the
same base level, and there is therefore some uncertainty hbasatationship between flood duration
at a given height and vegetation occurrence heights.

Plant communities occurring in each of the four turloughsairelated . The four turloughs include
25 of the 32 Goodwillie communities - see Table 3.1 : Occurrenhcg@oodwillie communities in
studied turloughs, below.

Plant communities which occur in two or more of the four turloughdadoulated. This comprises 15
communities. For each turlough, the maximum flood duration eadtes¢ tommunities is subjected
to is recorded from the combined Flood duration (exceedance)/\¢agetation Range Graph. That
is, the % exceedance time for the minimum height at whichctimemunity occurs is recorded.
Similarily, for each turlough, the minimum flood duration to whiclktcheaf these communities is
subject is recorded from the combined Flood duration (exr®e) curve/Vegetation Range graph -
that is, the percentage exceedance time for the maximughthati which the community occurs is
recorded. The data is given in Table 3.2: Minimum and maxirfiaod duration of Goodwillie
communities for individual turloughs, below. The combined range of tlwdtion i.e the minimum
to maximum flood duration encountered across all four turloughsafcin community is recorded and
similarly for turloughs Caherglassaun and Coy combined and&jteal and Termon combined. The
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results are given in Table 3.3, Flood duration ranges of Goodwdhemunities across turlough
combinations. In the case of the results for combined turloughsr(8kealoghan/Termon), due to
the uncertainty in the data, the ranges are those from Skealogbapt where there is no Skealoghan

data.

iv) Results

Table 3.1 Occurrence of Goodwillie communities in studied tuoughs

Caherglassaw|1

Skealoghar‘

Turlough Coy Termon
Goodwillie (1992) community Presence of community
2A  |Lolium grassland X X X
2B  |Poor grassland X X X X
2C |Limestone grassland X
2D |Peat grassland
2W |Dry Woodland
3A |Tall herb X X
3B |[Sedge heath X
3C |Flooded pavement X X
3W |Rhamnus wood X X X X
4B  |Potentilla reptans (sp. rich) X X
4D  |Schoenus fen
AW | Potentilla fruticosa/Frangula
5A  |Dry weed X
5B |Pot. reptans (sp. poor) X
5D |[Sedge fen X X
5E | Carex flavia
6A |Dry Carex Nigra X X X
6B |Wet Carex Nigra X X
6D |Peaty Carex nigra
7A  |Polygonum amphibium (grassy) X X
7B |Tall sedge X
8A  |Polygonum amphibium X X
8B |Wet annuals X
8C |Cladium fen X
9A |Temporary pond X X
9B  |Eleocharis acicularis X X
9C |Marl pond X X
10A |Oenanthe aquatica
10B |Ditch
11A |Reed bed X
11B |Peaty pond
12 Open water X X
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Table 3.2 Minimum and maximum flood duration of Goodwillie communities for individual turloughs,

Turlough Caherglassaun Coy | Skealoghan Termon
% flood duration (of time) for community

Goodwillie (1992) community Max Max Min Max Min Max Min
2A |Lolium grassland 54(0 0.0 24.0 0.0 55.6 0.0
2B |Poor grassland 19.0 0.0 26.5 0.0 40.0 0.0 0.6 0.0
3A [Tall herb 100.0 23.0 100.Q 23.0
3C |Flooded pavement 63.0 0.0 100.0 0.1
3W |Rhamnus wood 59.0 0.0 17.0 1.0 69.0 0.0 100.Q 54.0
4B | Potentilla reptans (sp. rich) 100.0 0.0 33.0 17.0
5D |[Sedge fen 68.0 0.0 100.Q 0.0
6A |Dry Carex Nigra 43.0 0.4 83.0 18.0 83.0 0.0
6B |Wet Carex Nigra 100.Q 0.0 100.Q 0.0
7A  |Polygonum amphibium (grassy) 10D.0 52.0 76.0 0.0
8A |Polygonum amphibium 76.0 17.0 100.0 100.0
9A |Temporary pond 96.0 17.0 100.0 0.0
9C |Marl pond 72.0 9.0 100.Q 20.0
11A |Reed bed 98.0 17.0 100.Q 100.0
12 | Open water 63|0 45.0 54.0 26.0 100.Q 100.0
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Table 3.3 Flood duration ranges of Goodwillie communities across turl@i combinations

Turlough

Caherglassaun and Co{/

Skealoghan and Trerﬁno All four turloughs

Goodwillie (1992) community

Range of % flood duratia (of time) for community

2A |Lolium grassland 0-54 0-55 0-56
2B |Poor grassland 0-26 0-40 0-40
3A |[Tall herb 23-100 23-100 23-100
3C |Flooded pavement 0-63 0.1-100 0.1-100
3W |Rhamnus wood 0-59 0-69 0-69
4B | Potentilla reptans (sp. rich) 0-100 0-100

5D |Sedge fen 0-68 0-68

6A |Dry Carex Nigra 0.4-43 18-83 0.4-83
6B |Wet Carex Nigra 0-100 0-100
7A  |Polygonum amphibium (grassy) 52-100 0-76 0-100
8A |Polygonum amphibium 17-76 17-76
9A |Temporary pond 17-96 17-96
9C |Marl pond 9.0-72 9.0-72
11A |Reed bed 17-98 17-98

12 | Open water 45-63 26-54 26-63




v) Conclusions

The flood duration range results for the four turloughs suggestfabatbroad groups can be
identified, within the limitations of the small number of turloegstudied, and the potential
inaccuracies associated with the data. Group 1 is shown in table 3.4.

Table 3.4 Combined Goodwillie vegetation communities : group 1

Community Flood duration range, all four
turloughs

2A Lolium grassland 0-56%

2B Poor grassland 0-40%

3W Rhamnus wood 0-69%

5D Sedge fen 0-68%

6A Dry Carex Nigra 0.4-83%

These communities appear, both from their maximum and minimund fthoation values in
individual turloughs and from their combined range in all four turlough&et constrained in their
distribution by a maximum flooding duration value. The results stigbes they can occur at a
position within the turlough basin which undergoes flooding from approx. Offbeofime, up to a
defined maximum flood length and cannot tolerate being flooded fograger % of time within a
given year. This indicates that they are constrained tdfigpeeight ranges within the basin, which
undergo this duration of flooding or less. The different maximloodf durations at which these
communities are observed is in line with Goodwillie’s divisiamambering system, that is, according
to Goodwillie’s observations, communities in division 2 are founa relatively higher position than
the community in division 3, and so on. The maximum flood duration obseywwedéh community
increases according to its divisional number, and thereforaatsmum depth of occurrence within
the basin. However these communities divisions do not appear to have an uppenelstiag to a
(minimum) flood duration, and are found at a range of common flood olgasibove the specific
community maximum, and do not appear to have an upper boundary as def@eddwillie. It is
possible that in these communities have the possibility ofronguunder a wider range of flood
conditions than Goodwillie’s divisions would suggest, but that sotmer dactor, such as competition
restricts their distribution in general. This methodology doegakat account of the area of a given
community occurring at a specific height, it is possible that smiall areas of the overall community
occur across this wider range.

A second group of vegetation communities is given in Table 3.5

Table 3.5 Combined Goodwillie vegetation communities : group 2

Communities Flood duration range all four
turloughs

8A Polygonum amphibiuml7-76%

9A Temporary pond 17-96%
9C Marl pond 9.0-72%
11A Reed bed 17-98%
12 Open water 26-63%
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These communities appear, both from their maximum and minimund fthoation values in
individual turloughs and from their combined range in all four turlough&et constrained in their
distribution by a minimum flooding duration value. The results sudbgasthey can occur at a height
position within the turlough basin, which undergoes flooding from a defineisnonin to some longer
duration within a given year. This indicates that theyamag occur within the specific height ranges
within the basin which undergo this duration or longer of flooding. Mhag&imum flood duration
seems to be close to 100% for 9A and 11A, but less than this fand8Gand 12. In the case of 12,
Open water, it would be expected that this community would tel&@@% coverage by water, as it is
noted as occurring in deeper areas of permanent water. Datal8rmon, where 100% duration is
recorded, would suggest that this is the case. Including ttaswiauld extend the duration range to
26-100%. The duration ranges associated with these commuméiesrasistent with their general
habitat in terms of persistence of water, as described by GdiedwAll of these communities are
from the four lowest divisions observed by Goodwillie. (Divisidh doesn’t occur in this dataset).
That is Goodwillie expects them to occur in the lowest parheflasin, which he associates with
longer flood durations. This is consistent with these resutiswever, within this group there is no
clear pattern in terms of relative height that can be adedcisith flood duration. As with the
previous group, it is possible that in these communities have thdiptyssf occurring under a wider
range of flood conditions than Goodwillie’s divisions would suggest, lagitsiime other factor, such
as competition restricts their distribution in general. Thethodology does not take account of the
area of a given community occurring at a specific heightitligipossible that only small areas of the
overall community occur across this wider range.

A third grouping of vegetation communities is given in Table 3.6

Table 3.6 Combined Goodwillie vegetation communities : group3

Communities Flood duration range all four
turloughs

3A Tall herb 23-100%

4B Potentilla reptans (sp. rich) 17-100%

6B Wet Carex Nigra 0-100%

7A Polygonum amphibium (grassy) 0-100%

This group consists of communities which occur across a vadg wange of flood duration
conditions. In the case of 6B and 7A, the can be found at all floodahgat4B and 3A occur under
slightly more restricted duration conditions, and could potentilyncluded in Group 2. However
they occur under a wider range of conditions than the other membénat group. All of these
communities are noted by Goodwillie as occurring across a condiléraight range. There is no
obvious relationship between Goodwillie’s divisions and the flood duratange of these
communities.

A final fourth grouping of vegetation communities has a single type as shovabl& 3.7

Table 3.7 Combined Goodwillie vegetation communities : group 4

Community Flood duration range all four
turloughs
3C Flooded pavement 0.1-100

This group consists of one community, 3C, which is a distinct pHysatztat, rather than a plant
community. Goodwillie notes that it can host widely different vatiimt depending on the position of
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the rock within the basin. As such, its occurrence is not assdaidth any specific flood duration,
but can occur at all levels and so has a duration range of 0-100%.

In addition to the emergence of a number of groups, there appdseatpattern in terms of the range
of durations associated with specific communities in differembughs. Table 3.3 shows the flood
duration ranges for each community for turloughs Caherglassaunogncb@bined, Skealoghan and
Termon combined, and for all four turloughs combined. From this sfatdket it appears that Coy
and Caherglassaun combined, show in each case an equal or smadlesfrimgd duration for each
community, than Skealoghan and Termon combined. The provisos relatingrerthen data are not
relevant here, as the comparison is with the size of tigeranot the absolute values, of duration. A
possible reason for this is that Caherglassaun and Coy aredegptma different pattern of flooding
than Skealoghan and Coy. Caherglassaun and Coy turloughs arel liocatarological systems
which are dominated by conduit flow, whereas Skealoghan and Coy atedoa hydrological
systems which are dominated by epikarstic flow. These twtersgsseem to be associated
respectively with potentially multi-modal flooding events during year, and uni-modal flood events.
Multi-modal flood events consists of periodic rises and drop®dauflevel during the flooded period,
in response to recharge events associated with rainfalk midans that the duration of flooding in a
turlough with this type of regime may be composed at certaghh&vels of a number of discrete
flood events, rather than one continuous flood event. This situatiold potentially provide a more
stressful environment for plants and possibly restrict thedurrence to locations within a narrower
flood duration band, in order to minimise the level of uncertaintyhé dontinuity of that flood
duration.

It is not possible to see whether the vegetation commurstyitmition occurring in the year mapped
by Goodwillie is a response to short or long term flood duratittenms. Longer-term hydrological
data would need to be available for comparison with communitsitaison, as well as hydrological
data for the year directly preceeding the growing season. Gdied{@D03) considers that the
vegetation composition is in a state of constant adjustmehe tprevious flood event, while response
times of up to 20 years are assumed for other wetland habidid respect to wet grasslands,
Gowing et al (1998) state thttere is no firm guide as to the length of time it may take a lgrass
community to achieve near-equilibrium with respect to the water eggmpractice, we use 20 years.

These groupings illustrate quantitatively the relationship éetwegetation distribution pattern and
flood regime, which has been assumed or only qualitatively described in prsttidies.

This methodology is data intensive. However, extending this methgdtdogther turloughs would
validate or change the conclusions reached here and verify whether thersatiaihss can be extended
across a larger number of turloughs. It could potentiallyvide significant insights into the
relationship between flood regime and vegetation ecology. Thitdwequire topographic survey of
turlough sites as well as a minimum of one years continuous hyaalagonitoring, and carried out
so as to result in a high degree of certainty regardingveleoopographic heights of vegetation and
hydrological stage. It potentially requires re-mapping of sigetation, in order to provide
contemporaneous hydrological and vegetation information in ordesdess whether vegetation
distribution is related to long term flood regime or to tleod regime in the season immediately
preceding a given growing season.

3.2.3 Flood Recession and Vegetation Wetness Index

The relationship between flood recession in twelve turloughs awmegatation wetness index is
evaluated. Substrate was found to be a factor in the relationship.
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i) Flood recession

A recession constant for the falling limb of the stages®ioa for each turlough was calculated. The
falling limb recession (recession) for turloughs is wellirtgd, both in cases where there is a single
annual recession and where there are multiple recessionsecgssipns approach, or have a straight
line form, and are very consistent across the data periodald@dor each turlough. For this reason a
single recession line is considered to accurately représemecession characteristics. A recession
constant was calculated using the following methodology:

The longest straight line recession available was chosens iFhmportant in choosing the
recession. This does not include the very base of the hydrograph in instheceshere is a very
low slope section at the base of the recession. This atba bfydrograph is considered to relate
to residual water ponded below the turlough outflow zone and not refa@sef the dominant
turlough outflow characteristics. Decreases in water level &ier probably related to evaporation
and seepage.

A plot of:

logyo Stage (time +1jy-axis)vs. logo stage (time)x-axis)
IS constructed.
A best-fit linear regression line of the form:

y=ax+b

is fitted to the data. Thé value must be >0.8 to indicate a good linear recession. Hsis w
achieved in all cases

The recession constant is the anti-log of slope value a.

A summary of the stage data used to construct the stagesimcéor each turlough and the recession
plots for each turlough are listed in Appendix 2, Turlough stage recessions.

Recession as used in surface water catchments, is a hydabiadicator for a catchment response to
rainfall inputs. It can be described as an indicator of an integrajgahesto the head of water within
the reservoir (catchment) and the characteristics of oufflom the reservoir. This is analogous to
the representation of flow of water from a tank reservoirchvican be described in terms of the head
of water within the tank and the discharge charactesisfithe tank. Applying this conceptual model
to the turlough, the turlough can be treated as a tank, with aofeeater in the turlough (turlough
stage) and outflow characteristics comprised of two componentphtfsécal outflow aperture(s) of
the turlough tank and the flow characteristics of the receiving@maent. In the tank system there is
a constant relationship between the head of water in the tahkate of discharge from the tank
outflow. This is complicated in the case of the turlough by theractien of the receiving
environment. Intuitively, a receiving environment - in this dasekarstic system - with a relatively
low storage capacity, will become filled with water and ktiéne rate of outflow from the turlough
tank. A system with higher storage is less likely to becbacked up with water and therefore will
have less of a retarding impact on rate of outflow from the turlough tank. Usirggtigtisptual model
the recession constant is an indicator of this integrated resportsrlough recharge and therefore
represents both the discharge rate associated with the tegadrent in the turlough tank and the
outflow characteristics of the turlough. A low recession cohsepresents a slow rate of recession,
while a high recession constant represents a fast ratecession. Figure 3.3 below shows two
turloughs hydrographs with very different recession rates overea month period. Termon South
has a slow rate, shallow sloping recession curve, and an @asddoia recession constant of 10. Coy
in contrast has a fast rate, steeply sloping recession, auitheassociated high recession constant of
10.8, and a number of flood and recession events occur over the three month period.
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Figure 3.3 Contrasting recession rates at Termon South and Coy.

i) Dominant vegetation scheme and associated degree of wetness

A turlough vegetation dominance scheme-, based on Goodwillie’s mappmglevised by Eugenie
Regan and James Moran, NUI Galway (pers. comm.). Goodwilieremunities (excluding
woodland communities) are amalgamated into three vegetation tgpesiising grassland, sedge and
aquatic community types. These types are generally asmbdératwith increasing habitat wetness.
This approach is consistent with the generally observedaredaip between various wetland species
and wetness (Euliss, N.ldt al, 2004, Wierda, Aet al, 1997). Dominance is based on the relative
proportions of each of the vegetation types. Dominance by a certain typeeferthassociated with a
relative degree of turlough wetness. The types are compog@doaifwillie vegetation communities
as shown in Table 3.8:

Table 3.8 Dominant vegetation types in grouped Goodwillie communite
Community  Type

2A-3C Grass (G)

4B-7B Sedge (S) 7Aolygonum amphibium (grassy) included here even though |
dominated

8A-12 Aquatic (A)

39



The types are combined, (slightly modified from the original schetoeallow for a continuum of
wetness associated co-dominant types as shown in Table 3.9:

Table 3.9 Dominant vegetation types and associated relative wetness

Vegetation Dominance Type Degree of
Type number wetness
G Dominated 1 Dry
GS Co-Dominated 2
S Dominated 3
GSA Co-Dominated 4
SA Co-Dominated 5
A Dominated 6 Wet

The dominant vegetation type for each turlough is arrived aubyming the area of communities
which comprise each of the grass, sedge and aquatic typesyéoadira proportion of area occupied
by each of these types in the turlough.

The dominance type is based on a proportion of area rule:
2:1:1 dominance of one type area over the other two, gives that type singtadoeni

2:1 and 2:1 dominance of two type areas over one, and no clear (2:1) ccenbetween
these two type areas results in two type co-dominance;

No 2:1 dominance of any type area over another, gives three type co-dominance.

In order to validate the Moran, Regan approach for turloughthaethe Goodwillie communities can
be assigned to vegetation types which have a relationshipweitiess, Ellenberg moisture scores
were calculated for each community. Ellenberg defined afsitdizator values for the vascular
plants of central Europe. These indicator values were adopt&ditish conditions (Hill, M.O. gt al,
1999) which are considered to be appropriate for use in IrelandbaBe of indicator values is the
realised ecological niche, that is, that plants have aicea@dage of tolerance of site parameters,
including moisture.

Ellenberg moisture (F) indices were identified (where tbgigted) for each of the indicator species
for each Goodwillie community. An average Ellenberg score eedsulated for each Goodwillie
division - according to Goodwillie’s observations, communities imsiim 2 are found at a relatively
higher position than the community in division 3, and so on, and are catsioleiGoodwillie to be
associated with increasing duration of flooding. For exam@eiaracteristic species in division 11
(comprising 11A and 11B) have an average Ellenberg score of 10, iwlicates shallow water sites
that may lack standing water for extensive periods. A umea®f the relationship between
Goodwillie’s divisions and moisture as indicated by the Ellenseoges was obtained by regressing
the division number against its average Ellenberg score - see Bigurelow.
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Figure 3.4 Scatter plot of Ellenberg F scores vs. Goodwillieegetation division with best-fit
linear regression line

A significant linear relationship exists between the two matars (f = 0.89). An exponential
regression yields a slightly more significant relationskip< 0.9). It is therefore possible to assume
that Goodwillie’s ascending division numbers, observed with ingrgasiative depth in the turlough,
are indicative of increasing moisture conditions, as refiebiethe average Ellenberg index of the
characteristic plant species.

An average Ellenberg index for the characteristic speitiethe communities comprising each
vegetation type was calculated. The indices are shown in Table 3.10:

Table 3.10 Indices for characteristic vegetation species groups

Vegetation types Goodwillie |Average Ellenberg (F) Definition of Ellenberg indicator values
commmunity score
numbers

Grass 2A-3C 6 Between 5 and 7 (5: Mdige indicator
mainly on fresh soils of average dampness

Sedge 4B-7B 7 Dampness indicator, mainly on consta
moist or damp, but not on wet soils

Aquatic 8A-12 10 Indicator of shallow water sites that may |
standing water for extensive periods

The indices show an increasing trend with vegetation type psigneom grass, through sedge, to
aquatic species, which is consistent with the degree tfes® scale proposed by Moran and Regan.
Grouping communities in successive divisions into vegetatipesty associated with increasing
moisture, is therefore a valid approach for turlough vegetation.

Dominance categories were calculated as shown in Table 3.11 forldighs. The areas occupied
by each community in each turlough were provided by NPWS.
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Table 3.11 Dominant vegetation (wetness) type classification

Turlough Vegetation type area proportions
Grass Sedge Aquatic | Total area (ha)] Dominance Category
category number
Coy 0.25 0.34 0.42 36.5 GSA 4
Rahassane 0.14 0.53 0.327 274 SA 5
Knockaunroe 0.05 0.39 0.57 42.50 SA 5
Termon 0.02 0.26 0.7 38 A 6
Tullynafrankagh 0.19 0.34 0.47 16 SA 5
Carranavoodaun 0.03 0.64 0.33 24.5 SA 5
Hawkhill 0.79 0.15 0.06 7.5 G 1
Skealoghan 0.16 0.71 0.13 29.10 S 3
Coole 0.25 0.58 0.17 188.6 S 3
Caherglassaun 0.15 0.53 0.31 41.60Q SA 5
Blackrock 0.43 0.56 0.12 40.2 GS 2

iif) Comparison of dominant vegetation (wetness) type, recession, sulastcareaximum stage

Dominant vegetation type and recession constant of each turlougtakelated, as well as substrate
and maximum recorded stage above the base of the turlough, as shown in Table 3.12.

Table 3.12 Turlough Dominant vegetation (wetness) type, recessj substrate and maximum
stage

Turlough Recession Max. stageMin. stage mMaximum stage Dominance|Category
constant m (0.d.) (o.d.) above base ¢Category |Number
turlough (cm)
Rahassane 8.89 19.48 16.51 297 SA 5
Knockaunroe 9.76 30.59 25.43 516 SA 5
Termon 10 22.61 20.69 192 A 6
Tullynafrankagh | 10.01 21.025 19.89 116 SA 5
Carranavoodaun | 10.02 24.67 23.66 101 SA 5
Skealoghan 10.72 38.96 36.66 230 S 3
Coy 10.8 18.96 9.28 968 GSA 4
Caherglassaun 11.28 11.16 2.03 913 SA 5
Coole 11.19 12.39 2.9 949 S 3
Blackrock 11.67 26.02 13.03 1299 GS 2
Hawkhill 10.25 9.23 5.16 407 G 1
iv) Results

The recession constants were plotted against the vegetatiegory number for each turlough and a
measure of association between the two parameters calculatggplyyng linear regression. The
purpose was to test the hypothesis that an association exiseehdhe recession constant, which is
an indicator of the emptying characteristics of the turloamgt the dominant vegetation, expressed in
tezrms of its association with habitat wetness. A relatil@ly degree of linear association is evident
(r"=0.48).
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Dominant vegetation category vs. Recession constant
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Figure 3.5 : Dominant vegetation relative to turlough recession constan

There are two anomalous turloughs according to the plot above. Theserape {i®tession constant
10, vegetation category 6) and Caherglassaun (recession corisg8)t\vegetation category 5). In
both cases, the dominant vegetation category is higher (thfa¢ isegetation signifies a greater degree
of wetness) than expected, based on the recession constantelétianship between recession
constant and dominant vegetation (wetness) category is assumiedsaddon the pattern observed in
the rest of the data in the data plot. The overall spread of data in the platesdhat as the recession
constant decreases, that is, the turlough rate of emptyingadesrdéhe vegetation tends towards being
dominated by wet vegetation categories (e.g. Knockaunroe, witbwvilest recession constant 9.76, is
dominated by sedge-aquatic species). Equally as the recessstant increases, that is the rate of
emptying increases, the vegetation tends towards being dominatkg bggetation categories (e.g.
Blackrock, recession constant 11.67, is dominated by grass-sedgesype A review of the
characteristics of these two turloughs was carried out in oodasdertain whether they differed in
some way from the other turloughs, with a focus on substrate aed pesistence. Both turloughs
have a substrate (surface layer of deposit) dominated by marl. Coxon (1986) teedves substrates
present in Termon as marl and brown, peaty marl and the singleasailpgesent in Caherglassaun as
marl. None of the other turloughs studied are as dominated blysmiastrate, having marl in
combination with other substrate types as recorded by Coxon(1986)tbheSowater Global (1997).
A possible reason for a change in vegetation towards a vigteeiis the ability of marl to impeded
drainage and to hold water later into the dry season than sdbstrates. This could allow the
persistence of plants requiring greater wetness, insand®se flood regime would under other
substrate conditions support plants associated with drier conditions.

The vegetation categories of these two turloughs are adjustied ito a drier category than they
actually are (Termon changes from category 6, aquatic to 5e saflgatic and Caherglassaun from
category 5, sedge aquatic to 3, sedge), in other words, a medi€twhat the dominant vegetation
category would be with a non marl substrate, and the regression plotted agai
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The resulting regression below, shows a significant relationship betweenagmegetation category
and recession constant, with drvalue of 0.8, when the influence of substrate (or some other turlough
characteristic is removed.)

Dominant vegetation type adjusted for substrate vs. recession
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Figure 3.6 Dominant vegetation type adjusted for substrate against tlough recession constant

There are other features of the two turloughs that may béngatheir anomalously wet vegetation.
Caherglassaun has a small permanent lake, which is subje¢ictal fluctuation, and is the only
turlough in which this is known to occur. According to Goodwillie (1992) this promoteg diagh of

a larger area dEleocharissp. than would otherwise occuEleocharisspecies comprise community
9B, which is a wet vegetation type, and this would cause an s&ciedhe relative area of wet type
vegetation, potentially changing the vegetation categowry weetter one than would occur in non —
tidally influenced turloughs. Termon is described by Goodwaltiea hybrid lake/turlough, due to the
presence of a permanent calcareous lake. However, in tlwghsl studied, the presence of
permanent water does not appear to have a relationship wilr élite recession constant or the
vegetation category. It is likely that the presence of gtersi water, either large lake type bodies
(Termon, Tullynafrankagh, Coole, Coy, Caherglassaun), or pools (Skeajo¢tmockaunroe,
Carranavoodaun) is related to the turlough morphology and /or thenpeesf surface water inflow.
In many turloughs the main path(s) of egress of water fronuth@ugh (swallow hole, estavelle or
more diffuse outflow systems) is located topographically abovévdlse of the turlough. Therefore
any water remaining in the turlough below this point can empty onvhporation and/or seepage,
both extremely slow processes, resulting in a large numbarlofighs retaining water throughout the
year, or drying only in very dry conditions. There are also a smaflber of turloughs which have
surface water inflows, which result in permanent water (Bsdree, Blackrock, Coole). The location
of the path or path(s) of egress may be related to historical suluEpaisition.

Hawkhill turlough was originally included in the dominance catisgtion, but was subsequently
excluded from the regression analysis. It has an anomalouslydgetation category (1, that is
grassland dominated) in comparison to its recession constant (10n®®stidgation of references to
the turlough vegetation reveal that this turlough has been segrionstlified by agricultural

management, with more than half of the more natural turlough veget@placed by managed
agricultural grassland (probably recorded as community 2A)e vdgetation category is therefore
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skewed towards grassland, agricultural management rathefldbdrregime dominating the turlough
vegetation characteristics.

v) Conclusions

The recession constant does have a significant relationship tét composition of vegetation
turlough vegetation, but this relationship is probably mitigdigdhe presence of a substrate which
impedes drainage. The relationship between substrate chiataxsteand vegetation is well
documented. It appears that in the case of the two anomalomsghs] the influence of the marl
substrate on vegetation type is sufficient to dominate to a eletjre relationship between outflow
characteristics of the turlough (as measured by the recession constargyetatian type, categorised
according to wetness affinity. Alternatively there soene characteristics of the turloughs, apart from
substrate) which are dominating the vegetation response towutflaracteristics in these two cases.
In the case of Hawkhill turlough, agricultural management hgsacted severely on the turlough
management, dominating the vegetation response.

The recession constant is therefore a useful hydrologicabtadin defining the relationship between
dominant vegetation category and the outflow characteristipacifgally rate of emptying) for
turloughs.

These analyses illustrate quantitatively a relationshipvdsri plant composition and turlough flood
regime.

3.2.4 Relationship between turlough trophic status and karstilow system, and the influence
of anthropogenic inputs.

3.2.4.1 Trophic Status, Vegetation and Invertebrates

The trophic status of a habitat influences both flora andafad’he Ellenberg indicator values for the
vascular plants of central Europe, the basis of which isdbe that plants have a certain range of
tolerance of site parameters uses this relationshipréate an index for site fertility (broadly
equivalent to trophic status), based on the occurrence of certégator species which are indicative
of the degree of N enrichment of the sit®Vith respect to turloughs Goodwillie bases his lateral
categorisation of plant communities on trophic status, dividing them intoditegaries on this basis:

A eutrophic, B mesotrophic and C and D, calcareous and peaty oligotropipectively.
Composition of invertebrate populations in turloughs have also beerveldlgo be influenced by the
nutrient status of the site

Elements of trophic status

Trophic status in turloughs is composed of two interacting elemietdrophic status of the water
and that of the substrate. In wetlands there is interchangetriénts between the soils and water,
phosphate is adsorbed onto soils particles from the water columm sindlar situation exists for
nitrogen. (Brinkman, R. and van Diepen, C.A., 1990). There existddtere dynamic equilibrium
between the soil and water. Turlough water, from ground and susfater sources bring sediment
and dissolved nutrients into the turlough basin, Goodwillie (2003) nlo&she proportion trapped,
the mechanism and how it is moderated by soil and water pH is poorly understood.

Substrates in turloughs are variable, with a wider range tlwadvibe expected in a normal wetland
habitat. They include peat, marl and soils derived from glaidial Wnfortunately practically no
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information exists on nutrient levels in turlough water. Turlougyeshowever characterised by high
pH (ranging 8-8.4 in turloughs measured by Coxon, 1986). They are alswtehaed by high
alkalinity. Turlough waters are high in Caamd the more calcium present, the less nutrients are held
in a form which is available to plants. This results in eanrloughs having ultra-oligotrophic
conditions.

Which of the two elements, water or substrate, dominates trofalis $s not known. It is possible

that substrate has a greater influence than water chenaistrypst vegetation growth occurs during
the period when least water remains in the turlough. Howevemtidrehange of nutrients between
water and soils must also be taken into account.

Investigation of relationship between turlough trophic status anctikatew environment, and the
influence of anthropogenic inputs.

The relationship between turlough trophic status and the kafstic dystem of the turlough is
investigated, since the interdependence of vegetation, invadgetralogy and water and substrate
trophic status is evidenced by previous work, as described abtage r&cession constants were also
included in the analysis, to assess their affinity as a hydoealogndicator of the karstic flow
environment. The influence of anthropogenic impacts on this relationsiigniassessed.

3.2.4.2 Methodology

Karstic flow system

An assessment was made of the type of karst and assotiatemt€urring in the area around each of
the studied turloughs, that is, the area estimated to be dtsnoatt and the immediate area to which
the turlough contributes flow. This was based on a review dahallavailable hydrological data,
including published data and unpublished monitoring data. A large numhetonfghs occur in the
area investigated by the Gort Flood Studies project (GFS)ti{&wouWater Global, 1997), which
investigated the nature of the karstic environment and assodlaw characteristics and pathways.
The GFS conceptual model for categorisation of karst and itsiasxbflow characteristics has been
used here to describe the karstic environment of turloughs within the adlesdiy the GFS, and also
to describe the karstic environment of turloughs outside this area, wisecemparable.

The GFS categorisation is as follows:

Epikarst flow systems, comprising:

-Shallow epikarstGroundwater flows in the upper 2-5 m, in karst characterisetutadfclints ,
grikes, small deflation structures, solution opened joints fesdires and bedding plane karst.
Development often occurs over large areas and is as a result ofelotearge.

-Deep epikarstNormally generated in the top 10-15 m, groundwater flow isrigel@onduits,
collapses at high level, areas of broken limestone, zones absoiytened fissures and joints and
bedding plane karst. Development is over smaller areas ialovg epikarst and is often route
specific. Very large flows are supported.

These systems are considered to be relatively modern, likely to be et @la/ounger

Deep karst flow systems, comprising:

-Conduit flow systemd=low is in major conduit/cave systems at depths of up to 4gl, often
several meters in diameter, and representing linear ftautes. In the area around Gort, they
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developed in response to hydrological or base level conditions whicbngerlexists and are
remnants of an older, much larger regime which is maskeérdigion and covered by glacial
deposits. They can carry very large flows.

-Fracture/conduit (Conduit type) flow systenidow is at depth in smaller more distributed
fractures and/or conduits, but which can be representebebiléa of a single conduit. These
systems can carry minor to very large flows. They seem tetheeturally/lithologically
controlled.

Stage recession constants

The stage recession constants calculated as described akovwrcladed in the analysis. The
recession is taken to be a hydrological indicator of floodwegas evidenced by its relationship with
plant composition as described above, and is assumed conceptualhflerd the outflow
characteristics of the turlough, and to a lesser extent the heacdeofinvtite turlough.

Trophic status

The measure of trophic status of a turlough is based on a clasifiof trophic sensitivity of
turloughs by NPWS based on terrestrial plant communities, ggpedaand classified by Roger
Goodwillie (Goodwillie, 1992, Southern Water Global, 1997 and NPWS, 20D&phic sensitivity
as described by this classification is comparable to troptaitus as it is based on Ellenberg N
indicator values for plants, the N score for a site relatmghe occurrence of plants which are
indicative of the general fertility of the site. EllenbergtHity Scores were assigned to each turlough
vegetation community, by averaging the Ellenberg Fertilityr&s for the characteristic species. The
turloughs were then categorised and ranked according to the progbgrea of communities with
low Ellenberg Scores (<4), i.e. the proportional area of pwaductivity, nutrient sensitive plant
communities. A score of 4 or less indicates that a sita thé range of intermediate fertility to
extreme infertility (Hillet al, 1999). The turloughs were classified as having high, mediumwor |
trophic sensitivity, respectively >50%, 29-49% or <29% proportiomed af communities with
Ellenberg scores <4. It is important to note that while thexaedatively eutrophic turloughs within
the turlough trophic range, in comparison to other ecosystems, the whough trophic range falls
into the ultra-oligotrophic to meso-trophic classes.

Significant recorded Impacts

A number of turloughs have been assessed by the Ecological sub-grthe Tairloughs Working
Group, and the degree to which they are impacted has been descabedivply. The data applies
only to the immediate turlough basin and not the catchment, and é@mpletely consistent, as the
impacts recorded reflect the focus of the visiting ecologi8in evaluation was made of what
constitutes a significant impact and this information included imtiadysis.

Analysis

Data was tabulated and comparison was made between the karstic flaw systunding a turlough,
the recession constant and trophic status, for the eleven tusldaog which all of this data was
available, as well as the presence of any known anthropogepacis, and the degree of linear
association assessed.

Based on the results of this comparison, a further comparison vagsahffteen turloughs for which
information on two of either the recession constant, karsiie 8ystem, and/or trophic status was
available. In total twenty five turloughs were analysed.

3.2.4.3 Results

The data for eleven turloughs for which recession constantsickbiost system and trophic status
information were tabulated - see Table 3.13 below.
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Table 3.13 Recession constants, karstic flow system and trophic stainformation for eleven turloughs

[1°

Turlough name Current | Recession | Karstic flow system Karstic Source data on which classification ig Significant Recorded Impacts
Trophic | constant (and riverfoverland | flow system| based
status inputs) index
Rahassane 3 8.89 Shallow Epikarst, riydr GFS (Southern Water Global, 1997), Arterial drainage, river inputs channelis
inputs Coxon, C. and Drew, D.P. (1986) through turlough and drained to sea
Knockaunroe 1 9.76 Shallow Epikarst 1 Drew, D.98P
Termon South 1 10 Shallow Epikarst 1 GFS, TCD tawimg
Tullynafrankagh 1 10.01 Shallow Epikarst 1 GFS, T@bnitoring
Carranavoodaun 1 10.02 Shallow Epikarst 1 GFS, nohitoring
Hawkhill 3 10.25 Shallow Epikarst, Deep2 GFS, TCD monitoring Land —use management hasdtageheavily
Epikarst conduit, Overland on vegetation composition
flow at high stage fron
Coole
Skealoghan 1 10.72 Shallow Epikarst, possibly Coxon, C. (1986), Coxon, C. and Drew,
some zones of greater flow| D.P. (1986). Moran, J. UCG
monitoring
Coy 3 10.8 Fracture/conduit  (condui® GFS, TCD monitoring
type)
Caherglassaun 3 11.28 Deep Epikarst condluit, GFS, TCD monitoring Parts intensively managedgtation change
conduit, Overland flow a
high stage
Coole 3 11.19 Deep Epikarst conduit2 GFS, TCD monitoring
Overland flow at high stage,
river inputs
Blackrock 3 11.67 Fracture/conduit  (condyi GFS, TCD monitoring Enrichment from abbatoir, rsluspreading

type)

fertilizer
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A strong association between the value of the recession nbastd karstic flow system, and with
both of these and trophic status is obvious from the tabulated data.

The karstic flow system surrounding the turlough was indexet] as 2. Index 1 indicates a flow
system comprising shallow epikarst. Index 2 indicates a flggtesn comprising conduit,

conduit/fracture (conduit type) and or/ Deep epikarst conduit flows& lage all systems which are
generally route specific and which are capable of carrying large eslofrflow

To confirm the relationships obvious above, a number of scattervpdoescreated and the degree of
linear association between each factor assessed.

Relationship between Karstic flow system and turlough stage recession

A scatter plot of stage recession constant versus &diletv system index (Fig. 3.7) shows that the
recession constant varies almost continuously across the rand®8tt&sane) to 11.67 (Coole), and
is associated with two slightly overlapping groups of karfiow system index (FSI). KFSI 1
(shallow epikarst) is associated with recession constanteinahge 8.89 to 10.72, whereas KFSI 2
(comprisingconduit, conduit/fracture (conduit type) and or/ deep epikarst cordwi} is associated
with recession constants in the range 10.25-11.67, that is respeutitrelower and higher recession
constants. A moderaté value of 0.57 describes the significance of a best fit linegression line
imposed on the data.

Karst flow system vs. Recession constant

y = 0.49x - 3.68
R%*=0.57

Karst flow system index

8 9 10 11 12
Recession constant

Figure 3.7 Scatter plot with regression line of stage ression constant versus karstic flow
system index

In order to improve the correlation, Hawkhill turlough was rerdofrem the analysis. Hawkhill is
anomalous in terms of a number of its characteristics. laHaw recession value, indicating slow
emptying, but fills and empties according to the pattern of neartoutié Coy, Blackrock and Coole
which have much higher recession values. It is assumed toamedpikarst region, though this is not
certain, but appears to have flow characteristics simil@otg Blackrock and Coole which are proven
to be situated in a conduit karst flow system. Removing Halvikhfroves the linear correlation
between recession constant and KFSI (Fig. 3.8). A more sigiffcaalue of 0.68 describes the fit
of the linear regression line imposed on the data.
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Karst flow system vs. Recession constant
(excluding Hawkhill)

y = 0.50x - 3.85
R%*=0.69

Karst flkow system index

8 9 10 11 12

Recession constant

Figure 3.8 Scatter plot with regression line of stage ression constant versus karstic flow
system index(excluding Hawkhill)

A conceptual model of the karstic flow system surroundin@uigtis, based on the flow system data
examined and these associations is as follows. Flow systenosiisding turloughs can be divided
into three broad groups.

i) Shallow epikarst flow systems. These are comprised ofoshapikarst comparable to that
described by the GFS. That is, groundwater flows in the uppen2ib karst characterised by fluted
clints , grikes, small deflation structures, solution openedga@nd fissures and bedding plane karst.
Development often occurs over large areas and is as aoésiuiect recharge. They are low storage
systems, which support low volumes of flow. Flow is in atietdy dispersed system, is unconfined,
and effectively a discontinuous water table exist. Water appein a turlough is effectively a
reflection of this water table surface, flow is generaltyoss the turlough, driven by the hydraulic
gradient of the water table. Stage recessions from turlonghs system are relatively slow. This is
due to the low storage capacity of the receiving systenthnhipedes outflow, and the fact that the
turlough is in effect emptying into a full system. When théewtable drops in Summer, below the
level of any turlough in such a system, water will only remain in the turlouglea¢lebelow the main
egress points for flow, and this water level will be discoted from the water table. Recharge to
these systems is direct via the epikarst and relgtleehl, probably from within the local topographic
catchment.

i) Conduit/conduit type flow systems. These are comprisettep conduit, conduit/fracture (conduit
type) and or/ deep epikarst conduit flow. These systems arethigiges systems, which can support
large volumes of flow. Flow is in discrete, though intercated pathways, with confined and
unconfined conditions depending on the volume of water in the system. ghsloeceive water via
these discrete systems when sufficient volume of flow exists in thersyastsufficient hydraulic head
to be forced into the turlough. Stage recession from turloughscimflow systems is relatively rapid.
The large storage capacity of the system allows ragichdrge from a turlough, once the hydraulic
head has dropped in response to dropping water levels in the conduit system.

Recharge to these systems can be from connected shallow epik@irsict recharge from losing
and/or sinking streams or indirect recharge from surfacersigenerated on non-karstic aquifers and
which sink in the karstic catchment. A combination of all tlirequently occurs in a conduit/conduit
type flow system. Recharge to a turlough flow system may atcsmme distance, travelling along
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the interconnected conduit /conduit type networks at potentiadfly helocities, velocities ranging
from 90-250m/hr have been recorded in karstic systems (European Commissiong & O&b).

i) Combined shallow epikarst, conduit/conduit type flow systemShallow epikarst flow will
frequently exist in continuity laterally and verticallyitiv conduit /conduit type flow systems.
Depending on the proportion of the different flow system presenttimnse will be closer to that of
either of the two systems. It is probable that a small ptiopoof conduit/conduit type flow can
dominate the response, causing the system and any associategjhsirto behave as if in a
conduit/conduit type system, due to the proportionally larger st@sgmciated with this flow system
type. Stage recession constants could be expected to beniidtte high range for turlough situated
in these flow systems, that is, stage recession will be moderast.to fa

The stage recession rate, as measured by the recession tcamgisedominantly an indicator of the

outflow characteristics of the turlough and the receivingti@flow system, with an element relating
to head of water in the turlough. The fact that it correlatesignificantly with the overall karstic

flow environment of the turlough, that is both the catchment flowesysind the immediate receiving
flow system, allows the assumption that the catchment and irateediceiving flow systems are
generally comparable. This allows the cautious use of st&gEsgion constant as a hydrological
indicator for the overall karstic flow environment of the turlough.

Relationship between karstic flow system, recession and trophic status

An association between trophic status and karstic flow syiskden, is visible from the tabulated data.
The significance of this association is assessed by crestaer plots and by assessing linear
correlation between the two factors. From the scatter pistciiear that increasing trophic status is
associated with a change from KFSI 1 to KFSI 2, that is frotoshapikarst to conduit flow system
type - see Figure 3.9 below.

Karst Flow index vs. Trophic status
(including Rahassane)

3 * /
<
1 2

y=1.67x-0.33
R%=0.69

Trophic status
N

Karst flow system index

Fig 3.9 Karst flow index against turlough trophic status

A moderately significant linear association exists, the-fiesegression line having arf walue of
0.69. Rahassane turlough is an anomalous value in this associatimy adrophic status of 3,
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associated with a KFSI of 1. To improve the correlation Rahassas removed from the
calculations.

Karst Flow index vs. Trophic status
(excluding Rahassane)

3 y=20x-1.0 o
R*=1.0

Trophic status
N

0 1 2 3

Karst flow system index

Fig 3.10 Karst flow index against turlough trophic status (river flav excluded)

Albeit with few sample points, the resulting correlation indisaesignificant relationship between
KFSI and trophic status, the best-fit regression line, inelyitaere, having a perfect fit value of 1.
That is, turloughs with a trophic status of 1 (ultra oligotrophi® associated with KFSI 1, that is
shallow epikarst flow systems, while turloughs with a trogtatus of 3 (relatively eutrophic) are
associated with KFSI 2, that is conduit/conduit type flow systems.

In order to explore this relationship further, data was talitea further 15 turloughs for which
trophic status and information on the karstic flow system was availabke Table 3.14 below
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Table 3.14 Trophic staus and karstic flow system data for fourteen tiwughs, karstic flow system and recession data for one turlough

Turlough name Current | Recession | Karstic flow system Karstic Source data on which classification ig Significant Recorded Impacts
Trophic | constant (and riverfoverland | flow system| based
status inputs) index
Levally West 9.69 Shallow Epikarst 1 TCD monit@jrGFS
Ballylea River| 3 Conduit,  Fracture/condujt2 GFS
Turlough (conduit type)
Garryland 3 Deep Epikarst conduit? GFS
Overland flow at high stage
Lough Doo 3 Deep Epikarst conduit2 GFS
Overland flow at high stage
Newtown 2 Deep Epikarst condujt2 GFS
Overland flow at high stage
Ballinduff 2 Shallow Epikarst, alspl GFS Soil excavation, limited land reclamation

distributed g/w flow from
sandy gravels and gravelly

tills
Lough Mannagh 1 Shallow Epikarst 1 GFS
Roo West 1 Shallow Epikarst 1 GFS
Tulla 2 Shallow Epikarst, very rapidl GFS
epikarst flows, ?some deep
epikarst
Lough Allenaun 3 Shallow Epikarst 1 GFS, D. Dresvpcomm. Very extensively reclaimed (basin hasnhee
scraped out), probable enrichment from heavy
fertilisation.
Fingall 1 Shallow Epikarst 1 GFS
Ballindereen 1 Shallow Epikarst 1 GFS
Kilglassan 3 Shallow Epikarst 1 Coxon, C. (198%)xon, C. and Drew, Enrichment from dairy farm - intensively
D.P. (1986). managed steep slopes of turlough.
Ardkill 3 Shallow Epikarst 1 Coxon, C. (1986), Gox C. and Drew| Enrichment from 2 intensive dairy farms |in
D.P. (1986). topographical catchment
Greaghans 3 Shallow Epikarst 1 Coxon, C. (198608, C. and Drew| Heavily enriched. Badly managed farmyard
D.P. (1986). (floods) and intensive dairy farms.
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The significance of the association between trophic statugastc flow system index visible from
the additional tabulated data is assessed by creating spktterand assessing linear correlation
between the two factors for all of the 25 turloughs.

There is a low level of association between the two factoespest-fit regression line having &n r
value of 0.35 - see Fig 3.11.

Trophic Status vs. Karstic flow system index
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Fig 3.11 Trophic staus against karst flow index

The data was examined. The data that does not conform to thenpedtablished falls into two
categories, those turloughs which have significant recorded impabich could be expected to
impact on the trophic status of the turlough, and a number of additisltalghs, which have riverine
inputs or other factors which may influence the trophic stattiseofurlough. Those turloughs which
have significant recorded impacts were removed from the figaliffhese ardRahassane, Hawkhill,
Lough Allenaun, Kilglassan, Ardkill and Greaghans turloughs. Rahasdsméias riverine inputs.
The scatter plot and linear correlation for the reduced datheet a very significant association
between trophic status and KFSI - see Fig. 3.12
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Trophic Status vs. Karstic flow system index
(excluding impacted turloughs with natural tropc
status<3)
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Fig. 3.12 Turlough trophic status against karst flow index excludingmpacted turlough

The best fit regression line has avalue of 0.84, which signifies a very significant linear etation
between trophic status and KFSI, with trophic status incredwng 1 to 3, with a change in KFSI
from 1 to 2. That is, oligotrophic status is associated withlKIF@&hich indicates a flow system
comprising shallow epikarst, while relatively eutrophictigtais associated with KFSI 2, which
indicates a flow system comprising conduit, conduit/fracture (corigpe) and or/ Deep epikarst
conduit flow. It is important to note that while there are nedéif eutrophic turloughs within the
turlough trophic range, in comparison to other ecosystems, the winlolegh trophic range falls into
the ultra-oligotrophic to meso trophic classes.

There are only a small number of turloughs (3) within our dataset of 25 turloughs wirch traphic
status of 2. All of these fall into the category of haviome other potential factor apart from direct
anthropogenic impact, which may influence their trophic staliuis. therefore more difficult to make
inferences about these turloughs. These turloughs includexddfliwhich has a shallow epikarst
flow system (KFS1) and which has some recorded impacts, boisiated as receiving substantial
flow from sands, gravels and sandy tills. Such deposits would betesp® increase the trophic
status of water flowing through them. Water from sandy till dép@tso contributes to Coy and
Blackrock turloughs, these turloughs have a trophic status eofh&h can be associated with
conduit/conduit type flow. Tulla turlough appears to be located shadlow epikarst flow system
(KFS1), but there are possibly links between the epikarstarwhduit/fracture flow system, which
would be expected to increase the trophic status from 1, towaghdserhrophic status. Newtown
turlough has a trophic status of 2, but appears to be located in a awordirated flow system, which
is difficult to explain without additional data.

3.2.4.4 Conclusions

The strong relationship between trophic status and flow systeenhas potentially interconnected
causes.
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Conduit/conduit type flow systems as described above in the bnosel groups of karstic flow
system, and which are strongly associated with relatively tngphic status, are high storage systems,
capable of transmitting large volumes of flow. They are coethad discrete pathways with high
interconnectivity. In the area studied by the Gort Flood Stutlitssconnected conduit/conduit type
flow networks were identified which run for tens of kilometrehese flow networks interact with
surface waters via connected shallow epikarst, swallowshtldoughs and springs. The catchment
area for the waters contributing to a turlough is thereforenpially very large, and ground and
surface waters are connected, thus providing potentially @pgertunity for accumulating nutrient
load. High volumes of water can move through these high storagesfistems at periods of high
stage, potentially at high velocity (as is reflectedh®y high stage recession rates in turloughs in such
systems). This would be expected to result in a high cumulatass loading of nutrients to the
turlough, resulting in a relatively high trophic status. In addittbe, transport of sediments and
consequently particulate phosphorus would be favoured by the presfecoeduit flow. Although
most of the loading would be expected to occur during high flow wmaetths, when only aquatic
plants are growing, and the mechanism by which water and Iserhistries interact is poorly
understood, there is definitely is interchange of nutrients batwee soils and water. In general in
wetlands, phosphate is adsorbed onto soil particles from the wa@tenn, and a similar situation
exists for nitrogen. (Brinkman, R. and van Diepen, C.A., 1990) Thesaiciion may be most
important in Spring/early Summer, during the last major flooéssion before the growing season.
This relationship with high trophic status holds equally foloughs with riverine inputs. Rivers will
have relatively large catchments, and the potential fouragtating high nutrient load, as well as
potentially high flow volumes, moving at high velocity. This wobkel expected to result in a high
cumulative mass loading of nutrients to the turlough, resulting in avediatiigh trophic status.

Shallow epikarst systems as described above in the three d¢mmaps of karstic flow system, and
which are strongly associated with low trophic status, are forage systems, capable of supporting
low flow volumes relative to conduit/conduit type systems. Flow &srelatively dispersed system, is
unconfined, and effectively a discontinuous water table exist. eMégipearing in a turlough is
effectively a reflection of this water table surface.clige to such systems is relatively local, and
the catchment is most likely defined by the local topographic catctinThe small area of catchment,
relative to conduit/conduit type flow systems provides redfitivittle opportunity for accumulating
nutrient load. Combined with lower volume and rates of flowuph the system (the later reflected
by the low stage recession rates in turloughs) this probably results incatmwative mass loading of
nutrients to the turlough, resulting in a low trophic status.

3.3 Indicative Turlough typology

An indicative turlough typology has been developed. This is basétle understanding developed
above of the karstic flow systems within which turloughs ocand (stage recession as a hydrological
indicator of same), and their relationship with turlough tropic status.

This indicative typology comprises five main types of ‘natural’dugh/turlough environments, that is
those which have not undergone anthropogenic impacts. Two of yipese(Types 1 and 2) contain
the majority of turloughs studied, and based on the relativelg lsagple of turloughs studied, this
proportion is probably true for the turlough population. The sixth typatlg@ogenically impacted
turloughs.

Non-anthropogenically impacted turlough types

Type 1: Conduit/conduit type flow system turloughs, with relatively high toogtaitus.
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These turloughs are situated in conduit/conduit type flow sysdsndescribed above in the three
broad groups of karstic flow system. The hydrological indicatage recession, will probably
have values in the range 10.25-11.67, a higher recession constantrang@swill give greater
confidence in the presence of this flow system type. Trophiesstat defined by NPWS will be
high, generally having a value of 3, but may occasionally be 2. Examples include

Type 2: Shallow epikarst type flow system turloughs, with low trophiostat

These turloughs are situated in shallow epikarst flow systsmdescribed above in the three
broad groups of karstic flow system. The hydrological indicstage recession, will probably
have values in the range range 8.89 to 10.72, a lower recession canstasirange will give
greater confidence in the presence of this flow system typephic status as defined by NPWS
will be low, generally having a value of 1.

Type 3: Combined conduit/conduit type, shallow epikarst type flowesydurloughs, with
relatively high trophic status.

These turloughs have flow occurring from and to both shallow, low volume|danepikarst and
are also connected to a conduit/conduit type flow network, possiblythé epikarst. The
conduit/conduit flow appears in general to dominate the trophic stgpsnse of the turlough.
Examples include Tulla (trophic status 2), which according to the &pp8ars to be located in a
shallow epikarst flow system (KFS1), which possibly has linkth a conduit/fracture flow
system, and Hawkhill turloughs. Hawkhill (trophic status 3%, bath shallow epikarst, and deep
epikarst conduit flow components to its flow system. Insufficiage recession data is available
to assess the likely recession constant for these turloughs.

Type 4: Turloughs with riverine input, with high trophic status.

These are a small number of turloughs which have inflow, and in sases also outflow, via
rivers. The karstic flow system may be any of shallow epikaonduit/conduit type flow or a
combination of both. In the case of turloughs situated in shallokarspiflow systems , a low
stage recession constant, as is typical of such systamsecaxpected, and a high trophic status.
For example Rahassane turlough is situated in a shallow siiyatem, has a low stage recession
constant of 8.89 and a trophic status of 3. In the case of carohia conduit/conduit type flow
system turloughs, with typically high stage recession rateighatrophic status will be caused by
the conduit flow component as well as by the riverine input. Coole turlough yampke.

Type 5: Turloughs receiving distributed flow from certain types onset.

These are a small number of turloughs which receive distritflaedfrom sediments whose
composition will increase the nutrient load of waters flowtingpugh them in addition to having
inputs from any of shallow epikarst, conduit/conduit type flow oomhination of both. Tropic

status may be moderate/high i.e. 2 or possibly 3 in the cashalibw epikarst turloughs.
Conduit/conduit type, or combination flow system turloughs will haveyl tiophic status caused
by the conduit flow component as well as any influence of the water from sucles&slim

These turloughs include Ballinduff which is situated in a sha#ipikarst flow system, but is also
noted as receiving substantial flow from sands, gravels amdlygills. Such deposits would be
expected to increase the trophic status of water flowing thrthugim. Water from sandy till
deposits also contributes to Coy and Blackrock turloughs, thdeaghs have a trophic status of
3, and are situated in conduit/conduit type flow systems.
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Anthropogenically impacted turlough type :
Type 6: Turloughs with anthropogenic inputs

These are a large number of turloughs of types 1 to 5, which haadditional anthropogenic

nutrient loading on their natural — non-impacted trophic status. &\therloading is sufficient it

will increase the natural trophic status. In the casetdughs having a naturally high trophic
status of 3, the impact will not be discernible unless the peessur be identified. Impacts on
turloughs with lower trophic status, a change from the expectedrogigc status will be evident.

Examples of the former include Blackrock and Caherglassaulougins, the latter include

Kilglassan and Ardkill turloughs.

3.4 Turlough catchment delineation methodology

For the purposes of assessing pressures and impacts on turlaughesthodology for turlough
catchment delineation was developed. This is based on the abovetuahoeodel of karstic flow
systems surrounding turloughs and the relationships and their relationghipnaugh tropic status.

This comprises two elements:
i) Identifying the catchment type
i) Methods for delineating the catchment area.

These are outlined in section 4.3.2 and 4.3.Guiflance on the Assessment of Pressures and Impacts
on Groundwater Dependant Terrestrial Ecosystems Risk Assessment SbadERAZa — Turloughs
See Appendix 3.

3.5 Turlough Invertebrate Populations

Invertebrates

Although turlough faunas may be sparse and unpreditable, they appdme inhabited by a
characteristic set of invertebrate species. (Reynold8Ql), Reynold®t al 1998). Many of these
species are opportunists widespread elsewhere and most tusfeaés are also to be found in small
ponds. There are, however, rarities which appear to be regtitictreland to turloughs, these include
Tanymastix stagnaliand the rare glacial reli@urycerus glacialigReynolds, 2003). Species which
occur in turloughs are all well adapted to the special natuteerr environment, with strategies
including production of resting stage, resistance to dessicatian amphibious lifestyle (Reynolds,
1999). Spatial distribution of species varies across theibdigson of turloughs. In a study of
turloughs in the Gort area, Reynolds (1999) found an increase in sgeeiesty from east to north,
which he attributed to a move away from turloughs whose so@ineater is in the Slieve Aughtys, or
to an increase in the diversity of habitats within a turlough basin.

Aquatic Beetles

Aquatic beetle assemblages in Ireland were analysed byr Ebste(1992), eleven assemblages were
identified, one of these was an assemblage whose typio#iithes the turlough. The sites with the
greatest diversity recorded were some of the turlough sigpical turlough beetles include species
which are rare or unknown elsewhere in Ireland and Great BritAMork carried out by Aine
O’Connor at NUIG (2003) involved the analysis of the distributiomvafer beetles in 27 turloughs.
Aquatic beetles can occur in both semi-permanent and permanemt w@tester analysis and
ordination techniques were applied to the data. Five groups idemdfied from these combined
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analyses - see Figure 3.13 below. The groups fall into twegcaés, groups comprising wetland
fturlough specialists and groups comprising more ubiquitous spetieh also occur in other
habitats. The groups were compared with various turlough chasticieriThe characteristics which
are most important in determining which group occurs in a turlouglvemmess, specifically Summer
wetness, and the occurrence of detritus, which is associated with leatstatus of the turlough.

Terrestrial Beetles

The distribution of terrestrial beetle in turloughs was studied by EugéRiegén at NUIG (2003).
Terrestrial beetles occur in the area of a turlough which is periydiceded but not in open water.
Cluster analysis identified two main groupings according to their wetideldy, that is wetland
specialist beetles and agricultural generalists. The most impartkmtgh characteristics in terms of
the occurrence of either group are:

Soil wetness, particularly availability of summer water, which tertieined by a combination of
substrate characteristics and flood regime. Flood duration is thoughtrdrbpatant factor.

Surrounding Habitat, specifically the degree of disturbance of theusuting habitat and how
close it is in composition to natural turlough vegetation.

Vegetation structure — this is related to vegetation compositionhwbk&f is influenced among
other factors by flood regime and trophic status.
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Both Groups 1 & 2 have
pond and ditch,
euryoecious species
associated with vegetatior
and/or detritus and/or
filamentous algae

Group 1 has species
associated with stagnant
water, vegetation and
detritus and eutrophic
conditions.

Group 2 has somewhat
similar species but possibly
associated with less stagne
less permanent and more
muddy conditions

Both Groups 3 & 4 have the
turlough species — associate

with seasonal water, fens et¢

Group 3 has species
associated with clear, base
rich water — and possibly
more permanent conditions
than Group 4. Also has the
rarer species — most
interesting group for aquatic
Coleoptera

Group 4 like 3 but possible
more muddy conditions.
Group 5 has species that arg
associated with less
vegetation, less permanent
water, “faster” water and are
fairly ubiquitous.

h

Figure 3.13
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3.6 Key Characteristics of Turloughs

Vegetation community distribution and composition have been shown abdwe related to flood
regime, as described quantitatively by duration and recessipeatively. Flood duration at a
particular level in the turlough is also related to turlough morphology. i msaddition to qualitative
relationships between flood duration, depth and release date and vegktatiobed in the literature.

Turlough trophic status, comprising the interacting elemenigabér and substrate trophic status is
related to the distribution and composition of vegetation communitiegphic status has been shown
to relate to the flood regime of the turlough as describechéyrdcession and to the hydrological
setting of the turlough, of which recession is an indicator.

Invertebrate population distribution and composition has been relatedaogh nutrient status, and
qualitatively to wetness of the substrate and flood duration.

In terms of the combined ecologies described above the kewctastics of turloughs which
influence their composition and distribution are:

Flood regime, which can be described by the hydrological indicetoession and duration,
and potentially by flood depth and release date.

Substrate, including substrate trophic status, permeability and watetioatcharacteristics.
Morphology, including position of egress points/areas and potentially slegreness.
Trophic status, comprising water chemistry and substrate chardcserist
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4 Risk Assessment

Risks or ‘threats’ to the functioning of a turlough as a wetland (GWDids) be described in terms of
‘pressures’ (ie potential hazards), the susceptibilitythef pathway and potential impacts on the
receptor, ie the turlough ecology. In the case of turloughs estickdeatures, the pathway
susceptibility is usually high, although the catchment aredtén difficult in practice to define.
However, the hydrological behaviour of a turlough, as described earlienis ¢ recession constants
and duration of inundation, can be a surrogate indicator of potential agkitmugh ecology.

4.1 Pressures

Wetland Horizonal Guidance (IMPRESS) states that in idengjfpressures for the purposes of the
Water Framework Directive, risk from current pressurestrbesasssessed, but that the potential
impact of future pressures should also be understood. Thus psessick are not current should be
identified, in the context of a potentially changing policy framework.

Pressures are identified as events or situation which rmagecdamage or impact under specific
circumstances. Impacts resulting from pressures are éheref function of both the source of
pressure, the pathway by which the pressure arrives at tbaghrland the sensitivity of the turlough
to the pressure.

Pressures which impact on the turlough can have sources withiurlthegh basin itself, and/or in the
turlough wider catchment. The extent of the turlough catchment and the pathwayschigmelssures
reach a turlough are dependant on the type karstic flownsysithin which the turlough is situated.
Shallow epikarst type flow systems tend to have relgtil@cal catchments, as described above.
Conduit/conduit type, or combined flow systems will have potentiallge catchments, with the
possibility of pressures at distance impacting on the turlough. Timeatéon of catchments within
which pressures may result in impact to the turlough is coaipli by the issues of partially
contributing catchments, which contribute a proportion (but not athesf flow to another catchment
under specific stage conditions. The pathway via which presatgesansferred is also potentially
discrete, with rapid travel times.

Pressures which impact on turloughs can be grouped in to two main groups as follows

Group |

Pressure: Changes in spatial and temporal pattern, location and magnitude of rechiarige i
catchment and within the turlough.

Sources: Drainage: arterial and small scale local; Abstoadj Flood control measures; Land-

use management; Urban and infrastructural development.

Climate change, resulting in more intense rainfall eventsramrddsed winter rainfall
in western/north western Ireland (Sweeney et al, 2003);

Impacts: Change in flood regime, resulting in changes to the compositd distribution of
turlough plant species. Potential hydrological indicators of awing flood regime
include flood duration curves. Activities associated with tharce of this pressure
can also increase the vulnerability of a turlough to other pessuch as nutrient
loading by opening new and more rapid physical pathways for polltiamsfer.
Changes in recharge may also increase the loading of pollutants/nutreiritglough
by decreasing flow volumes and consequent dilution and dispersionicrbgsing
flow volumes and associated loading.
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Group Il
Pressure

Sources:

Impacts

Nutrient loading (phosphorus and nitrogen). Turloughs are phosphgtedl|
systems, but may also be nitrogen limited. Research is ongourglerstand the role
on nitrogen in turlough ecosystems.

Land-use practises: Agricultural land-spreading of organiaanebrganic fertilisers,

farmyard run-off; Forestry, fertilizers and nutrients assediatith sediment loss due
forest practise; Construction on peatlands, resulting in mdimlisaf sediment and

associated nutrients; Municipal, industrial and local (septic-taak}je discharges;

Impactswill include changes in composition of plant and faunal ecologies r@sult
in changes to the overall trophic status of the turlough. Nufirgots influences the
species composition and productivity. Invertebrate speciesnpacted directly by
nutrient status and indirectly by plant structure. Over-wingeand breeding bird
populations may also be impacted by changes in vegetation compositon and structure.

In addition, landuse management has direct impacts on turlough ycdivgzing has direct impacts
on plant and faunal species, through impact on vegetation compositiotruidre and on substrate
structure. These factors will also cause changeautafaThe circumstances in which grazing has a
negative or positive impact are not well understood, cepaiterns and intensities levels of grazing
can have a positive impact on plant species composition and diversity.
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4.2 Risk Assessment Guidance

4.2.1 Purpose of Risk Assessment Guidance

The purpose of the Risk Assessment Guidance is to provide a profdassessment of the risk of a
turlough failing to meet its environmental objectives. The Gwidawhich arose out of the work
reported here, consists of:

A Guidance Document and Summary Risk Assessment Sheet whiddegpimformation on how
to carry out the assessment of risks to turloughs from phosphdtagsociated sediment loading)
entitted WFD Pressures and Impact Methodology Guidance on Groundwater RisksAmnt
Sheet GWDTEZ2a - Risk to Turloughs from Phospisatecluded in Appendix 3. It is designed to
be used during the initial characterisation phase, where approgetdeexists, to assess the
impact of pressures on a turlough and thus to indicate the degris& of a turlough failing to
meet standards and objectives contained within the risksmeat. It includes a characterisation
of the turlough and its catchment as a precursor to assgssisgure-impact relationships. It is
also sufficiently detailed to be appropriate for use duringfihaer characterisation phase, but
using more detailed data.

A Guidance Document and Summary Risk Assessment Sheet whiddgpmformation on how
to carry out the assessment of risks to turloughs from atietraentitted WFD Pressures and
Impact Methodology Guidance on Groundwater Risk Assessment ShBatERAW2a - Risk to
Groundwater Dependant Terrestrial Ecosystems from Abstraidiafo included in Appendix 3.
This is a more generalised risk assessment used foVMlI TEs. It is designed to be used during
the initial characterisation phase.

4.3 Risk Assessment Approach and Scope

4.3.1 Risk Assessment Approach

The risk assessment approach adopted for turloughs is consigtierthe approach being used in
other areas of the WFD in Ireland. It uses the basic risk analysis model of

>
[Source(pressure)] Pathway [ Receptor ]
>

The risk assessment approach for turloughs sits within therlapgpundwater characterisation
framework, which starts with the delineation of water bodiestheddentification of any associated
Ground Water Dependant Terrestrial Ecosystems (GWDTES).ridkhapproach outlined below and
illusratated in Figure 4.1 and Table 4.1, is that adopted under th&ddKnical Advisory Group
(TAG) Guidance, and has been adapted for turlough risk assessites approach is consistent with
other risk assessment procedures undertaken for other ground related risk assessments in
Ireland.
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Figure 4.1 Summary of risk assessment approach (from UK TAG Guidange

The risk assessment procedure takes the form of a riskxmaithis approach has been used
successfully in other areas of groundwater protection innidelapecifically in the development of
groundwater protection schemes (Department of the Environment aadGaeernmenet al,1999).

The assessment procedure combines predictive risk assessmdmiowledge of actual impacts. The

65



predictive risk assessment is based on an assessment efatienship between source (pressure),
pathway and receptor (turlough). The resultant predictBleaategory arising from this process can
then be modified by existing data on known impacts. The rigdsas®nt categories that result from
the procedure are as follows (Table 4.1):

Table 4.1 Risk Categories Resulting from Assessment Procedure

WFD Risk
Category Reporting Category
1. Water bodies | (1.a) Water bodies at significant risk
at risk of failing Note: Identifies water bodies for which consideration of appropriate measures can start as

to achieve an soon as practical

environmental
objective (1.b) Water bodies probably at significant risk but for which further

information will be needed to make sure this view is correct

Note: Focus for more detailed risk assessments (including, where necessary, further
characterisation) aimed at determining whether or not the water bodies in this category
are at significant risk in time for the publication of the interim overview of significant water
management issues in 2007

2. Water bodies

not at risk of (2.a & 2.b) Water bodies not at significant risk orthe basis of available information

failing to (2.a) Water bodies for which confidence in the avai ___lable information
achieve an being comprehensive and reliable is low

environmental

objective Note: Work on these water bodies will be focused on appropriately improving the quality

of information on pressures and their likely environmental effects in time for the second
pressures and impact analysis due to be completed in 2013

(2.b) Water bodies for which confidence in the avai __lable information
being comprehensive and reliable is high

Note: Review for the next pressures and impacts analysis report in 2013 to identify any
significant changes in the situation

Each risk category has actions arising from that designatioaddition to the actions outlined in the
chart above, turlough which are designated as being in the laabritk categories will have their
catchments designated as new water bodies.

4.3.2 Risk Assessment Scope

4.3.2.1 Protected Areas

Only turloughs which are designated under the Habitats (92/43/EBEQhe Birds Directive
(79/409/EEC) as Special Areas of Conservation (SACs) and $proiection Areas (SPAs) are
subject to the risk assessment procedure. As such they are designateecisdPAreas under Article
5 of the WFD.
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4.3.2.2 Environmental Objectives

This particular risk assessment (GWDTE?2a) is designezthieve the combined objectives of the
WFD and HD in terms of water quality. In accordance witliche 5, the objectives for SACS and
SPAs are the attainment of objectives and standards sendet the Habitats (92/43/EEC) or the
Birds Directive (79/409/EEC). The most important of theseahe&s achievement of Favourable
Conservation Status. The standards which the turlough watersoatributing ground and surface
waters will be required to met in order to achieve Good CoaservStatus, have been devised in
consultation with the National Parks and Wildlife Servicé{I5) (who form part of the GWWG
Turloughs Sub-Committee) and who are the competent authority with resgestahitats and Birds
Directives. In general terms the environmental objectisegfoundwaters require the protection of
dependant terrestrial ecosystems fremnificant damagelmpairment of conservation objectives
could be regarded as constituting significant damage (HorizGutialance on Wetlands, 2003). This
requirement may be effective in protecting turlough GWDTEscklire not designated under the
Habitats or Birds directive, but are considered to have nationatalrconservation value. Additional
turloughs are likely to be designated as Natural HeritAgeas (NHAs) under the Wildlife
(Amendment) Act, 2000 (Jim Ryan, NPWS, pers. comm.). In addition Article 6 of thewdkId not
preclude such nationally designated sites from being includee iretfister of protected sites, which
would ensure that they would be subject to the WFD Characterisaticedprec

The risk assessment is designed to assess risk to bothdhar®i SPA elements of the site in one
procedure, although impacts on the SPA are difficult to predict @w@elack of baseline data. No

specific reference is made to birds, but the attainment of goseovation status for the turlough

habitat as a whole will ensure that the site will remaifa@burable conservation status for birds also.
It is also acknowledged that high P values may in facttr@swdn increase in bird numbers (Aine

O’Connor, NPWS pers. comm.) at a turlough site. The aim igdeide a conservation balance,

which results in the attainment of good conservation status for thetwédge of ecologies.

4.3.3 Pressures

4.3.3.1 Pressures Assessed

Pressures which are included in the current risk assesgmecedure are diffuse low mobility,
inorganic phosphorus (R and abstraction.

Abstraction

The procedure for assessment of risk from abstraction is comonoall {fGWDTES. Abstraction
pressure consisting of general abstraction in the catchmenaradear from wells in the immediate
vicinity of the GWDTESs (turloughs) boundary or by arterial dagimis assessed. The carrying out of
arterial drainage is not current policy, however it has weduin the past and caused significant
changes to turlough morphology and hydrology. For the purposes of amgrfanaracterisation, a
more turlough specific risk assessment procedure will needetoabried out in order to more
accurately assess the significance of abstraction relateslipges

Other Pressures

Other pressures do exist, as outlined in WED Pressures and Impact Methodology Guidance on
Groundwater Risk Assessment Sheet GWDTE2a - Risk to TurloughsPlrmsphate but their
significance is difficult to assess, due to a lack of datd/or understanding of the pressure impact
relationship. IMPRESS Guidance for the Analysis of Pressame Impacts in accordance with the
WEFD states that a key requirement of the impacts and pessanalysis will be to identify future
activities in the RBD which may put at risk the achievement of WFD tibpsc Specifically that:
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The analysis of pressures and impacts must identify:

-Existing pressures and impacts (identified in 2004) likely toaosing the status of water to
be lower than good;

-How pressures would be likely to develop prior to 20015, in wdysh would cause a
failure to achieve good status if appropriate programmes of meagne not designated and
implemented.

The IMPRESS Guidance recognises that the initial charsatien process (deadline 2004) may rely
heavily on existing data, but it also emphasises the nedddimber States to ensure that this can be
refined and supplemented during the river basin planning cycle(s) whiaw.fol' his should allow for
work to be carried out to develop a better understanding of theupresspact relationship for
pressures not included in this assessment and for filling of data gaps.

4.3.3.2 Pressure Location

The area to be included in the risk analysis is the caohmf the turlough. The predictive risk
assessment refers only to risk from pressures occurrirgnwtite turlough catchment, and not to
pressures occurring within the actual turlough basin (the bowsdafriwhich are defined by NPWS,
based on work carried out by Goodwillie (1992, and subsequent unpublishedfovddPWS).
Turloughs over 10ha: Vegetation survey and evaluation. A repottiéoNational Parks and Wildlife
Service and the Office of Public Works., and which in the cas8A@/SPA complexes, will be
different from the boundary of the full complex). Pressures confinedhdoturlough basin are
regulated by the National Parks and Wildlife Service (NP\W&®)er the Habitats Directive. Policy
instruments complementary to the Habitats Directive, and wtachaid in the regulation of these
pressures include, the Rural Environmental Protection Schemes, Management Plans and co-
operation with other government agencies. Adjustments to thectivediisk category based on
available impact data can be based on data from inside the tyrlmufom the catchment. In the
first case by comparing turlough water Total P values wittttsesholds, and for the catchment by
comparing groundwater MRP values with set thresholds.

4.4 Guidance Documents

The risk assessment procedure ffFD Pressures and Impact Methodology Guidance on
Groundwater Risk Assessment Sheet GWDTE?2a - Risk to TurloughBHomphatevas developed
by the WFD Co-Ordination Group, Groundwater Working Group- Turloughs Sub-Committee ihis
the guidance document.

The risk assessment procedure ffFD Pressures and Impact Methodology Guidance on
Groundwater Risk Assessment Sheet - Risk to Groundwater Dep@edagstrial Ecosystems from
Abstractionwas developed by the WFD Co-ordination Group, Groundwater Working Group.

These guidance documents are given in Appendix 3.
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5 Further Work

For the purposes of further characterisation, a more turlough ispeskf assessment procedure will
need to be developed in order to more accurately assess theécaimmfof abstraction related
pressures.

Other pressures do exist, as outlined in the guidance andtionsé, but their significance is difficult
to assess, due to a lack of data and/or understanding of thereriesisact relationship. Guidance for
the Analysis of Pressures and Impacts in accordance with the(IMIARESS) document states that a
key requirement of the impacts and pressures analysis will idertofy future activities in the RBD
which may put at risk the achievement of WFD objectives. Specifittadly

The analysis of pressures and impacts must identify:

Existing pressures and impacts (identified in 2004) likely to bsieguhe status of water to be
lower than good;

How pressures would be likely to develop prior to 2015, in wédyshwvould cause a failure to
achieve good status if appropriate programmes of measure were not designated ametimtgule

The IMPRESS Guidance recognises that the initial charaaiensprocess may rely heavily on
existing data, but it also emphasises the need for Member &taesure that this can be refined and
supplemented during the river basin planning cycle(s) which follovis Shtould allow for work to be
carried out to develop a better understanding of the presspestimelationship for pressures not
included in this assessment and for filling of data gaps. Detation of ‘catchment areas’ for
turloughs remains a key component in determining pressures andsmpshile these are currently
evaluated using topographic data often with individual knowledge obbgdtogical conditions, it is
well known that hydrological catchment areas may well not conform the tqyogahdetermination.

5.1.1 Issues and limitations

The main issues and limitations in terms of data are the following:
A lack of spatially and temporally co-incident data on the differetdugh characteristics.
Lack of long-run plant ecological (plant and invertebrate) mapping or monitoring

Lack of long-run hydrological data for a large humber of turloughsnandata for over half of
protected sites.

Sporadic data on invertebrate populations.

An almost complete absence of water chemistry measurerfainexisting measurements, with
the exception of one turlough, are single,'grab’ samples from care gata which is of extremely
limited value).

A complete absence of any type of data for a large proportion of turloughs.

These data limitations restricts analysis of relatiorsshgtween different turlough characteristics and
inhibits analysis of trends and of impact of pressures.

Specific work: Extending the work on the relationship between flood duration andigtrédution of

vegetation communites, using the methodology described in sectionis3@early needed for the
purposes of validation of the reported realtionships. Flood depthiatureelated to vegetation
distribution applied to other turloughs would confirm or, indeed, may ehtrgyconclusions reached
in this report. It could potentially provide significant insghmto the relationship between flood
regime and vegetation ecology. This would require topographicysafuerlough sites as well as a
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minimum of one year’s continuous hydrological monitoring. It potytiaquires re-mapping of site
vegetation , in order to provide contemporaneous hydrological and vegetatioraiidorm

More importantly, given the nature of the karstic fissurstesys in which turloughs occur, the
determination of catchment areas is likely to lead to a basgis for evaluation, based on the
hydrological response of a given system rather than (or combinath) wthe
topographical/hydrogeological determination as currently practisege-interpreation of turlough
hydrological responses is required with this objective ib mind.

6 Conclusions

To reiterate, the objectives of this desk study were to:

Develop a risk assessment framework for groundwater dependbitatdian Ireland, with
particular reference to turloughs

Identify and assess the qualitative and quantitative preskaemg to identification of risk of
impact of such pressures (e.g. nutrients, physical disturbahdearst aquifers) Designated
protected areas would be considered as a priority and highrasls would be given a more in-
depth investigation

Examine the response of turlough ecosystems to hydrological ingitsy appropriate
methodologies to enable potential impacts to be addressed.

6.1Results

The results of this project succeeded in developing a risk-Ihie@sadwork for groundwater dependent
habitats as exemplified by turloughs in karst systems. Bkebdased assessment is dependent upon
catchment area to the turlough and the pressures represeriettibge on that catchment area and
mainly involve nutrient levels (N and P), and suspended sediwaas.| The impact is represented by
ecological requirements, which, in turn, have been related to hydralagdicators by the work of
this study. While the correlation between hydrology and ecologyéeas made, the assessment of
‘damage’, or ecological risk, as a resultcbfangego the hydrology, could not be directly determined
for lack of available data.

Specifically, under the legislation it is clear that alviitep in delivering WFD obligations towards
turloughs is to determine the groundwater related needs of sites, toghereguired to:

Devise appropriate standards and objectives

Decide if there is a significant risk of failing to ackhéethese water related standards and
objectives

Take measures to address any such significant risk.

It was not the objective of this work to establish such statsdbut to provide a methodology under
which the relevant risks could be determined and, eventually, throbgih wnacceptable impacts
could be determined. In this sense, the project has contributeficsigthy towards all of the crucial
elements in delivering WFD obligations towards turloughs, including:

Quantitative determination of the relationships between rwgtentity and chemistry i.e.
hydrological indicators, and turlough ecology, including relationships betwee

-Turlough flood duration and vegetation community zoning

-Turlough outflow characteristics as described by the hydrologidadator, flood stage recession,
Ellenberg plant wetness indices, and vegetation composition.

-Turlough trophic status and karstic flow system as describeleblrydrological indicator flood
stage recession.

70



A set of key turlough characteristics were defined by coupliagyuantitative relationships above
with qualitative relationships relating invertebrate communitnestariough flood regime.

Assessment of current and potential pressures and their prettigtact, to be used in both initial
and further characterisation stages.

Development of an indicative typology for turloughs, dividing them iwo broad groups, based
on a combination of vegetation trophic status and karst fletesyand the hydrological indicator
stage recession. This typology forms the basis for a turloughrmeant delineation methodology,
thus defining the area over which risk assessment for the turlough muastibd out.

Development of a risk based approach for analysis of pressureirlough receptors as
represented by the risk assessment guidance presented in this report.

An assessment of work which will need to be undertaken under litatacihe implementation of
the further characterisation phase and on-going cycles of WFD implsinent

All of the above were used in conjunction with expertise frohemmembers of the Ground
Water Working Group Turloughs Sub-Committee (Turloughs Working Grtupevise a risk
assessment procedure for assessing the risk of an inditidioaighs failing to achieve its Article

4 objectives. Development of the risk assessment proceduneedclhe setting of standards and
objectives for turloughs. The risk assessment procedurdisiped as a Risk Assessment Sheet
and accompanying Guidance on its implementation. The procedurdi¢gestlfy detailed to be
used at both initial and further characterisation stages where sutfScigporting data is available.

Contribution of additional data to the body of turlough data by turlougbervietel monitoring
and topographic levelling.

The project set up an informal network of turloughs researemersnitiated interdisciplinary idea
and data sharing. This group of co-operating scientists subsegoecdime the core of the WFD
Co-Ordination Group, Groundwater Working Group - Turloughs Sub-Commitidéch
developed the risk assessment procedures and guidance for turloughs.

6.2 Analysis of outcomes

A principal outcome of this work has been the gathering andtiail of available data relating to
turlough hydrogeology and its incorporation into an accessible data bémsesecond outcome has
been to establish the feasibility of defining hydrological iattics (ie recession constants and
frequency-duration parameters) which can be used to tektiirlough hydrology to corresponding
ecological indicators — the first time such a hydroecologicalysisahas been done for these karst
systems. On the basis of the available data, good correlatieres achieved between allocated
species communities (as represented by an integrated Edemmtness index) and duration of
inundation at a particular turlough level/water depth. For examptdygonum amphibium,
characteristic of some turloughs, appears to occur over narroesrghign) in elevation but requires
flooding some 60% of the time. Dominant vegetation types asedein this study also show good
correlation with recession constant for the turlough hydrograph agfest The latter can vary
dramatically between turloughs and thus may be good indicatovegetation communities to be
expected. However, it is in the definition of these ecologicatatdrs that there remain significant
gaps in available data. Often ecological measurementaade as one-off studies and there is little
scope to relate these to measures of time-dependency. thiNdess, particularly on the basis of
defined trophic status, as indicated by NPWS and the comprehengwmti@n surveys done by
Goodwillie, there is a strong indication from this study that secblogical parametersan be
developed (as indicated by the species communities developedanérahus risk assessment for
turloughs put on a scientific basis. Finally, a hydroecological typologginly on the basis of
hydrological response, has been developed under which turloughs can feedléss such risk
assessment. Short term hydrological measurements of istegeetries may be sufficient to undertake
such classification. Nevertheless, there remain signifishottages of data (hydrological, ecological
and water quality) in order to validate these tentative reistips.
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On the basis of available data, hydrological parameters haame defined, particularly recession
constant and frequency-duration curve gradient for water deptin Wwhie potential for characterising
the hydroecology of karst systems. Steep recessions and gsjmkse times indicate more eutrophic
conditions. Karst ‘type’ may also be a broad indicator but ask#rst type is also defined
hydrologically, this has less potential than deriving indicatans fdirect hydrological measurement.
In short, the recession constant correlates well with trogtaittis and the related Ellenburg index :
eutrophic conditions have recession constants above 10 as mehsteeand relate to Ellenburg
indices for drier species communities.

A key conclusion is that hydrological measures (such as JWetel recession constants) have been
identified which can be related to corresponding ecological comynimdiicators, thus facilitating the
further identification of measures for risk assessment. Aminglwater dependent terrestrial
ecosystems (GWDTE), turloughs, as wetlands, are assessed under thadf Brdmework Directive.
This tentative step in understanding the hydroecological linkagssential in the assessment of risk
(of ‘damage’) under the WFD. It is clear also from thisdgtthat there is no such entity as a
‘standard’ turlough: different levels of karstification willqoluce different hydro-ecological responses
and, therefore, different susceptibilities to anthropogenicenttes. At present, the likely principal
sources of such effects are agricultural pressures, fprasictice and wastewater disposal systems.
The methodology outlined in this study enables a determinatidme déitiough ecology to be expected
from a given measured hydrological regime; ‘significant’ déon from the expected ecology/trophic
status is likely to be attributable to anthropegenic influenc&he precise measure of ‘significant’
requires a better understanding of ecological response.
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APPENDIX 1

MAPS OF TURLOUGH VEGETATION (GOODWILLIE)
SUPERPOSED ON TOPOGRAPHIC SURVEYS

and

FLOOD INUNDATION FREQUENCY CURVES

79



Summary of Goodwillie (1992) Vegetation Survey (of turloughs over 10ha)

Introduction

Goodwillie surveyed 61 turloughs, resulting in the identificationaototal of 32 recognisable
vegetation communities. Communites from among this set ofeé8istributed and repeated across
these 61 turloughs.

Plant communities Approach

The work concentrated on the identification of plant communitigse purpose of the study was to
discover both the flora and the habitat variation of the turlougits,pant communities are better
indicators of habitat variation than the presence or absenaediofdual species. This approach
involved the identification of distinct communities or grouping ofcgge which are repeated in
different turloughs, presumably under the same habitat conditions.ifitdgitin of communities is
based on the presence of indicator or characteristic spwbieb grow under a narrow range of
habitat conditions. These less widely occurring species caistieguished from ubiquitous species
which occur from top to bottom of the turlough. These ubiquitousiespetong with the fact that
communities appear to merge gradually into one another caa plakt communities difficult to
identify.

Methodology

The one-year time frame of the survey did not allow for thditional phytosociological approach of
identifying communities by ordering mechanically a mass of esléto those that most resemble one
another. Therefore, at the outset, a conspectus of possible cdiesmuvas drawn up from the
literature. These possible communities were checkdtkdidginning of the field survey, modified to
fit with the existing vegetation and some more were added.

This process resulted in the identification of 32 recognisagetation units. The majority are based
on phytosociological communities, but some are defined more by theiloghgsy, e.g. flooded
limestone pavement, tall sedge stands, or by certain conditfola@d management e.d.olium
grassland (artificially re-seeded)

These communities were used in further field survey, and wdtlaid of aerial photographs (1972), to
record variation within each turlough and to map the veigetaattern. In addition information on
qualitative hydrology, morphology, substrate, man-induce modification agskmee of wintering
birds and/or breeding waders was recorded. Goodwillie (19%dudes descriptions of each
community, along with as lists of the characteristic spedes to identify vegetation communities
and species occurring in the communities.

The 32 communities are divided into a series of one to twelvetatgn divisions, generally
occurring in the same relative positions, with increasing degitei turlough basin. The communities
are numbered according to their division. At any level, the aamitras were roughly split according
to their trophic status. A — eutrophic, B - less enriched and lgfssmrmanaged types, C — oligotrophic
calcareous, D and E — peaty types and W — those containing woodgsspéticertain levels there
seem to be gaps in the eutrophic-oligotrophic range and no appragmmateunity was recognised.
See table below for communities and their relative positions and treiattiss.

80



Goodwillie (1992) vegetation communities recorded in turloughs

Increasing depth in turlough basin 2-12, trophic status A-D. Woodlands arde@es a separate division

Eutrophic Mesotrophic Oligotrophic Woodland
Calcareous Peaty
2A  Lolium grassland 2B Poor grassland 2C Limestone grassland 2D rReslagd 2W Dry Woodland
3A Tall herb 3B Sedge heath 3C Flooded pavement 3W Rhamnus wood
4B Potentilla reptans (sp. rich) 4D Schoenus fen 4W Potentilla fruticosa/Frang
5A Dry weed 5B Pot. reptans (sp. poor) 5D Sedge fen S5ECarex flavia
6A  Dry Carex Nigra 6B Wet Carex Nigra 6D Peaty Carex nigra
7A  Polygonum amphibium (grassy)B  Tall sedge
8A  Polygonum amphibium 8B Wet annuals 8C Cladium fen
9A Temporary pond 9B Eleocharis acicularis 9C Marl pond
10A Oenanthe aquatica 10B Ditch
11A Reed bed 11B Peaty pond

12  Open water
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Goodwillie Vegetation Maps with Topographic Detail

(elevations in metres O.D. Malin)
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Caherglassaun Goodwillie (1992) vegetation communities and topographic ¢oars (m O.D.
Malin)
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Skealoghan Goodwillie (1992) vegetation communities and topographic conteum O.D. Malin)
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Termon South Goodwillie (1992) vegetation communities and topographic emurs (m O.D.
Malin)
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Combined Flood Duration (Exceedance) curves and Vegetation Range Graphs

Lough Coy flood duration (exceedance) and vegetatio n
community height range
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Caherglassaun flood duration (exceedance) and veget  ation commuities
height range
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Height m (0.d.)

Skealoghan flood duration (exceedance) and vegetati  on
community height ranges
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Temon Hood duration (eoeedanoe) andvegeiaione— ammurnity height ranges
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APPENDIX 2

SUMMARY OF TURLOUGH STAGE AND RECESSION DAT
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Summary of stage and recession data

Turlough recession max. stagemin. stagemaximum stage data recession dates Data source (stage, recession)
constant m (0.d.) m(o.d.) stage (cm)
Rahassane 8.89 19.48 16.51 297 1/9/'71-31/1/'01 daily 20/3/1984-9/5/1982 OoPW
Lavally West 9.69 25.22 23.697 15215/3/'02-16/8/'02 15/3/'02-22/5/'02 Johnston, P. (TCD)
Knockaunroe 9.76 30.59 25.43 516 24/1/'9231/7/96 daily (witt05/04/1995-25/05/1995 Drew, D. (1995)
gaps)
Termon 10 22.61 20.69 192 12/02/1996-29/09/1996 daily 15/04/1990-20/07/1996 Southern Water Global (1997)
Tullynafrankagh 10.01 21.025 19.89 116 18/2/'02-4/8/'02 quarter hourly  19/3/'02-17/4/'02 Johnston, P. (TCD)
Carranavoodaun 10.02 24.67 23.66 1019/10/'03-7/9/'04 hourly 12/02/2004-09/03/2004 Johnston, P. (TCD)
Hawkhill 10.25 9.23 5.16 407 18/2/'02-4/8/'02 quarter hourly  10/04/2002-27/04/2002 Johnston, P. (TCD)
Skealoghan 10.72 38.96 36.66 230 22/05/01-18/05/04 26/03/2002-23/4/2002 Moran, J. (NUIG)
approx.weekly
Coy 10.8 18.96 9.28 96823/10/'998/10/'03 daily larg 16/03/2002 - 9/04/2002 Johnston, P. (TCD)
gaps summer
Coole 11.19 12.39 2.9 949 1/10/'03- 30/9/'04 hourly 21/03/2002-26/04/2002 Johnston, P. (TCD)
Caherglassaun 11.28 11.16 2.03 91323/10/'99'8/10/03 daily larg21/03/2002-26/04/2002 Johnston, P. (TCD)
gaps summer
Blackrock 11.67 26.02 13.03 12993/1/'018/10/'03 daily large gaj04/01/2001-23/01/2001 Johnston, P. (TCD)

summer
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GUIDANCE DOCUMENT

WATER FRAMEWORK DIRECTIVE — KARST WORKING
GROUP

GUIDANCE ON THE ASSESSMENT OF PRESSURES
AND IMPACTS ON GROUNDWATER DEPENDENT
TERRESTRIAL ECOSYSTEMS

Risk Assessment GWDTERAZ2a - Turloughs
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GUIDANCE ON THE ASSESSMENT OF PRESSURES AND
IMPACTS ON GROUNDWATER DEPENDENT
TERRESTRIAL ECOSYSTEMS

Risk Assessment Sheet GWDTERA2a — Turloughs

Guidance document no. GW9

This is a guidance paper on the application of an Assessment of Pressures and Impacts on Groundwater Dependent
Terrestrial Ecosystems — Turloughs  Methodology . It documents the principles to be adopted by River Basin Districts and
authorities responsible for implementing the Water Framework Directive in Ireland.

REVISION CONTROL TABLE
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Final March 2005 Pressures and N/A December
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WEFED Pressures and Impacts Assessment Methodology

Guidance on Groundwater Risk Assessment Sheet

GWDTERAZ2a — Risk to Turloughs from Phosphate

Paper by the Working Group on Groundwater:
Sub-committee on Turloughs

1 Purpose

This paper sets out guidance on the assessment of riskdogturtGWDTEs from phosphate (risk
assessment sheet GWDTERAZ2a — see Section 8).

2 Background

2.1 Definition of a Turlough

A turlough is defined as:

A topographic depression in karst which is intermittently indated on an annual basis, mainly
from groundwater, and which has a substrate and/or ecologicaimomunities characteristic of
wetlands.

A relationship exists between the water quality, the floodégime, the morphology and the substrate
of a turlough, and the composition and distribution of its plant aimdah communities. Turloughs
exhibit a specific range of hydrological, morphological and subgatmeters which are associated
with a characteristic range of ecologies.

2.2 Conservation Framework

Turloughs are listed as priority habitats under Annex | of théHgbitats Directive (92/43/EEC) and,
as such, a proportion have been designated as Special Areas efv@bos (SACs). A number of
turloughs are also designated as Special Protection A3&ass] for their bird communities under the
EU Birds Directive (79/409/EEC). Additional turloughs are kkeéb be designated as Natural
Heritage Areas (NHAs) under the Wildlife (Amendment) ,A2000. In order to achieve good status
under the Water Framework Directive, turloughs must meet lfadiitats Directive (HD) objective of
“favourable conservation status” where it is dependent oin Weter needs. This particular risk
assessment (GWDTE2a) is designed to achieve the combinethagexf the WFD and HD in terms
of water quality. For the purpose of the Article 5 Report, it han laecided to report only on
turloughs designated as part of the Natura 2000 Network (i.e. SACSR#As). Therefore, only
designated turloughs will be subject to the risk assessmetedure before March 222005. A total
of 43 SACs have been designated for turloughs. Some SACs contaithaorene turlough within
their boundaries, bringing the total number of turloughs designated ueddbDtto 70 (Table 4). Five
of the 70 turloughs are also designated as SPAs (Table 5).

2.3 Distribution

Work carried out by Coxon (1987), suggests that turlough distributidreiand is most strongly
controlled by the occurrence of well-bedded, pure limestone (thay admost exclusively on the
Dinantian pure bedded limestone rock unit), with turlough frequealsy related to degree of
karstification. The presence of a thick cover of subsoil ie plstentially a controlling factor on
turlough distribution. Turloughs designated as SACs/SPAs occur in €subtbnegal, Sligo,
Roscommon, Mayo, Galway, Longford, Clare and Kilkenny.
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3 Data Limitations

3.1 Data Availability

Whilst a considerable amount of ecological data is availablartoughs (Goodwillie, 1992; Southern
Water Global, 1997), data on invertebrates are sporadic. Relbydrtlogical data are sparse,
however useful summaries are found in Coxon (1986) and Southern Watell @I983@). For
instance, a minimum of one year's hydrological data is coreideecessary for characterisation of
the turlough flood regime and catchment delineation — this is seddaitable. Information derived
from water tracing experiments within the turlough catchmenggsis sporadic. There is an almost
complete absence of water chemistry data, including phosphorus, for thugltusites.

Impact data are sporadic — usually applying only to the imnediatough basin and not to the
catchment — and are not consistent, often reflecting the foche wisiting ecologist rather than being
part of a systematic survey.

3.2 State of Knowledge

The link between the ecology of the turloughs, their hydrogeologieahcteristics and management,
has not yet been quantified adequately. This is partly a mafstiie lack of long-term spatially co-
incident data for both aspects. Consequently, there is a higkedef uncertainty associated with
predicting impacts from pressures.

4  Risk Assessment

4.1 Risk Assessment Approach

The approach is summarised in risk assessment sheet GWDTE®RK2hA is given in Section 8. It
involves the following:

1. Delineation of the catchment area of the turlough;

2 Evaluation of pathway susceptibility, using aquifer, soil and vulnerabiigsm

3. Estimating impact potential by combining pathway susceptibility wittspresnagnitude;

4 Predicting the risk category by combining the receptor sahsitiith the proportion of the
turlough catchment with high and moderate impact potential,

5. Adjusting the predicted risk category using available impact data.

4.2 Assessment Area

The area to be included in the risk analysis is the caohmf the turlough. The predictive risk
assessment refers only to risk from pressures occurrirgnwiite turlough catchment, and not to
pressures occurring within the turlough depression. The boundatiss tirlough flooded areas have
been supplied by NPWS, based on Goodwillie’s vegetation maps. bbesdaries will differ from
the SAC/SPA boundaries, particularly in large SAC/SPA complex@ressures confined to the
turlough depression are regulated by the National Parks and Widfvice (NPWS) under the
Habitats Directive. Available impact data from the turlougpression (Total P/NPWS qualitative
impact assessment), or from the catchment (groundwater MRBledha predictive risk category to
be adjusted.
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4.3  Turlough Catchment Delineation

4.3.1 Catchment types

Turlough catchments can be divided into two broad types, basedriyinon the depth of
groundwater flow and the nature of the karst through which it flajvéhose where groundwater flow
is shallow and completely within the epikarst, and b) those wgretsndwater flows deeper through a
more complex karst system.

4.3.1.1 Epikarst Flow Catchments

These catchments are developed within areas where groundveater ifi the weathered upper,
approximately 2-5 m, zone, in the epikarst. The epikarst is desissed by having a high proportion
of solutionally enlarged fissures (joints, bedding planes, famitsfractures). Storage capacity is low.
Locally, groundwater flow may be more-or-less completely disconthéaim groundwater flowing at
deeper levels within the karst system. Generally, flow bl across the turlough, driven by the
hydraulic gradient of the water table, of which the turlough ssidace expression. Recharge is via
direct infiltration of rainfall to the outcropping karst. lanse instances, recharge reaches the epikarst
after percolating through deposits of sand/gravel.

4.3.1.2 Mixed Flow System Catchments

In these catchments, groundwater flows through different typearsif &nd at different depths. Below
the epikarst (exceptionally as low as 40-50 m below ground in the &ea), major caves and
conduits can act as linear flow paths (“conduit karst”). Smalterduits and solutionally-enlarged
fissures and bedding planes transmit groundwater through a desentrated network (“diffuse
karst”). Both types of karst can support very large groundwédess. In the zone just below the
epikarst, the karst may be characterised by major conduiltapse structures and zones of
solutionally-enlarged fissures and bedding planes at depth of 10-15 m below graindhes type of
karstification usually occurs in restricted areas, Ecilly associated with indirect recharge of the
aquifer by surface waters, and can support very large flows.

Groundwater flow in a turlough catchment may flow in one or a cortibimaf these karst types. The
flow systems operate as a continuum, with flow being transfereetically and laterally between
them. Shallow, epikarstic groundwater flow will frequently ocaurcombination (and hydraulic
connectivity) with the deeper flow systems.

Recharge to the aquifer occurs through a variety of mechanisms, including:
Direct recharge via the epikarst, which then transmits watexdpet elements of the flow system;
Indirect recharge from losing and/or sinking streams;

Indirect recharge from surface waters generated on non-karst aquifienghich sink in the karstic
catchment.

4.3.2 Ildentifying the catchment type

4.3.2.1 Epikarst Flow Catchments

Stage recession constants measured for epikarstic turlouades fram 9.76 to 10.72, i.e., they
have relatively slow emptying characteristics. It isliikihat a recession constant above 10.75
indicates that the turlough is not fed solely by shallow groundwater flowiagghrepikarst.

Shallow, epikarstic, systems are characterised by a trommisitisity of 1, i.e., an ultra-
oligotrophic status, unless their trophic status has been indpbgtenrichment. (See Section
4.5.3). Risk category based on predictive risk assessment).
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If the literature and recession constant indicate that drmatat is of this type, but the trophic
sensitivity is >1, then the turlough may already be impactedbighenent. Existing impact data
should be consulted to confirm this.

4.3.2.2 Mixed Flow System Catchments

In a catchment with a trophic sensitivity of 2 or 3 (and whiglmot an impacted epikarst
catchment), most groundwater flows beneath the epikarst in ditisor conduit karst
limestones.

It is probable, though not certain, that a turlough with a trophictsetysof 2 has a catchment
dominated flow in the transition zone between the epikarst andeddarstification that is
characterised by collapsed conduits.

A recession constant >11 and/or a trophic sensitivity of 3 ieoneimpacted turlough) is likely to

indicate the presence of deep level conduit/diffuse groundwater flThe catchment may also
have groundwater flowing in the epikarst in connectivity whiga other flow pathways, though the
proportion of flow contributed by the epikarst will be small relativelguling in the groundwater

flowing through conduit/diffuse karst dominating the trophic sensitivity.

There is a number of probable reasons for the differences in tregisitivities between the epikarst
(shallow) and mixed (deeper) flow system types. Catchmeritsmiited flow systems are generally
larger, and the flow rates and volumes of throughput are gredteh would tend to deliver more P
to the turlough depression, although dilution rates would be higher. Itioaddhe transport of
sediments and, consequently, particulate P would be favoured by the presenmtuifflow.

4.3.3 Methods for delineating the catchment area

4.3.3.1 Epikarst Flow Catchments

Available reference materials relating to the hydrology/bgdology of the catchment were
consulted.

The catchment of the turlough was identified. This exercise neastrivial, since, although
groundwater flow is unconfined, the local topography cannot necgsbarilsed to delineate
groundwater divides. This is because topographic highs may beddayisebsoil deposits rather
than be underlain by bedrock. Therefore, what is termed the “bedrmtiemnt” was delineated,
using boundaries that are considered to reflect bedrock topograpergWiere is a high degree
of confidence that topography is caused by bedrock elevationioasiathe local topography can
be used to define the catchment directly.) These turloughism ahallow depressions so may also
act as a radial focus for near-surface direct runoff.

Using water table maps and/or borehole information, the direstitre hydraulic gradient within
the bedrock (or topographic) catchment was identified or egtinahe fact that water tables in
karst may be discontinuous should be taken into account.

A catchment area on the up-gradient side of the turlough wasealked within the bedrock (or
topographic) catchment previously defined. The top of the up-grachéctiment coincides with
the bedrock (or topographic) catchment; the sides are delihesiteg flow lines, accounting for
their curvature due to the ‘drain’ effect on groundwater flow of the turlough.e;i¢ime catchment
is fan-shaped, albeit with some account being taken of adjacent near-sadiateunoff.

4.3.3.2 Mixed Flow System Catchments
Available reference materials relating to the hydrology/bgdology of the catchment were
consulted.

A water table map of the area, if available, was used, or gstinfesufficient data were available.
A sufficiently detailed water table map should identify zook&igh conductivity, owing to the
influence on the shape of the water table that high permgatilites have. The fact that water
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tables in karst may be discontinuous, particularly where ffoeoncentrated in conduits/conduit-
type zones, was taken into account.

Groundwater flow directions were identified.

Existing tracing data were used to identify conduits/high transntisgones, and the connections
between these areas of high conductivity. (It may be necessary to kedefthitional tracing.)

Surface waters that may contribute to groundwater flow, tbeurces and any sinks were
identified. Their overground and underground catchments were included irettadl oatchment.

Where surface waters generated on non-karstic and/or non-limegjaifers sink in the karstic
catchment of the turlough, the full catchment of those surfacesnatze included in the turlough
catchment (i.e., the catchment extends onto the non-karstic areas).

Groundwater contributing to the turlough via the epikarst wadifeieh The epikarst catchment
was identified with reference to the methodology outlined in Section 4.3.3.F.abov

4.3.4 Additional Issues

4.3.4.1 Partially-contributing catchments

The issue of partially-contributing catchments was addressed inafes where information was
available. Partially-contributing catchments are catchsnehich contribute a proportion (but not all)
of their flow to another turlough under specific stage conditionsgetreral, the issue of changing
catchment boundaries (areas of contribution) with varying stagditions was addressed wherever
possible.

4.3.4.2 Overlapping catchments

Where turlough catchments overlap, then the catchment of eémigturvas extended to include the
other.

4.4 Pressures

4.4.1 Phosphorus

There is a significant threat to turloughs through enrichmehtptibsphorus from a variety of diffuse
and point sources. Phosphorus in turlough water influences plantspeniposition, abundance and
productivity. Invertebrate species are impacted via the primary produc

4.4.2 Abstraction

Abstraction within the catchment, local abstractions and iartdrainage can impact upon the
gquantitative status of the turlough and, consequently, upon the spegigssition, distribution and
extent of plant and invertebrate communities. Over-wintenmpgtaeeding bird populations may also
be impacted. Risk Assessment from these pressures isdcawut as a general assessment for
GWDTEs, including turloughs. Further details are given in GrourelwBisk Assessment Sheet
GWDTERAL.

4.4.3 Other Pressures

Other pressures have been identified, but not included due to lack of knowledgeEsbure-impact
relationship and/or lack of data. These may be added to thegsessment at a later date when
appropriate information becomes available. These include:

Changes in water chemistry due to urban (including road) run-off.
Changes in flood regime due to urban (including road) run-off, and climate change.

Changes in turlough ecology as a result of increased nitrogen cotioestrGncluding the
possibility of nitrogen limitation in the aquatic phase of turloughs).
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Changes in turlough ecology resulting from increased sediment Ildaelsto changes or
intensification in land use. Sediment can reduce water clarity ancequoaTgly, impact on aquatic
photosynthesis and productivity as well as having physical impait plants and animals.
Sediment can also increase nutrient concentrations, through pagtiiculas of P.

4.5 Risk Assessment Matrix for Phosphorus

4.5.1 Pathway Susceptibility

The pathway susceptibility matrix is given below. Further information origsk@ssessment approach
IS given in Guidance report GW8 (Methodology for Risk Chareetgon of Ireland’s Groundwater)
(GWWG, 2004).

PATHWAY Flow Regime (horizontal pathway)
SUSCEPTIBILITY Poorly productive and/or fissured
Karst aquifers aquifers contributing surface waters to
turlough catchment**
Soil & contributing area BV soil Wet soil <50 m from a Remainder of
Y stream channel catchment area
>
g Extreme| 0-1 m soil &
. E E
= subsail
s 2 1-3 il
2 = -3 m soi *
S < subsoil E E
= 5 E H
®| £ |High M
> =)
> | Moderate L
Low

n/a = not applicable

* This ranking allows for bypass of the soil/subbsati swallow holes; where swallow holes are abstd,
appropriate ranking is ‘H’. However, the defaulbking is ‘E’.

** Poorly productive and/or fissured aquifers magntribute surface waters onto a karst aquifer. sEhmay
continue as surface water stream flow on the larsink into the karst at the aquifer boundary.

4.5.2 Impact potential

Impact potential is a combination of Pathway Suscepitilalitg Pressure Magnitude, as shown in the
matrix below.
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IMPACT POTENTIAL Pathway Susceptibility

\ Extreme High Moderate Low

>2.0 LU ha'or >33% tillage

3 Heavily fertilized forestry on peat* High High Low Low
2 Q value < 4** in surface water

c

> 1.5-2.0 LU h&d or 18-33% tillage

& oHilag High Moderate Low Low
(O]

5 1.0-1.5 LU h& or 3-18% tillage

@ Moderate Low Low Low
()

o

0.5-1.0 LU hd or <3% till
or o ilage Moderate| Negligible| Negligible Negligible

* Heavily fertilized forestry (on peat) corresporalmost completely to sitka spruce. This measutakisn to be
a surrogate measure of associated nutrient loawl fiooestry.

** Q value of surface water contributed by poorlsoguctive and/or fissured aquifers and/or of angfaze
waters within the catchment area. A Q value #torresponds to <3@/| MRP

The pressure magnitude is considered to depend on the density of livéstgatesence of tillage and
forestry, and on the water quality of surface water flowing ontagosurface water on the karst
aquifer.

Individual impact potential maps are derived for each of the tiges of pressures. For any given
area within the catchment, the highest impact potential neguitom among the four pressures is
assigned to the area.

4.5.3 Risk category based on predictive risk assessment

The predicted risk category is derived by combining the Impaietnfial and Receptor Sensitivity, as
shown below.

Proportion of turlough catchment with high and moderate
RISK CATEGORY impact potential

>40% 25-40% | 15-25%| 10-159 5-10% <5%
:‘g Extreme sensitivity* 1b 1b 1b 2a 2a 2
2
3 High sensitivity 1b 1b 2a 2a 2b 24
S
Q.
§ Moderate sensitivity 1b 2a 2a 2b 2b 2b
04

*Extreme, high and moderate receptor sensitiviagses were defined by NPWS using turlough vegetatba.

The impact potential is categorised according to the proportitimecdrea of the turlough catchment
having high or moderate impact potential

Receptor sensitivity is based on the trophic sensitivity ofébeptor turlough and the assumption that
the higher the trophic sensitivity of the turlough, the greaterétisitivity to enrichment by PO

page 7 of 19



The trophic sensitivity of a turlough is based on the exteselected plant communities, as mapped
and classified by Roger Goodwillie (Goodwillie 1992, Southern Water Gld&$4 and NPWS 2004).
Ellenberg Fertility Scores were assigned to each turlough gdammunity by averaging the Ellenberg
Fertility Scores for the frequently occurring speciesegiently occurring species were those which
occurred in a community in >10% of turloughs surveyed. The turloughestiven ranked according
to the proportional area of communities with low Ellenberg Sc@+é} i.e. the proportional area of
low productivity, nutrient sensitive plant communities. A saufrd or less indicates that a site is in
the range of intermediate fertility to extreme infertility (Hit al, 1999).

The following table shows the proportion of the plant communitiesach turlough which have
Ellenberg Fertility scores4, together with the associated Trophic Sensitivities.

Proportion of communities in >50% ?? >25%and <50% <25%
turlough with Ellenberg N <=4

Trophic sensitivity 1 2 3
Receptor Sensitivity class Extreme High Moderate

Trophic Sensitivity for each turlough is listed in TabléLdst of Turlough SACs and their Trophic
Sensitivities), under the headir@urrent Trophic Sensitivity. Vegetation communities were not
mapped for seven of the 70 turloughs; these are indicated ibg italTable 4. These seven turloughs
were assigned a provisional current trophic sensitivitydbam best professional judgement. Where
these result in a Groundwater Body being placed “probably at semificsk” (1.b), these sensitivities
will be investigated under “further characterisation”isltimportant to note that the NPWS do not
consider all the SACs currently to have favourable conservatatus, and that this trophic sensitivity
does not constitute a reference condition. Under the headingaNataphic Sensitivity, NPWS used
expert judgement to indicate what they consider the natural, un-impactesddastatturlough to be.

4.5.4  Risk category of turlough catchment adjusted using available impacath

Adjustments can be made to the turlough catchment predictiveaisigory, as shown in the table
below, based on two sources of impact data: turlough water phaspldata and groundwater
phosphorus data. In both cases a set of risk adjustment tliesinelset for measured phosphorus,
according to whether the receptor has an extreme or high/modemasdivity. Turloughs with
extreme trophic sensitivity are considered more vulner@blautrient enrichment and as such have
been assigned lower impact thresholds. Type of phosphorous measdrédesholds are detailed in
the risk analysis summary sheet.
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Adjustments for turlough catchment
o Turlough data criteria* Groundwater data criteria** *
Predictive
Risk High/moderate | Extremely | Adjusted Risk| High/moderate | Extremely | Adjusted Risk
Category sensitivity sensitive Category sensitivity sensitive Category
receptors** receptors receptors** receptors
1b Total P Total P la MRP MRP >10 la
>30 ug t* >10 ug I* >30 ug I* pg
2a Total P 1b MRP 1b
20-30 pugt 20-30 pugt
Total P Total P 2aorlb MRP MRP <10 2aorlb
10-20 ugt <10 ug!* | dependingon| 10-20 pgt pg It depending on
confidence in confidence in
2b the monitoring the monitoring
data data
Total P 2b MRP 2b
<10 ug <10pg *

* Mean TP of turlough water, based on a mean ofthigrsampling during the flood period, but excluglithe
extreme beginning and end of the flood period. eSholds are based on the Phosphorus Regulatiamslasts

for total phosphorus (TP) in lakes, which indictttat when mean TB10 ug I* the lake is oligotrophic and
>10 to£20 pg I* mesotrophic (McGarriglet al, 2002, Appendix I).

** Sensitivity of receptor (turlough) is that defid by NPWS from turlough vegetation studies, asvshon
Table 4.

*** Groundwater data are expressed as median endéitt Molybdate Reactive Phosphorus (MRP). As many
turloughs are conduit fed it is assumed that tiglebe very little attenuation in phosphorus contations in
groundwater discharges to the turlough. For ta@son it was considered more appropriate to userktker
than river phosphorus regulation standards. Ste(fjpabove.

455 Expert Review Recommendations

Expert review of the outcome of this risk assessment isnmeended by EPA staff with field
experience of the catchment area of the GWDTE and knowledge of surfacamwpeets.

Final expert review is recommended by National Parks and Wil®ervice staff who may
recommend upgrading of the risk category based on availabletiofgtacand local knowledge of the
SAC/SPA involved.

5 Actions arising from Risk Categorisation

Where a turlough catchment is categorised as being ‘at(catégory 1.a or 1.b), the catchment area
will be designated as a new groundwater body. Where a turlotgjiimoent is categorised as 2.a, ‘not
at risk’, but for which confidence in the available infotioa being comprehensive and reliable is
low, a new water body will not be designated. Work will be $ecion appropriately improving the
quality of information on pressures and their likely environnieeticts in time for the second
pressures and impact analysis due to be completed in 2013.

6 Membership of the Working Group on Groundwater Sub-committee on Tuloughs

Organisation Representative(s)
Geological Survey of Ireland Donal Daly
Coran Kelly

National Parks and Wildlife Service, Department of the Aine O’ Connor
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Environment, Heritage and Local Government Deirdre Lynn
Jim Ryan

Environmental Protection Agency Jim Bowman
Micheal MacCarthaigh

Environment and Heritage Service, Dept. of the Imelda O’Neill
Environment, Northern Ireland

National University of Ireland, Galway Dr. Michael Gormally
James Moran
Eugenie Regan
Dr. Micheline Sheehy Skeffington
Dr. Marjoleine Visser

O'Neill Groundwater Engineering Shane O'Neill
Trinity College, Dublin Catherine Coxon
David Drew

Paul Johnston
Sarah Kimberley
Julian Reynolds
Suzanne Tynan
Stephen Waldren

Shannon Pilot River Basin — EPA (TCD) Research Garrett Kilroy
Fellow
Consultant Ecologist Roger Goodwillie
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8 Groundwater Risk Assessment Sheet

Summary details on pressures, receptors and WFD objective

RA Sheet GWDTERA2a

Receptor type Groundwater Dependent Terrestrial Ecosystems: Turloughs
Pressure type Diffuse — low mobility inorganics (P

WFD obijective Chemical status

Assessment area Catchment area of GWDTE

A. Pathway susceptibility

Catchment area of the turlough

The RA applies to the area contributing water to the GWDTE.€Ttier, the catchment area of the
GWDTE must be delineated, even if only approximately. The boursdaniest be based on the
conceptual understanding of the area and on hydrogeological boundaariesvt For turlough
catchments this will include an assessment of the flowstypehe catchment i.e. epikarstic, conduit
type, or a combination thereof, and identification of dominant fioutes. Delineation will then
include one or more of topographic, bedrock or groundwater catchment delineation.

PATHWAY Flow Regime (horizontal pathway)
SUSCEPTIBILITY Poorly productive and/or fissured
Karst aquifers aquifers contributing surface waters tp
turlough catchment.
Soil & contributing area . : Within 50 mof a| Remainder of
Dry saoll Wet soil
- M stream channel | catchment area
‘é‘ Extreme | 0-1 m soil &
= . E E
E= subsoil
4B -|
=| 5 1-3 m soi E £
o| ® subsoil E H
S| o
o | £| High M
> >
> | Moderate L
Low L

n/a = not applicable
* This ranking allows for bypass of the soil/subbsati swallow holes; where swallow holes are abstd,
appropriate ranking is ‘H’. However, the defaulbking is ‘E’.
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B. Impact potential

IMPACT POTENTIA Pathway Susceptibility(from Table A)
Extreme High Moderate Low
>2.0 LU ha'or >33% tillage High High Low Low
) Heavily fertilized forestry on peat*
3 Q value < 4** in surface water
< 1.5-2.0 LU hd or 18-33% tillage High Moderate Low Low
]
S
) 1.0-1.5 LU h& or 3-18% tillage Moderate Low Low Low
3
[%))]
§ 0.5-1.0 LU h& or <3% tillage Moderate Negligible Negligible Negligible
o
<0.5 LU ha Low Negligible Negligible Negligible

* Heavily fertilized forestry (on peat) corresporalmost completely to sitka spruce. This meassitaken to be
a surrogate measure of associated nutrient loawl fiooestry.
** Q value of surface water contributed by poorlsoguctive and/or fissured aquifers and/or of angfaze
waters within the catchment area. A Q value #torresponds to <3@/| MRP

C. Risk category based on predictive risk assessment

Proportion of turlough catchment with high and moderate
RISK CATEGORY impact potential

\ >40% 25-40% | 15-25%| 10-159 5-10% <5
:‘g Extreme sensitivity* 1b 1b 1b 2a 2a 21
2
3 High sensitivity 1b 1b 2a 2a 2b 24
S
Q.
§ Moderate sensitivity 1b 2a 2a 2b 2b 2
04

*Extreme, high and moderate receptor sensitiviigses were defined by NPWS using turlough vegetatiba.
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D. Risk category of turlough catchment adjusted using available impact dat

Adjustments for turlough catchment
Turlough data Criteria* Groundwater data criteria**
Predictive | High/moderate | Extremely | Adjusted Risk| High/moderate | Extremely | Adjusted Risk
Risk sensitivity sensitive Categeory sensitivity sensitive Category
Category receptors** receptors receptors** receptors
1b Total P Total P la MRP MRP >10 la
>30 ug t* >10 ug I* >30 ug I* pg It
2a Total P 1b MRP 1b
20-30 ugt 20-30 ugt
Total P Total P 2aorlb MRP MRP <10 2aorlb
10-20 ugt <10 ug!* | dependingon| 10-20 pugt pg It depending on
confidence in confidence in
2b the monitoring the monitoring
data data
Total P <10 pgt 2b MRP <10pgt 2b

* Mean TP of turlough water, based on a mean ofthigrsampling during the flood period, but excluglithe
extreme beginning and end of the flood period. €Sholds are based on the Phosphorus Regulatiamsissts

for total phosphorus (TP) in lakes, which indictitat when mean TR10 ug I* the lake is oligotrophic and

>10 to£20 pg I* mesotrophic (McGarriglet al, 2002, Appendix I).

** Sensitivity of receptor (turlough) is that defid by NPWS from turlough vegetation studies.

*** Groundwater data are expressed as median enditt Molybdate Reactive Phosphorus (MRP). As many
turloughs are conduit fed, it is assumed that thliebe very little attenuation in phosphorus centrations in
groundwater discharges to the turlough. For ta@son it was considered more appropriate to userktker
than river phosphorus regulation standards. Ste(fpabove.

E. Additional Impact data

In addition to the type of phosphorus data described in Table D abowenlzer of turloughs have
been assessed by the Ecological sub-group of the Turloughs Wonking,@nd the degree to which
they are impacted has been described qualitatively. These datseruaed to adjust the risk category
of the turlough catchment, with the proviso that the datayapmly to the immediate turlough basin
and not the catchment, and that the data may not be consistirgy asflect the focus of the visiting
ecologist.

F. Expert Review Recommendations
Expert review of the outcome of this risk assessment ismmaended by EPA staff with field
experience of the catchment area of the GWDTE and knowledge of surfacemnyzcts.

Final expert review is recommended by National Parks and Wil@eervice staff who may
recommend upgrading of the risk category based on availabletiogtacand local knowledge of the
SAC/SPA involved.
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Table 4 List of Turlough SACs and their Trophic Sensitivities

SAC SAC Name Site Name Proportion of Current Natural SPA County National | National
Site communities Trophic Trophic Site Grid X Grid Y
Code with Ellenburg Sensitivity 2 Sensitivity * Code
score <=4
000051 LOUGH GASH TURLOUGH SAC Lough Gash 0 3 3 Clare
000054 MONEEN MOUNTAIN SAC Gortboyheen Lough ? lor2 ? Clare 127575 205315
000054 MONEEN MOUNTAIN SAC Muckinish Lough 0 3 2 Clare 127565 208750
000218 COOLCAM TURLOUGH SAC Coolcam Turlough 0.27 2 2 Galway/Roscommon
000238 CAHERGLASSAUN TURLOUGH Caherglassaun Turlough 0.05 3 3 Galway
SAC
000242 CASTLETAYLOR COMPLEX SAC Caranavoodaun 0.93 1 1 Galway
Turlough
000252 COOLE-GARRYLAND COMPLEX Coole & Doo Turloughs 0.06 3 3 004107  Galway 143025 204251
SAC
000252 COOLE-GARRYLAND COMPLEX Garryland Turlough 0.13 3 3 004107 Galway 141580 203988
SAC
000252 COOLE-GARRYLAND COMPLEX Hawkhill Turlough 0 3 2 004107  Galway 141144 202341
SAC
000252 COOLE-GARRYLAND COMPLEX Newtown Turlough 0.44 2 1 004107  Galway 142590 202662
SAC
000255 CROAGHILL TURLOUGH SAC Croaghill Turlough 0.02 3 2t03 Galway

Table 1 Notes
1. Trophic Sensitivity: 1 = extremely high sensf§i to enrichment, 2 = high, 3 = medium. See tex$ection 4.5.3 for an explanation of the Ellertb8core and Trophic Sensitivity.
2. Current Trophic Sensitivity: Where no vegetattommunity data were available an assessment wds aNPWS, using best professional judgement.
3. National Grid references are provided for indiivl turlough sites within a turlough. For singgldough SACs the centroid of the turlough as osén™NPWS GIS data is taken as the grid reference.
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SAC SAC Name Site Name Proportion of Current Natural SPA County National | National
Site communities Trophic Trophic Site Grid X Grid Y
Code with Ellenburg Sensitivity *? | Sensitivity * Code
score <=4
000268 GALWAY BAY COMPLEX SAC Ballinacourty Turlough 0.15 3 ? Galway/Clare 136351 219116
000268 GALWAY BAY COMPLEX SAC Ballyvelaghan Lough ? ? Clare 128051 211426
000295 LEVALLY LOUGH SAC Levally Lough 0.70 1 1 Galway
000296 LISNAGEERAGH BOG AND Ballinastack Turlough 0.44 3 2 Galway
BALLINASTACK TURLOUGH SAC
000301 LOUGH LURGEEN BOG/ Glenamaddy Turlough 0.22 3 2 Galway
GLENAMADDY TURLOUGH SAC

000318 PETERSWELL TURLOUGH SAC Peterswell/Blackrock 0.03 3 3 Galway

Turlough
000322 RAHASANE TURLOUGH SAC Rahasane Turlough 0.09 3 3 004089  Galway
000407 THE LOUGHANS SAC The Loughans 0.24 3 2 Kilkenny
000448 FORTWILLIAM TURLOUGH SAC Fortwilliam Turlough 0.45 2 1to2 Longford
000461 ARDKILL TURLOUGH SAC Ardkill Turlough 0.13 3 2 Mayo
000463 BALLA TURLOUGH SAC Balla (Pollaghard) 0.81 1 1 Mayo

Turlough
000475 CARROWKEEL TURLOUGH SAC Carrowkeel 0.32 2 1to2 Mayo

(Pollelamagur Lough)

Turlough
000480 CLYARD KETTLE-HOLES SAC Thomastown Turlough 0.03 3 ? Mayo 123372 260971
000492 DOOCASTLE TURLOUGH SAC Doocastle Turlough 0.25 2 2 Mayo
000503 GREAGHANS TURLOUGH SAC Greaghans Turlough 0.01 3 3 Mayo
000504 KILGLASSAN/CAHERVOOSTIA Caheravoostia Turlough 0.38 2 2 Mayo 126811 264449

TURLOUGH COMPLEX SAC

page 15 of 19




SAC SAC Name Site Name Proportion of Current Natural SPA County National | National
Site communities Trophic Trophic Site Grid X Grid Y
Code with Ellenburg Sensitivity *? | Sensitivity * Code
score <=4
000504 KILGLASSAN/CAHERVOOSTIA Kilglassan Turlough 0.09 3 2 Mayo 127817 264547
TURLOUGH COMPLEX SAC
000525 SHRULE TURLOUGH SAC Shrule Turlough 0.72 1 1 Mayo
000541 SKEALOGHAN TURLOUGH SAC Skealoghan Turlough 0.51 1 1 Mayo
000588 BALLINTURLY TURLOUGH SAC Ballinturly Turlough 0.22 2 2 004138  Roscommon
000606 LOUGH FINGALL COMPLEX SAC Ballinderreen Turlough 0.84 1 1 Galway 140401 215910
000606 LOUGH FINGALL COMPLEX SAC Carraghadoo Turlough 0.76 1 1 Galway 142132 215084
000606 LOUGH FINGALL COMPLEX SAC Cuildooish Turlough 0.53 1 1 Galway 141253 215837
000606 LOUGH FINGALL COMPLEX SAC Frenchpark Turlough 0.94 1 1 Galway 141131 214929
000606 LOUGH FINGALL COMPLEX SAC Lough Fingall 0.76 1 1 Galway 141708 214917
000606 LOUGH FINGALL COMPLEX SAC Tullaghnafrankagh 0.49 2 1 Galway 143208 215339
Lough
000609 LISDUFF TURLOUGH SAC Lisduff Turlough 0.30 2 ?2 Roscommon
000610 LOUGH CROAN TURLOUGH SAC Lough Croan 0.24 3 2 004139  Roscommon
000611 LOUGH FUNSHINAGH SAC Lough Funshinagh 0.30 2 2 Roscommon
000612 MULLYGOLLAN TURLOUGH SAC Mullugollan Turlough 0.31 2 2 Roscommon
000637 TURLOUGHMORE (SLIGO) SAC Turloughmore (Sligo) 0.41 2 ? Sligo
000996 BALLYVAUGHAN TURLOUGH SAC Ballyvaughan Turlough 0.08 3 2 Clare
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SAC SAC Name Site Name Proportion of Current Natural SPA County National | National
Site communities Trophic Trophic Site Grid X Grid Y
Code with Ellenburg Sensitivity *? | Sensitivity * Code
score <=4

001285 KILTIERNAN TURLOUGH SAC Kiltiernan Turlough 0.05 3 2 Galway
001321 TERMON LOUGH SAC Termon Lough/South 0.62 1 1 Galway/Clare 140941 197346
001321 TERMON LOUGH SAC Termon North 0.07 3 ? Galway 141914 197694
001637 FOUR ROADS TURLOUGH SAC Four Roads Turlough ? 3 ? 004140 Roscommon
001926 EAST BURREN COMPLEX SAC Carran Turlough 0.44 2 1to2 Clare 128342 198561
001926 EAST BURREN COMPLEX SAC Castle Lough 0.50 1 1 Clare 134519 198252
001926 EAST BURREN COMPLEX SAC Coolreash Turlough ? lor2 1 Clare 132881 174471
001926 EAST BURREN COMPLEX SAC Knockaunroe Turlough 0.83 1 1 Clare 131317 193982
001926 EAST BURREN COMPLEX SAC Lough Aleenaun 0.04 3 2 Clare 124800 195369
001926 EAST BURREN COMPLEX SAC Lough Gealain ? 1 1 Clare 131502 194828
001926 EAST BURREN COMPLEX SAC Lough Mannagh 0.51 1 1 Galway, Clare 140347 201649
001926 EAST BURREN COMPLEX SAC Poulroe Turlough 0.56 1 1 Clare 137294 195278
001926 EAST BURREN COMPLEX SAC Roo West Turlough 0.57 1 1 Galway, Clare 138627 202214
001926 EAST BURREN COMPLEX SAC Travaun-Skaghard 0.39 2 1 Clare 135547 196765

Turlough
001926 EAST BURREN COMPLEX SAC Tulla Turlough 0.15 3 2 Clare 136673 201887
001926 EAST BURREN COMPLEX SAC Turloughmore 0.03 3 2 Clare 134742 199803
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SAC SAC Name Site Name Proportion of Current Natural SPA County National | National

Site communities Trophic Trophic Site Grid X Grid Y

Code with Ellenburg Sensitivity *? | Sensitivity * Code

score <=4

002117 LOUGH COY SAC Lough Coy 0.10 3 2t03 Galway

002293 CARROWBAUN, NEWHALL AND Ballylee River Turlough 0 3 3 Galway 147864 206395
BALLYLEE TURLOUGHS SAC

002293 CARROWBAUN, NEWHALL AND Carrowbaun East 0.11 3 2 Galway 148177 207478
BALLYLEE TURLOUGHS SAC Turlough

002293 CARROWBAUN, NEWHALL AND Newhall Turlough 0.39 2 2 Galway 147322 206640
BALLYLEE TURLOUGHS SAC

002294 CAHERMORE TURLOUGH SAC Cahermore Turlough 0.07 3 2 Galway

002295 BALLINDUFF TURLOUGH SAC Ballinduff Turlough 0.31 2 ? Galway

002296 WILLIAMSTOWN TURLOUGHS Curragh Lough <0.25 3 2 Galway 156382 267733
SAC

002296 WILLIAMSTOWN TURLOUGHS North Gortduff Turlough ? 3 ? Galway 157386 269163
SAC

002296 WILLIAMSTOWN TURLOUGHS Polleagh Lough <0.25 3 2 Galway 157207 268422
SAC

002303 DUNMUCKRUM TURLOUGHS SAC Lugnanav or 0.35 2 2 Donegal

Dunmuckrum
002339 BALLYNAMONA BOG AND CORKIP Corkip Lough ? 3 2 Roscommon

LOUGH SAC

Table 1 Notes

1. Trophic Sensitivity: 1 = extremely high sensf§i to enrichment, 2 = high, 3 = medium. See tex$ection 4.5.3 for an explanation of the Ellertb8core and Trophic Sensitivity.

2. Current Trophic Sensitivity: Where no vegetatiommunity data were available an assessment wds aNPWS, using best professional judgement.
3. National Grid references are provided for indiivl turlough sites within a turlough. For singgldough SACs the centroid of the turlough as osén™NPWS GIS data is taken as the grid reference.
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Table 5 List of Turlough SPAs

SPA Site Code SPA Name Site Name County SAC Site Code
004107 COOLE-GARYLAND SPA Garryland Turlough Galway 000252
004107 COOLE-GARYLAND SPA Newtown Turlough Galway 000252
004107 COOLE-GARYLAND SPA Coole Turlough and Doo Lough Galway 000252
004107 COOLE-GARYLAND SPA Hawkhill Turlough Galway 000252
004089 RAHASANE TURLOUGH SPA Rahasane Turlough Galway 000322
004138 BALLINTURLY TURLOUGH SAC Ballinturly Turlough Roscommon 000588
004140 FOUR ROADS TURLOUGH SAC Four Roads Turlough Roscommon 001637
004139 LOUGH CROAN TURLOUGH SAC Lough Croan Roscommon 000610
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