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SUMMARY

The vegetation communities of Clara and Raheenmore raised bogs were examined in
relation to their hydrological and hydrochemical regimes. This was undertaken with a
view to the conservation and management of both sites.

The water table heights and hydrochemistry of the main plant communities at both sites
were monitored over a period of two years. Canonical Correspondence Analysis was

used to detect the patterns in vegetation that are correlated to trends in environmental
variables.

Three main divisions in community types were recognised: high bog communities, soak
commumities and marginal communities.

The most important factors influencing the distribution of community types on the high
bog were average water table depth and fluctuation. The chemistry of interstitial water
from within the various intact communities of the high bog did not differ significantly.
The hydrochemistry of the disterbed communities indicated a certain amount of increased
peat mineralisation with elevated levels of Nitrogen and Phosphorus. '

The marginal communities are of three main types, wet cut-away sites with indications of l‘

peat mineralisation, dry cut-away sites with indications of peat mineralisation and
communities with hydrochemical analyses suggesting upwelling ground water.

Two soak types were identified: 1) the Lough Roe type, colonised by mesotrophic fen

plant species with hydrochemical analyses indicating an input of ions from ground water:

T

2) the ShaﬂeﬁsLougMoﬂsedﬁy_plaanpedesindicaﬁngmmﬁneml—_r

enrichment. This is derived from focussed flow rather than from ground water inputs.

Vegetation mapping of the two bogs, using aerial photography, highlighted the level of
damage and degradation that has occurred at both sites, caused by drainage and péét
extraction. Approximately 50% of the vegetation complexes on Raheenmore and Clara
Bog West indicate degradation of the system and approximately 75% of the community
complexes on Clara East indicate degradation.

The matn problems facing the intact plant communities on Clara and Raheenmore are
drainage and subsequent lowering of the water table. If these sites are to be conserved
their hydrology must be protected.
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CHAPTER I: INTRODUCTION.

l 1 RAISED BOGS.

The devciopment of [rish raised bm.s has been well documented in the past and the cony entional
explanations for their origins may be quickly stated (Pracger, 1969; Whittow, 1974: Mitchell, 1981:

Cross. 1990). They are bodies of peat, chiefly formed in basins or shallow lakes which remained after

‘the last glaciation, 10,000 years BP. These lakes developed due to impeded drainage, caused by the
> thick deposits of ghactal drift over the lower Carboniferous limestones of the central plain. Fen
. vegewation. composed mainly of sedges and reeds. invaded the edges of these lakes. The lakes became
more shattow, as muds and decayed plant matenial were deposited and the fen vegetation siowty in-filled .

the lake, depositing lavers of fen peat as they advanced. Plant roots in areas such as these would still
have been under the influcnce of minerotrophic ground water. If environmental conditions were
suitable. the layers ol fen peat eventually became poorer. as they grew thicker, so that less inorganic
rutrients were available for plant growth, since the plant roots were no longer in contact with ground

-water. This provided an'idez! habitat {or the cstablishment of Sphagminn mosses, which are able to

survive in a towlly rin-fed or ombrotrophic sitation (Clymo and Hayward. 1982). The formation of
Sphagnum peat at thesc sites began at least 7,000 years BP (Miichell, 1990). Stratigraphic
investigations show the diffcrent favers of deposits that occur in a raised bog Fig. 1.1.

The properties of Sphagna are such that they provide ideal conditions for peat 2ccumulation. Anaerobic.
water logged conditions are ereated due to the presence of large dead cells in their leaves (hyaline cells),
which enable thesc species to absorb many times their own weight in water. In addition, capillary
action coupled with their extra-cellular water storage capacity ensures that the water table follows the
growth of the raised bog dome (Ingram. '1983). Sphagnim species can also modify the pH of their
surroundings, through the release of hydrogen ions {Clvmo, 1963). Aerobic microbial activity is thus
reduced to a minimum, plant decay is slow and peat accumulates (Clymo, 1970). Typically, 2 raised
bog is dome shaped, owing to the greater accumulation of peat in the wetter anacrobic centre. Decay of
plant material is faster towards the edges of the bog. where water table levels are lower and the
environment is more acrobic. However, as will be discussed later. this domed shape may be aliered due

to the cffects of drainage.

TN ML, BN T e ek e Ry RPN

“""1.2 RAISED BOG DISTRIBUTION IN IRELAND.
In Ireland. raised bogs are concentrated m the Midlands (Midland sub-type) though some occur in the,

West of the country forming a "Western sub-tvpe'{ Sx.houten 1984). See Figure 1.2 3 for the distribution
of Midland raised bogs in freland.

Midland raised bogs once covered 5%, approximately 350,000 ha. of [retand (Cross. 1989}, forming
large compiexes as the Sphaguim peat grew deeper and basins of peat coalesced. The exploitation of
these onginally vast areas, by privately hand and machine cutting and commercizaily bv Bord na Ména
and private peat developers, has left very few examples of these raised bogs remaining today. A survey
carried out by the Wildlife Service, during the period 1985 to 1989, discovered that only 23,000 ha of
relatively intact mised bog remained and only 12,000 ha were of the highest scientific interest {Cross,
1990). Today the figure is even less, as the destruction continues. The situation is even more acute in
Northern Ireland. where a survey completed in 1987 showed that only four raised bog sites, with intact
areas of more thar 100 ha, remained (Leach and Corbet, 1987),

1.3 THE IMPORTANCE OF RAISED BOGS.

Glabal i

Irish raised bogs are important on a global scale as they represent, in relative terms, the least modified
examples of temperate oceanic raised bogs in Europe. Britain and [reland together form the major
distribution zone for the oceanic rmised bog type (Goodwillie, 1980). Britain {exciuding Northern
Ireland) has approximately 3.327 ha of active (peat forming} raised bog remaining at present. Over half
of these raised bog sites are less than 10 ha in size {Lindsay et al.. in press). The hydrological viability
of these small sites is very much in question. Raised bogs also occur in parts of the rest of Europe. but
the continental influence means that many are wooded and are therefore classified differently. Those
places where oceanic type raised bogs do.occur are restricted to smail areas in The Netherlands.
Germany and Denmark (Cross, 1990}. The Scandinavian raised bogs are aiso classified ditTerently, as
their flora and morphology differs from that of Irish bogs. Ireland is therefore in a privileged position as
it possesses a large proportion of an extremely rare habitat type. An important international
conservation obligation must therefore be fulfiiled.

|
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Flora and Fauna. :

Raised bogs are important arcas for w aldhlc Due to the exireme environmental conditions that prevail,
rised bogs have u range of specialist plant and animal species, many of which are not found cisewhere.
Specialist plants such as the Drosera species are not found in other habitats in Irciand, as it is only here
that they can compete with other species due lo their ability to supplement their nutrition with the
practice of inscetivory. The Sphagnum mosses are abundant in this system and do not reach such
importance in any other habiwat tvpe.

Invertebrates are fewer in acid mires than in ens. but again they can be specialists, for example the
Large Heath butterdly (Coeronmvmpha nillia), which ts contined to peatlands in Ireland {Speight and
Madden, 1987). For this reason they are very vutnerable 1 changes in their habitat (Key. 1989).

Amphibians are represented by an abundance of frogs (Ranarana) and reptiles by an occasional common
lizard (Faceria vivipara).

The bird life on a ruiscd bog is probably the most noticeable wildlife aspect on a casual visit. Many
spectes use the bog for breeding. roosting or over-wintering purposes. while 2 number remain all vear
round {Madden, 1987). Hydrological changes tn 2 ratsed bog have a dramatic effect on the bird
population. Raised bogs are known to be of considerable importance as wintering sites for Snipe
(Gallinago gallinago} and Greenland white-fronted geese (Anser albifrons) (Hutchinson, 1989). If
drainage occurs, and pools and hollows disappear, species such as Snipe will cease to frequent the site,
as these are their main feeding areas. Raised bog systems in Irefand are particuiarty important {or the

" Irish Red Grouse (Lapogus lapogus hibernicus). which feeds almost solely on Heather (Cafluna

valgaris ) shoots. They are shy birds and can only survive on larger sites, as 2 reduction in territory size
decreuses their breedmz success (Lawton. 1990). Grouse also require wet areas on a raised bog as grouse
chicks need a diet of protein rich insects in the {irst few weeks of life. It drainage of the system oceurs,

‘larval habitats for these insects will be reduced (Coulson and Butterfield. 1985).

There are few mammals on a raised bog the most significant species being the Irish hare (Lepus
timidus hibernicus) which can be numerous on some sites. Foxes (Vilpes vulpes) are the only other

rna.mmals which are commonly seen.

HSIR B R e N R e e T A AL

It can not be emphamsed enouzn that the species that do occur on raised bogs are often specxahsts and

for that reason. if the habitat d1sappears 50 do they. Restoration of sites after peat removal is not a
solution as re-introduction of species, particularly mvenebrates, from other sites is almost impossible
(Key. 1989). It is essentizl therefore to conserve intact intra-site areas which could also act as re-
colonisation refugia if conditions on other sections of the site were improved. '

The point has often been made that the genetic resource of peatlands may become more important in
the future. Some peatiand species. such as Drosera romndifolia and Menvanthes rrifoliata. are already
used in the manufacture of medicines (Stary and Jirisek. 1978) and as natural remedies become more
popular and desirable, the imporance of this genetic reserve will undoubtedly increase.

Education Resource.

Raised bogs provide an education and research resocurce for all levels. They can be useful for introducing
voung children to the concept of nature conservation and could help to make them more
environmentaily aware {rom an early age. The projects which can be undertaken are numerous and can
be incorporated into school syllabi (Wymer. 1987: O’Connell. 1991; O'Conneif. 1992},

As research sites, the possibilities for using raised bogs are manifold. One important botanical use of
an intact site is the ability to ke cores through the depth of peat, which allows cne to recreate
vegetational records after pollen or macrofossit analysis has been carried out. This ability can be
important for investigations into climate and vegetation history, as well as yielding information on
past human activities. In addition. studies of plant and animal interactions, plant and animal
specialisations and nutrient cycling investigations may be carried out in this well defined system.

Tourism and Recreation.

When so little peatland now remains in this country, particularly very few raised bog sites, their
importance has increased. Although many people view peatlands as wastelands, places with no practical
use to mankind untii they are cut away, they are one of the few near-natural ecosysiems remaining in
Ireland and their wilderness value is immeasurable. They are an important part of our heritage as a

landscape feature.
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Fig. 1.2  The Distribution of Midland Raised Bogs in Ireland.
Source: Ryan and Cross {(1984).
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Thc Midlands were nnLe cov: ercd by huge tracts ol rised bog and it is desirable that some shuuld remain
in order that'[uture’ genérions may have an idea of what the landscape was like before the major
impact ol humans on-it. “The tourism polential of ruised bogs and blankel bogs. as part of the
landscape. is enormous. Our Eurgpean neighbours too have few wildemess arcas remaining, and Irel.md
“provides them with the unique ¢ (..h.'mLC to see a bog tna relanvely intact state.

Mankind as u destructive foree is part of the natural system. but mankind can also be a conserver. In”

this role decisions must be made as o what ts most desirable to conserve. It does not make economic
sense to destroy these wilderness areas. Al i lime when agricultural surpluses are common in Europe
and land i5" being set-aside, it is aot wisc 10 create more possible agricultural land. The tourism
potential of these sites is almost certainly far greater if they remain as examples of refatively intact
bog, rather than if they were developed in any other way. With ising unemployment, with the effect of
increased recreation time and the subsequent need for recreattonal sites, it is not sensible to remove
these wilderness areas. :

RS

ey
1.4 BACKGROUND TCO THE PROJECT.
The commercial exploitation of peatlands began in The Netherlands in the twelfth century and by the
end of the sixteenth century most bogs had alrcady been cut-away. The remaining areas were all
hydrologicaity damaged and by the lime the conservation value of peatlanct was recognised in The
Netherlands, extensive work was required to protect the areas remaining. The Dutch therefore have
expertise in the construction of dams and the hyvdrology of damaged bog systems. As peatlands in The
Netherlands consist only of damaged bogs there was much Dutch interest in Irish bog systems as
examples ol relatively intact sites. In 1983, this interest and concern that all Irish sites w vould also be’
exploited, prompted the establishment of The Dutch Foundauon for the Conservation of Irish Bogs.

This organisation was set up (o r:use Iunds for the purchase of [rish Bogs in order that they would be
conserved. '

This project arose because the Irish Government had acquired several raised bog sites, for conservation
as National Nature Reserves, following the (indings of a National raised bog survey completed by the
Wildlife Service in 1987. [t was realised that there was a need to understand the relationship between

- the-hydrology, geology-and.ecology-of-the-whole-systemz-in-order 'to- be-able-to-conserve- them~
‘effectively. The Inish Government requested the technical heip of the Dutch Government to try to

conserve their protected sites.

The Dutch Government and Dutch academic institutions were interested in being involved in any
research work on Irish raised bogs, due 1o the lack of relativelv intact sites in The Netheriands and the
deficit of informaiion on the hydrological regimes of telatively intact sites. This information they need

>

b o

for the continued restoration of their remaining raised bog remnants. The Irish data gathered would - -

hopefuily provide reference data for their work.

There are no completely intact raised bogs remaining in Ireland (Cross, 1990), but two relatively intact
sites had been purchased by the Irish Government and had been declared National Nature Reserves.

These were Clara and Raheenmore bogs in Co. Offaly. Both Clara and Raheenmore Bogs have
experienced and are experiencing the major problems facing other raised bogs in treland and the rest of
Europe. These are: peat exiraction, surface drainage and deep peripheral drainage.

The main questions, to be answered by the project, were what are the effects of the above factors and
how might they be remedied. In addition it was necessary 10 investigate whether disturbed raised bog
sites could be conserved as incomplete hydrological units, a point which was highlighted by Newbould
(1989).

To achieve these aims, 2 joint Irish-Dutch project commenced research in October 1989. Several Dutch
and [nish Government departments and academic institutions were invoived. The Dutch bodies included
Staatsbosbeheer (The National Forestry Service) and the Department of Agriculture, Nature
Conservation and Fisheries. The Irish Government departments involved were The National Parks and
Wlld]xfe Service (Office of Public Works) and The Geological Survey of Ireland.

A muiti-disciplinary project was co’nsidered to be the best approach to tackje the aims, encompassing
geology, geo-hydrology, geogrphy. hydrotogy, ecology and engineering. Three Irish students were
enlisted: a geologist (University College, Galway), a botanist (University of Dublin, Trinity College)
and' an hydrologist {Sligo Regional Coilege). Approximately twenty Dutch hydrology students
(Agricultural University of Wageningen), four Dutch geography students (University of Amsterdam),

w .
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{our engincering swdents (Impenial College. London) and two Irish engineering students (University
Coilege. Dublin) 2iso took part. making this the largest raised bog research project ever undertaken in
Irefand.

The exchange of knowledge between manugement, technical staff, academic stafl and students was
considered (0 be of paramount importance to integrate the separate swudies suceessfully. In 1992, 1o
highlight the co-operation which was taking place, Clara Bog was twinned with the largest area of
raised bog remaining in The Netherlands. The Bargerveen.

To achieve the aims of the project within a three to {our vear period. it was necessary to set up a
hydrological net-work of piezometers over the two bogs o examine their hydrological regimes (a
hyvdrological transect had been established on Raheenmore soon after its purchase, so some data were
aireadv available for analysis). Geo-hvdrochemical work was aiso carried out by the hydrologists and
investigations werc made into the properties ol peat. The bedrock and quaternary geology was
examined, using coring equipment and ground survey, including geophysical techniques. This resulted
in a description of the regional and local geology of both sites, The engineers were mainly involved in
investipating the impact on the bog of the road which bisects Clara Bog.

1.4.1 The Aims of The Ecelogical Research.

The main aims of the ecologist were to describe fully the vegetation communities of the mire expanse
and marginal arcas of both bogs and the soak systems on Clara. Then, following this, to attempt to
establish a link between these community types and important environmentat factors. The final aim
Wis 10 map community complexes on both bogs and to predict. from a knowledge of related
environmental factors, the vegetation changes which may occur in the future, depending on
management regimes. Where management action is deemed necessary to conserve particular plant
communities. the aim would be to recommend what action is most desirable. An examination of the
hydrological and hydrochemical regimes of the plant communities of the two bogs was considered 10 be
the most important fink to be made in order to try to interpret plant community disiribution.

«- 1.5 HYDROLOGY. . AND. HYDROCHEMISTRY.. .. . ~soom crir wfomemms oo .

" In mire ecosystems the depth and movement of the watertable and the chemlsm of the water have been
recognised as important factors in controlling the distribution of plant communities (Green and
Pearson. 1968). However it would be more true to say that differing watertable depths and
hydrochemistry are known to be strongly correfated with, rather than that they control, vegetation
patterns on the mire surface.

1.5.1 Hydrology.

: If one considers that peat is normally composed of approuma[el\ 88-97% water (I\ anov, 1981) and
that this water forms part of 1ts structure, ob\ 1ousl\ a study of h\drologxml characteristics within a

r‘nmmmm_m [t ien tin ot h : <

The hydrologic balance of an ombrou'ophic boz can be summansed as follows (Chapman. 1963; Eber,

1982).

P=E+R %38

where

P = Precipitation.

E = Evapotranspiration.

R = Runoff.

+ 08= Changes in storage capacity.

This equation does not account for any vertical seepage that may occur. Streefkerk and Casparie (1989)
suggest the following equation which includes a vertical seepage component.

P-E-R-L-D=0S8
Where L = Lateral seepage (included in runoff in the previous equation) and D = Downward (vertical)
seepage.

In either case the most important factors (o note are that raised bogs depend totally on precipitation for
inputs into the system and that the storage capacity of the system is vital. If the storage capacity is
reduced the bog will swart to dry out. During summer months evaporation exceeds rzinfall and the water
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mblc Ee\ el I.ﬂls Thu:, aeration of the upper faver is increased during pertods ol maximum pla.m grow th
Allhouzh some shnnknne of the upper peat luver oceurs, so that the bog surface {ollows water table
lc\ els (I\ anov, 1981), water table levels will still be lower refative to surface levet during the summer

' nswmpnrcd o the winter perind. The shrinking and swelling capacity of this top layer is an extremely .

lmpunnnl Lhmtensuc for the survival of bpimgrmm species (Streetkerk and C.u.pune 1589). In order

o t'ur the more nquanc Sphagmun species .to survive during periods of low rainfall and high
sy apor.runspar.mon they must be able to follow the water table as it lowers 10 a greater or lesser extent.”

“This i§ often seen in hollows where the Sphagnum cuspidatim lawn drapes down, the higher edge
sct.uuns die bul the central area which has foilowed the water table survives untl the hotlow is re-
v.\eued Tinless the penod of desiccation is too long. This shnnking process is seen over-the whole area
where there iS an acrotelm which is functioning correctty. This water loss is soon rcplnced when

precipitation exceeds evapolranspiration, if the svstem is !'um,tlorumz correctly. This is primarily-

. controiled by the h\ draulic conductivity of the surface laver which influences infiltration rates and thus

" the re-w etting of thc bog surface (R‘.crof t et al., 1975). This process is dependant on the presence or .

absence of an acrotelm. The acrotelm (So called. from the Greek acro, meaning top and lefm; meaning
marsh) is the thin (5-40 cm) upper living laver of the bog, consisting mostl\ of a loose network of
Sphagnum stems with many open spaces. [t has a high hydraulic conductmw 50 that excess water is
quickly dispersed and infi Ttrated through the open air spaces. {I the acrotelm is absen: surface runoff will
oceur, which often leads to peat erosion (Ingram and Bragg, 1984).

An active raised bog consists of two lavers {Ingram. 1983). The catotelm is the lower laver (from the
Greek Kard, meaning underneath ) which, in 2 raised bog, may be many metres thick. It consists of

strongly humified peat, which is constantly waterlogged and thus anaerobic. It has a large water storage - -

capacity and hvdrautic conductivity is low (Stree[Xerk and Caspane, 1989). Tabie 1.1 illustrates the
imporntant characteristics of both layers (Ingram and Bragg. 1984; Streefkerk and Casparie, 158%; Cross,

1990). ‘ _ .

Table 1‘.1 Main Characteristics of the acrotelm and catotelm. :
ACROTELM CATOTELM

H\ draulic Conducm ity High 2 Low

Humification “lLow ¢ Hieh -

Aervbic Yes No

Water Table Present Absent

Peat Formation Yes No

Thickness of Laver Centimetres Metres

E

For 2 raised bog system to function hvdrologically it must have an intact acrotelm over the majonity of
its surface. The water table is present in the acrotelm and the maintenance of a high watertable is vital
for the existence of most Sphagnum species. The acrotelm plays 2 primary role in the functioning of a
raised bog. It is necessary therefore to determine where an acrotelm laver exists and when it is present
how it relates to vegetation. Estabhshmc this relationship is essential for conservation and
management purposes.

Watei' table depth is of importance in relation to plant species and plant community distribution on
raised mires (Rutter, 1955; Hammond et al., 1990). Fiuctuation of the water table and the maximum
and minimum values encountered during the seasonal cycle are correlated with plant community

distribution on the bosz {Webster, 1962). Thus it is important that the water table characteristics of-

different communities on a bog are recorded. -

1.5.2 Hydrochemistry.

Raised bogs are ombrotrophic (from the Greek Ombros, meaning rainstorm) systems, implying that
they are completely dependant on meteoric inputs (Small, 1972). As precipitation is generally a poor
source of inorganic nutrients, raised bogs are. nutrient poor, or oligotrophic habitats. In addition to
having low inputs, other factors play a role in ensuring that any nutrients which are present are poorly

available. Raised bogs are acid environments, as one of the main ions present in raised bog waters is

the H* ion. The buffering capacity of bog water is decreased as the peat body is increasingly dependant
on r:nnlall for cation inputs. The presence of-the H* ion is increased due to the activities of Sphagna.

The cation exchange capacity of the Sphagmirm species is such that they can readily euha.noe H* ions
far metal ions. from their polvgalacturonic acid exchange sites (Bell, 1959; Clvmo, 1962; Daniels,

]
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1989). This lowers the pH of the surrounding area so that the typical pH of mised bog waters is in the
range 3.0 - 3.2 (Bellamy. 1968). The Sphagna also indirectly contribute to the acidity of their
environment as organic acids are present due to the incomplete breakdown of ptant material. Under fow
pH conditions certain ions, important for plant nutrition. become less available due w competition oa
the cation exchange sites by the hydrogen ion (Sutctiffe and Baker, 1974). Other clements such as iron
and manganese convert {o their more soluble forms under reducing conditions. They are then more
easity absorbed b the vegetation and can reach toxic levels (Jeffrey, 1987).

Waterlogging ts also important as, under anaerobic conditions, nutrients which would normally be
relcased from decaying plant material due to microbial zctivity, are less available. This is because
microbial activity is retarded under anaerobic conditions and because Sphagmum species contain
phenolic compounds which can inhibit microbial activity (Given and Dickinson, 1975).

Hydrochemistry, rather than peat chemistry, investigations are considered desirable in a raised bog, as
most plant species occwrting in the system have a significant part of their rooting zone below or just
above the watertable. so that waier chemistry is fundamental to their nutrient supply and uptake
(Summerfield, 1974). However with measurements such as mean pH values little difference is seen
between peat and water values from below plant communities (Newbould and Gorham. 1956).

The total ionic content of a rarsed bog can be divided into the following components as follows:

{Ingram, 1967):

1. Dissolved tons in water.

2. Cation exchange sites on solid peat.
3. Plant tissues. . _

4. Adsorption to colloidal peat material.

The most readily available ol these [or plant growth are the dissolved ions in water. Therefore
hydrochemical investigations on a raised bog can give an insight into the nutrient status of the different
plant communities. This has been recognised for some trae and much hyvdrochemical anatysis of peat
waters has been carried out over the last fifty vears. Many of these investigations have been to describe
the differences between bog types (Bellamy, 1968; Comeau and Bellamy, 1986; Prociar, 1992), or in
e . studies of the dlsmbutlon .of particular plant species (Bell and Tallis, 1974; Daniels, 1975; Miles, .. - < -~ -
' 1976). However little extensive work has been carried out on establishing the hy: drochemical differences
between the many plant community types on a raised bog.

Due 1o the intricate nature of peat, the spatial variation in water chemistry can be large and because of
this Summerfield (1974) suggested that water sampling must be carried out within 10 cm of the plant
spectes or within the plant community under investigation. Thus the number of sampling points must
be large if comparisons between plant communities are 10 be made. As the system is ombrotrophic, the
quality and quantity of precipitation has 2 major influence on the peat water chemistry (Boatman et al.,
1975). This implies that the hydrochemistry of peat waters varies with the climatic conditions.
Therefore an evaluation of seasonal variation is important if the situation is to be fully investigated, so
at lmwmvmﬂwb&wmwmw{mﬁdmﬂ& sis—of
prectpimtion chemistry should also be considered, taking into account spatial and temporal variation.

A problem which arises when examining the hydrochemistry of raised bogs is the determination of how
sampling should be carried out. Different sampiing procedures have been employed in the principal
mire hydrochemical investigations over the last fifty vears (Table 1.2). Some of the methods used have
drawbacks. Surface samples can be over-influenced by recent minfall and open pits may only be used
once, unless covered to prevent rainfall or animal contamination. In many instances sampling methods
are not specified, making it difficult 1o draw comparisons between different sets of results.

Table 1.2 Previous hydrochemical Sampling Methods

Open Pits Surface Sample Not Specified Phreatic/Probe
Miles, 1976 Gorham, 1956 Chapman, 1965 Summerfield, 1974
Comeau and Bellamy, | Newbould and Gorham, | Sparling, 1966 Daoyle, 1990
: 1986 1956 Bellamy and Beilamy,
; Proctor, 1992 | O'Connell, 1981 1966
‘ Proctor, 1992 Green and Pearson.
1968
6
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The most suilable method for c.oilccum. hydrochermical samples is using a sampling Probe L
(Summerl' eld, 1974) or collecting water, from a phreatic tube (Doyle, 1990). Plant roots are generafly:
- under the influence of interstitial water rather than surface water and therefore it is only in’ pool
: .communities that surface samples can be said to fuily represent the conditions the’ planls are - -
e'(penenc:m. Furthermore surface samplea canaot be obtained from most hummock communities. -

The separation of hydrology and- hvdrochemlstrv in a raised bog system is impossible as the\ are - -
 interdependent(Fig. 1.3). The main aims of this project are 0 come 0 a better understanding of the
workings of a raised bog system as an entire unit and to discover which hydrological and h\dmhem:m[ L
factors are related to piant community distbution and thus how those communities may be conserved -
or rehabilitated. These questions have not been answered suffi ciently by research in the past as
" hydrochemistry, hydrology and plant community ecology have mostly been. treated separatety in
. research studles As a conclusion to this study the nécessary information should be available for

¥ decisions as ©© the actions required for management which w ould lead to effective conservation of these - °

endangered areas in the future. The issues (O be addressed by this work were therefore: S

L. An attempt to explain the distribution of plant communities on the two bogs both
. hydrologically and hydrochemically.
2. To give guide-lines, through the maintenance of particular hydrological and hydrochemical . o
regimes, for the future management of the system. to help to ensure that no further degradation ™ ‘
OCCUrS. .
3. To make proposals for restoration where degradation is suggested by the plant community. -~ -

structure and to suggest how and when the rehabilitation could wke place

~1
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Hydrochemistry.
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Fig. 1.3 Conceptual Model of the Inter-relatonships of Vegetation, Hyvdrology and
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CHAPTER-2: SITE DESCRIPTIONS AND ENVIRONMENT.

2.1 GEOLOGY AND GEOMORPHOLOGY.

Both sites are located. geotogically and geomorphologically, tn the central lowlands rcnmn which
consists mainly of Lower Carboniferous strata bedrock. These strata are composed principally of three
limesione types: lower limestone. middle or calp limestone and an upper limestone. Manyv ol the
limestones, particulzrly those described as middle or calp are arenaceous or argillaceous in character
(Whittow, 1974). Some recf limestones also occur. This limestone bedrock is overfaid by glacial
deposits, Midlandian in age. which are mostly composed of limestong tills, morainic sands and gravels.
The most striking glacial Teatures of the midlands are the long winding esker ridges, which developed
due 10 sub-glacial drainage (Herries Davies and Stephens. 1978). One of the finest examples ol an esker

ridge is the Escir Riada which once divided Ireland into the Kingdom of Tara in the North and Cashel to

the South (Whitiow, 1974). A section of this esker bounds Clara to the north, running in an east-west

" direction, ranging in height from 10 - 25 metres above the surrounding area (Van Tatenhove and Van

der Meer, 1990). To the south a tll mound, known as The Island, is seen.. The River Brosnu runs to
the north of Clara, its catchment being separated from the site by the esker nd"e The Stlver and
Clodiagh Rivers tun 1o the south of the site.

Buring the early Holocene period, the basin in which Clara bog formed was a small part of a large
posi- gla.cxal lake, Lough Boora. The development of Clara bog has been shown o have foilowed the
conventional sequence of events mentioned previously. This is evident from data obtained from
borehote drilling (Flynn, 1990). A borehole close to the northern edge of Clara East showed
Waulsortizn Carboniferous limestone overlain by sands, gravels and boulder clavs, then a layer of
lacustrine clay followed by a laver of peat (Fig. 2.1{a)). Peat and lacustrine clay lavers are shallow in
this areq as it is close 1o the margins of the onginal lake. Lacustrine layers can vary in depth from 0.1
m to 2-3 m deep, depending on topography and distance from the original lake shore {Van Tatenhove
and Van der Meer, 1990). In some areas of Clara a creamy deposit occurs. overlving the lacustrine
clays, known as shell marl (Bloetjes and Van der Meer, 1992).

The thickness of the peat layer on Clara vartes from less than one metre to 10 metres deep in the

-central area of the bog basin (M. Smyth, pers. comm.). The stratigraphy in most areas of Clara follows .
- this.sequence; lacustrine clay overlain by lake marl, followed by fen/woody peat, strongly humified~™*:

Sphagmim peat, topped by poorly humified Sphagnum peat (F2 20 (Bloet_]es and Van der Meer,
1992).

Raheenmore bog developed in a depression between a number of tow hills. To the north lie
Muilagharush hill {140 m) and Clonagh (123 m), to the east a low hill, KildufT and to the south a low
ridge. Close to Raheenmore an extinct volcano, with a carboniferous volcanic neck composed of
basaltic lava and tuffs, forms Croghan Hill, which rises 120 m above the surrounding area (Hemes
Davies and Stephens, 1978).

The lithology of the site is comparable to that seen at Clara, showing a similar sequence of geological
events, typical of these raised bog sites (Fig. 2.1(b)). The lacustrine layers of Raheenmore consist
mainly of clays which are generally silty but occasionally sandy or gravelly. The sand and gravel
content increases towards the edges of the site, corresponding to the edges of the original lake shore. At
Raheenmore the thickness of the lacustrine laver varies [rom 0 - 5.6 metres with an average depth of
3.0 metres (Rijsdijk and Van der Meer, 1990). In the central arex of the bog the lacustrine lavers are so
thick that bedrock was not reached during drilling (Fig. 2.1{c)).

Raheenmore is a typical basin bog with the peat reaching depths of up to 15 metres towards the centre
(M. Smyth, pers. comm.}. The peat stratigraphy of this site is similar to that of Clara; that is, fen peat
overfain by ombrotrophic peat (Veldkamp and Westein. 1593).

The present extent of both sites form only a fraction of {ormer large raised bog complexes, most of
which have now been tut-away. This is discussed by Van Tatenhove and Van der Meer (1950) and is

wel illustrated in Fig. 2.3, which is a section of a map showing the former and present extent of raised

bogs in Ireland (Cross, 1990). Raheenmore (SE of Tyrreilspass) is shown as a small off-shoot of a very
large raised bog complex lying to the north, which is now cut-away. Clara is also surrounded by large
areas of cut-away peat. This map also serves to illustrate how extensive this habitat was in the past and
how little now remains. .-
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Z....l "Clara Bog.

142 Map Nou: 15 _' . - -

6" Mup No.: Offaly 8
Grd Ref.: 07738° W 530 20' N .

Clara Bog is situated in Co. Otfaly approximatety 9 km north-north west of Tullamore and 2 km south

of Clara town (Fig. 2.4). The road beiween Clara and the village of Rahan bisects the bog. The site is
located across the townlands of Doory, Dermies, Ballina, Castletown, Bohernagrisna and Erry. It is
approximately 663 ha in area (including cut-away sections), 463 hu of which were purchased in 1986
by the Wildlife Service. These 465 ha are 2 National Nature Reserve. It is now under the management
of the National Parks and Wildlife Service {Cffice of Public Works). The area lies at approximaiely 58
- 70 m OD. 1t is bounded to the north by an esker ridge and to the south largely by cut-away bog.

This site was listed as being of 'cﬁﬁy local importance in 1981 by An Foras Forbartha: Since then it

has gained iriternational importance, due mainly to the presence of its soak systems (intemal drainage .
features) and also because it is the largest remaining example of the midland raised bog tvpe (Cross,

1990).

2.2.2. Raheenmore Bog.
12" Map No.: 15 )
6" Map No.: OfMaly 10

‘Grid Ref.: 070 20 W 530 20" N

Raheenmore Bog is located in Co. Offaly, 7 km South of Tyrreilspass and 5 km north of Daingean
(Fig. 2.4) and lies at approximatefy 100 m OD. It is approximately 200 ha in size. A number of
wwnlands converge in the centre of this site, namely Clonreen. Kilclonfert, Raheenmore, Puttaghan,

Kilduff, Clonagh, Mullagharush and Cruit. It was designated a National Nature Resenve in 1970 and'is
under the management of the National Parks and Wildlife Service (Office of Public Works). It was

listed as being of international importance in 1981 (An Foras Forbartha, 1581).

2.3 CLIMATE. _
The accumuiation of peat, in order to form a mire system, depends on the rate of production of plant
material exceeding the rate of decay by micro-organisms {Moore and Bellamy, 1976). This limits the

occurrence of peat deposits to tropical areas where production rates are extremely high or to temperate
and upiand areas where microbial decay is limited. The major zone of mire development is in the

. northern hemisphere, mostly confined to Europe, Canada. North America and The Russian Federation

(Gore, 1983). The most important factors inhibiting microbial activity are acidity, anaerobiosis,
waleriogging and low temperatures (Given and Dickinson. 1975). The most important of these [actors
in influencing the rate of decay in Irish mised bogs are waterlogging and thus reduced oxygen
avatlability (DO\IC 16503, ’

Although the development of a raised bog is affected by a number of factors, including the local
aeolog} and drainage patterns, the most important natural control in terms of their continued growth is
the humid, wet climate this country experiences. Ireland is thus ideally suited to the formation of peat
bogs owing to its miid oceanic climate, high rainfall (with a high number of rain dayvs) and high
relative humidity and consequent low evapotranspiration. This ensures that the climatic conditions for
microbial decay remain sub-optimat and peat will continue to accumulate if the hydrology of the bog is
protected.

Meteorological data, from the Meteorological Service of Ireland, was avatlable for two stations close to
both bogs. These were Birr, Co. Offaly (70m Q.D.) which is 33 km south-west of Clara and 48 km

wesl south west of Raheenmore and Mullingar, Co. Westmeath (101 m 0.D.), which is 20 km north.

of Raheenmore and 30 km north-east of Clara. The data from these stations represents the climate of
the principal Midland raised bog distribution.

The monthly mean rainfall figures are shown for both weather stations in Fig. 2.5. The Birr data
consist of lhe average monthlv values for the years 1961 to 1990 and the Mu[lmonr data are derived
from the average monthl\ figures between the vears 1971 and 1990.
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Fig. 2.5 Average monthly precipitation (= 2 S.E.) {rom Birr 1961-1990) and Muilingar (1971-
1990).

Rainfall recorders were installed at both study sites but due to technical difficulties some information is : .

not available. However, when afl figures for a full month are avatlable, they correspond closely to the
data from Birr and Mullingar (Fig. 2.6) and the assumpuion can be made that they experience simitar
climatic conditions to the weather stations.

B i'rr-
Mullingar
Clara

Raheenmore

0‘1‘??-1::

1 i ] i
Jan FebMarAprMay Jun Jui Aug Sep Cct Nov Dec
MONTH

A el i e di

Note: Some daily data missing, due to technical difficulties

l : Raheenmore; January., February, March and October.

» at Clara; January and February;

Fig. 2.6 Precipiration (mm) at Clara, Raheenmore, Mullingar and Birr in 1990.

Penman evapotranspiration figures from Birr (a) and Mullingar (b) show that for at least six months of
the vear precipitation exceeds evapotranspiration (Fig. 2.7). 1990 was a parucularly drv vear and
evaporation exceeded precipitation for more than usual as. on average, ¢vapotranspiration only exceeds
precipitation for two to three months each vear at Birr and Mullingar (Cross, 1990). ‘ '
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Fig. 2.7 Precipitation and evapotranspiration [rom Multingar and Birr, 1990.

The maximum, minimum and average daily temperatures at both stations for exch month of 1960 (a
tvpical vear in relation to average temperatures) are shown in Table 2.1, These show a patiern of mild
winters and cool summers which favours the development of raised bogs.

Table 2.1 Average maximum. minimum and daily temperatures for Birr and Mullingar (1990).

BIRR MULLINGAR
MONTH Mean Max. | Mean Min. | Mean Dav | Mean Max. | Mcan Min. | Mean Day
| January 9.6 3.7 6.6 8.8 28 3.8

February 9.7 3.4 6.6 8.7 2.7 3.7

March i1.8 5.5 8.7 11.1 4,0 8.0
2L S 1 T o T A o+ £ Sttt 0 S50 RSt ds°+5 R I o=
Mav 17.8 7.1 12.5 16.8 7.2 12.0

June 16.8 9.1 13.0 16.2 8.6 12.4

Julv 20.9 11.3 16.1 20.2 10.9 15.6
Aueust 20.1 12.2 16.2 -19.4 11.8 15.6
September 17.0 7.4 12.2 16.1 7.4 1.8
Qctober . 13.8 8.4 11.1 13.3 7.9 10.6
November 9.7 3.0 6.4 9.4 3.3 6.3
December 7.6 1.3 4.4 6.9 0.9 39

2.4 PAST MANAGEMENT, DRAINAGE AND PEAT CUTTING.

During 1983 Bord na Mdna drained the eastern part of Clara Bog by digging 2 series of north-south
drains at 20 metre intervals and some east-west drains at various intervals, in preparation for peat
extraction. These drains were subsequently blocked in 1987, after acquisition of the site by the National
Paris and Wildlife Service (Office of Public Works). This blocking has been more successful in some
areas than others. Sphagrim cuspidatiom has colonised some of the piaces where blocking has been
more effective and water table levels have been maintained. An investigation into the re-colonisation of
these dmains was carried out by McAfee (1993). A large drain runs along much of the northern
boundary. On Clara East this boundary drain was deepened and widened in 1991 as pant of a reclamation
scheme for the areas adjoining the bog. This caused considerable damage to some marginal vegetation
communities in this area. The effect of this drain on the hydrology of the bog has been examined by
Blackwell {1992}, who showed that it has had a significant effect on the local hydrology. In 1992 2
surface drain surrounding the whole site was dug by the Office of Public Works to mark the boundary

of their ownership. This drain is increasing runoff in some areas, despite being blocked at regular
intervals.

The most serious drainage problem aiTecting Clara is caused by the road which runs through the centre
of the site. This was constructed approximatety 150 vears ago. [t has been estimated 10 have caused 2 6
metre subsidence in the immediate area since then (Samuels, 1992). The deep drains which eccur on
either side of the road are affecting the hvdrology of the area considerably and are thus damaging the

11




durmz 1993 b\ Olf.xh Co. Council.

“to the edge of the Silver River.

. For a species list of these roads see Appendix 2.1.

site, causmg drying out of the peat and a subsequent increase in ericoid species.
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vegetation of the bog. Il conditions suitable for bog growth (that is high water tblc levels) are to be
maintained. the hydraulic gradients in these areas must be reversed. The% dmins were funher dcepened

ZI - At sometime in the period between the mapping of Clara Bog in 1838 and the mapping in 1910, three
] smail roads were constructed leading, from the road which bisects the bog out onto the western side of
. the site. It hus been suggesied thut these were most probably buiit as part of a famine relief scheme.

, " They are composed of gravel and other limestone maierial probably obtained from the adjacent esker.
5 " They are drier, more eutrophic ard more tise rich thun the surrounding bog owing to increased levels of
) calc:um and the free draining nature of the gravely material. Their flora is therefore anomalous with the
; .uijummg bog and, though not natural phenomenun they huve added considerably to the diversity of the
' I flora in the local area. They are dominated by Molinia caendea with the addition of other grass species

such as Briza media and orchids such as Planrtanthera bifoliata, Listera ovata and Eprpacm palusiris.

Peat cutting on Cl.zrn is fargety confined to the southern edges where extensive commercial eur:n:uon
. is taking place. Possible acquisition of these qreas is Lurremh being investigated. The former southern
extent ol mised bog peat at this site was recorded by Van 'I'.zlenhm e and Van der Meer { 1990) a8 being

l On Raheenmore very little peat cutting has taken place, except for two m.xrmna! areas to the south-east -
o and north-west, Howevera deep peripheral drain (appro‘umaleh metres deep) surrounds most of the «

A section of the eastern part of Raheenmore has a senies of surface drains running through it. These

were instailed in the period between 1910 and 1950 {Information denved from maps ; and aerial . .
photographs). They have mostly been re-colonised by Sphagnum species but the vegetation of the area = ©
has been adversel\ affected. During 1992 2 marginal area to the west was reclatmed, with the clemng of N
scrub and the digging of drains. This will affect the marginal vegetation communities in these areas.

The effects of drainage on the two bogs is discussed in more detail in Chapter 9.
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CHAPTER 3 VEGETATION.

3.1 INTRODUCTION.

Vegetation classification tnvolves the division of the vegeation cover of an arca into assemblages of
plam spevies which tend to occur together in a particular environment. These assemblages of plant
species are known as plant communities. The plant community which is seen in the ficld is the
concrete communily and is described by a series ol samples or relevés in which species occurrence and
cover values are recorded. This relevé dama then forms the abstract vegetation unit, which is the basic
vegetation unit or plant association (Muetler-Dombois and Eilenberg. 1974). Exch plant association
contains constant, diagnostic and difTerental species which may be used to separate it from ather plant
assoctations.

An important consideration when examining peatland vegetation communities is that very smail scale
variation of vegetion communities over the bog surface is the norm. Some distinct homogeneous
communitics may be only 30 x 50 cm in size or tess. The uaditional method of dealing with this
sitution was to treat the whole pattern of communities as a single community type. where in fact it is
a whole complex ol communities with very different inherent and associated environmental
characteristics (Schouten, 1999). In this stedy, small scale community descriptions were considered
necessary o provide the units for investgations of the abiotic environment. As piot size is small, it
must be ensured that the minimal area {or that plant communrity is covered. The minimal area of a
plant community is the smallest area which can be covered by a vegetation sample, where it is said to
include most of its characteristic species {Mueller-Dombois and Ellenberg. 1974). Work by Schouten
(1990) showed that the minimal area for the relatively species poor communities of hollows and pools
was 2-2 dm= and that for species rich hummocks, 1m2 was sufficient. Thus, as minimal areas for bog
communities are small and as percentage cover values are used for recording plant species abundance the
size of the relevé or study plot coutd vary according to the size of the community.

During the field season of 1950, vegetation work was carried out along hydrological ransects which
were already established on the two bogs. The vegetation data collected was largely confined to these
transects in order to gain as much information as possible from a combination of botanical,
hyvdrological and geological investigations. The retevé sites were chosen atong the hydrological
""""" ~—==r-transects-close-to—piezometer stations*and ‘covered- the ‘range” of communiry “types in that"areaz "~ 7°

Subsequent to surveying these sites it was necessary, in order to cover lagg vegetation types, to select
further transects. In total six transects were studied, three on Clara bog and three on Raheenmore bog.
During the field season of 1991, vegetation plots were also established to examine the soak systems on
Clara bog. This survey concentrated on the two soaks, Lough Roe and Shanlev's Lough. Vegetation
studies were carried out in all eight areas using the same quadrat method. Plots were chosen and were
described according to the species present and their percentage cover.

g

.2 METHODS.
Percentage cover of each species was estimated using a revised Braun-Blanquet Scale (Muetler-Dombois

——and-Ellenberg~1974)-Percentage cover was estimated-as-the-vertical-projection-of att-ptant-partson
the surface area of the quadrmat

Relevé datw were also used from the work of Van Dijk and Young (1984) from both Clara and
Raheenmore bogs. Information from 70 of their quadrats was included in the dat set for analysis by
TWINSPAN. Their dat were never published and the incorporation of the informaton into this work
was agreed by them.

The following is the % cover scale used in this vegetation survey:

CATEGORY % COVER

1-2 individuals <5%
2-25 individuals <5%
2-5%

5-12.5%

12 5-25%

I5-50%

50-75%

75-100%

Rl |n] B |wWrd]~-
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. Totl vegetation cover and the % cover of cach of the major groups was recorded. The height of
diﬂ'erem \'cucmlion lavers was also recorded. as were bure ground. apen water and liter.

Bnnph\ tc:. were milcucd tor mictoscopic identification and venfication of identification. Often it was

importanl (o collect a handful of Sphagnum species from the plots in order 1 examine them for
" micro-tiverwonts. . This survey did not include the recording ol eptphyviic 5peucs such as those that
occur on Calluna velgaris,

NOTE: Nomenclature according to Jermy et al. (1982) for sedges. Clapham et al. (1989) for other
vascular plants, Smith ( 1980) for mosses and Watson (1981) for liverworts.

3.3 COMPUTER PROCESSING.

In total, data from 399 relevés was used in the vegetalion classification. The vegetation data
information gathered from the surveyvs was initially processed using Vegbase 3.0 (1990) a fourth
generation program based on dbaselll. This program prepares Cornel! Condensed files for analysis in
TWINSPAN and CANOCO.

TWINSPAN

Initial clustering of the sites dcn.ordma 1o their vegetation was obtained using TWINSPAN (Hill,

1979), which is a fortran program for Tw a-Way Indicator Species Analysis. It is a divisive method of
cluster analysis, where sites are classified by a repcated dichotomization into groups or clusters of plots
containing a similar species composition, by the method of correspondence analysis. A direction of
vartation is identifted by ordirating the plots. Sites can be identified using the occurrence of differentiat
spectes to identify different communities. Finally a nwo-way table is constructed from a site and species
matrix (Jongman et al, 1987). The sites or plots on the table are situated in such a way that sites with
a similar species composition are.grouped together and a diagonal arrangement of species occurrence is
seen. TWINSPAN was designed specificaliy Tfor ecologists and phytosociologists and is therefore one of
the most {requently used methods for classifying vegetation communities (Hill, 1979).

~ 3.4 -MIRE" VEGETATION "CLASIFICATIQN: - B

Irish mires are divided into two main main types, fens and bogs (Cross, 1990). This dmsmn is b:lsed :

on their nutrient supply: fens being minerctrophic or receiving their nutrient supply from ground water
while bogs are ombrotrophic. depending on precipitation for ionic inputs. Bogs mayv be furiher divided
into blanket bogs and taised bogs depending on their morphology. Blanket bogs develop as a laver
covering the landscape whereas mised bogs generally develop in basins. Blanket bogs are of two types,

mounin or lowland, depending on their geographic location. Lowland:blanket bogs are confined 1o -

the West of Ireland. whereas mountain blanket bogs Jevelop tn upland areas in all paris of the country.

The vegetation of raised bogs is usually distinguished from that of blanket bogs by the presence of
- Vaccininm oxycoccus and Andromeda polifolia (Moore, 1968). Vaccinimm oxvcoccus occurs
occasionally on blanke! bogs but usually'in oniv slightly flushed areas (Doyle and Foss, 1986;
Douglas et al., 1989). Raised bogs can be further divided on the basis of their vegetation into a western
tvpe and a midlard type (Cross, 1990). Both Clara and Raheenmore bogs are examples of the midland
tvpe.

Two systems of vegetation classification may be used, either the coatinental system which is a
hierarchical method of ordering plant communities or the British system which involves a lateral
approach to vegetation classification.

- The Continental Svstem

The continental svstem includes three main divisions in the classification of mire piant communities
(WesthofT and Den Held. 1966). These are:

1. The vegetation of olige-mesotrophic fens, the Parvocariceten,
2 The vegetation of- bog pools and oligotrophic lakes, the Scheuchzerieten.
3. The vegetation of fiats and hummocks on bogs. the Oxycocco-Sphagnetea

White and Doyle (1982} only recognise two main divisions: the Parvocaricetea and the Oxycocco-
Sphagnetez. They include the Scheuchzerietea as an order within the class Oxycocco-Sphagneten, catled
the Scheuchzerietalia palustris. They do this as. in the Attantic region, the communities of pool are
Moristicaily closer to the communities of the Oxycocco-Sphagnetea, whereas on the continent bog
pools contain elements more tvpical of the Parvocaricetea
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The Oxyeocro-Sphagnetea may be divided in two ways:
L On an ecological basis (WesthofT and Den Held. 1969, Moore, 1968)

A) The onder Sphagnetaiia magellanict. This contains the vegettion communities which oceur
on peats deeper than 1.5 metres and are typified by an abundance ol Sphagnum mnge!lanic um
and Sphagmuan capillifolitn - hence the term red bogs (Osvald, 1949). This onder cummm, mwo
alliances, the boreal Sphagnion fusct and the Atlantic Em:o-Sphnm'non

B) The order Encetalia tetralics, which contains the communities of shaflow peats.

12

" On a geographical basis (Dierssen, 1982).
A) The bureo-continental division: the order Sphagnetalia magetlanci.
B) The Atlantic division: the order Erco-Sphagnetalia, which contains two alliances separated
on an ecological basis: the Erico-Sphagnion for wet heathland vegetation and the Calluno-
Sphagnion papillasi for deep peat communities. The latter includes two associations: the
Sphagno teneili-Rhynchosporetum albae encompassing pool vegetation and the Erico-
Sphagnetum magellanici including the flat and hummock communities.

s o i =
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The British System.

The most recent classification of mire vegetation was carried out by the National Vegetation
Classification Project in Britain (Rodwell, 1951). In that classification only nvo broad categories are
indicated for raised bogs: the pool, lawn and wet hollow communities are inctuded in the Sphagnum
cuspidatimirecirnan pool (M2) division; the remainder of raised bog vegetation is included in the
Erica tetralix-Sphagninm papillosun mire (M18) which is again typifted by the presence of Vaccinium
oxvcoccns and Andromeda polifolia. 1t is a non-hierarchial svsiem and is thus iotally different to the
continentad approach.

1 bt ke g 2 7 e WA £

In a general ecological and taxonomic overview of the vegetation of a particular arez, the hierarchial
method is probably a more useful system to adopt, as different communities may be easily related to
each other. In a local study, such as this, the lateral approach 1o the classification of community types
is sufficient.
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3.5 SYNOPTIC TABLES.
When the number of relevés in a dat set exceeds 100-200, it is necessary to construct synoptic tables
: to summarise the main phytosociological tables (Whittaker, 1973). Svnoptic tables were prepared from
the output of TWINSPAN subsequent to the classification of community types. The following is the
method which was used. The presence of species in the relevés of a particular community type was
calcutated as a % value of the totai aumber of refevés in that group. The presence degree is divided into
five classes which are denoted using Roman numerals.

0-20%
210
4160 %
61-80 %

81-100 %

< Z2H=—~

Species in classes [V and V are described as constants, II1 common, I occasional and 1 scarce (Rodwell,
1991). The cover value range for each species within the group is also indicated in brackets after the
presence value. In the final tabulaticn, species are arranged according to decreasing frequency.

| The total number of community tvpes identified in this survey was 25 and a aumber of variants, sub-
; variants and phases are included within these major divisions.

In some situations, due to the restriction in size or distribution of a community type, the data from
only one relevé is available. In these cases the relevé information is included with percentage cover
values.

Terms commonty used in the community descriptions are described below:
{These terms are generaily accepted in the sindy of mire ecology (Gore, 1983))




. Pools: .-, Depressions in the bog suriace where the water table remains above surtace
. leve! all year round or below surface level for only very shon periods of
time. They are characterised by the presence ol aquatic plant species such as
Sphagnum cuspidatum and Cladopodiefla fluitans. Vascular species which
£ frequently occur are Eriophorum angustifoliun. Drosera  anglica and
- _ Rirxnchospora alba. K

Hollows: These ure shallow depressions in the bog surface where water collects and
: lies, or where the water table reaches ground level or lies just above ground
tevel, depending on seasonal conditions. Marginal hoilows tend to be
elongated as they are focus points for surface water run-off. They are often
_ domtinated by Nartheciumn ossifraguen. On the high bog they take many
: forms but are often eve-shuped. .
Lawns: These are shallow hollows or flat areas where one spectes dominates to form
a lawn. This is frequently a Sphagnum species. such as Sphagmum

magetlanicum, which can completely in-fill 2 hollow to form 2 small lawn.

Flats: These are more or less flat areas which are intermediate berween hollow and

¥ hummock communities. They tend to be drier than the above situations.

Hiommocks: These are mounds on the bog surface which can range from a few
centimetres to more than a metre in height. They are usually composed
mainly of Sphagnin species, such as Sphagnum magellanicum, S.
capillifolium, S. imbricatum and §. fuscum but other bryophyie species
such as Avpmum jutlandicum and Lencobrymwm glancum are also imporiant,

especially as the hummock grows wller and becomes dner. Calluna viigaris .

is another important element, as it flourishes where the water table is not at
surface level. .

" Soaks: These are areas particular to Clara bog, where they make up”part of the

increased nutrient or base av aﬂabmt\ cansed by ground water inputs or water
movement. : .

Y

The following community descriptions are not an attempt to classify raised bog communities in [reland

but rather to form a suitable and meaningful vegetation basis for ecological investigations on the two
bogs under study.

3.6 YEGETATION CLASSIFICATION AND COMMUNITY DESCRIPTIONS.

" The following is a non-hierarchial classification of the main plant communities found on Clara and

Raheenmore. The communities are given local names according to the dominant or characteristic
species. A phyiosociological classification {continental svstem) of the communities is inciuded in

“Appendix 3.1. The authorities for the phytosociological classification are those used in White and

Dovle {1982) except where they do not include the communiry concerned in which case Westhoff and
den Held (1969) are followed. A synoptic table for each community, sub-community, variant or phase
follows a description of the type and its habitat. apart from the exceptions mentioned above, where the
relevé information is included: The average cover and range of values of the major physiognomic
divisions are indicated where appropriate. The number of relevés, which were sampied for each
community, sub-community, variant ard phase is aiso included. A diagnostic species assemblage is
also indicated for each type. This consists of the combination of spectes which typically occur together
and dominate in that community which enables an identification. Sometimes the species combination
used may also occur in another community type but at low abundancies. Within 2 community tvpe
sub-communites, variants, sub-variants and phases may occur. These are separated using differential
species or, in the last case, dominant species.
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Section A.

This section covers the communities which oceur on the mire expanse of both bogs, occasionatly
including some plots which are under the influence of the soak systems or are located 1n areas of cut-
away. [n general these are characterised by the presence of enicoid and Carex species and an abundance of
Sphagnum species.

Section Al. :

This scetion inciudes the commuaities of hoflows, pools and lawns of the high bog. These are
generadly typilied by a low cover of dwarl’ shrubs and inctude indicators of aguatic conditions. In the
case of poot and lawn communities, they are mostly confined to the wetter central sections of both

bogs. The hollows and erosion channel communities are more [requent in the marginal areas of the two
bogs.

Type 1.

Local Name: The community of Rhynchospora afba and Zygnemalis.

(number of samples = 7).

Diagnaestic Species Assemblage: Ritvachospora alba, Zvgnemalis and Narthecium ossifragum.
{(Zygnemalis includes a group of algal species).

This community type is confined to hollows and erosion channels on the margias or and of the high
bog. During the winter months or periods of high rainfall they are waterlogged and surface runoff is
high, as the acrotelm in these marginal areas is mostly non-functional. They tend to be narrow, linear
feawres with the long axis corresponding to the direction of flow. During the summer months, the
Zyguemalis clement becomes crisp. The average bryvophyte cover is low, 15 % (2-33), with few
Sphagnum species occuring. Algal cover is generally high. with an average cover of 52% (2-90).
Rhvnchospora aiba is the dominant herb with Erigphonan angnsiifeitien and Narthecium ossifragiom
also occuring frequently.

i

Rivachospora alba V(2-7) | Sphagmum cuspidatum 2-7
Zyenemalis V(2-8) Cladonia portentosa [{1-2)
| Erfophorum angustifolium V24 Cladonia uncilalis subsp. bimmcialis H{1-2y
| Narthecium ossifragum IV(2-9) | Ondontoschisina sphagni J(C)
| Carexpanicea C T TR U MING-S) | Campvlopus paradoes 0 (U7
Trichophorum cespitosum 1] | Droseraanglica - I3}
Sphagnum subnitens 11{2-3) Andromeda polifolia : I
Sphagmem papillosum H(2-4 Sphagnum capillifolium (93]
Sphagnum tenellum [(2-9 | Cephalozia connivens i(H
Erica tetralix I{3-3) Cladonia ciliata var. tenuis ()
Sphagnum magellanicum 184} Calluna vulearts ) In
Drosera rotundifolia IK1-2)
17
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Type 2. S S s
Local Name: Community of Sphagnim cuspidamm and Eriophorim anpustifolinm

Diagnostic Species Assembiage: Sphagnum cuspidatim and Rhvnchospora aiba.

2 A Typical Variant (Plates 1 and 2).

3

" (number of samples = 1 1).

The community of permanent pools-and wet hotlows on the high bog. These communities occur only

where the water table remains above ground level all year round or where drying out oceurs only for
xery short periods of time. This s indicated by the high cover of the agquatic spectes Sphagnum-
“cuspidarm and the presence of Cladepodiella fluitans, which is also an aquatic species. Bryophvie
cover is typically high with an average value of 92% (50-100) and dwarf shrub cover is low 3% (0-10).

Spluagnum cuspidatin V(6-8) Odontoschisma sphagni (- .
Eriophorum angustifolinm - V(1< Sphagmumn papillosum 24
Rhvnchospora aiba V(2 Cuarexpunicea I(2-4)
Sphagmun magellanicim -1 0(2-5) Eriophorum vaginaton i)
Calluna vilearis 11{1-2} Memvanthes rrifoliata {8
Andromeda polifolia 1 (fed] Vaccinimn oxvcoccus [(1-2)
Droseraanglica I(1-3) Cephalozia connivens i(n

Erica tetralix 11{2-3} Trichopliorim cespitosum In
Cladopodiella fluitans [(3-7

2B Vanant with Ritvachospora fusca.

(number of sampies = 3).

Differentinl Species: Rhvnchospora fusca.

Community of species poor, shallow pools and hollows at the marginal areas of the bog. The presence
of Zvgnemalis indicates a fluctuating water table. No typically aguatic herb species occur, indicating

that these are not permmanent peols.

oo} INEL-2)

.\ Sphagnum cuspidatm - VI5TD) . . | Andromeda polifolia - ...
| Zvgnemalis ' | V4T | Carexpanicea V(2
Rirvachospora fusca V{3-1) Sphaemim papillosiun (3
Eriaphormm angustifolin V() Narihecium ossifragion i{1)

2C Vanant with Molinia caernlea and Juncus butbosus.

(number of sumples = 8).

Dilferential Species: Molinia caerulea , Juncus bulbosus and Sphagmuan recurvum.

The community of pools and hollows on the cut-away marginal areas or those areas located close to the
soak systems. They are slighty enriched due to their proximity to a ground water influence or to water
movement. This is indicated by the presence of species such as Moliria caeruiea and Juncus bulbosus,
which require a slightly enriched environment The occasional occurrence of Hyvdrocotvie vulgaris also
indicates enrichment. Although Menvanthes frifoliara is a common species of pools on other raised
bogs, it is not very common in the pools on Clara and Raheenmore. Its presence in this variant
indicates very wet conditions. Bryophyte cover is high, 94% (50-100) and herbs are more {requent, 30%
{3-55), than in the previous community fype.

Sphagmum cuspidatum V(6-8) | Spiragnum recurvum (32
Eriophorumn aneustifolin V(2-6) Andromeda polifolia 12
Vaccinium oxveoccus V(2-3) | Hvdroconie vuigaris I(4)
Menvanthes trifoliata IV(2-7y |} Cephalozia sp. I3
Molinia caertlea IV(2-5) | Anlacomnium palusire (3]
Juncus bulbosus [11{2-3) | Catvpogeia muellerana I
Trichophorum cespitosum M(2-3y | Caifuna vulearis (]
Drosera rotundifolia ¢ Odontoschisma sphagni J{ied)
Rhvnchospora alba (24 Drepanocladus fluitans I

" | Cladepodieita fluitans -4 | Juncus effusus It
Ericaierralix (3-3 Hyonum jutlandicum I

18
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Type 3

Locat Name: Community ol Nartheciunm ossifragim. Spiagnion mugellanicum and 8. tenellnm,
Diagnostic Species Assemblage: Narthecium ossifragmmn. Sphagnum ienellwn, Sphagnim
magellanicum and Sphagnum papillosum.

Rivnchospora alha is uiso common ig these community types but at low abundancies.

3 A Typicat variant (Plate 3).

(number of sampics = 15).

This is 2 community of damp hollows, which oceur over the whole bog surface and also becomes the
domimant community type in a 7one of the marginal complex. They tend o be elongated features,
which hotd water duning periods of high mintall and during the winter months. They are dominated by
Narthecium ossifragnm (herb cover 25% { 10-30)) with a relatively high dwarf shrub cover 28% (5-535)
indicating that average water table levels are not high. However bryvophyte cover is also high 86%(20-
100) suggesting tha! they remain damp lor jong periods of Ume.

Narthecign ossifragnum V(i2-D Cludonia uncialis subsp. biuncials II{1-3)
Sphagnum tenellum V(2-7y | Sphagnum fusciun [(6)
Sphagnum capillifolium V(26) Sphagnum subnitens I(2-3)
Odontoschisma sphagni V(3-6) | Campvlopus paradoxis (28
Erica tetralix V(2-5) | Rivnchospora alba 13-4
Calluna vilearis V{2-8) Sphagnum cuspidatum I(2-4)
Eriophorm aneusiifolium Vi2-y | Calvpogeia sp. I3)
Sphagniem magellanicum IV(3-6) | Calvpogeia fissa i(3)
Draserarotundifolia IV(2-3) | Cephaloda connivens (k)]
Andromeda polifolia IV{1-3} | Mvtia aromala I3
Vaceiniim oxveoccus [V(1-3) | Plewrozium scireberi K3)
Hyprum jutlandicum IV(2-5) | Sphagmum palustre 1{3)
Trichophorum cespitosum IV(2-3) | Cephalozieila sp. I3)
Eriophorum vaginaium HI{2-5) | Caivpogeia muellerana i3
Sphaentm papiflosim I(2-7) | Cephalozia bicuspidata 1(3)
Cladonia portentosa I 1-3) | Lophocoleabidentata i)
Anfacomnium palusire I(2-D " | Brvum sp. . i)
Carex panicea 1{2-3) Cladonia cifiata vax. tenuis In
Kurzapanciflora [i{1-3)

3B Phase with Sphagninn magellanicum.

Dominant species: Sphagnian magellanicum.

These are communities where Sphagnum magellanicum dominates. They are mainly confined to pools
or very wet hollows which are completely infilled and remain wet throughout the year.

3Ba Sub-vanant with Sphagnum cuspidarum.

(aumber ofsamples=-5)-
Differential Species: Sphagnum cuspidatun, Cladopodiella fluitans, Menvanthes rrifoliaia and
Droseraanglica.

This is the variant of the wettest Sphagnum magellanicum pools or lawns. This is indicated by the
presence of Sphagnum cuspidarum and Cladopadiella fiwitans. Bryophyie cover is always complete
(100%) and dwarf shrub cover is low, 9% (5-10). Herb cover is variable but relatively low, 21% (5-50).
Extensive Sphagmunm growth such as this is confined to the wettest central areas of the high bog. On
Raheenmore this community tvpe appears to be infilling previous Sphagnum cuspidatum pool
communities as the bog is drying out due 1o the peripheral drainage.

Sphagnum magellanicim V(78) | Droseraanclica IV{2-3)
Nartheciwn ossifragum V(3-5) | Andromeda polifoiia IV(2)
Drosera ronindifolia V(2-4) | Rirvnchospora alba [I{2-5)
Eriophorim angustifolium V(34) | Menvanthes trifoliata TH{2)
Sphagnum cuspidanom V(2-5) | Cladopodiella fiuitans mI3-5
Erica terralix V(2-3) | Avpnum jutlandicum (4
Calluna vuigaris V(1-2) | Anlacomnium palusire HD
Vaccinium oxvcoccis V(N Trichophorn cespitosum  (je]
Odontoschisina sphaeni V(24
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3Bb Sub-vanant with Sphagmun capillifolium. {Plale 4).
* (rumber of samples = 11).
Differential Spec:es Sphagnum cupdhﬁ:!umr
Thus is a drier version of Spagnum mageffanicim lawn which can also form low hummecks, indicated
b\ the higher percentage cover of species such as Caflunw udgam Sphagnumn capillifoiium and Friea
tetrafix (dwarf shrub cover 20 (5-60)). However the water lable is still close to surlace level lor most
. .of the veur and bryophyte cover is high, 98% {90-100). The average herb cover is 147% r.mgm;_. from 5-
m""

Spiaenam magellanicum vy | Trichophorum cespitosum . I 1-2)
Ericatetralix I B/ 2] Cladonia portentosa 1I(1-4
Drosera rotundifolia | V(24 Carexpanicea . - {1 1-2
Eriophorum aneustifolim V(i-$h Cladonia uncialis subsp. biuncialis {1-1
Narthecium ossifragnm . WS | Mvlia anomala U3
Odontoschisina sphagni IV3-® | Sphagnwm cuspidatum 1(3)
Sphagnum capillifolium V(24 . | Caivpogeia inuellerana (i)
Calluna vuigaris V26 | Sphaenum palustre 1(3)
Ertopitoriun vaeination IV(2-3 | Cladopodieila fluitans K2
Anudromeda polifoiia IV Calvpogelia fissa (2
Vaccininm oxveoccus [T{1-3) Campviopus paradoxus K2y
Sphagnmum papitlosum 11I{2-5) | Cephalozia connivens ()
-Rhvnchospora atba {[{1-5 Sphagnumn subnitens A KD
Hypnum jutiandicum . . H(2-3 Drosernanefica - (1)
Kurziapauciflora 1(2-3)

3Bc Sub-vanant with Moliniacaerulea.

(number of samples = 4).

Differential Species: Moliniacaernlea and Poteniilla erecia.

This is also a refatively wet variant but the presence of Mofinia caerulea indicates enrichment. This
community &ype is generally situated close to the soak svstems, where there is an influence-of water

- - flow causing enhanced aeration or-erichinient. The bryophyte la¥er Has'a high cover of 94% (85-100)."7" ™

Herbs have anaverage cover of 25% (5-70) and dwarf shrubs, 25% (10-35), have a similar cover.

Moliniacaeruieq ) ] V{24 Narthecium ossifraeum {6}
Ericatetralix ! Vi3-4) Cladopodiella fluitans {5}
Droseraromngifolia V(2-3) Sphagnum papiilosum (4
Sphagnim masgellanicum IV(6-8) | Droseraanglica i {4
Odontoschisma sphagni [V(3-4) | Mvlia anomala I1{4)
Eriophorum angustifolium 1 IV(2-4) 't Calvpogeia muellerana 114
Catluna vulgaris 047y " Sphaemun teneilum 1I{3)
Sphagnum capillifolium 47y | Sphagnum cuspidatum ) 1(3)
Vaccinium oxveocens M3 | Cephalozia bicuspidara I3}
Hyonum juilandicumn 1124 Plenrocium schreberi ) (4]
Trichopiorum cespitosiun {4 CephaloZia sp. 2y
Cladonia portentosa I(2-3) | Dicranum scoparium (2
Aulacomnium palustre 11(3) Andromeda polifolia I
Camnpvlopus paradoxus 1123y | Rhvnchospora alba - D)
Potentillaerecta Il{1-2y | Caivpoeeia sp. 11(3)
Eriophonun vaeinainm I
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3C Phase of Sphagnivn papillosum.

{number of sampies = 3).

Dominant species: Sphagnum papiliosum.
This is the variant where Sphagnim papillasipn (brvophyie cover 987 (95-100)) dominates. [n some
of the wetter areas ol the two bogs Sphagrum papillosum ¢an become an important element in
hollows and lawns, or it may also form low hummaocks.

Sphugnum papiflosum V(7-8) Sphaenuin capillifolinm I{3-4
Narthecimn ossifragnm V(2-5 | Rlwnchospora alba i2-3
Drosera rotundifolia V(2-3) Andromeda polifolia 1 (2]
Eriopharum angusiifoliton V{2-3) Muylia anomala [1{jnd}
Odontoschisima sphagni V(3-5) Sphagnum magetlanicum [1{E3)
Trichophorum cespitosiin V(24 Sphagnum teneflum 1I(3)
Calfuna vuigaris V(2-6) | Sphagmuon subnitens TI{3)
Ericatetralix Vi{2-3) Sphagnum fiscum I}
Hvpmwn jutlandicun IV(2-3) | Kurdgapauciflora 11(2}
Carexpanicen V2 Eriophorum vaginanum 1 pd]
Cladonia portentosa IVil-2y | Cladonia uncialis subsp.biuncialis Hn

3D Variant with Campviopus imroflexus and Zvgnemalis.

(number of samples =9).

Differential Species: Campylopns inmoflexus, Campylopus paradoxus and Zvgnermalis.
This variant is characterised by the presence of species which indicate burning or disturbance in the
past; those spectes which tend to colonise areas of bare peat which develop after vegetation has been

‘destroved by burning or disturbance. These species or group of species inciude Camm lopus inroflexus

(Wutson.l%l} and Z_vgrrema!is. The former is a non-native species which was probably introduced
around 1940 (Smith. 1980). This type is found on both bogs, suggesting that fire has played a
important role in the vegemtion distribution present today. [t is partcularly abundant on Clara East,
where drainage has caused considerable disturbance to the bog surface. Average algal cover is 34% (5-
90) and bryophyte cover is generally low at 25% (15-75).

v L Zvenemalisse -~ ov s o wn hain e - 3| N(3-8)  |.Campvlopus introflexus O2-3)  |wsim”
Sphagnum tenellium V(1-5) Cladonia ciliata var. renuis I 1-2)
Erica tetralix V{24) | Anenra pinguis IH1-3
Odoutoschisim sphagni V(2-5) Sphaemun capillifolinm 14}
Narthecium ossifragum V(3-6) | Sphagman papillosum IH2-4
Eriophorum aneustifoliton V(1-3) | Sphaenum subnirens H(3)
Calluna vilearis IV(i-5) | Cladonia uncialis subsp. biuncialis [H{1-2)
Cladoria portentosa IV(2-5) | Kurziapavciflora )
Trichophorum cespitosum IV(1-6) | Rivnchospora alba 104}
Andromeda polifolia IV(1-3) | Sphagnum magellanicum I
Droseraronmdifoliz— W-3y—-Eriophorum-vagination 1(3)
Campvlopns paradoxis IV(2-6) | Cephalozia connivens I3
Carexpanicea IV{2-5) | Vaccinitnn oxvcoccus | {fd)
Hypmum jutlandicum IV(2-3) | Succisa pratensis I(1)
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~3E Van.ml of Trichophorum ceapnomm

{number of samples = 3).

thl'erentlﬁal Species: T rzchopkamm (Esprramm : ‘
Th:s is a community type with a high abundinte of Trichophorum cespitosum. [t is 2 dnmm.mt 1ype
% in somé of the marginal arcas. Trichophorum:céspitosum w high abundancies tends to indicate past -

pe.u conditions.

'xdlsturb.mce for example drainage or {ire. Calluna vul/garis also occurs with high cover values in th:s'
Lommunm tvpe. Different to: the above ty pe, it has less bare peat areas and fewer colonisers of-bare

! "’:-‘. e

3F Variant with Myrica gale.
(number ol sampies = 4).
Differential Species: M&’nm gale,

~

: Trié'lmplwmm cespitosum V(5 Narthecium ossifraeum I{3)..
| Calluna viigaris V(56) | Zvenemalis J B G
" Erica terralix V(33 | Lencobrvum giawcum - 1Ii3)
Hvpnum jutlandicium V(3-6) Cladonia portentosa 1163
“Sphagnum tenellum N3 Campviopus introflexus 1T
|- Odontoschisima sphagni V(2-3) Cladonia floerkeana - PO
Eriophoruin angustifolium V(2 Curexpaniceq s LI
Sphaenum capillifolium IV(4-5) | Sphagmum subnitens’ | IH2Y
Sphagnum papillesum ’ ()] Cladonia uncialis subso.biuncialis L2
 Sphaenum cuspidatum 1] Andromeda polifolia I .
Droserarotundifolia 11(3) | Eriophorum vaginatum iy .
Campviopus paradoxies {1{2-3) o

This variant is mainly confined in areas to the south of Shanley's Lough. The presence of Mvrica ga!e
(shrub cover 13%. (0-"0)) tends to indicare lateral water movement. Br}oph).te cover is high, 80% (50-
100}, as is dwarf shrub cover, 60% (30-80). This variant is also found on Clara bog, in small circular -
paiches on the high bog, where it seems to have originated from a bush of Myrica becommg

established and spreadmz vegetativelv.

Shmage e e e i

@ Ee AR 4t

Mvricii g&ié | V(4-3) | Calvpogeia muetlérana | TH(3)
Sphagnum magellanicim V(3-7 Cephalozia bicuspidata : II(”-4)
Sphagnum capillifolium V(3-5) Sphagmum papillosum {4
Odontoschisma sphagu V{3-6) | Rivnchosporaalba . - 4 -
Calluna vuigaris V(6-T) - | Zvgnemalis ’ ) 14
Ericaterralix V(2-3) | Calvpogeia fissa: I3
Droseraromndifolio - V(2-3) Cephalozia connivens [1(3)
Narihecim ossifragum IV(3-4) | Sphagwmm tenellum I3)
Eriophoriumn vaginatum IV(3-4) | Eriophorum angustifolium |1
Camygrilopus paradoxus IV(2-3) | Vaccinium oxvcoccus 2
Hvpnum jutlandicum IV(1-8) | Cladonia sp. 02
Trichophorum cespitosum TH(3) Melampvrim pratense iy .
Cladonia portentosa HMi3-6) | Lencobrvim glancum ()
22
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3G Vaurant with Molinia caerniea and Potentiila erecta.

{number ol samples = 7).

Differential Species: Moliniacaeniea and Potemifla erecta.

This is the vaniant of wet hotlows or small pools in the cut-away. [t tends o occur in areas close to old
face-banks or where water collects in old wrf puts. Some enrichment, either from increased
mineraiisation or from ground water, is indicated by the species composition. The species which
indicate enrichment are Porentilla palusiris, Sphagmum recurvimn. Potentilla erecta and Molinia

caemileq.
Erica terralix V(2-3) Rhvnchospora alba [i(3)
Calluna valearis V(2-5) Cephalaziella rubella 113}
Eriophorum aneustifolium V{1-4) Potentilla palustris 11(3)
Narthecium ossifragum IV(3-5) | Sphagman squarrosim 1I(3)
Odontoschisina sphagni IV(3-6) | Menvanthes irifoliara I(3)
Droserarotundijolia V(24 | Campviopus paradoxus I
Sphagnum cuspidanun [V(3-7y | PleuroZdum schreberi 1{3)
Calvpogeia sp. V(3 Calvpogeia fissa ()]
Trichophorum cespitosum [K2-3}y | Carexpanicea I(3)
Sphagrum papillosum [i3-3) | Anthoxantiuum odoratum I3}
Sphagnim renellum 0OH{3-4) | Lophocolea bidentata I(3)
Hvpnim jutlandicum I3-5Y | Dicramon scoparium I3)
Sphagnum subnitens IIK3-6} | Mvlia anomala I3)
Anlacomninm palusire HK2-7y | Cephalozia connivens K2
Kurza paucifiora 1H{2-3) | Vaccinin oxvcocens {jed]
Cephalozia sp. [H(3) Calliereon giganteum K2}
) Sphagnum mageflanicum MK3-7) | Salix cinerea subsp. oleifolia (2
Potentifla erecta [} 1-3) | Droseraanelica I(D)
Molinia caerulea 1{3-5) | Avpochoeris radicata (4]
RENEI as-mSectmn A s e e g b B T R Ry N I

The communities of ﬂzus and hummoci\s ot’ the hmh bog, W kuch are charactensed. bV. an increase in
dwarf shrub cover and a lack of aguaric species.

Type 4

Local Name: Community of Callima vulgaris. Sphagnum capillifolium and Cladonia portentosa.
Diagnostic Species Assemblage: Calluna vuigaris, Sphagnum capillifolinm, Cladoria
portentosa, Dicranum scoparium and Hypnum jutlandicum.

Leucobryum glaucum occurs at low abundancies throughout these community types and Polvirichum
aipesire occurs only in this section of the high bog communities but again at low abundancies.
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"4A Typical vanant.
- (rumber. of samptes = 32).
Thc vartant of hummocks or flat areas w herc no speeies dominate, but where 2 number of speue:, oceur |
“at low abundancies. This is a common vanant over the whole bog surface. tending towards a heath type
- ‘Vegewtton due w the abundance of encoids (dwarf shrubs 42% (1() 7). Althoucrh bryophyte cover is i
hlgh 85‘?{' (35-100), the species that occur. such as Hvpuiin ﬂu.fam:‘:rmn indicate drier condmcms )

RS

3

B L

{number of samples = 13).

- 48 Vananl mth Campvlopus mrroﬂe s ( Plale 3).

Differential Species: Campv!opus introflexus, Cladoniafurcata, Cladonia unciafis subsp nncialis

and Carexpanicea

The variant typical of areas which have been burnt or disturbed in the past w h!Ch are characterized by
the presence of Campylopus introflexus,. a species which lends to colonise bare. dlsmrbed‘pcal
situations. This community type is also seen extensively on the spoil from the drains on the eastém
section of Clara. Bryophyte cover is intermediate, 54% (5-95) and dwarf shiub cover quite high, 47%
{15-75), indicating the increasing imporiance of Cafluna vulgaris in this community type. .

e

(.ul!rma vielgans Vi3-N . Au!cu omninm palustre e ~[(1.4)'

| Sphagmum capillifolinm N | Cephalozia connivens . (1< 5%

*| Erica terrulix V(2-5) Lencobrvien glancn T LI-5)
Odontoschisina sphagni "V(3-6) Campvlopus introflexis 23y

| Hypnum jutlandicum V(28 Sphagnum imbricatum < I(3-5

. { Cladonia portemtosa IV(1-6) | Cladonia uncialis subsp. binncialis - (-4 -

2 Eriophorun: angustifolium IVi2-3Y | Kurdapanciflora i<y

"\ Eriophorum vaginatum IV(2-5) | Camnpviopus paradoxis R e
Andromeda polifoiia v(2-3) | Zvenemalis I O ()
Sphagriwn papillosim 1126y | Cladonia ciliata var. tenuis -2 -
Narthecium ossifragum - =~ [t2-3y | Cladonia pyxata S (S
' Droserarotundifolia - I(2-3) 1§ Sphagnum fuscum NN
Vacciniim oxvcocecus [II(1-3 | Cladonia floerkeana . Iy -
Carexpanicea (-3 | Rivachospora aiba Sl D K
Trichophorum cespitosim 1(2-3) Calvpoeeia muellerana A
Sphagnum teneilum 1(2-5 Aneura pingiis S B () C
Sphagnum magellanicum 11(3-6) Potentilla erecta + DY
Poivirichuem aipestre I1(2-7 Succisa pratensis I{2) i,
Dicranum scoparium 11{2-5) Enrhvuchium praelongim i
Sphagnum subnitens il(1-6) Huperzia selago (1)
Calvpogeia fissa (1-4) Cladoniacoccifern [{1):
P!euro:ium schreberi . E( 20 “

M2-3)

Calluna vuigaris V(3-7) Sphagmum subnitens
Hyprum jutlandicum V{3-7 Cladonia furcata B(l-3
Carexpanicea V(2-5) | Sphagnum papillosum - TH2-D
Ericatetralix V(2-6Y | Cephaloziarubeila 12-3)
Odontoschisma sphagni V(2-5) | Lencobrvum glaucum H{2-3)
Eriophorum angustifolium V(1-3) |.Cladonia floerkeana JI(1-2Y
Campvlopus introflexis IV(2-5) | Cephalozia connivens (2
Cladonia portentosa V(36 | Sphagnum fuscum I(5)
Sphaenwum capillifolium IV(2-5y | Calvpoeeia sp. (A
Narthecium ossifragum . V(1 | Campviepus pvriformis (3}
Droserarotundifolia IV(1-3) | Brvum sp. 1(3)
Trichophorum cespitosum 2~ | Cephaloziella sp. I(3)
Andromeda polifolia HI{2) Huperzia selago J{jns)}
Cladonia uncialis subsp. biuncialis Hi{1-2Y | Rhvachospora alba I
Eriophorum vaginatum Mi2-3) | Vaccinium oxvcoccus J{iR4]
Solrenum magellanicum i1(3-5 Kurzia panciflora {1
Zvenemalis I(3-3 Cladonia ciliata var. tenuis {BY]
Campvlopus paradoxis (5N Potentilla erecta I(H-
24

o

45




"4 C Phase with Lentcobrvum glauctum (Plate 6).

{number ol samples = 6).

Dominant Species: Lencobrvum glawcum .

Community of hummocks where Lewcobryim glancim becomes domimant. This is not 2 common
community type, but some large Lencobrvum glawcum hummocks do oceur on Raheenmore and
occasional smaller ones on Clara. Dwarf shub cover is relatively high, 55% (45-60), indicating
companatively dry condilions, Bryophyte cover is complete at 100%.

Lencobrvum glaucim V({78 | Lophocolea bidentata f(2-3
Calluna vuizaris V(3-7 Vaccinium oxveoccus {2
Fvprum jutlandicum V(2-5) | Kurcia pauciflora 1(2-3)
Odontosehisma sphaeni V(3-5) | Polvirichum alpestre (]
Sphagnumn capillifolinm V(2-3) Sphagnum magellanicum {3)
Droseraromudifolia V(3-3) Sphagnmum papillosum 1{3)
Eriophorum vaginatim V(2-3) Campvilopus introflexis ; 3)

: Eriophorum aneustifolinm V(3-3) Carexpanicea (2

1 Andromeda polifolia V() Anenra pinguis i)
Erica terralix V(1-3} Cephaloda connivens (]

; Trichophorum cespitosum IV(2-3) | Mvlia anomala  (fe4)]

; Narthecium ossifragnum Ii{2) Cladonia coccifera (2
Cladonia floerkeana TH2) Cladonia uncialis subsp. biuncialis it

Dicranum scoparinm . 2-3)

4D Phase with Cladonia portentosa .
{(number of samples = 5).
Dominant Species: Cladsoniaporteniosa. .
These are communities where Cladonia portentosa dominates. Lichen cover is therefore high, 86% (80-
95). Cladania portentosa covers large areas of both bogs and its presence may be linked to areas which
have not been bumt for some time. Where it dominates hummocks or flat areas, it seems 1o have an
*~ adverse effect on the Sphagnum “species. present; possibly ‘due’to-the exclusion of light Bryophyte - -~ 7 "2

Cladonia portentosa V(2 | Sphagrum subnitens {4 l

] cover is thus only intermediate, with an average cover of 45% (20-90).
: Cladortia porteniosa: V(&) Sphagnum tepellum (%) I
i Calluna vulgaris V(2-6) | Sphagnum mageflanicum {4
: Odontgschising sphaeni V(24) | Leucobrvum glaucum 3
Nartheciton ossifragum V(2-3) Vacciniion oxveoccus IH(3) l
Sphagnum capillifoliurn Vi Cladonia uncialis subsp. biuncialis I
Hypnam jutlandicum V(4-3) | Campviopus paradoxus J1{iad]
Eripphorum angustifolium V(%) Dicranum scoparinm ()
FEricd refralix V(28 | CephaloZia bicuspidata {2 r
Trichophorum cespitoswn V(24 { Kurdapauciflora [I{2)
Carexpaniceq IV(24) | Andromeda polifolia 18]
Eriophorum vagingtum IV(2-3) | Droserarommdifolia i{e) I
Spitagnrm papillosum [2-3) Cephaloia sp. H§))
Sehagnum subnitens [1(2-6) )
| 1
25 l
40



b reaw r e
¥

. 4E Phase with Sphagnum capillifolium,

{number of samples = 11).

Dominant Species: Sphagnum capillifolium.
. Hummock community where Sphagtum capillifolium dominates. The average brvophyte cover is 98%
_{95-100Y. Sphagnum capillifolium is an imporwant-constituent in many of the hummock communities

and becomes dominant in situations such as these. It is one of the most widespread species on the two~

bogs. The hummocks tend not to be large (< 30 ¢m tall) and thus dwarl shrub cover is generaily low, )
18% (10-30).

i = .. [Sphagnum capillifotium o V(T8) Campviopus paradopxus 2-3
i * | Cailuna vuigaris V(3-7) | Calvpogeia sp. I3)
A Odontoschisma sphagni V(3-4) | Sphagnum magellanicum S (3-3)
* Ericarerralix v - | Dicranum scoparium 1(3) '
2 . | Hvpmun jitlandicum V-7 | Kurciapanciflora ' 1(1-3)
Ef Eriophorium angustifolium . V(2-3) | Sphagmwn subnitens (3-4)
Z. Trichophorum cespitosum___ I1(3-5 | Leucobrvum glancum I3
: : Narthecium ossifragum 11{(2-3) | Cladonia floerkeana G
Andromeda polifolia N2y | Moliniacaerniea . : (3
ét Drosera rotundifolia . [I{1-3} Sphaznum palusire « | I
5! Cladonia porteniosa . . 1(3-6) Poivirichum alpesire IR B (i)
S Eriophorum vaginatum : | H(2-3) |} Carexpanicea - (3
) . | Rhvnchospora alba [1(2-3) Cladonia uncialis subsp. biuncialis . I(2)
Cephalozia sp. N B! k] Sphagnun tenetlum : (2
Sphagmum papiilosum II{1-5) Cephaloziella sp. {2
Plenrozinm schreberi 2 Potentilla erecta LI _—
: Vaceininm oxveocecus (34 Anenra pinguis N AN

4F Phase with Sphagnum imbricatum (Plate 7).
(number of samples = 6). .
... Jominant Species: Spimgnum imbricarum. . ... . e s Tt S
" Himmock community Where Sphagrmm unbrzmrmn doriiiniates (bryophyte cover 100%) Sphagrmm N -

H
H
]
i

43

i imbricanm is considered to be the main large hummock {former on rised bogs. However on Clara and o
1 Raheenmore few large hummocks are seen. Sphagnium imbricatum growth rates are slow and thus it is e
_'__'J I only on high hummocks that it can out-compete other Sphagnum species (Sioneman et al., 1993). The T
2 climate must be oceanic ih order for it to avoid desiccation in these elevated positions. Its rarity on ¥
4 Clara and Raheenmore probably indicates that the two bogs have dried out considerably and have
1’ I suffered burning in the past. Dwarf shrub cover is high, usuall\ around 55 %, as Lhe hummocks tend to
éé' be tall (50 cm to 1 metre).
3:"; .Symgmun'imbricamm V(8 . | Carexpanicea ) HI(2-3)
I Calluna vulearis V{4-6) Calvpogeia sp. I11¢2-3)
3‘ Ericaterralix V(2-3) | Vaccinium oxvcoccus III{1-2)
Odontoschising sphagni V(2-3) | Trichophorum cespitosun Ii(2)
H l Narthecium ossifragum V(1-3} | Sphaenum tenellum I(3)
3 Droseraronmdifolia V(2-3) | Aulacomnium palustre I
1 Eriophorum vaginatm V(2-3) | Sphagnum paiustre i)
5 Sphagnum capiilifolium V(2-9) Droseraanelica K2
g l Andromeda polifolia V(%) Sphagnum fuscum J(jed)
5 Eriophorum angustifolium V(2) Campviopus introflexus I(2)
Hvpmum intiandicumn IV(24) | Sphagmaon papillosium I(2).
§ l Myfia anomala IV2-1 | Lenwcobrvum glaicum I(H
;1 Cladonia portentosa 111¢2-3)
i
i
L
I
o
i 20
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4G Phusc of Calluna vidgaris and Hvpnum jurtandicun.

(number of samples = 16).

Dominant Species: Calluna vuigaris and Hvpnum jutlandicum.
The marginal community found at the top edges of cut-away fzce-banks. They tend to have a low waler
ble and a restricted species number. Callung vifgaris grows well here and tlowers abundantly under
the conditions of greater aeration due to lower water table levels, Dwart shrub cover is high. 65% (25-
95). Brvophyte cover is aiso high, 50% (10-100), but does not consist of many Sphagmunr species but
rather of those bryophyte species indicating drier conditions, such as Hvpnum jutlandicum. This
commuamity tvpe indicates a degradation phase of the high bog vegetation.

Calluna vuigaris V(6-8) | Campviopus paradoxus i(2-3)
Hvpnum jutlandicum V{i28) Cladonia ciliaia var. tenuis [(2-3)
Cladonia portentosa V(1-8) | Sphagmum capillifolium (3-8
Erica tetralix V(1-3} | Eriophorin vaginatum I(2-3)
Eriophornm angustifolitm V(1-3) | Poreniillaerecta (2-3)
Dicramun scoparium 1{1-3) Ulex enropaents i3
Trichophorum cespitosiun {2-5 Calvpogeia sp. 1(2)
Andromeda polifolia H(i-3) Zvenemalis I3
Carexpanicea [I{1-5) Sphagnum subnitens K2
Odontoschisina sphagni {1(2-3) Cladonia floerkeana 1(1-23y
Campviopus introflexus 11(2-3) Cephalozia connivens | (jes]
Pleurozium schreberi 1(3-3) Succisa pratensis 1{2)
Droseraronmdifolia [{2-2 Preridium aquilinum 112}
Cladonia uncialis subsp. binncialis 12-6) Psedoscleropodium purm H2)

4H Phase with Plenrozium schreberi.
{number of sampies = 6}.

Dominant Species: Plenrozium schreberi and Calluna vrigaris.
Hummock communities which have some enrichment elements, either due to mineralisation or ground
waler. They are usuaily situated in the cut-away areas of the bog. [n addition, Pleurosium schreberi

93% (73-100) and dwarf shrub cover is intermediate, 48% (30-75).

., often-grows on the top of larger hummocks of the high bog as they dry out’ Bryophyte covér is high,”

Pleirogum sch}e beri

V(6-8) | Odontoschisma sphagni [{3-3)
Calliora vulparis VI6-7) | Aulacommiuwm palustre 11(2-3)
Eriophorum vaginatn V(2-3) | Bemila pubescens 0(2-3)
Eriophorum aneustifolium V(2-3) Dicranum scopariim I(3)
Erica tetralix V(28 | Trichophorun cespitosum I(3)
Sphaenmm capillifolinm IV(3-6) | Sphaemum subnitens i3)
Droseraromndifolia IV(3-6) | Cephalozia sp. 13
Cladomia porfentosa— V{25 —-Mvlia anomaia i i)
Hvpnum jutlandicum IV(2-3) | Caivpogeia muellerana I2)
Sphagnum magellanicum {il(3-8 | Cephaloziella sp. {2
Andromeda polifolia 1 (jed} Aneura pinguis I
Polvirichum alpesire (5
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. (number of samples = 20).

41 Variant with Molinia caertlea and Potentilla erecia.

"Dlﬂ'erentml Species: Molmmcaem[ea and Potentilla erecta.
Dwarfshrub cover is intermediate, 33% (0-65) and herbs have a cover of 32%(5-70). Brv oph\.te cover is
refatively high, 66% (30-100), but includes species more typicat of dry situations. They are mainly
marginal communities of the high bog and ol the cut-away, where the percentage cover of Molinia

" caernteq is below 50%, that is to say it is not compietely domimant. The increase in species diversity.in
“this community type indicates higher nutrieat avatlability either due (o mineralisation or ground water.

R e b v

Molinigcaernlea V(2-7 CephaioZia sp. I(2-3)
Calluna vilgaris V(-7 | Mviia anomaia 129

1 Hvprum jutiandicim V(2-8) Campvlopus pvriformis 3 -
Ericuretralix V(2-6) Hvlocomium splendens I(3) .
Odontoschistna sphagni V(2-6) | Salix cinerea subsp oleifolia I(1-3)
Potentilla erecta ‘ V(14 | Brvem sp. (3.’
Carexpanicea {I(2-5 | Galinmn saxatile i{(3)-
Trichophoriin cespitosum A2 | Vaccinium myriiiins (3
Dicranum scoparium {24 | Riccia sp. I3
Sphagmian capitlifolium HI(2<Y | Agrostis canina I(3)
Calvpogeia sp. (34 | Callierson cuspidanim - i3y .
Eriophorum angustifolinm [t(2-4) | Mnium hornum I3 =
Drasera rofundifolie 23}y | Calvpogeia fissa (3}
Sphaenm subnitens [1{2-$ Cephalozia bicaspidata 1{3)
Sphagnum palusire {124 Salix aurita 1 i(3)
Aulacomnium palustre 24~ | Carexflacea . U
Campvlopus paradoxus 124} Agrostis siolonifera i(2) 3
Campylopus inroflexus H(2-4 Hypericum pulchrum J(2
Kurcia pauciflora . [{2-3) Psendoscleropodimm purum U <
Andromeda polifolia ) Festuca ovina I

.|. Eriophorum vaginatun .. ...~ VW23, A Cladonia floerkeana... - - A{2) 7w
Pleuroziitm schreberi 1(1-7) Cephalozia rubella [{2) :
Cladoniu porientosa [I(1-4) Diplopavilum atbicans Iy =
Sphaenui papiflosiun (-6 | Polveala serpvilifolia I
Narthecium ossifragum ({14 | Carexeclinara I
Lencobrvum glancum (3-4) Luzula multiflora () .
Lophoeolea bidentata T2-3) Betula pubescens (2
Polveala videaris I(1-3) Anenra pingiis I(1-2)
Sphagnum teneflum {4-5) Polvirichum formosum (2
Anthoxauthum odoratum 1{2-3) Pedicularis svivatica I(2)
Cladonia fimbriata’ {24 Rhvridiadelphus squarrosus (2
Zvenemalis I(3-4) Juncus effusis I(2)
Rivnchospoia alba I{1-3) Cladoniachloraia (§}]
CephaloZia counivens (34 Cladonia sauamosa I(n
Vaccinium oxveoccus [(2-3) Cladonia ciliata var. lenuis I
Succisa pratensis 1(2-4)
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Section B.

This section includes the communities of the snak systems on Clara bog and oceasionally some
communities of the cut-away. Two divisions are clear: those communities whose plant species suggest
some mineral enrichment and a poorer group of communities.

Type §
Local Name: Communitv of Carexrosrraia and Drepanocladies fTuitans.

Diagnostic Species Assemblage: Utricularia minor and Sparganium erectum.

§A Typical variant.

(number of samples = 4).

Community of the wet central areu surrounding the central community tvpe in Lough Roe. it forms a
floating raft of vegetation with a high herb cover of 71% (50-95). Bryophyte cover is intermediate,
38% (20-70) and there is a certain amount of open water, 285 (10-45). Riccardia muttifida is
characteristic of organic substrates flushed by base rich water and Aneura pinguis will not tolerate acid
conditions (Watson, 1581). Their presence in this community indicates some base enrichment.

Carexrostrala V{d-6) Lophocolea bidentata ii3)
Drepanociodus Ruitans V(3-6} | Cladopodieila fluitans I1{3)
Menvanthes mifoliaia V(36 Hoicus lanatus [{2)
Hydrocorvle vulgaris V(45 | Potentilla palustris 1 (4]

Erigphorum anenstifolium V(2-5) Anenra pingnis 1 (je]
Tvpha latifolia 1(jea) Cephalocia connivens 12
Odontoschisima sphaegni - 1{G3] Riccardia muliifida B ilje}]
Calvpogeia mueilerana I Anthoxanthum odorannn 1)

§B Variant with Nuphar lutea.

(number of sampies = 1.

Differential Species: Nuphar lutea.

This community is confined to the central arez of Lough Roe and is restricted in size. [t is a remnant

community of the open water situation that occurred here in the past, indicated by the presence of, . - .-
tplmr linted and Drepanodadus fluitans. There is still some open water, approummeh 20%, but herb

cover is high at 75%, indicating terrestrialisation of the open water situation. This community was

more extensive in the past (M. Schouten, pers. comm.). ) I

P P Ry L

Drepanocladus fluitans 6 Menvanthes wifcliaia 3
Nuphar inrea 5 Tvpha latifolia 2
Carexrosirata 5 Eriophorum angustifolinn 2
Hvdrocorvle vidgaris 4 Utriculariaminor 2

& C Varant with Sparganiiom erectim.
{number of sampltes=1).
Differential species: Sparganimn erecturn and Menyanihes mrifoliata.

A section of the very wet quaking area situated in the central section of Lough Roe Soak. Up to 20 %

open water still occurs. The presence of Sparganiim erectum and Hvdrocorlye vulgaris indicates some
groundwater influence.

Urricularia minor
Hvdrocorvle vulearis
5] QNI ereciin

Carexrostrata 4
Drepanocladus fiisitans 4

Wi |~}
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. Type 6.
Local \lame The commumity of Menvanthes rifoliate_and Sphagman sauarrosum.

(number of sdmples =3).

Diagnostic. Species: Menvanthes wifoliata, Sphagnmn squarrosim and Carexrostraia.

. This community is confined 1o paiches in Lough Roe, where il gains dominance over small :Lre.:s
. Bryophyte cover is high, 95% (90-100), as is the herb cover at 77% {70-85). This type usually has a

very high water Lable but is slightty drier than the central types. Sphagmim squarrosum is one of the

few S'pf:agrmm spemes that.is conhned to markedly eutrophic situations (Smith, 1980). Tais aznm

suggesits that this arez is influenced by ground water.

PR
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Menmvanihes Irifoliam V(5D Rhviidiadelphus saunarrosus (2
Eriophorum angustifolinm V(2-3) Sphagnwumn recurvum M4y
Curexrostrata . Vi3 Odoniaschisma sphaeni 11(3)
Sphagman squarrosion V{2-7 Lvchnis flos-cuculi " 3y ~..
Hvdrocorvie vulearis S V{3 Succisa pratensis 1 {ieh)
Lophocolea bidentata V(3-35) Agrostis caning . {2
Holcus lanams V(2-3) Angelica svivestris « H2y, -3
Anthoxanthum odoraiun IV(3-3) | Calliergon givanteum: 12}
Potentifla palustris - V(D Drepanocladies fluitars . I
CGalinn palustre V() Dacrvlorhiza fuchsii (N -
Calliergon cuspidatum [I{4)

Type 7

Local Name: Community of Carexrosirata and Sphaguutn cuspidatiem.

(number of samptes =2).

Diagnostic Species Assemblage: Carex rostrata, Sphagnum cuspidatum and S. recureum.
The community of very wet and quaking Sphagnum cuspidarum lawns situated in the region of
Shaniey's Lough souk. This community type is more indicative of ombrotrophic communities than the
above types in Lough Roe, but some shoht enrichment is indicated by the presence of Carexrosmaia,

Juncus effusus and H\drocarvle vulgans Bn'ophue cover, 9% (98-100) and herb cover, 58% (50-65) L )

Cd

= -are-high:This community: type is-less species rich thanthe preceding community types.
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Sphagnum cuspidarum V(7-8) Hvdrocorvie viulearis HI2)
Carexrostraia _ V(6-7y | Juncus effusus [il2)
Sphagmim recurvum Vi) Vaccinium oxvcoccus : M2
Eriophorum angustifolinm V{2 Drosera rotundifolia "4 HIE
Menvanthes trifoliata 11I{3) . e '
Type 8

Local Name: Community of Menvanthes rifoligra_and Sphaenum recurvim,

Diagnostic Species Assemblage: Menvanthes irifoliata, Sphagmum recurvim, Snccisa
pratensis, Carex rostrata, Vaccininm oxyeoccus and Lychnis flos-cuenti.

This is an unusual species combination but its occurrence is due to the fact that these are transition
commurities. They typicaily have a weil developed bryvophyte laver and a rather open herb laver. The
aquatic nature of these community types is indicated b\ the presence of Sphagnum recurvum, Juncus
bulbosus and Cladopodietla fluirars.
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8 A Phusc of Sphagrum recurvin.
Dominant species: Sphagmum reciirvim,

The communities of Sphagmuen recurvum fawns Tound ta the vicinity of Lough Roe and Shaniey's
Lough.

8Aa Tvypical sub-variant,
(number o samples = 8).

The typical Sphagnim recurvam lawns, Brvophyte cover is high, 99% (98-100), with a rather open
(5-50). There is a low cover of dwarf shrubs, 2% (0-5). which indicates very wet
conditions. These are seen both at Shanley’s Lough and Lough Roe. There are some enrichment

herb laver 29%

indicators such as Molinia caernlea.

Sphaguum recurvam V{6-8) Drosera rommmndifolia [[{1-3)
Vaccininm oxveoccus V(2D § Anlacomnium palustre LE(2)
Eriophorum angustifolium V(24) | Cladopodiella fluitans 1{4)
Moliniacaerniea IV(2-3) | Hvdrocotvie vuigaris 4
Sphagnum cuspidatim 1i{4-6) Calvpogeic muellerana K3)
Juncus butbosus [H{2-5) Cephalozia connivens 1(3)
Carexrosirata H(2-4 Sphagnum mage(lanicum I3)
Andromeda polifolia 1(2-3) Nartheciim ossifragum ()
Menvanthes mifoliaia [1{2-3) Callnna vulgaris i
Eriophorum vaginatum 1124 Juneus effiusus (2}

8 Ab. Sub-vaniant with Potentilla pa!usms
(number of samples = 6).

Differential Species: Potemiila palustris, Anthoxanthum odoratin, Sphagnuwm squarrosum,

Hydrocoryle vulgaris and Agrosiis canina.

Very wet and quaking Sphagmum recurvinm lawns in the central area of Lough Roe. They are siightly
richer than the above type, which is indicated by the presence of Potentilla palusiris and Hydrocoiyle
viifgaris. Bryophyvte cover is also kigh at 99% (95— 100) but the herb layer cover is higher at 47% ("0—
63). Dwarf shrubs are rare, 1ndxczmn2 the wet nature ol' this community type. _

Vet T L F il o

HZ-4

Sphaenum recurvian V(6-8) Drgganocladm fluitans

Anlacormnium palustre V(26 Brachvthecium rutabulurn )
Carexrosirata V(26) Holcus lanatus 1 {jed)
Menvanthes irifoliata V(2-6) | Juncus effusus ()]
Anthoxanthin odoratum V{2-4) Sphaenum papillosum {4
Hvdrocorvle vulgaris V(2-3) Cephalozia bicuspidata I3)
Potentilla palusire V(2-3)  |"Calliergon cuspidanim 1(3)
Lophocoiea bidemtam V(2-4) Succisa pratensis  gea}
Vacciniinon oxveoccus IV(2-9 | Lvchuis flos-cuculi K
Agrosiis caning IV(2-5) { Eurhvnchin pragiongum (2
Sphaemun squarrosumn 11l{4-3) | Sphagnm palusire I€2)
Erfophorum angustifolium (2 Calluna vulzaris i2)
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8B. Phase of Sphagnun palustre.
{mimbér of samples = 3):

' Daminant - ‘Species: Sphagmun palustre.
Th:s communm tvpe is sttuated at the western end ol Lough Roe, close lo the exit drain 10 the west.
The cover of the brvi oph\[e layer is high, 97% (85-100) and is dominated by Sphagnum palustre. D\warf
shrubs only aceur occnswnallv and the herb laver has a cover ol 42% (5-70) It has, a slightly dner
nature than the above.community type and is located further from the central section of the site and

‘b .

: thus f rom the probable source of enrichment. _ =
i N . . e
; e I [mgmmi palusire ' V(6-8) | Pelticeramembranacen oy -~ ) :
;; Sphagnumn-recrrvim” ) V{4-6) Empetrum nigrum . Ia | o
L Menvanthes.irifoliata - ; V({2-6) Ranunculus acris - A |
i A Anthoxantlnon odoratiun’ - V(2-5 Rumex aceiosella CTHY ¢
Potewilla palustris . ¥ - . V(2-5) | Juncus inflexus : :[(2)
: Vaccinimn,oxveoccus V(3-7Y | Hvdrocotvie vilearis R F
f Aulacomnium paiusire - . V{24) | Riccardiamuitifida i(2y _
} Carexrosiraia V{24) - | Calvporeia sp. : Wy . -
5 Succisa pratensis V(2-3) | Rumerxacetosa : 1K ,
1 Moliniacaerulea - - IV(2-3) | Holcus mallis - i
i Luzula mulriflora V() Rhviidigdeiphus squarrosus Ay
b | Eriophorum angustifolium "+ - 1(2-3) | Droseraronmdifofia Ty -
Lophocolea bidentata T il1t2-3) | Odontoschisma sphagni = 4 K2
Holcus lanatus Mit2-3) | Cephalozia connivens : 1D
Catliereon cuspidanon I(1-3} | Calluna vuiearis . - . Iy .
- Agrostis canina i) Amitera pinguis . K1) .
Lvchnis flos-cucuchi [II{1-7 -

8C Phase of Awlgcomninm palusire.
{number of samples = 17).
_Dominant Species: Aulacomnium palusire., . . . P
"' This is an'‘extensive community type in Lough Roe, “where it surrounds the wetter central commumnes ’
and grades out to the drier ndee surrounding the feature. The bryophyte layer is closed, 93% (85-100).
and the herb laver is important, 45% ("0-95) Dwarf shrubs are of more importance, 9% ("-45)'
indicating the shghth drier nature of this community tvpe. The presence of Carexcuria in this
communtty type is notable as it is a rather rare species. It s usuaih seen, when occurring in lowland-
areas, in mesotrophic mires (.Ienm etal, 198")

ﬁ 5 Au[acomuimn palusire ’ Vi{5-8} Calliergon cuspza'atwn {2-T
Vaccinium oxveoccus V(d-7) Cephalozia connivens IR
i Sphagnum recurvum V(2-7) | Rhviidiadelphus squarrosis {4
i Menvanthes trifoliata . V{(2-5) Empetriun nigrum 2y
Calluna vulgaris - - V(2-6) | Powentille erecta _ I{1-3)
Droseraronmdifolia - V{1-3) | Lvchnis flos - cucncli . I(3)
Sphagnum palustre : iV(2-6) | Carexcurra I3
Eriophorum angustifolium . 1V{1-4) | Hviocomiwm splendens . 1(3)
Molinia caeruiea IV(1-8) | Hypnum jutlandicum : ' 23
Carexrostrata . : IV(2-5) | Ardromeda polifolia 2
Succisa pratensis : IV(2-3) | Sphagnivm capillifolium I
- Eriophorum vaginatiom L © | HI(2-8) | Peiticeramembranacea (1}
Calvoogeia muellerana HI{(2-49) | Holcus mollis (2}
-Cephalozia bicuspidala L2 - | Angelica svivestris I(2)
Porentilla palustris - {14 | Galium paiustre I(2)
Laphocolea bindentiia o 11524} | Brachvihecium rutabulum I
Qdontoschisma sphagni 1 (2-4) Agrostis canina (4]
Anthoxanthum odoramm - H(2-3) Dacrvioritiza maculata (0]
Luzula multiflora I(i-2) | Aneura pinguis ' I(1)
32
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Type 9 : )
Local Name: Community of Carer pigra and Pofvtriciunm alpestre,

Diagnostic Species Assemblage: Polvirichion alpestre. Carex nigra, Sphagnum recurviun and
Sphagmum papillosum.

9A Tvpical variant

{number of samples = 7).

The community type which occurs in the areas surrounding Shantey's Lough which are located close to
the Sphagnumn recurvim tawns but with a slightly drier nawre. These drier conditions are indicated by
the higher cover of dwarf shrubs, 21% (5-80} and the occurrence of Bewula pubescens. The main
bryophyte species is Sphagnum recurvum. The bryophyte cover is high, 97% (90-100). This is another
transitional community type. The indicators of base enrichment that were present in the above
community tvpes are lacking.

Sphagmum recurvum V(3-7) Betula pubescens 1114
Vaccinitm oxveocens V({2-5) Calypogeia mueilerana Hi3-4)
Attlacommium palustre V{2-6) Narthecium ossifragum (4-5)
Eriophorum aneustifolium V(2-5) Sphagnum papillosum IG-49
Eriophorum vaginatum V{2-4) Polvirichum alpestre H2-7
Ericaterralix V(249 Pleurogium schreberi IE-N
Andromeda polifolia V(2-3) Molinia caeruieq (2-3)
Drosera rotundifolia V(2-3) Carexnigra : i1(2-3)
Sphagnum magellanicum M(3-7  { Empetrum nigrum ) i3
Sphagnum capillifolinm Hi(4-6) | Sphagnum cuspidatum I(2-3)
Cdontaschisma sphaeni Ni(3-8y | Cladonia portentosa I(2)

Calvpogeia fissa Hi2<y | Juncus effusus I

9B Varniant-with Carexrosrata.
(number of samples = 4).
- - -Diiferential-- Species: Carexrostrata, Potentillaerecta and Sphagnwm palustre.. - =250 F
A slighty more enriched and species diverse variant which is found in the damp cut-away margmal
areas. Dwarf shrub cover is higher, 33% (5-75), indicating that it drier than the above variant,
Bryophyte cover is high, 98% (95-100).

Cafluna vulearis V(2-8) Hyvpnum jutlandicum i1(2-3) l

Carexrostrata V{2-5) | Betula pubescens J11{$1)]
Callung vuigaris . V(3-7) Sphagmmn cuspidatum {4
Anlacomnium palusire V(248 | Psendoscleropodiion purum jiG)]
Erica tetrafix " ¥V(2-3) | Lophocolea bidentata (45
Potentillaerecta V(2) - Dicranum scoparium ()]
Sphagmm-papillosum P48y Sphagmun-capillifofium HEHY
Polvtrichum alpestre IV3-T) | Carexnmigra ' I3)
Sohagrum palusire IV{4a-3) | Eriophorum vaginanm (3}
Eriophorum aneustifolium VG4 | Juncus effusus {2
Vaccinium oxvcoccus IV(2-4) | Aneura pinguis 1(2)
Odontoschisma sphagni IV(3) Juncus acutiflorus (2}
Drosera rotundifolia 132-3) i Sphagnum magellanicum g H{{ed]
Calvpogeia sp. _ J11(EY] Succisa pratensis (2
Cephalozia connivens i) Campvlopus paradoxus T2
Nartheciwn ossifragum 1 {jed} Cladonia portentosa H{2)
Sohagnum recurvum M{1-2y | Cephalozia sp. I{2)
Andromeda polifolia J11{je} Ulex europeaus I
Salix aurita Mi{1-7) | Carexechinata {1

33

Hypaum jutlandicion IV(2-3) t Polveata serpviiifolia a3} l
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* (number of sampies =

. (95-100) and dwari shrubs h.x\ean average cover of 30% (10-30). - -

Ao e 5 IR T

-

Local Name: Cnmmunm nl Pafvmrhum alpestre and Caflierton cuspidamm.

Diagnostic Species Assemblage- Polvirichum alpestre, Calliergon cuspidanun, Splmgruun
capillifolimn and Eriophorum vaginatum. .
Sitated to the north of Lough Roe forming bunds of enriched bog vegetation. Enrichment is suszne:,ted
by the presence of (.amergommpfdamm The area where this community type occurs may be part of
an internal druinage pattern leading from the Lough Roe soak system. Bnoph\te cover is hi zh 98%

£

Polvirichum alpestre V(5-7) Andromeda polifolia V{2)
Calliergon cuspidatm V(7 Hvpnum jutlandicum HCTEN
Calluna vulgaris V(d-6) Anlacomnium palusere | U4y
Sphagnum capillifolium V(4-5) | Carexpanicea ‘ Oy -
Sphagnum magellanicum V(2-3) | Kwrdapauciflora FHIY -
Eriophorum vaginatum . V(4-5) Dicranun scoparium T
Vaccininm oxveoccus . v(3) '’ Cephalgzia connivens ™
Erica tetralix Vi3) Loplocolea bidentata 2
Cladonia porteniosa ‘ Vi) Eriophorum aneustifolium g RN
. Type 11 ‘ a ’

Locai Name: The community of Sphagnin capillifofinm and Empetrutn nigrum.

(number of samples=7). *© . : —

Diagnostic Species Assemblage: Sphagnum capillifolium, Empetrum nigrum, Molinia

caenilea, Eriophorum vagmamm and PlewroZium schreberi.
This community type is situated on the marginal areas of Lough Roe where there is 2 mised ridge. Ttis ; '
also seen surroundmg_ the ofd sdak to the south of Lough Roe and the row of pools to the north and.to

a lesser extent around the scaks on Clara West. Dwarf shrub cover is mostly high, 60% (10-85), as is

the bryophyte laver, 72% (35-90). Herb cover is intermediate 33% (5-70). It is a relatively species rich.

© community t\pe with mmeral ennchmem indicators such as Molinia caemlea and Caihergan‘

af.spzdamm R e T L
Empetrum nigrum- ) V(2-8) Droserarotundifolia - I N
Molinia caerulea V(2-8) Eriophorum angustifolium I1¢2) )
Eriophorum vaginatiin V(2-5) | Luzula multiflora Oy |4
Sphaenum capillifolivm V(4-5) | Hviocomium splendens (56
Vaccinium oxveoccus i V(24 Sphaenum recurvum R B (R
Aunlacomnium palustre V(2-4) Cladonia portentosa 1I(3)

Calluna vilgaris IVi2-8) | Lophocolea bideniata H(2-3)
Pleurozium schreberi V(2D | Calliergon cuspidatm m

| Cephalozia bicuspidata V() Polvirichum commune I3
Sohagmum palustre ) (3-8 | Polvirichum alpestre i(3)

| Betula pubescens - - |24y | Calvpogeia fissa {2
Odontoschisina sphagni HIG-49 | Potentillaerecta H2)
Hvpnum jutlandicum i RI(2-} | Lophocia ventricosa I
Erica tetraiix HI(2-3y | Menvanihes trifoliata ) : (24
Cualvpogeia mueillerana S MI(2-3) | Anthoxanthumn odoranum af 1Y
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Type 12
Local Name: Community of Bemnia pubescens and Molinia: aem!ea.
Diagnostic Species Assemblage: Betniu pubescens, Molinia caernlea and Sphagmun recureum.

These are Berwla pubescens scrub or woodland communities in the viciaity of the soak systems on
Clara bog.

12A Vanant with Sphagmen capitlifolium.

Differential Species: Sphagmum capillifolimn, Erica tetralix. Calluna vulgaris, Eriophorum
vaginatiemn and Vaceininm oxycoccus.

These communities are mainiy confined to arcas around the souks. They differ from the wlt tree Bemda
pubescens communities in having more typical bog elements.

12Aa Sub-varant with Myrica gale.

(number ol sampies = 2).

Differential Species: Myrica gale and Sphagnum palustre.

The community of scrub Betiila pubescens (irees 60% (35-85)), with an average height of 1.1 metres
with the addition of Myrica gale. Bryvophyte cover is high. 70% (50-90) and dwarf shrub cover is
intermediate, 35% (10-60). This type is confined to the soak svstems on the east and west of Clara.

Betula pubescens ViG-8) Sphagnim recurvum I11(5)
Murica gale V(6-7) | Sphagman mageflanicum IE3)
Sphagnum capillifolium V(56 | Drvopterisdilatata IH(3)
Sphagnum palustre V{4-8) | Rhviidiadelphns squarrosus I3
Erica tetralix V(3-5) Eriophorun vaginatum 1)
Vaccindum myriiflus | vidy Drosera rotuntifolia ) ) H(2)
Anlacomnium palustre V(2-5) PlewroZium schreberi 11i(2)
Hvprum jutlanicum V(2-5) Cephalozia bicuspidata 3 (e}
Catluna vulgan's V24 Preridium aguilinum jnufies)
Odontoschisma sphagni V(3) Eurhvnchium praefongum [T
Calvpoeeia muellerana V(3 Calliergon cuspidatun j11{gey)
Vaccinium oxveocens _ Vi2-3) | Juncus effusus J11{0ed)
Moliniacaernlea =~ =~ - M8~ | Agrostis canina e <o Ty
Eriophorum angustifolium 108} Luzula muitiflora {1

{number of samples = 2),

Benila pubescens (trees 277% (5-30)) scrub woodland with Molinia caerulea. Bryophyte cover, 68% (30-
90) and herb cover, 47% (25-65), are intermediate. This type octurs at the edges of Lough Roe,
extensively at Shanlev's Lough and to a lesser extent around the other scaks. :

Molinia caerniea Vi6e-N | Polveala serpvilifolia ITH(3)
Betula pubescens V(5-6) Calvpogeia fissa 13}
Cailuna vuiearis V(3-6) | Campvlopus introflexus Juiky]
Sphagmum capiflifalinm V(4-5) | Eriophorum vaginatum M3
Hyprnum juilandicion V(2-6) Vaccinium oxycoccus HIe3)
Erica retralix V(2-3) | Mviia anomala ()
Sphagnum recurvum IH{5} Plewrozinm schreberi JEN(fe]
Aunlacomnium palusire TH{4) Cephalozia bicuspidata i {jed)]

Calvpoveia muellerana JH(5] Potentillaerecta J13{(ea}

%

12Ab Typical Variant l
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132Ac Sub-v .m.mt wnh Palwm fren comuniiie.

Differential Species: Drvoprerisdilatata.
The communities of Berula pubescens woodland, where trees reach heights of approximately 10—15

metres. They typicaily have less bog spevies and more woodland species, such as Vaccmmm myrtitlus
and Dry oprem dilatata.

12Ba Sub-variant with Juncus eﬁﬁzsus

(number of samples = 1).

Differential Species: Juncus effusus.

Resiricted area situated at the southern edge of the open water of Shanley’s Lough. This sub-variant is
unusual as the water-table remains high throuahout the vear. Befnla pubescens (tree cover of 100%) is
important, reaching heights of 5-6 metres. It is a rather species poor vanant.

" tnumber of samples = 3).~ N
Differential .Species: Pofyiricliun corunine.
Located at Shanley's Lough at the edges of the Benlu prbescens woodland, Polytrichunn commune is
an imporant element and the’ bnophvtc cover is high, 92% (80-96). Scrub trees have'an average cover
of 18% (5-:»5] .md the herb cove er is intermediale, 36% (15-50). This is a stightly wetter variant . e
I’uh‘trf('lmm‘('ommm:e . V(7-8) Aulacomnninm palusire ST
Vaceinimn oxveocens V(3-6) Eriophorum angustifolium [11(2-3) -
Sphagman mageflanicum V{(3-4) Juncus effusus (2 -
Eriophorum vaginatum Vi2-4) Poteniiila erecin 2y -
Andromeda polifolia V(2-3) Odontoschising sphaeni K4
Sphaenim cam!hfolu.rm IV(5-6Y | Carexniora I(h
Erica tetrafix e IV(2-8) | Polvtrichum alpesire i3
Bentla pubescens I1{2-7) Hvpnum jutlandicum 13
Molinia caerniea i11(2-6) | Cladonia portentosa i2)

.| Calluna vuigaris 1i(4-5) i Sphaenum recurvam (2
128 Variam with Dryopreris dilaraia. : o

“Betiild pubscens - - - - ol T e{8Y  Riyvridiadelphus squarrosus- 3
Juncus effusus ' 6 Enrhvnchium praelongnm 2
Sphaguum recirvum 6 Sphagniun squarrosum -2
Molinia caerniea 6 Drvapteris dilatarta 2
Lophocoiea bidentata 4 Vaccinium myriillus 2
Sphagmen pafustre 3
12Bb Typical sub-variant. .

(number of samples = 5).

Betuia pubescens woodland (trees 79% (53-100)) at Shanley's Lough and also located at the westerly
Birch wood soak on Clara West. Bryophyte cover is high, 76% (30-100) and herb cover is variable with
an average of 41% (5-80). The presence of species such as Drvopreris dilatata and Vaccinium myrtillus
indicate woodland conditions. [t is more species rich than the above variant.

“| Beruia pubescens V(7-8) Calvpoeeia fissa I{4)
Moiinia caerniea V(2-5) Thuidinm tamariscium 1(4)
Sphagnum palustre IV(4-8) | Vaccinium oxvcoccus 1(3)
Sphagnwum recurvim V(3-6) | Ericarerraiix ’ 2
Drvoprerisdilatata . V(DY Andromeda polifolia leh]
Mvrica gale [I2-6) | Droserarotundifolia I2)
Calvpoeeia muellerana [1(2-3)y | Eriophormm vaginatum , KD
Eurfivnchinm praelongion ) 13- Cephalozia bicuspidata K2
Lovhocolea bidertata I3 Potentiflaerecta I(2)
Aulacomnium palustre 1(ied] Anthoxanthum odoratim 1(2) -
Vaccinium mvrtillus HB Climacium dendroides I2) -
Rhxtidiadelphus sauarrosis 5 Carexniera {2
Hypnum jutlandicim I{4) Agrosiis camtina (2
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Type 13 .

Local Name: Communitv of Sefixaurira and Sphagnmum m!usrre

{number of samples = 1).

Diagnostic Species Assemblage: Safix qurita, Sphagnum palustre, Epilobium parviflorum ad
Calliergon cuspidanmn,

A resiricted community of Selix aurita scrub woodland, situated at the western edge of Lough Roe,
where the exit drain is located. [t possesses certain enrichment indicators such as Sphagnum
squarrosum, Sphagnum paiustre and Juncus effusus.

Salix qurita 8 Galium palusire 3
Callierson cuspidanom [} Epilobium parviflorum 3
Sphagmimn palustre ] Agrostis canina 3
Holeus lanatus 5 Empemum nigrum 2
Succisa pratensis 4 Vaccinium oxvcoccus 2
Lophocolea bidentata 4 Luzula multiflora 2
Juncus effusus 4 Anlacomnium palustre 2
Anthoxanihum odoranmm 4 Sphagnum squarrosion 2
Sohaemuan recurvum 3 Carexechinaia 2
Molinia caerulea 3 Lvchnis flos-cuculi 2
Poteniillaerecta 3 Poa pratensis 2
Carexrastrata 3 Eurhvnchium praelongim 2
Menvanthes rrifoliata 3 Rumex acetosella 2
Potentilla paiustris 3 | Angelica svivestris 2
Section C.

This section includes the communities of the cut-away and other marginal areas of the bogs. The first
community type includes two variants which are located in the area of Shanley's Lough soak. Most
community types in this section are enriched either due to peat mineralisation or base enrichment from
ground water.
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Type 14
Local Name: The communitv of Molinia caerulen and Potentilla erecta.

Diagnostic Species Assemblage: Molinia casrulea (dominant) and Potentilla erecia.

These are communities which are dominated by Molinia caerulea in the region of Shanley's Lough or
in cut-way sections of the bog.

" - " N
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14 AVariant with Myrica gale.

{number of samples = 5).

Differential Species: Myrica gale.

This is found to the south of Shaniey’s Lough on Clara West. It is a variamt with Molinia caerulea
tussocks with scanered Myrica gate (shrubs 2% {0-5)). The presence of Myrica gale possibly indicates
lazeral water flow, Bryophyte cover is intermediate, 42% (5-90), while herb cover is high, 79% (50-50),

dominated by Molinia caerulea.

Molimia caeruleq V7-R) Calvpogeia fissa e2-3)
Mvrica gale V(26) _} Cephaioda bicuspidata 1{ie2)
Potentillaerecia V{3-4) Eriophorum vaginatum (2-3)
Calvpogeia musilerana IV(2-68) | Drvoprerisdilaiata ()
Erica terralix M{2-5 | Sphagnum magetlanician I(2-3)
Campviopus paradoxus (24 | Hypnum cupressiforme {4
Hypnum jutlandicum 11(3-5) Vacciniwn mvrtillus i(3)
Polvtrichum alpestre (2-5 Calluna vulzaris J{ge4]
Anlacommnium palutsre [i(2-5) Pletrodim schreberi (124
Sphagnum palustre 13- Sphagnwm recurvum I(Z)
Luznla multiflora m2-3) Agrosiis caning I
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2 14B Vanant with Sphagrmm recurvam.:
(number of samples = 5). -

Differential Species: Sphagnum remw:m and Vaccinium oxycoccus.

" A relatively species rich Molinia caerulea community 1o the south of Shanlev's Lough with mam
. wpical bog efements such as Sphagnmm magellanicum, Calluna vulgaris and bphagnum cnp:l[:fo!mm "

- . Herb cover is again high, 63% (60—90) and the brvophvte average cover is slightly higher th:m ‘the
 above variant, 53% (50-55).. .

i

V63)

Mn!inia::aendea Sphagumum palusire I(5)
7L Vaceinim oxveoccus V(2-4) Anuera pinguis (4
Sphagnin recurviem IV(2-5) | Plenrozium schreberi {4 .
Calvpogeia muellerana (3-8 | Lophocolea bicuspidara 1(4)
Sphagnum capiilifolium N{2-6) | Zvenemalis I(4) *
Calluna vulgaris 13- | Melawnpvrum pratense LI
Ericatetralix Hi2-3 | Karziapauciflora 1t3)
Calvpoeeia fissa {1{3-6) Narthecium ossifragum | i{3)
Sphagnum mageilanicum {4-5) Enrhvnchium praglongnum (i)
Polvirichum alpestre {I{4-5 Juncus effusus I(3)
Odontoschisma sphagni 11(3-5) | Potentillaerecta Rl
Anlacomnium palustre 4 Hylocomium splendens {30
Hypnum jutlandicum 1124 Preridinm aguilinum N ()
Drosera rotundifolia 11{3) Bemila pubescens I(2}
Cephalozia connivens H(2-3) Drvopteris dilatara I
Eriophorum angustifolium 12 Osmunda reealis I(2) -
Eriaphorum vaeinatum (6} Mviia anomala QI -

14C Typical variant
{(number of samples = 5}.

Generally 2 very species poor variant of Mofinia caerulea in cut-away areas and on bog margins. The:

~ herb layer is dominated by Molinia caerulea and has a cover of 67% (50-30). Brvoph\ te coveris YI
T mteriediate; 42% (15-75) and is. ‘mainly’ compdsed of-Sphagnum capdly'olmm and vamun

Jjutlandicum. A fairly dn commumnity type. There are a mumber of typical bog species occurring in this

38

variant.
Molinia caerilea V(7-8) | Sphagnum subnitens I(3)
Calvpoerela sp. V(3-5) Polygala serpvliifolia 1(3)
Eriophorum angusiifolium V(3-4) Thuidium tamariscium I3
Celluna vulgaris V{145 | Festucaovina 1(3}..
Potentitla erecta IV(3-4) | Lophocolea bidentata 1(3)
Sphasnum capiiiifolium {34y | Leucobrvim elaucum I(3)
Hypnum jutlandicum 1I{2-4y | Andromeda polifolia (2
Ericaetralix 111{2-3) | Droserarotundifolia (e
Sphagnum papillosum [1(2-5) Cephaloziella sp. j4ed]
Pseudoscleropodium purum [1(3) Luznla multiflora j(ja)
Dicranmm scoparium JB(K)] Carexpanicea I
Campvlopus paradoxns M2 Cladonia portentosa 1)
L Aulacompiram palusire 11(1-2) Trichophorum cespitosum K
Odontoschisma sphagni I(6) Succisa pratensis (2
Zvenemalis 1{4) Cladonia ciliata var. tenius Ih
Plenraziwm schreberi (4 Eriophorum vaginatum KD
Cephalozia connivens K4 Hvpericuum pulchrum N
Cephalozia sp. (3 '




14D Vanant with Jurcus effusus.

{number of samples = 7).

Differential Species: Juncus effusus and Carexnigra. )

This variant is located in cut-away marginal areas. The herb layer is closed (100%) and ranges in height
from 30 cm to 1.0 metres and is dominated by Moliria caerulea. The bryophyte layer has an
intermexdiate cover of 65% (50-80). This is 2 more species rich variant of this community type, which
wndicates enrichment either due o peat mineralisation or ground water influence. A number of other
£rass species are also present and there are no typical ombrotrophic bog species.

Molinia caernlea V(7-8) | Carexpulicharis ()]
Potentillaerecta V(2-4) Drepanoctadus fluitans ()
Lophocoleq bidentaia IV(3-3) | Poa pratensis {4
Junens effusus 1V(2-5) | Plamaeolanceolata (34
Carexnigra i{2-5y | Equisetum palusire I3
Callieroon cuspidanun M3 | Campylium stellatum {E)]
Agrostis siolonifera 24 | Rumex acetosella i3
Epilobium palustre MI2-3) § Brachvihecium sp. 13)
Hoicus lanatus I{2-3) | Carex/lacca i3)
Hvpericum 3p. 1H(2-3) | Poa trivialis I
Festieca ovina HIG3) Arrhenatherum elatins I(3)
Anthoxanthum odoratim [1i{1-3y | Potentilla palusire I3)
Cirsium palusire MH(1-2y | Thuidium tamariscium I3
Rhvtidiadelphus sauarrosus 115 Carexrostrata I3}
Filipenduia ulnaria FH(3-5 | Vieciacracea : (]
Carexparirea i{4) Lotus corniculatus 1(2)
Centurea nigra 13-4 Eriophorimm angustifolium (2}
Pseudoscieropoditm purum 13-4 Anlacomnium palustre I3}
Salix aurira A 13- Luzila multiflora ) (4]
Succisa pratensis 1114y | Drovpteris dilatata I(2)
Festucarubra I3 Polvirichum alpesire I3 o
-oeeree s Jupcys articidams T F " ' I 1-3) Galipnpalusore -~ 77 ~. 7 Wy - =

ST Lathvrus pratensis {(1-2) | Caréxdisticha I3
Valeriana officinalis TH1-2) Enrfomchinm praelongium I}
Brachvthecium rutabuium 1D Ranunculus acris [{§8]
Hvilocomium splendens I{5)

39

Equisenun fluviarle JAje} Dacrvloriizamaculata K1) ’ I
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<~ Type 15

- ‘Local Name: Community of Ca!hergo.-ur:smdamm and Eguisetum fluviatile.
: -Dlagnostlc Species Assemblage: Cnihergrmurprriamm Equisetnm fluviavile. Galium pahmre

* Juncus articutatus and Epilobium palustre. '
“*, These are all communities of cut-away or mdrmnal areus. They ure characterised by speues whu.h euher

: mdu.ate minerul ennchment or an mﬂuence ot nround waler.

L5A Varunt of Awlacomninn palusfre

" (number ol sumples = 3).

= Differential Species: Awlacomnium paimtre Molinia- caeriden,
palustre und Sphagnum capillifolium.

3

Potentilla erecta, Sphagmim -

- A marginul species rich cut-away commumty with some typicul bog elements. The brvophvte laver is
mosily dominated by Awlacomninn palustre, while the herb laver is dominated by Molinia caerilea.

Sphagnen squarrosum

Aulacomninm palusire V(3-T} 11{6)..
Molinia caerilea V({3-6) | Salix cinerea subsp. oleifolia I{2-6) *+
| Potentilia erecra V-4 | Eguiserum patustre (5
| Sphaemun palustre IV(3-7y | Betila pubescens )]
Juncus effusus IV(3-6) | Poivtrichum commune (4
Erica tetraiix IV(2-3) ‘| Lophocolea bidentata G
Sphagmun capiflifolinm - | HI(3-6) | Narthecium ossifragum I3y .
Holcus lanatus | 2-5) | Cephalozia sp. I3 -,
Calliergon cuspidanun I{3-3 | Aviocomium splendens I3
Calvpoeeta sp. 1 HIG-4y | Carexechinata I3
Calluna vuigaris HIG-: | Riccia sp. 113
Anthoxantlunm odoranion M3 't Galiwn aparine K3
Carexrostraia HI(E-3} | Hofeus moilis 13}
Eguisetum fluviatile I(1-3) | Riwviidiadelphus sauarrosus J(€)]
Sphagnum subnitens [1(3-6) | Pseudoscleropodiim purnn I3 -
| Surcisa pratensis " H(5) - Trifolium repens {2 -
s <Eriophorum engustifolium. =~ - -~ = "[(3:3yv | Pediciilaris svivatica” © 777 " LYY
Hypmun jutlandicim [1(3-5) Epifobium palusire (o]
Dicranum scoparium 1i(3) Menthaaquatica . . LI
- | Agrostis canina {3 - Galium palustre I3 .
| Bracviheciion sp. i1(3) Hypericumn pulchrum {2
Rimex acetosella [k3) Typha latifolia {4}
| Enrhvnchinm praefongum [1(3) Dactviorhiza macufaia I{1)
Potentilla paiusiris A TH2-3). | Rubus fruticosus I
Droseraromndifolia 11{2-3) Cirsium palustre - J(4))
Luznla muitiflora 23, ‘
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158 Typical Variant

{number ol sumples = 16), ]

Within this community tvpe the herd layer is mosuy closed, 99% (93-100). The height of this layer is
variable, ranging [rom 15 cm to 1.2 metres. The brvophvie faver is open with a average cover ol 487
(10-73). It has a very nch herb laver with inciators of ennchment such as Hvdrocorvle vilgaris and
Menthaggquatica and occasionaily Campylinen steflatmn. This typical varant is located on the areas of
wel cut-away 0 the west of Raheenmore and is found on peaty soii of approximaltely 1.0 metres deep,
overiving kake clays and mari.

Calliergan cuspidanim [V(2-8) | Lophozia bicuspidata I3
Huolcns lanatus IV(2-T) | Salix cinerea subsp. oleifolia 3
Agrostis stolonifera IV(2-6) | Calluna vulearis {3)
Equisetum fluviatile ' IV(2-4) | Eriophorum angusiifolium I(3)
Cralium palusire [IV(2-3) | Sphagruen squarrosiim 1(3)
Epilobiwn palustre 1V(2-3) | Poapratensis I(3)
Porentilly palustris [I{{3-5y | Holcus mollis I(3)
Molinia caernlea 1(2-5 | Carexpanicea {3}
Enrfvvachinm praelongum Hi2-5v | Lathvrus pratensis I(3)
Anthoxanifium odoraturn 24 | Aneura pineuis i3}
Menthaaguatica (14 | Galiummaparine 1(3}
Rirvtidiadelphus squarrosus I(2-7 | Ramunculus acris [(2-3)
Carexrostrata I{1-6} Plagiomnium nundulanm [{i-3)
Menvanthes irifoliata il(4-5} Tvpha latifolia i
Juncus articutatus ) 1 I1i2-5) Dactvloritiza majalis : 2
Brachvthecium sp. 11{3-5) Valertanu officinalis I(2)
Swuccisa pratensis 1{1-5) Poteniilla anserina 1(2)
1 Rumex acetosella (?<) | Vicciacracca (1]
Potentilla erecta 11{2-3) Salix aurita Rlj)
Carexniera T 1-3) Filipendula nimaria [(jed}
Calliergon civanteum [1(K3] Cerastium fontana I(2)
Ranunclus flammula ™" 7 T C SN CIsRGR dissecim T T s el To- | ()
Rubus fruticosus ' [}i-2) Cirsium palustre (2
Cardamine pratensis M1-3) | Hvpmum jutlandicum | {ed]
Pseudoscleropodium purum H{4-5) Odontosclising sphagni K2}
Hvdrocotvle vulgaris [(3-6) Ulex ewropasus (2}
Festica ovina I(2-5) Sphagnum recurvum (2
Ranunculus repens I(4) Sparganium erectom K2
Agrostis sp. ' J{EH Carexechinaia 12
Carexflacca - Ii3-% Carex hirta : (4]
Anlacomaiim palusire - {W3-D | Srelloria grominea (2
Betula pubescens I(1< Viccia sepium 2
Carexdiondra (19 Rumex acetosella I(1-2)
Rhizomnium punciatum i(4) Triglochin palustris K1-2)
Eurlomehium striatiom I(1-4 Dacrvlorhiza fuchsii i1}
Agrostis caning {1-% Trifolium repens I{1)
Junecus effusus I{2-3) Verontca charnaedrvs (1)
Angelica svivestris I(2-3) Eguisetum palustre j{§))]
Campvlitm stellarum i3 Plagiompium affine J(§1]
Nastursium officinale 3y
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. 15C Vartant with Valeriana aﬂicmaiu

.-

(number of samptes = 7). L

Differential Species: Valeriana aﬂiamhs Potentifla patustris and Holcus mollis. :
. The herb layer in this community is eompletel} closed (100%) and is tll, ranging in height from 1. 0

" to 1.5 metres. The brvophvte!’co\ er-is also high (90%). This type is mainly focated on the wet cut-

. ‘away on Raheenmore west.' The water table remains high for most of the vear and there is some
. indication of a ,round water influence with the occurrence of species such as Carexdiandra. Carex hira -

is alsoa nomble species in Ihls vartant.

' Potemdia  palustris™ Ty VR Lophocoiea bidentata PRI i (0 B )]
Valeriana officinalis - et v28) | Ranuncidus acris ki)

.| Equisetm fluviatile | V(24) | Galiuwmaparine .-
.\ Epilabium paiustre ' YV(1-3) | Rubus friticosus ) (e
| Calliergon cuspidatum - * [ IV(3-D | Hvpericum sp. ' . HUSYIRS
Holcus mollis « o C vy | Ewrfvnchium striatum ) ) W5 .
Filipendula uimaria - ) {46} | Eguisetnm palusire 1 K5

t | Juncres effusus o ' S U235 - | Plewrozium sclureberi ) (4
Carex hirla | [I(3-5) | Carexdiandra . I(<)
Juncus articulatus - ) - -V 34 | Menvanthes trifoliata -4,
Rumex acetosella M3 . | Jincus acutiflora : (3.

. | Poapraiensis - HI3-4 | Poa triviafis ' i3 -

| Anthoxanthum odoratum [I(3-0 { Cirriphvilum piliferun - R B ()]
Holcus lanatus ) [I(2-5) - | Brvaun sp. ) R B &)
Agrostis stolonifera - §IIE3) Psendoscleropodinm purum 1(3) :

. Rhwldiadelphussquanmus o - VA< | Brachvehecium rutabulum W3

. | Menthaaquatica o L TH2-3) | Lathvrus pratensis ' I3
Galium palusire 13 | Trifolium pratensis I(3) -
Carexrostraia B M _ | Climacium dendroides ) I3 i
| Cirsium palusmre . 4 1(1-3)- | Plagiomnium undulatum ) I3 - CL
i) Salix cinerea. subsp oiezfalm Vo |\ 1-6) | Plagiommium affine . .. . .o B3V 00
| Carexpanicea -~ == o TG oV INSY Y Potentillaansering T N B (e S
Bracvihecitun sp. . T4 . Agrostis caning S (04
Festucaovina® . 1G4 Viccia sepium - ]
Eriophorun angustifolium JI2-4) Campvlopus introflexus L 1K)
Potentilla erecta . H(2-3) | Drvopteriscarthusiana S un
Vicciacracen A B (e 1) Dacrvlorhiza fuchsii - AU
Carexflacca L 1II2-3) Succisa pratensis i -
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{number of samples = 10).

15 D Varant with Carexdisticha.

Differential Species: Carexdisiicha and Carexmigra.
A species rich community type situated on Raheenmore West marginal cutaway. The herb layer is
closed (100%) ranging in height from 60 cm to 1.0 metres, with Carex disticha thé most widespread
species, which is indicative of a fluctuating water zble (Jermy et al., 1982). Bryophyte cover is low,

216G (2-40).

Carexdisticha V{2-6) Carexechinata I(4)
Cafliergon cuspidamm IVi3-8) | Menvanthes mifoliaia )]
Carexnigra IV(2-3) | Eurlrvachinm pragiongum 1(2-4)
Porentilla paiusiris IV(2<4) | Ranunculus acris [{2-4)
Aerostis canina [T1(3-3y | Rhvtidiadelphus squarrosus 1(3-4)
Calflierson eizanteum i{i(3-4) | Brachvikecium sp. 13-4
Juncus arficularus (28 | Festucarbra I3
Anthoxanthian odoratum N2 | Climacium dendroides {K))
Trifolium repens K2~ | Poa trivialis i3)
Holcus laratus (34 | Carexflacca I3
Lathvrus pratensis LI(1-4} | Psendosclerapodium purum I3)
Galium palusire HI(1-3) | Lophkocolea bidentata i{3)
Epilobium palustre i 1-2y | Rumex acetosella I3)
Moliniacaernlea H(1-7 Trifolium pratense K3
Eguisetum fluviatile 1 H2-7) | Agrosiis sp. -} i{3)
Carexpanicea 048 | Succisa pratensis j{jea]
Juncus effusus 126 Valeriana officinalis (2
Poa prazensis {34 | Ranunculus repens (2
Hdrocorvie vulgaris O(1-4 Galium aparine (2-3)
Porentilla anserina N{1-3) | Equisetin paiusire [(2-3)
Cirsium palustre H1-3) Trielochin palustris 1(2)

_| Festuca ovina . o U2V Torawmewmsp, oo (D)

"\ Filipendulg ulmaria 1(2-3) | Menthaaquatica I(1-2
Potentillaerecta (2-3) Plantavolanceolata I(H
Lyvcopus europaens j1{fea] Nastursium officinale (1)
Ranunculus flammula 1 (e} Dacrviorhizn maculaie K1)
Salix cinerea subsp. oleifolia (&) Vicciacraca it
Plagiomnium undplatm (4 Centureanigra 1§
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Tvpe 16
Local Name: Community ot' szndulu u!mrmn and Festnca aving,

_Diagnostic Species Assemblage: Filipendula ultnaria. Fesiuca ovina and Lﬂtizvn.-s prmeum

‘Wet grassland communities which develop in. marginal areus. They-are found at both Clara, .m‘d' "

. speuea present in these u:rnmumue: than | in the type 15 community van.mts

i6A Vanant with thmdlade!pbus SQUATTOSIS.
{number of samples = 8). - .
Differential Species: thudzadelphus:q:mrrams and Molinia caerulea.

s R:J.heenmore These types are now under threat due to reclamation and drainage. There are more gmsS'

o

These are grassland communities on peatv soils which are refatively nutrient poor. The herb Ia.\er is

- oenemlh almost completely closed B1% (55-100) and ranges in hetght from 60 cm to 1.0 merres.
Brvophvtcs are also frequent,: "89G (35-70) and the brvoph\ 1e layer is dominated by thnd:adefpims.

squarrosis. There may be some enrichment due to grazing or an increase in de:_omposmon refated o
fluctuating water-tabtes. This variant is mainly developed on the north-west of Clara and the southeim B
margins of Raheenmore. Although this variant pussesses a rich herb layer, Ca!hma wdgans and Erica: .-

tetralix also occur occ:mormlly, mdtcaung poorer condilions.

44

Riviidiadeiphus squarrosus ‘ V(4-7\ Plenrozium schreberi {4y
Lathvns pratensis . ’ V(2-4) .| Rubus idaens RG]

"\ Anthoxantium odoranun V(2-3) | Ericaterraiix - = 163
Festuca ovina IV(2-D - | Luznig multiflora 13
Moliniacaernlea ) IV(2-6) 1 Trielochin palustris 1(3).
Juncus effusis ! IV(2-3) | Enrfrvnchinm smriatum 4 K3 -
Filipendula wimario IV(2-3)-. | Ranuncttfus repens 13
Rumex acerasella V(24 | Aerostis siclonifera 1(3) -
-Eguisetum palustre ‘ IV(1-2y | Carexpanicea iz
Potentilla palustris - [11{3-5) | Plaeiothecium undulaiumn 113)
Holcus mollis ) . [HI(3-5) | Plagiomnium undulatum (3]
Pseudoscieropodim purum.____ 3-3) .| Climacium dendroides . LG

i VPaapratenss CC ) L L e oS o LAY o Galinmeverum - 113y -

Viciacracea : HU2-4y - |-Carexpulicharis .1(31
Potentilla erecta ‘ 1I{2-3y ¥ Galium palustre 1 3)
Cirsium palustre . © | 0I(1-3) | Ranuncilus flarmnula I3}

| Succisa pratensis i {4-5) | Salix cinerea subsp. oleifolia N ET)
Lophozia bicuspidata : TH3-4) Angelica svivestris ] 12
Festucarubra Hi3-4 Mentha aguatica I ..
Dacrviis glomerata .. R BT Eaitisetum fluviaiile 1)
Centureaniera : (24 | Cephalozia rubella I
Hypnum jutlandicum [1(3} Calluna vulearis (2
Calliergon cuspidatum 3 Betula pubescens I
Arrhenatherum elatius 11(2-3} Stellaria graminea (2
Viccia sepium 0(2-3) | Carexdisticha I

1 Carexflacca [1¢2-3) Salix aurita {2
Brachvthecium rurabulim II{2-3) Veronica arvense i)
Plansagolanceolata ) H(2-3) Listera ovata {4
Halcus lanatus (2-3) Viola rivinniana Jied]
Epilobium palustre - I2-3) Agrosiis sp. (4]
Trifolinm pratense 1(1-3) Hvpericiun sp. If2)
Enrlronchinon praelongim 11{2-3) Dacrvlorhiza macuniata I(2)
Carexnigra 112y Rubus fruticosus (48]
CGaliiim aparine [I(2} Valeriana officinalis D
Hylocomium splendens 1{4) Tvpha latifolia {8}
Calvposeia sp. - i(4)




|

168 - Varant with Carex disticha.
{number of sumples = 10).

Differential Species: Carexdistcha and Equisetum palustre.
A communily tvpe with a herb rich layer, the dominant species being Carex disticha with the grass
species Poa pratensis, Agrostis stofonifera and Holcus lanatus also of signilicance. There is total herb

“cover of 100% ranging in height from 60 ¢ to 1.5 metres. The bryophyie laver is mostly open 16%

(3-25) and the most imporant species is Brachythecimn netabulipn. This variant is mainly found on
north-west Raheenmore, in areas with farge [Tuctuating watertables, indicated by the presence of Carex
disticiu. This variant is pow under threat due to reclamation and drainage. The occurrence of Carer

Jlucea indicates some base enrichment.

Curexdisticha V(2-7) | Rhviidiadelphus squarrosus [(3-5
Foa pratensis V(2-5) | Potentilla patustris 1(2-4)
Agrostis stolonifera V{2-5) Campviopus introffexus 1{3)
Holeus lanatus V(34 Eurfenchinm striatum 1(3)
Equisetum palustre V(2-3) | Lolium perenne if3)
Filipendula uimaria [V(2-6) 1 Plamtagolanceolata j())]
Brachvihecium ritabutum IV(1-6) | Holcns mollis i(3)
Festuca ovina (24 | Viccacracea 1{2-3)
Anthoxanthum odoratum IVi24) | Ranunculns acris [(2-3)
Cirsium palustre [I(1-5) | Festucarubra I3)
Trifolium repens 24 | Carexniera (2-3)
Menthaaguarica 24 | Juncns articufaties i3)
Lathvrus pratensis HI(2-3) | Galivm palusmre (3)
Juncus effusus I(3-3) } Succisa pratensis i(3)
Juncus inflexus H(2-6) | Potentillaerecta i)
Menvanihes trifolinta 124y Lychnis flos-cuciuli W2

| Eurfrvrnchium praelongum (14 | Stellaria eraminea H2)
Calliergon cuspidanim 123y | Trielochin palustris 2
Rimex acetosella (2-3) Viccia sepium (D
Carexflacca~ 1(2-3) | Cirsium dissectum J(54]
Molinia caeriilea -1 1(3) Veronica scutellata {2)
Epilobium palustre S Fquisetim fluviatile K2
Galitmaparine ' - I 1-2 Fseudoscleropodiim purum {jed]
Trifolien pratensis - (9] Hvpericum tetrapterum I(1)
Juncus acutifloris {6 Senecic aguatica J(§ 4]
Valeriana officinalis {5} Ranuncuius repens IfH
Brachvthecium sp. T(4) Ranunculns lammuda I(n
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- (number ol sampies = 6).
~Diagnostic Species Assemblage: - Uierenropewn Molinia caerulea. Calluna vulgam vanmn

_Ulex enropeaus (shrubs 45% (40-50)) is'the dumuum species reaching hemhts of 1.5 metres. The

Tvpe l7 L
Local Name: Community of Ulerenrnpemn and Molinia caertien.

i
Jutlandiciim and Porentilla erecia. e

bryophyte laver cover is high, 60% (50-70) but'is mostly composed of species of drv conditions -such
as Hyvprum jutlandicum. This community is confined to the desiceated peaty marginal areas of the bogs B
and is found in similar situations to those where the community of Preridium aguilinum oceurs. o

Ulex enropaens ) . L N6e-D Muium hornum 4y

Molinia cuernlea T V(28) Sphagnum papilloswn ' " I(3)
Hypnum jutiandicin . V(261 . | Trichophorn cespitosim PR B

.| Potentitla erecia N2 | Cephalozia sp. : e (C)

| Calluna vidgaris -\ 1V(2-8) | Sphavnum subnitens 13)
[Amlacomminm palusire : | IV(2-4) | Poiviriciuum commune i
Ericatetralix IV(2-3) | Vaccininm oxxcocens ] . 1(3)
Anthoxaniiunn odoratin - - LIVE1-3Y | Luzida nudtiflora . H3) .
Calvpozgeia sp. : " | 3-8y | Eriophorumn angustifoliun K3
‘Enrfvnchinm praefonenm © {34 | Sphagnum squarrosum - {13
‘Ribus fruricosus [l 1-3) | Hvdrocorvie vuigaris ) {13y
Sphagmum capillifoiinm . f1(3-3) Thuidium tamarisicum - 11(3)
Sphaenum palustre [H4-3) Eguisetum palustre (3}
Lophocolea bidentata 3= Drvopteris carthusiana {3) 2}
Calliergon cuspidamm . .. 13-4 Rhviidiadelpiuts squarrosus i3y sk
Plenrozium schreberi 3-4) | Juncus effusus iz )
Agrastis cannina [I{2-3) Narthecium ossifragum e}
Dicranium scoparium =~ -~ 11(3) Sphagnum recurvian Iy -
Preridium aguilinum Y - | Hvpericum sp. (e P

i\ Salix'cinereasubsp. oleifolia™ . IRy UV CaveXflaccd T U T @y
Betula pubescens IH1-2y | Aerostis stolonifera | (i S
Carnpviopus paradoxus . [1(1-3) Psendoscleropoditun purim [T I
Brachvihecium sp. I(5) .
Type 18

Loeat Name: Community of Juncus effisus and Sphagnim subnitens.

{number of samples = 2).

" Diagnostic Species Assemblage: Juncus effusus, Sphagmum subnitens and Poweniilla erecta.

This community is indicative of disturbance in the past, occurring in either areas in cutaway or in
drains. A nch assemblage of brvophyte species is typical for this community type.

Juncus effusus V&7 | Sphagnum magellanicum IM{3y
Sphagninn subnitens V(3-6) Riccia sp. 1IK3)
Potentilla erecia V(3= | Caliiergon giganteum a3)
Anthoxanthum odoratim V(3) Dicraman scoparium | H{E))
Brachviliecium sp. V(3) Sphagnum capillifolivm I3)
Psendoscleropodim purnm V(1-3) | Carexechinata I3
Caivpoeeia sp. V(3) Calliergon cuspidatim HI¢3)
Hviocominum siplendens V(2 Ericaterralix 1112
Salix cinerea subsp. oleifolia V(1-2Y | Droserarotundifolia e
Holcus lanarus V(2 Trifolium repens I
Aulacomninm palustre I11(&) Luzula multiflora M
Sphagrmm palustre IIi(5) Plagiomninm affine I
Moliniacaerlea JEHEY] Cirsium palustre I
Polvirichum commune IIl{4) Dacrviorhiza maculata (h.
Cephalozia sp. T3y Fquiserum fuviarile 11 (3]
46
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Type 19

Local Name: Community of Rubus fruticosus and Enrlrenchinm praelongtim.

(number of sampies = 5).

Diagnostic Species Assembiage: Rubus fruricosus, Eurhynchium praelongum and Holcus
lanatus.

A variabie, relatively species rich community type of dry disturbed peaty marginal sitzations, wiich
oceers on the marginal areas of both Clara and Raheenmore.

Rubus fruticosus V(47 | Potendilaerecta 11(3)
Eurhvnchium praeiongum V(4-6) | Vicciacrocca 10024
Holcus lanatus IV(3) Angelica svivestris [HA]
Agrasiis siolonifera (349 | Galiwn palusire TN
Laphocolea bidentata (3-8 | Psendoscleropadium purum K6)
Holcus mollis M(3-4) | Cenmreanicra (4
Brachvthecium sp. M3y { Calliergon cuspidatum I(3)
Dacrvlis glomerata Mi2-4) | Rintidiadelphus squarrasus K3)
Vateriana officinalis M(24) | Carexpamicea I3
Rumeyx acstosella [i(i-3) | Plagiommium affine J{£}]
Plasgiothecium undulanmn al3) Climacium dendroides I3
Equiserum palustre ) Festucarubra I3}
Filipendula nimaria [i(4-6) Carexrostrata 1(3}
Thuiditen tamariscium M(3-6) Menvanthes trifoliata | (je4]
Arrhenathenion elatius [1{3-6) I Viccia sepium 12
Cirriplvilum piliferum H{3-6) Lathvrus pratensis )
Juncus effusus HE-5) Vicla riviniana (44}
Carex flacca H(24) | Juncus acuiifioris K
Carexnigra 1(2-3}y |} Cirsinm palustre I(1)
Anthoxantluzm odoratum (3) | Epilobitum palustre |(8)]
Eguisetum fluviaiile II{3)
47
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Type -20

Local “Name: Communitv of Sm‘:rrmermsubsu oleifolia_and Drvopreris canhmmm

(numnber of samples = 7).

.

Dlagnostlc Species Assemblage: Safix cinerea subsp. oleifolia, Rubus fruiticosus, Dnop:em
* carthusiana, Eurltynctiinm praelongum, Lonicera periclymeman and Hedera helix. -
' Scrab woodland of, Satix cinerea subsp. oleifolia (iree cover 70% (60-75)) with an average Het ght of

"'3.8 meires. Bryophyte cover is high, 53% (50:60). This t¥pe is seen in places around the edges of -

- Raheenmore Bog, paricularty to the nonh-west Tvpu.al wowdland ground {lora species are mosllv
ahscm bur ou:zsmnalh OCCUr. .

. Sah.r cinerea subsp. oleifolia

V(5-8) | Masmurtinm officinale II("-S)
Enrfivnchium praelongum V(2.7 Rumex acetosella I3y
Ritbus fruiticosus V(1-6} Plagiothecium undulatum (A
" | Agrostis stolonifera -1 V(2-6) Ulex europaens 11(2)
Lonicera periclvmenian V(1<) Galium aparine Iy -
Juncus effusus 1-V(2-3) Veronica chamaedrys ey .
Anthoxantfm odoratiomn’ V(24 Rosa cannina | H{1-2)
Molinia caerulea V(2-3) Cardamine pratensis 4 Iy
Drvopreris carthusiana V(1-3) | Juncus acutus “HIED
Holcus lanatus IV(2-6). | Hvpericum sp. e .
Hedera helix V26 | Thuidimm tamariscium ISy -
Cafliergon cuspidanium [V(2-5) | Agrostis cannina It
ilobium palustre [V(2-3) | Tvpha latifolia M RE)]
Galium palustre 1V(2-3) | Barbuiasp. -} U3y
Potentillaerecta IV(2-3) | Cailuna vuigaris =} 13}
Rhviidiadelphus squarrosus {3-6) | Hviocomium splendens L H3) ™
Holcus mollis I(3-5) { Carexrostraia 1 163)
Eqguisetum fluviatile HI(2-5) | Eriophorum aneustifolium - i 1E3)
-+ Filipendula wlmaria HIf3-4y | Arrhenatherum elatius J I3
. .| Crataegts monogwng ... o] IEAA) | AGTOSHS SPe v 5 i o FTE R
" 7| Brachethecium sp. [I(3-4) | Ajuga repens 13
Psendoscleropodium purum HI(2-3) | Ranunculus repens 2}
Lophocolea bidentata II{2-3) .j Ranunculus flammula 12
Festiica ovina II{2-3) | Angelica svivestris 1(2)
Equisetivm palustre }2-3) | Urticadicica I2)
Ulotacrispa - IK3) Hvpericum pulcirum  (fek]
Frullania difitata 11{3) Aneura pinguis I
Valeriana officinalis 111(2-3) | Dactylis glomerata K
Viccia sepium 1i{2-3) | Rumex acetosa (2
Poa pratensis (3} Juncus inflexus (4]
Hyvpnum jutlandicum I}(3) Hvpericum tetrapterian I
Cirsium palustre 1(1-3) } Fragarigvesca 12}
Patentilla palustre i11(2-3) | Geraniwm robertianum (1)
Viola riviniana HI{1-2) | Ligustrion vulgaris I2)
Betuia pubescens 11(3-6) Potentiila sterilis 2
Eurhvnchium striatiem 1I(4) Climacium dendroides I
Menthaaquarica 1(2-8) | Carexniera ' I(2)
Carexflacca I1(2-3) Dactviorhizamaculata J{jed]
Succisa pratensis [1(2-3} Fraxinus excelsior D
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Type 21

Locai Name: Community of Preridimn aquilinum and Moiinia caernlea.

(number of samples = 4).

Diagnostic Species Assemblage: Preridium aquilinum and Molinia caerulea.

This community is confined to the desiccated marpinal areas of the two bogs and where the bog adjoins
the road bisecting Clara. It is one of the main community types occurring in these situations. It is
relatively species poor for a marginal community type, the herb laver being dominated by tail
Preridium aguilinum (1.5 M). Total litter cover {100%) and shading probably prevents the growth of
many other species.

Preridium aguilinum V(6-8) | Calvposeia sp. [I{
Molinia caerulea . IV(2-6) | Cephalozia sp. {3y
Potentilla erecta I(2-5) | Juncus effusus 13
Rubus fruiticosus [1¢2) Salix cinerea subsp. oleifolia j1{0e4]
Hyvpnwmn juilandicum [{6) Hedera kelix I
Calluna vulguris ii5) Carexmigra (2}
Holcus mollis (4 Viola riviniana 11(2)
Fricatetralix [I{4) Victiacracea (fes}
Agrostis sp. (&) Equiserum palustre JHEA]
Type 22

Local Name: Communitv of Carex acumta_angd Carex hirta.

(number of samples =

Diagnostic Spec:es Assemblage: Carexacuta, Carex hirta and Stackys palustns

This community type indicates a contact zone between the bog and esker ‘materials where water-table
fluctuation and nutrient levels are increased, probably due to increased mineralisation rates. Seepage is
aiso indicated. I is confined to one area of north-east Clara. This area has been reclaimed since the tme
-of the vegemtion survey and has thus been severely damaged: The herb laver is tall withan average

Campvlopus paradoxus TI{4) l

height of 1.0 me'res.
o Carexacuia ' V& | Viccia sepimn )
Carexhirg - : V(2-3) | Eurhvnchiiom striatum Oy -
| Stachvs palustris V{2-5} | Rumex acetosella IHZ) l
Galiwn aparine V(2-3) | Eurhvrchium praelongum HKD)
Poa pratensis M4 Potentilla anserina %)
Stellarig sraminea I Angelica svivestris I(Z)
. LArrhenatherum elatins S B Juncus effisus Jnfied]
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Type 23
Local Name: Community of Rammm[m repens_and Curex hirta.
{number of samples = 3).
Diagnostic Species

Assemblage: Ramnm.rhu‘ repens. Poa pratensis,

Carex hirta and
Anthoxannumn odnratim. R

’ Thcscarcl.nrh disturbed grassland communtties with an unusual species a:,semblaze The disturbance
is due etther to amhropoeemu effects or 1o dynamic close contact between two very different habitats.
Disturbance indicators are Juncus effusus and Triglochin palustris. 1t is situated on the’ marginal areas

of the bogs. Herb cover is total 100% and is usuaily tail, ranging (rom &0 cra to 1.5 metres.

Local Name: Community of Phiemmn pratense and Juncus effusus.

. (number of samples = 4).

Diagnostic_ Species Assemblage Phleum prarense erms eﬂ‘usus Arrhenatherum efatius a.nd.,
. Dacrvlis glomeraia. '

These are the more species rich and zenerallv unmanaaed lrfr:xssl.:u'lds which occur on peaty soils at the
margins of both sites. In this case they are disturbed, posmbl_\ due 10 anthropogenic influence and are
aiso heaviiy grazed from time to ame. Disturbance indicators are Juncus effusus and Urticadioica. The

latter also indicates some eutrophication.

Poct pratensis Vi3-3) | Rumex acetosella V() .
Eurlivnchium striahun V(3-1) Rubus fruiticosus V()
Holcus lanatus Vi3-1) Potentilla anserina IV(1-2)
Carex hirta Vi3-4) Ranunculus repens IV(2)
Anthaxanthum odoratim V-3 Stellaria graminea V()
Staclres palustris V(2 Trielochin palustris {I{4) -
Rannunenlus acris V(2 Trifolium repens I3y
Angelica svlvestris Vi) Carexacuia 1I{3)
Filipendula ulmaria IV(3-8) | Calvstegia sepiun RRIE))
Festnea ovina V3= | Agrostis stolonifera 1i(3)
Guliwm aparine IV(2-3) { Viola palusiris (2}
Succisa pratensis 1v(2.3) § Dacrvlis elomeraia (2}

Viceia sepinm [Vi2-3y | Juncus effusis ey

Lotus corniculains D Dacrvloritiza fuchsii Iy
Veronicachamaedrvs V(D)
Type 24

Jiuncus effisus V(2-6) | Festuca oving I1i(3-6)
Poaamma V(2-3) | Anthoxanthum odoratum [TI2-3)
Lots corniculatus V(3-1 Veronica chamaedrys 111(2-3)
Stachvs palustris V(2-1) | Angelica svivesiris 12
Stellaria eraminea V(23 Cirsium arvense i 1-2) .
Viceia sepivm V(2-4) Calvstegia sepinm H(6)
Holcus lanatus IV(2-3) | Potentilla erecta I
Arrhenatherum elatius 1V(3-5) | Galiumaparine Iy
Poa pratensis 1V(3-5) | Ranuncuius acris j1(6Y;
Phelum pratensis [V(3-5) | Lolium perenne I
Dacrvlis giomerata IV(1-3) { Rumex accetosella Iy
Urricadioica 1V(1-3) | Plantagolaneclata Ii(1)
Eanisetion arvense IV(1-2y | Eurfvnchium praelongum I
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Type 25

Local Name: Communitv of Poapratensis and Lolium perenne.

{number ol samples = 1).

Diagnostic Species Assembiage: Poapratensis, Trifoliwm pratense, Rumex crispus and Lolinum
perenne.

Typical of the majority of species poor managed grasslands on cut-away peat to the northern side of
Clama adjoining the esker. This community indicates managed grassland with frequent grazing.

Poa pratensis 8 Plantago major 2
Trifolium pratense 4 Ranunculus acris 2
Rumex crispus 3 Juncus inflexus 2
Lolium perenne 3 Brachvihecium rutabulum ]
Holcus lanatus 3 Juncus articulatus 2

The raw data of this vegetation analysis are available on computer disk in The Natonal Parks and
Wildlife Service, Office of Public Works, 51, St. Stephen's Green, Dublin 2.
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T(f:HAm“iaLR 4 HYDROLOGICAL AND HYDROCHEMICAL

METHODS.

-4 1 HYDROCHE\HSTRY iy
411 Methods. ' .
In the examination of hydrological and hydrochemical charactenstics associated with pnm:.ular plam
specxes or vegetation communities, it is necessary to sample within 10 cm of the species under. _

JInvestigation or"within the community in question, in order to attempt o relate hydrological or . .-

h\drochemlcal data to species or community data (Daniels, 1975). A sampling point must therefore be
placed d:recth within the vegetation plot under examination, It was suggested at the initiation of this
project that the phreatic tubes installed by the geohydrological section could also be used for the

extraction of h\drochemlcal samples to establish relationships between vegetation and water chemistry.

This suggestion was rejected because of possible interference due to trampling and the fact that the
pipes were not situated directly within the communites which were to be examined. Thus to°aliow the -

extraction of water sampies for chemical analysis-and the measurement of water table heighis; a

phreatic pipe was placed within each vegetaticn plot estzblished during the vegetation survey.

These tubes consisted of a 2.5 cm dizmeter plastic (PVC) electrical conduit pipe drilled with four rﬁws

- of holes (approximately 20% holes) to 30 cm below ground level, as this was considered o cover the |

- rooting zone of the majority of the species under investigation (Schouten, 1584; Heath and Luckwill,

1938). The holes were covered with an inert finé-mesh nylon matenial, geotextile stocking, which -

prevented the entry of peat or debris into the pipe. A rubber bung (ferule} sealed the bottom and a

plastic bottle cap prevented the entry of insects, precipitation and excluded light. This light exclusion

prevented algal growth (Fig. 4.1).

In most areas, holes to 30 cin were adequate to collect water from the rooling zone, However, in some

of the marginal zone piots, root growth extended to a greater depth and a deeper phreatic pipe was
mserted. .

__ Measurements s started in October,. 1990 for the hl..h bog and. marzmal P10t5 ‘“*d 1n: A“““St 1991 fo’
... the soak vegelalion piots ' .

At each station, pH and efectrical conducnvltv (EC) were measured monthly. The pH was measured
using 2 WTW microprocessor pH meter and EC usinga WTW conductivity meter. The EC is corrected
for the concentration of the hydrogen ion to give a corrected conductivity (Keorr (45 ¢m1)). This is a

particularly important measurement to make under acidic conditions, where the concentration of the
h\droeen ion contributes considerably to the ionic concentration (Sjors, 1950).

In October 1990, 250 ml samptes for hydrochemical analysis were taken from ail high bog and
marginal sites. Subsequenty the number of sites was reduced to 54, from which 250 ml samples were
taken each second month for a year. These 54 sites were then reduced to 37 and sampled for a further
year. In August 1991, 250 m! samples were collected from all soak sites (103). From these a selection
of 21 was made to conlinue meritoring for one vear. Sampling hierarchy is shown in Fig. 4.2. Site
selection was based on the necessity to reduce the number of samples, while still collecting replicate
samples from the more ngmﬁc:mt community types. Hydrochemical sampling was compieted in
September, 1992,
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BOG i'AND MARGINAL

rx Aty

AJ.l sites (133) sampled
*-in Qctober 1990,
included

, Bog sites (108)

Rk \Jlargmal sites (47)

£

" 'S4 site selected for
sampling 1990-1991,
..included
Bog sites (33)
Marginat sites (21)

'

37 sites selected for

sampling 1991-1992,
. included

Bog sites (24)

Marginal sites (13)

Fig. 42 . Sampling hterarchy

Sampling Protocel

250 ml actd-washed polxthene sumple bottles were used as containers for extracted water. Water was .
__extracted from the phreatic pipe using a vacuum hand. pump. The use of a vacuum: pump ensured that Zak ... 3
“'there was-no contact between the water sample and the pump, as water was drawn directly into the
pol\.thene sample bottle. Shority before the first collection. the pipes were totallyv emptied and allowed -

to recharge at least twice: before each subsequent collection this was done once. This procedure was- -
followed in order to avoid contamination. The bottles were completely filled. stoppered tightly o - -
exclude air, brought o the laboratory and stored at 4 0c 10 anait analysis. Samples Were not filtered ’

but allowed to stand overnight, so that any suspended material sank to the bottom. The following day,
sampies for analyses were removed from thé top of the sample boftle. Analyvsis usuall\ commenced

LW uhm two days of collection.

Hydrochemical Anaiysis

Water analyses were carried out in the Wildlife Service Laborziory, Newlownmountkennedy by Ms. D.
Hackent wnh my assistance, in the State Laboratory and in the Environmental Science Laborutor\

Trinity College Dubiin.

Anal_vses carried out were as follows:

Nutrent
1. Ammonium
2. Nitrate

Phosphate (TP and OP)
Calcium ..
Magnesium

Manganese
Sadium
; . Potassium
10. Chioride
1. Sulphate .
12, AciditysAlkalinity

SOAKS

v+ All sites (103) sampled in
August and October 1991,
- 7 included
" Lough Roe sites (39)
. .Shanley's Lough (64}

f

21 sites selected for
one vear's sampling.

Lough Roe Shanley's Lough
8 sites. 13 sites.

of the sites selected for hvdrochemical analyses.

a

z

Method Used
Indophenol Blue
Cadmium reduction and.
Ion chromatography
Motvbdenum blue
Atomic absorption
Atomic absorption
Atomic absorption
Atomic absorption
Atomic emission
Aipmic emission
Ion Chromatography
lon Chromatography
Gran Plot Method
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The ion chromatography was carried out on @ Dionex 2000 [on Chromatograph: atomic absorption and
alomic emission on a Varian spectrophotometer; phosphorus analysis on a Shimatzu
spectrophotometer. Ammonitum and some nitrate analyses were carried out on a Skalar continuous flaw
analyser. For full methods see Appendix 4.1

4.1.2 Precipitation Chemistry.

In June, 1991 the collection of precipitation for amalysis commenced. A collecting vessel was instailed
on exch of the bogs. These consisted of a plastic funnel leading to a plastic bottle within a specially
designed container (Fig. 4.3). This was fabricated from standard 100 mm diameter sewer pipe fittings.

[t is important that the top of a collecting vessel should be at least 35 - 45 cm above ground level, in
order to prevent splash back and contamination from the bog surface (Allen et al., 1968). The main
sources of possible contamination are insects, plant debris and bird faecal material. The former two
contaminates were minimised by placing a piece of geotextile stocking across the funnel entrance. Bird
faecal contamination was largely prevented by placing a few perching posts at a higher fevel in the area
of the sampling vessel. Analysis of the precipitation was carried out using the same hydrochemical
methods outliped above.

Polvthene Funnel

Connecting

joint »

. }_.Sta..b.ilii.éiw Tk nemadL .- N 1 ZEE BT Y
~ '
End plate -~—

Collecting vessel

Fig. 43 The design of the precipitation collecting vessel.

4.1.3 Water Classification.

Water type classification was carried out on the results of the hydrochemical anzlyses using the
computer programn Chemprog (Stuyfzand, 1990). This derives an ionic balance with an error value
which should be below 10%, otherwise the sampie results should be ignored. In some instances the
ionic balance error is large, possibly due to the presence of humic acids which were not measured.
These samples were not included in calculations. A water type classification is also derived. This
classification can help to indicate the main source of water supply. A NaCl water type indicates mineral
poor conditions and suggests that the system depends on precipitation for ionic inputs, that is, that the
chemistry of the water does not differ significantly [rom that of rain. A CaCl type indicates some
mineral ground water with stiil some influence of rainfall. A CaHCO3 type indicates 2 largely regional
ground water input. A CaMiCl type indicates a sampie which is classified as CaCl but is tending
towards NaCl type, that is with an influence of minwater.
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4.....1 'Vlethods.

The phreatic pipes which were ms.m[led for the extraction ol water samples were aiso used: !or the
measurement ol watertable lev els in the \c;_.emuon piots.
noor

Water iable levels were measured monlhlv using a hydrological dipper and are etpressed n c.enumetres
abm eor below ground level.

4.2..2 Durntlon Lmes.

A duration line or water table characteristic curve is dertved by calculating the number of davs the
water-tabie is above a certain height in a particular vegetation community (Grootjans and Ten Kloos_ter,
1985). The heights used are chosen on the basis of water table depth and frequency of measurement. A”
graph of wateriable [luctuation with time is drawn and the number of days above the chosen watertable.
heights is estimated, by measuring the distance on the X-axis between points where a line of particular

watertable height is cTossed by the watertable curve. This distance is converted into days (Fig. 4. 4). A5 - -

cm mtcrval was used in this instance but could vary in other ctrcumstances dependmﬂ on watertable
height and the {requency of measurement.

15 ‘ —_ -
i0 . ——
5 .
< 0 - -
-10 . S
0 Days 365

Fig.4.4 Sample graph of duration line preparation.

A further graph is then drawn using this data, where the x-axis cotresponds to a cumulative time above
a particular watertable height and the v-axis to watertable height in cm (Fig. 4.5) This graph represents
a duration fine or a waterable characteristic curve for the vegetation community under examination.

0 DAYS 365

Fig. 4.5. A sample duration line.
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Duration lines were constructed lor the 1990 sites which hud been selected for 2 further vear of
monitoring and also for the second vear's datz {rom thesc sites, for the soak sites and for the 1990 sites
which represenied community types not covered in the selected sites or the soak sites.

It is possible {rom this type of data to predict wateriable characteristies for dilferent vegelation
communities. This is thought to be an important characterization of wetland vegetation communities,
as the level and fluctsation of the water wble influences other important processes such as aemition and
mineralisation (Grootjans and Ten Kiooster, 1985). These data are oniy preliminary, as several vears
data would be required to establish trends with more certainty. However they provide very useful guide-
lines.

Water mble fluctuation was estimated by calculating the difference between the minimum and
maximum water table heights experienced by a particular community tvpe during the veur.

4.3 COMPUTER METHODS.

4.3.1 CANOCO Version 3.11.
The abiotic data were prepared for analysis in CANOCO using CEDIT (Van Tongeren, 1991). This
program, which edits muiiivadate dara, was developed to be used with CANOCO, 1t prepares the

Cormell condensed file fortnat which is reguired by CANCCO. The vegetation dara files were prepared
using Vegbase 3.0 (1990).

The CANOCO progrum was designed particularly for plant ecologists (Ter Braak, 1990). It includes a

number of computer techniques whereby community datz may be refated to environmental information.

Three indirect (linear) techniques, which were previously available, are included within the program.

These are Principal Component Analysis, Correspondence Analysis and Detrended Correspondence

Analysis. These are techniques where major gradients are established in the species datz without using

measured environmental variables. In these methods the axes on the resulting ordination diagram

correspond to theoretical eavironmental variables (Ter Braak, 1990). The program also includes a series

of direct (weighted averaging) methods, where spectes or plant community occurrence can be directly .
_felated toa large number of observed .eavironmental varjabies (Ter Braak, 1988). Thus the-axes of the -~ - - -

ordination dtagram resultmz from these analyses correspond to linear combinations of measured

environmental variables (Ter Braak, 1990). These direct methods include Redundancy Analvsis,

Cananical Correspondence Analysis and Detrended Correspondence Analysis. The latter nvo were

specially developed for this program by Ter Braak (1990). The canonical correspondence analysis

technique was used. [t was considered to be the most suitable, as environmental data were available for

analysis. If environmentat data are available, the direct ordination approach is considered to be the maost

- effective {Ter Braak and Prenuce 1988)

PI'E\ ious to the development of this program, other computer manipuiations assumed a linear
relanonshxp between a plant species and an environmental variable. This would only be the case over a

shorT ranige of most envirommental variables, as toxicity or deficiency would usually occur at either end
of the spectrum. CANOCO is able to detect unimodal responses between a species and an
environmental factor. Axes are created and plots can be made of relevés, species and their refated
environmental variables, using the computer program Canodraw 2.1 (Smilauer. 1990).

CANOCO was used to establish possible relationships between vegetation community distribution and
measured environmental parameters. The environmental data used were the water table measurements
and the hydrochemical information.

Cn the ordination plots produced by Canodraw, drawn from the solution files of CANOCO,
environmental variables are represented by arrows. These are known as vectors. The length of the vector
is proportional to the rate of change of the variable in that direction. That is, the longer the vector the
more strongly correlated the variable is with the ordination axes and thus more closely refated to the
pritern of communities on the ordination diagram (Jongman et al., 1987). The output from CANOCO
also includes eigenvalues for the axes. These are a measure of the imponance of the axes in the
ordination. The closer the value is to 1.0, the more significant the axis. However values over 0.5
suggest a good separation along the axis {Jongman et al., 1587).

If one or more environmental variables are stmngli: correfated, afl but one of the cormelated vanables

may be made passive and a further ordination derived. This is necessary because the canonical
ceetTicients of coilinear variables are unstable and cannot be used in an interpretation of the output (Ter
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.. Braak, 1988). A variable may be made passivé, that is not used in the ordination, by excluding it from -

_ the analysis. This may be readily carried out within the CANOCO program. The collinearity of

_: ¢ variables is indicated by the vanance inflation factor (VIF). If the VIF is greater than 20, collinearity is

: - suggested. To determine which. vandbles are correlated, reference is made (o the correlation mamix
'shown in the output of CANOCO: I

- A.statistical test may be used to test the sngmﬁmnce of the species-environment relnnonshtps The"

Monte-Carlo permutation test was applied to ali the ordinations carried out. This tests the suzmﬁcance

of the species and environmental relationships and calculates an F-ratio for the first ordination axis a.nd' L

for an overall test of species and env;mnmenml relationships. It also shows the P (probability) value
for each of the tests,

In total five CANQCO batches were analvsecL These were;
I. All soak sites (103): using vegetation data of all soak plots and mean hydrochemistry and waLer
table data from August and October 1991.
Selected souk sites (21): using mean values of one year's hydrochemical and water Lable data.

All sites, excluding soak sites: using data from October 1950 (153).
Selected 54 sites: using mean values of one vear's (1950-1991) water mble and hydrochemical
data. Also divided into bog sites (33) and marginai sites (21). .
5. Selected 37 sites: using mean vaiues of cne year's (1991-1992) water table and hydrochemicai -.
data. Also divided into bog sites (24) and marginal sites (13). :
6. 258 sites: using October 1990 (bog and margins) and October 1991 (soak) water table and

hydrochemical data.

B

4.3.2 Data Transfermation.
Most environmental variables, except pH, were [oz transformed as they were 10g normally dlstnbuted

The following was the criterion used to establish whether data transformation was necessary (Fowler
and Cohen, 1992).

Log transformation: th:s is used when the variance is greater than the mean va]ue When zero vaiues

..aTe present.. 1-must- beadded w-all values, that-is,.replace x bv log (x + I).'

Transformations were carried out using the prog:am CEDIT (Van Tongeren, 1991).

The raw hydrology and hvdrochemical data, which are analysed in Chapters 3, 6 and 7, are available on
computer disk in The National Parks and Wildlife Service, Office of Public Works, 51, St. Stephen's

-Green, Dublin 2.
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CHAPTER 5: HIGH BOG HYDROCHEMISTRY AND
' HYDROLOGY.

5.1. PRECIPITATION CHEMISTRY.

Raised bog vegetation, apart from some soak and marginal areas, depends totally on rainfall for ionic
inputs. Thus a study of precipitation chemisiry at the two sites was considered to be important, in osder
to determine the amount of ions originating from rainfall, which are potentially available for- plant
growth. Rainfail was collected at both sites between the 28th of Jure, 1991 and the 18th of June,
1992, at approximately monthly intervals. (For methods see Chapter 4). The [ollowing were measured:
pH, electrical comductivity, POg-P, NO3-N, NHz-N, Na, K, Ca, Mg, Cl, SO4-S, Fe and Mn. The
resuits of these analyses are shown in Table 5.1 as mg I"L. These concentration resuits are compared to
dam from the meteorological stations of Birr, Co. Offaly (33 km south-west of Clara and 48 km west
south west of Raheenmore) and Kinnity, Co. Offaly (25 km south of Clara and 35 km south west of
Raheenmore} in Rg. 5.1. The Birr data consists of the average values over nine vears (1982-1950),
including sundard deviations. Only one complete vear's data were avatiable from Kinnity (1987). The
Clara and Raheenmore data consists of the average values for exch element over the sampling period.

Birr

Kinnoity

Clara

{(mg/1) and pH

Raheenmore

P

B at e o Ve A W2

Ca—H
Mg &

5
Fig. 51 Element concenmons(mgl 1), pH and EC of precipittion from Bir, Kinnity, Clar and
"° - - Raheeamore.

from the two meteomioglcal stauons The two exceptzons are SO4-S at Raheemnore and Ca at Clara.
The latter appears to be related to gravel excavation from the esker to the north of the bog. This
excavation occurs on an irregular basis but, when it does occur, generates clouds of fine dust. As the
esker gravels are mainly composed of material derived {tom the limestone bedrock, this mining activity
contributes significantly to the amount of Ca in the rain falling on Clarz bog. Dry deposition into the
rain gauges may also have occurred. Similar high inputs of Ca in other precipiation studies have been
attributed to the liming of farmiand and proximity to quarries (Allen et al., 1968, Proctor, 1992). The
higher levels of SO4-S are a lintle more difficult to explain. However the peaks in concentration are
linked to periods of lower rainfall (Fig. 5 2). This is also true for the Birr site, as the two highest
concentrations of SO4-S recorded since 1981, 10.2 mg I-1 and 13.2 mg 1-1, were both during periods
of very low minfail (2 mm). High evaporation during these drier periods may be causing a

- - concentration of SO4-S. However the SO4-S concentrations are consistently higher at Raheenmore
over the vear of sampling, than those at either Clara, Birr or Kinmity. This may be related to higher
levels of amnospheric pollution, owing to the its closer proximity to peat fired electricity generating
station. Raheenmore is situated only 5 km to the west of Derrygreenagh power staton
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Results of IIIB analyses of precipitation on Clara antl Rnhu:nmnrc (Note: Units for ions (mg 1'1)). The fnllowing ahhrcvmunns -are

Table 5.1.
used: Electrical conductivity (EC), Total phosphate (!I‘) and Orthophosphate (OP). ,
Clara . ’-!:f . Co
NDATE plt L C T or NOy-N| NIL:<N Nun K Ca Mg Mn Fe Cl §0,4-8]
R/6/9] 10 2077141 6.7 27.0 0.074 0.001 0.14 1.4106 0.01 0.17 a2 0.28 Nn.02 0.00 220 nRy |
W91 0 RO 4.1 451 0.057 0.021 0.t (1.732 1.37 0.0 0.97 016 0.0 0.00 | 1.0 1.1
15/8/91 10 03981 7.4 49.6 0.060 | 0.020 0.57 | 0622 1.60 ().68 3.24 0.66 ¢ .0.01 0.00 4.10 | 240 |
D1/0/91 10 0910491 6.0 48.8 0.283 | 0.273 0.13 0.787 2.60 0.55 0.62 1. 0.50 a.01 0.00 400 | 0.7 |
171091 10 16/1 191 5.8 263 0.290 | _0.003 0.44 0.569 0.40 0.49 1.06 0.37 0.01 0.03 1.80 1.23
17/11/91 10 03/1281 5.5 37.5 0,020 1 0.000 .23 0.430 2.50 0,25 .53 0.83 0.010 0.06 6.00 0.92
0:112/91 10 22/1/92 5.0 3513 0.000 1 0.00:1 0.0 0,272 1.60) 3.200 0.74 0.00 0.02 0.0 630 | 0.7
23/1/92 10 25/2/92 4.6 45.1 10007 | 0.003 0.25 0.593 3.20 0.23 091 |. 0.58 0.02 0.06 570 | 14l
2642102 10 2471902 54 ] 202 0.007 [ 0.003 0,20 -0281 {1 3.00 0.00 (.81 0.40 0.01 a06 .1 5.70 0.77
25/3/92 10 21M/92 4.9. 303 0.007 | 0.004 0.34 0.386 2.0 015 0.91 0.54 0.03 0.01 560 | 065
22/4/92 i1n 25/5/92 4.9 238 |.0.007 | 0.007 0.05 0.018 1.06 (.16 1.07 .37 0.0 0.02 3.81 |- 0.80
26/5/92 10 1R/6/92 4.0 28.2 0,011 0.004 0.52 0016 (.35 0,16 0.66 0.11 .00 0.02 1.18 1.14
MEAN 5.4 316.3 0.066 | 0.029 0.28 0.502 1.97 0.54 3.64 0.40 0.01 0.03 4.06 1.07
Ralieenmore . X
DATE pl! EC T OPF |NO3-N{ NIl4-N Na K Ca Mg Mun Fe Cl |S80y4-8
28/6/91 10 20/781 6.3 28.0 0.837 | 0.501 0.11 0.73. 10.7 32 5.9 0.36 0,02 0.00 19.0 2,05
AN291 10 15/8/01 6.4 58.1 0464 | 0.551 0.36 0,721 |- 0.02 (.65 1.04 .20 0.00 .00 3.0 17038
16/8/91 10 (02/0/01] 7.4 350 0.060 | 0.000 0.23 0.531 1.40 0.13 1.94 042 0.02 0.00 4.8 2.70
03/9/91 10 N8/10/9] 52 20().5 0.020 | 0.004 0.05 0.057 1.70 0.14 (.62 0.30 0.00 (.08 34 0.43
91091 10 16/11/91 6.7 26.6 0.025 | 0.005 0,37 0.538 {1.50 0.21 239 0.30 0.01 0.00 ‘1.8 1.50
17/11/91 10 031281 4.1 0.1 0.010 | 0.001 0,21 0.170 1.60 0.10 0.30 0.66 0.00 0.05 4.0 . 0.7
(H/12/91 10 2171192 4.2 18,7 0.014 0,003 0.05 0.142 1.60 4.0 1.42 .22 .00 .60 2.5 0.4
22/1/92 10 24120972 6.6 27.3 0.010 |.0.004 0.15 0.000 .70 0.06 0.91 0.35 0.01 0.25 34 0.83
2512192 10 241392 4.9 248 0.010 1 _0.003 0.17 0.000 1.80 0.05 0.50 0.30 (.00 0.06 12 |-.080
25/3102 10 2044592 6.4 2.5 0.003 | 0.005 1.24 0,000 2.50 0.08 0.40 0.33 0.03 0.04 5.6 .65 .
21/4/92 10 26/592 4.2 269 0.004 | 0.002 0.06 0,124 1.80 0,13 0.73 0.1 _0.00 0.01 34 086 .
27/5/92 10 17/6/02 4.9 23.2 0,101 | 0.004 | -0.26 -] .00k | 037 0.15 0.62 011t 000 .05 1.3 - 0.89-
MEAN 3.6 20,0 0.137 | 0.091 0.27 0,260 214 |: 0.96 1,32 |- 032 0 ﬂl 0.10° 4.6 10y




—a— Precipitation {mm)

B 504-S (mg/))

Jub. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.

- Month
Fig. 52 Relationship between SO4-S concentration and quantities of precipitation at Raheenmore.

- The excess SOg-S, which is aot of marine origin, may be estimated by assuming that all the Ct
present in precipitation is of marine origin. Using the ratio of SO4 CI in seawater (0.105), the
amount of SO4 which could be derived from sea water can be measured by subtracting the S04 of
marine origin from the total SO4 measured in precipitation (Gorham et al., 1985). These values were
calculated for Clara and Raheenmore (Table 5.2).

L T e BT e fa e D R A IR e o =TI T s AL SR e ,.n._, R e et

Table 5.2 Caicu!amms 10 estimate the amount of SO4 denved from sources other than seawater.

7 Ci S04-S S04-S  {marine)} | Excess SO4-S
SITE (kgha't yr-l) (ke ha-l vy (ke ha”l vrhy (ke ha~L v
Clara. 78.93 6.68 3.04 3.64
Raheenmore 317 10.35 333 702

These calculations prove that the SO4 in precipitation at both sites cannot be derived totally from

marine sources arxd thus must be auTibiuted to some dégreé of air polfuticn.

The sodivm, chloride and magnesium in rainfall are usually of marine crigin (Ahmad-Shah and Rieley,
1589). This is reflected in the close relationship between the concentrations of these ions throughout
the year at both Clara and Raheenmore (Fig. 5.3). The close relationship (R%= 0.943) berween Na and
Cl, shown in Fig. 5.4, suggests that these two ions are derived from NaCl sait of marine crigin. The
maritime influence on precipitation chemistry may be calcuiated using the ratio of Na/K, as Na is
usually of marine origin while K is usually derived from terrestrial inpats. The closer this ratio is to
that of sea~water (28), the greater the maritime influence (Allen et al., 1968). For Clara this ratio is
3.56 and for Raheenmore the ratio is 2.32. The higher value at Clara is probably retated to the fact that
it is closer to the sea in terms of the prevailing wind, which is south-westerly (Rohan, 1986).
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Fig. 53 Relationship between sodium, chloride and magnesium in precipitation at Clarz (a) and —

-Raheenmore (b) and (c).

C1 {mg/1)

Na (mg/1)

Fig. 54 Relationship between Na and Cl inputs at Clara and Raheenmore.

Quantities of elemental input per ha mayv be calculated from amounts of precipitation and the

concentration of each element per litre of rinfall. The number of litres ha-! of rain were calcuiated
from the rain gauge information available from both bogs for the time periods the rain chemistry
samples covered, These periods approximately correspond to months (see Table 5.1) and are so treated

in further discussion. The inputs {rom precipitation (kg ha'l) are shown in Table 5.3. The total inputs
(excluding H*) at both sites are similar: 89.37 kg ha'! yr-1 at Clara and 80.95 ke ha'l vl oat
Raheenmore. However the balance berween cation and anion input at the sites differs Lonmdemblv At

" Clara the total input of cations is 51.46 kg ha-l yr‘l (57.58%) and anions 37.91 kg ha’ 1 \-r‘1
(42. 4"’%) At Raheenmore the values for cations are 36.59 kg ha-1 \r‘l (45.29) and for anions 44.36

kg ha-l \1"1 (54.8%). The difference between values at the two sites can be anributed to the higher
inputs of Ca at Clara. The Raheenmore values correspond closely to those obtained from rain fa]lmg

on open Sphagnum lawns in Britain, with 33.5 kg ha'! yr-! for cations and 63.1 kg ha'l yr! for

- anions (Ahmad-Shah and Rieley. 1989). Table 5.4 compares the inputs from precipitation at Clara and

Raheenmore to precipitation gathered above an open Sphagnum lawn site at Chartley moss National
Nature Reserve, Staffordshire, Britain (Ahmad-Shah and Rieley, 1989). The error values indicated for
Chartley Moss are standard deviation values derived from data for different sample points. '
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‘Table 5.3 tanie Inpuis (kg ha-1) from precipiiation o

7
e

1 Clarn and Raheenmore}

Clarn

MONTH RRAIN (1 ha' Dy PO4-I" | NOy-N| | NIV, -N Na K Cn Mg | Mn Fe Cl S04-S
July GOIUKD 0.0022 (1.08 0,087 01.60) 0.3 20,59 (.18 0.04 {1.06) 1.5 N.549
Aunpust LAGHON 0.008 D06l k- 0100 .19 {}.00 {11 (.02 0.(X) 0.0} 0n.19 015
Sepremlbwer 91000 (1.O0S 0.05 | 0.057 015 (.06 0.29 (.06 0.4 0.00 0.7 0,22
Oxequlwer HOHEN 0.187 0.00 | 0.521 1,72 0.6 .41 0,33 (.01 0.00 3,24 {1.49
Muovemiber 112 1{XX) 0.325 0.9 0,618 0.5 H.55 2.20 0t .ol 01.03 2.02 1.3R8
Dwecember 10 1ONY) 0.020 0.23 0,438 2.55 025 | 0.54 (.85 01.00 0.06 6.1l 00
Liumiwy SR 0.005 .05 0.159 2.10 V.17 0.4} .00 .01 0.02 1.67 045
Felwiwy 42 LX) 0H.001 {0.11 {}.250) 1.5 0,10 0,38 .24 .04 0.03 2.40 (.60
huch AR6IKN 0.005 0,14 0.193 206 06 0.56 0,27 0,01 0.04 KR {0,531
Aqril 4 | DKND {1003 URE] 0,162 0H.HR n.04 .38 (.23 .01 01.01 2,38 0.27
May THRONO 0.005 0.0: 0.013 1.9 i1y .76 0.26 0.00 0,01 2,70 1.56
hane $ 37N 0 005 0.23 {).400 n.1s 0:017 0.29 .05 0.00 0.01 0.52 .50
TOVTAL 6943000 {1,594 1.7 1916 11.57 1.81 26.96 201 0.07 0.22 28.93 6.68
Raheenmore s _

- MONTH RAIN (1 by Yy POY-P | NO3-N | NI4-N Ni K Ca Mg Mn Fe Cl §0,-8
July S31300 0,445 01058 (1,48 56851 2361 3.135 0,191 0011 0.000 1 10,10 1,57
Apus) 261000 0,122 0.095 0,190 0,05 0.172 (1,275 {1.053 0.000 f.(00) 0.9 2,74
September 22300 .013 0.081 0118 312 0,161 ().43) 0.094 0.0044 (L) 1.07 {1.60)
Ocinber 637000 0.013 {1,012 (1.036 1.083 1 008D 0.305 n.191 0.000 0.051 217 0.2)
Nuovemlxr 12014600 {11132 (478 0,605 06461 0.274 3,085 0.387 N.013 0.000 2.32 1.94
Preceinher LOR 1000 011 (1,227 0. 184 1.730 | 0,108 ().4i22 .713 0.000 0.054 4,32 0.76
gy 674000 {1,009 (1.034 {),006 1.078 2.606 ().283 0,148 0.000 0.465 .69 .29
Febiuary 513000 (.00S 0.077 0.000) 0.872 1 :0.011 (.467 (1.180 0.005 0.128 1.4 0.43
hareh 675000 (.007 0145 0,000 1.218 0,034 0.338 0,203 0.004) (.01 2.16 0.5
Al 457 (001 0.567 0,000 1143 1.037 0. 181 0.151 0.014 0018 2.56 01,24
May | 674000 0,003 O0.0:40 | 1,084 1.213 ] 0,088 {492 {0.200 0.00)) i).007 2.29 0,54
Tane 379504 0.072 0,059 {1,038 0140 ] 0,057 (1,235 0.042 0.004) 0.010 049 0.34
TOVTAL 7309800 0.734 1.870 1820 {1 1512 6.51 .14 .2.56 0.05 0.78 1.7 10.35
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TON -Chartley Moss Clara Raheenmore
UFSaP v L) 142 (=034} . 0.354 0.734
NO3-N 10.1 (£ 1.48) - 1.71 1.870 .
NHg4-N 6.26 (x 2.41) 3.916 1.829
Na 118 (+ [.39) 13.57 + . -15.12
K 5.16 (x 2149) 3.81 6.51
Ca 6.3 (= 1.16) 26.96 9.74
Mg 1.92 (= 0.63) 2.91 2.56
Mn 0.28 (= 0.13) .07 0.05
Fe 0.13 (= 0.06) 0.22 0.78
Cl 20.8 (= 2.79) 28.93 31.7
S04-5 30.8(x3.2) 21.69 33.7
This comparison highlights the fact that for non-poltution linked ions, inputs are similar at these sites .
despite their different locations. However at Chaniley Moss the levels of NO3 and NHg4 are much
higher and indicate atmospheric potlution. SO4 is aiso high, in common with Clara and Raheenmore -
and is attributed to atmospheric pollution. An annual percentage (kg ha! yr'l) of each ion measured at - -.
Clara (a} and Raheenmore (b) is shown in Fig. 5.5a and 3.5b. These show that SO4 Cland Naare the -
major ionic components of the rainfall. while those ions which can be limiting 1o plant growth make
up only a very small percentage of the input each vear.
7.45% 1.91%
Clara 0.25%
15.19%
ez . W NO3-N N
0.66% @ MNa
PO4-P .
4.38% &
NH4-N
O x
32.38% P
0.08% [ ca
' Mg
B c
E Fe
g S04-S
3.26% 30.17%
Fig. 5.5a The percentage input from precipitation (kg ha-l _vr'l) of each element at Clara.

¥




Raheenmore
12.74%

EONBOBONESNE
&

S04-3

3.15%

Fig. 5.5b The percentage input from precipitation (kg ha™! yrl) of each element at Raheenmore .

5.1.1 CONCLUSIONS. - )

This investigation into the inputs {rom precipitation at the two raised bog sites supports the accepted
view that the nutrient content in rainfall is generally. low. However it does raise the point that local
vaniatons in agricultural, indastiial 6¢ mining activities may result in significant differences in the
inputs of some ions. This may have a important effect on the variation in plani communities seen in

these oligotrophic habitats, as small changes are likely to have significant effects.

£.2 HYDROLOGY, HYDROCHEMISTRY AND BOG VEGETATION.

Ivanov, 1981 states that the most important factors which infiuence the plant community distribution
on mires are: waier able depth and fuctuation, sespage (lateral and vertical water movement) and
hydrochemistry. The importance of these factors has been recognised by many others, with a number of -
investigations into water movement in mires (Sparling, 1966; lngram, 1967), bog hydrochemistry
and/or mire water table characteristics (Gorham, 1956; Newbould and Gorham, 1956; Green and

Pearson, 1968; Summeriield, : Bell an is, 1973; Miles, 1976; Comeau and Bellamy, N
These studies have usually concentrated on inter-site comparisons, on the autecology of one or two
species or on comparisons between a limited number of community types occurring within one site. It
appears that no study has been made on the hydrology and hydrochemistry of the range of community
types within one system. This is certainly the case in relation to Irish raised bogs.

This stdy is an attempt to describe and compare the hydrological and hydrochemical characteristics of
the range of plant communities on Clarz and Raheenmore, including an examination of seasonal
variation. This was undertaken with a view to the conservation of community diversity within the two
sites.

In total, eighteen mised bog communities, which were identified during the vegetation survey, were
monitored. These fail into the broad structural divisions of hummock, flat, lawn, hollow and pool
communities (see Chapter 3 and Fig 5.6).
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Hollow

- Fig.5.6 * Main structurai divisions of the high bog communities. An approximate average water table

isindicated.” . N

The communities examined in this chapter are:

Pool, Hollow and Lawn communities {including some low hummocks and flats}.

3D.
3E.

The community of Ritvnchospara alba and Zygnemalis hollows.

The community of Sphagnum cuspidatium and Eriophorum angusiifolium, tvpical variant.

The community of Sphagnum cuspidatum and Eriophornm angustifolium, variang with Molinia
caerulea and Juncus bulbosus, '

The commenity of Narthecium ossifragum, Sphagmum magellanicum and §. tenellum, typical
variant. '

The community of Narthecium ossifragumn, Sphagnum magellanicum and S. Tenellum, phase -
with Sphagnwn magellanicum, sub-variant with Sphagmum cuspidenan,

The community of Narthecium ossifragum, Sphagnum magellanicum and S. teneflum, phaséx .
- With Sphagnum mageflanicum, typical sub-variant.

-+ The community of Narthecium ossifragum; Sphagmuni magéllanicum.and’ S. teneilum, phase

with Sphagnum magellanicum, sub-variant with Moiinia caerulea . iy
The community of Narthecium ossifragum, Sphagnum magellanicumand . tenellim, phase of
Sphagnum papillosum.

The community of Narthecium assifragum, Sphagnium mageflanicim and S. tenellum, variant
with Campviopus introflexus and Zygnemalis.

The community of Narthecium ossifragum, Sphagnum magellanicum and §. tenellum, variant
with Trichophorum cespitosum.

Hummock and Flat communities,

4A.
4B.
4C.
4D.
4E.
4F.
4G.
10.

The community of Calfuna vulgaris, Sphagnum capillifolium and Cladonia porientosa, typical
vanant. v

The community of Cailuna vuigaris, Sphagnum capillifolium and Cladonia Porleniosa, variant
with Campylopus introflexus.

The community of Calluna valgaris, Sphagnum capillifolium and Cladonia portentosa, phase
with Lencobrum glaucum.

The community of Calluna vulgaris, Sphagnum capillifolium and Cladonia portentosa, phase
with Cladomia portentosa. _

The community of Calluna vulgaris, Sphagnum capillifolium and Cladonia porteniosa, phase
with Sphagnum capillifolium. ' .

The community of Calluna vulgaris, Sphagnum capillifolium and Cladonia portentose, phase
with Sphagnum imbricarum. ‘

The community of Calluna vilgaris, Sphagnum capillifolium and Cladonia portentosa, phase
with Calluna vuigaris and Hypnum Jutlandicum,

The communrity of Polverichum alpestre and Calliergon cuspidatum.

(For further details on species composition refer to Chapter 3).
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§5.2.1 HYDROLOGY

The water tabie depth was monitored within these communities for at least one vear and within a
selection of the more widespread community types for two vears. The annual average mean, maximum
and minimum (+ 2 S.E) water table depths within each community tvpe are shown in Table 5. 5.
This information is iiiusirated in Fig. 5.7, where the communities of pools, lawns and hollows (A) are
shown separately to the communities of low hummocks, hummocks and flats (B).

The difference in water table depths between these two main groups is readily apparent. Pool
communities all have their mean water table above ground level and hoilows and lawns have their
mean water table just above or just below surface ievel, while the hummock communities' mean
watertable is below ground level. Within the first group, the pool communities (2A. 2C and 3Ba) are
the wettest, having the highest maximum water table levels with what appears to be a critical
minimum level of closer to the surface than -10.0 cm. The vegetation link between these pool
communities is the occurtence of the aquatic Sphagnum cuspidamum. This species cannot survive long
periods of desiccation and is thus mainly confined to these pool communities. The aguatic nature of

these communities is confirmed by the presence of species such as Cladopodiella flnitans and Drosera
anglica.

(A)

Water table {om)

k; Max.
Min

Water tabie {om)

1 1 ] ] [} ] 1 i

1 ] 13
3Bc 3D 3E 4A 4B 4C 4D 4E 4F 4G 10
Community

Fig. 5.7  Average annual mean. maximum and minimum water table depths (+ 2 S.E (95% C.L))
for the poot, hollow and lawn communities (A) and the flat and hummock communities
(B).
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Table 5.5
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Gunmmry of the hydrotagical and some hydrochemical characlcmum of the main hog plant communtlies. The nnmml ﬂvemgc mean,
maximum and minimum values (£ 2 S.I5.) are shown for waler lable depth (cm), Keore (1Scm-1) and pH. A water |ypt. is also

T T ot T

Py

indicated, according to the classification of Stnyfzand (199()) =
Wader Table pll Kcn” < e 3] Water
Mo Mix, Min. Muan Max. |, Min. Mean Mix, © Min. | Clnss,
| 0.9 (14.4) 0.7 (4. 1) -11,7 {16.0) 4.2 (40.0) {4.7 102y (38 (L0.1) | 65.0 (16.6) - 102.5 (J:I8.4) 41.0 (£5:8) - A NaClL- .
2A 9.1 (4.8 17,1 (.4 1-2.7 {(£5.2) A1 0.0y 4.3 (0.0 ] 38 (20.1) | 58.6 (49.2) 2.5 (£19.8) 36.0 (19.6) 1 MaCl
20 93 (140 16.3 (4D -2 (3 8) 4.0 (H0.0) ) (1L0.2) 1.7 6400 (519 (188 703 ¢11.0) 280 (48.2) ] NaCl
IA 1.7 (1300 4.9 (131.2) -14.3 (13.0) A 100y [ @O0y 70D 1526 (14.4) 70.9 (18.2) 0.3 (d44.4) Nal'l
M | 5.9 (44.2) 144 (£4.2) -2.8 (13 2) 4.1 {100y 4.2 (10.2) 139 (20.8) |52.2 (£11.0) 78.5 (£11.6) 1.0 (46.0) Na(l
Anp_| 0.5 (£1.6) 5.0 (x1.d) -8.2 (kd.2) A4 (00 143 (@00 13,702 1564 (£7.2) 04.7 (£22.0) 31D (14.6) NuCl
e | -5.8 (472 2.2 (11.0) -20.9 (111.8) 44 (406) 47609 (3.9 0.0) | 524 (16.0) 96.5 (145.7) 28.d €L3.1.6) Nl
KN -1.6 2.6 ) -14.1 18 4.0 3.7 1495 6.7 292 NuCl
] -5.0 (12.6) 3.0 (£1.8) ~17.8 (14.2) A1 G0 |45 (20.2): A7 6e0.0) 1629 (16.2) 112.5 (£30.0) 30,7 {15.0) NuCl
RIH 22 8.1 -0.8 4,) 5.1 137 69,2 108.3 A1.0 Nal’l
A -9.2 (11.6) -4.0 (12.6) -21.0 (1:4.6) 4.2 CLOJY 145 (10.2)° 3.8 (0.0) | 58.8 (1.5.0) H7.0 (1:11.8) 331.5 (44.2) Na(’l
1L =Tk (12.4) -0.2 (L1.8) -19.5 (1.8} A0 000 4.5 C¢0.2). 137000 1668 (160 1244 (£27.2) A0.6 (1-1.R) MNuCl
(2 -1.6 (1:1.6) -2.8 (£2.4) 17,6 (1.2.0) A0 0D (4.2 0.0) 137 (0.1 | 55.8 (118.4) 2.0 (£20.0) 30,2 (13.:0) Nl
A1y -8.7 (18.0) -1.8 (£4.8) =207 (1:11.2) 4,1 G0 N4 G0.2Y 134 ¢10.2) 1723 (47.8) 149.5 (£36.8) 34.2 (16.0) Na*l
A |-G (19.8) -5.2 (1.9.2) -21.0 (L2,0) A 04y 4.6 CLOYY | 3.8 (10.2) | 524 (£1.2) B2.7 (16.:1) 26.7 (11,4} NaCl
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The average monthly water table vatues follow similar wrends within the group of pool communities.
They remain high almost all vear, with the effects of the drv summer pericd only becoming apparent
towards the end of the summer season (Fig. 5.3).
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Fig. 58  Theaverage monthiy water table depths (cm) for the pool communities.

The lawn communities (3Bb and 3C) have their mean water table just below surface level and are only
flooded during periods of high rainfall (Fig. 5.9). The lawn communities have an average brvophyte
cover of between 85% and 100% and this lawn of Sphagmum growth means that the hydraulic
conductivily of the top layer is very high and excess water can diffuse rapidly through a laver of
Sphagnum. This helps to reduce surface mnoff and so prevent peat erosion (Ingram and Bragg, 1984).

Thus the Sphagnum lawn communities contribute significantly toward desired acrotelm conditions
{Chapter 8).

Lawns

10

0 __&:ETE!—-—E-_._H _ — Do
~-10 -
§-20_ —+a— 3Bb
£-30-
g
# =40

i ] 1 [ [ A 1 i ' i ] §

Jan. Feb. Mar.Apr. May Jun, Jul, Aug. Sep Oct. Nov. Dec.’

Month

Fig. 5.9 The average monthly water table depths (cm) for the lawn community (3Bb).
(Community 3C is not illustrated as no average figures are available).

[n contrast the hollows communities (1 and 3A} occur most frequently in the marginal and sub-
marginal areas of the bog, where an acroteim laver is quite often absent (see Chapter 8). In addition, the
Sphagnim species of hollows tend w have faster decay rates (Johnson et al., 1990) and thus the peat of
hotlows has a higher humification degree than that occurring under lawn communities. These two
factors ensure thar the hydraulic conductivity of the hollow peat is fow and as a result excess water does
not diffuse rapidlv. The maximum water table level can therefore be high during winter months but
during the dry summer period the water table can fall to relatively fow levels (Fig. 5.10}. In contrast to
the pool community water table levels, the water table remains below surface level for much longer

periods of time. These longer low summer levels prevent the development of pool vegetation
communities.
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Fig. 510 The average monthly water table depths (cm) for the hollow communities.

The group consisting of hummocks and flats is characterised by a high abundance of dwarf shrubs (30-
60%), consisting predominanty of the species Cafluna vutgaris and Erica terraiix. The [ace;bank
community (4G) can have a dwarf shrub cover of up 1o 95%. The communities of flats have relatively

variable water table heights (Fig 5.11). The variants 4D and 4E follow 2 similar pattern, whereas 3Bc_ - *

" appears 10 respond like a low hummock community.” Water table levels are within -10 cm of surface -
level during the winter perod owing to the flat nature of these communities. As the summer .

progresses waler tabie levels tull o depths befow -15 ¢m and greater. These communities are therefore °

unable to support the more aguatic Sphagnum species.
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Fig. 5.11 The average monthly water table depths (cm) for the flat commumnilies.

The two main variants of disturbed and/or burnt (meaning variants containing species indicating a fire
history) conditions have similar water table patterns 1o the hoilow communities, with winter water
table heights close to surface level but then {alling rapidly during the summer (Fig. 5.12). The vartant
3D has a slightly wetter nature than the variant 48. This is reflected in their species composition; 48
has a higher dwarf shrub cover and a si gnificant occurrence of Sphagnum capillifolinm. In contrast 3D
has a floristic composition more typical of wetter situations, for example the occurrence of Sphagnum
lenellum and 2 high algal cover. Buming and disturbance (drainage) to a bog system usually disrupts

the functioning of the acrotelm layer, which in turn affects the infiitration and dispersal of
precipitation, which influences water tble depth.
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Fig. 5.12 The average monthly water table depths {em) for the disturbed/burnt variants.

Although the water tabie paterns are similar between the hollow commurities and the disturbed
variants, the length of time the water table remains below surface level is longer in the bumnt/disturbed
variants than in the group of hollow communities. This is illustrated by a comparison between the
duraton lines of the different types. Duration lines are an approximation of the length of time the
water @bie remains at certain levels throughout the vear (see Chapter 4). They are useful indicators of
the water table characteristics of a community. Two communities may have similar mean water table
levels for the vear, but one may remain at a relatively constant leve! throughout that time and the other
may fluctuate considerably. These different patterns of water table could support very different piant
communities ajthough their average water table may be similar. This is particularly wue in wetland
situations where water table levels are high and small changes may greatly influence the plant species
which can survive. The duration lines ot the hollow comrmunities show that the water table spends a
longer time above surface fevel than it does in the disturbed community types, although their mean
water table levels for the vear are similar (Fig. 5.13).

The water table le\ els in the hummock communities are vanable as the height of the hummock above
"the surrm.mdmgarea influences the water table depthrit expeniences. The height of hummocks can range
from 10 ¢ to | ‘metre or more. Water table levels are below surface level all year and thus the species
which dominate these communities are the hummock-forming Sphagrum species and dwarf shrubs.
The water table levels in the difTerent hummock communities follow similar patterns (Fig. 5.14). The
lowest water table levels are experienced by the Sphagnum imbricatum hummocks (4F). These tend to
be the taltest hummocks encountered at the twao sites.
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Fig. 5.14 The average monthly water table depths (cm) for the hummock communities.

The face-bank community (4G) represents the most extreme high bog community in terms of water
table depth (Fig. 5.15). Average water tabie levels are below -20 em throughout the vear, falling to an
average minimum value of almost -50 cm. This ensures that the number of species which can survive
in this community is limited. The occurrence of any Sphagrum species is extremely rare and, when
they do occur, they are usually only associated with runnels which carry surface water runoff. Callura
vulgaris is the dominant species and reaches its @liest heights on these drier areas. This face-bank
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community was also recoenised by Hammond et al. (1990) as being associated with the lowest
watertable levels measured on an area of disturbed mised bog.
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Fig. 5.15 The average monthly water table depths (cm;} for the face-bank community.

Statistical analyses were carried out on these data using the statistics program Statistix Version 3.1 on
an [BM compatible computer. Some community types could not be included in the statistical analysis
owing to a lack of sufficient replicate information. These were (3C, 3E, 4C, 4E and 4F). One-way

-analvsis of variance (ANOVA) was carried out on the mean, mavimum and minimum values.
Summary tabies of the results of ANOVA are showa in Fig. 5.16. All show that there is a very
significant statistical difference (p < 0.001) between communities. To test which communities were
statistically different, t-tests were applied.

The t-tests camied out on the maximum water table levels of the different communities showed that
hotlows (P < 0.05). pools and lawns had statistically significantly different vaiues to-each other. The
pools had the highest mzmmum water table levels follo“ ed by the hollow communities and then the
lawn communities. However thére was no swiistical difference between the two hollow communities
(P > 0.05) or within the group of pool communities (P > 0.05). These similarities within the groups
are also apparent from the average water table curves for the year. Hummodck and fiat values are
significantly lower than either pocts (P < 0.001), hollows (P < 0.01) or lawns (P < 0.01). Yet within
the group of hummocks and flats, no significant differences were detected, even between the
burnt/disturbed and non-burnt/disturbed types. The face bank community is statisticallv significantly

different from all others: pools (P < 0.001); hollows (P < 0.001); lawns (P < 0.001) and hummocks

(P < 0.01). -

ANOVA summary table of Minimum Water table.

SOURCE—DF 55 MS F P

Between 11 3t160 2833 18.5 0.00001

Within 130 19910 153.1

Total 141 51070

ANOVA summary table of Maximum Water table.

SOURCE DF 8§ MS F P

Between 11 . 11130 1012 2132 . 0.00001

Within 130 ) 6168 47.44

Towud 141 17290

ANOVA summary table of Mean Water table.

SOURCE DF §S MS F P

Between il 16900 1536 20.56 0.00001

Within 130 o789 74.72

Total 141 26680

DF (degrees of freedom), SS (sums of squares), MS (mean square), F (variance ratio) and P
(probability).

Fg. 5. 16 ANOVA summary mbles for the annual minimum, maximum and mean water table
depths of the bog communities.
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The same statistical differences arc seen between the communitics and variants. in an examination of- ..
the minimum and mean water table, as in those outlined above for the maximum water 1able heights,
with one exception where the minimum water tabies of the hollow group do not differ sigmificantly” -
[rom those of the flat,communities. This suggests that it is the higher waler tble levels tha ‘the

hollow communities experience which results in the difference between the species composition of . ...

hollows and flats. “

2

5.2.2 SPECIFIC CONDUCTIVITY AND pH OF PEAT WATERS. .
Ombrotrophic pear waters are characterised by low pH values (pH < 4.5) (Moore and Bellamy, 1974:
Gorham ct al., 1983) and aiso have low values of electrical conductivity. This is because the raised bog
system derives its mineral supply from precipitation. which is usually acidic and low in nuidents (see
Section 5.1): The electrical ‘conductivity (EC) and pH of the interstitial water within each plot were -
measured monthly. The EC was corrected for the concentration of the H* ion fo give specific
conductance (Koo (48 em1j) (See-Chapter 4). This is a measure of the overall ionic starus of the -

water, excluding the H*, ion and gives 2 useful indication of the chemical character of the water. pH
measures the acidity or alkatinity of a water sample and is an important hydrochemical character to.
measure, particulariy in ombrotrophic peat waters where smail changes in pH may cause notabie
differences in the plant communities that occur. T

Average mean, minimum and maximum (+ 25.E.} values of pH and Ko are shown for each
community in Table 5.5.

The average mean, maximum and mimmum vatues of Kooy (£ 2 S.E.) are shown for each community
type in Fig 5.17. Unlike the water tabie depth measurements, this information does not immediately
show any obvious differences between the various communities of the high bog. L
Statistical analyses were carried out on the data. One-way analysis of variance of mean, maximum and- -
minimum vaiues detected a significant difference between the communities. Summary tables are shown -
in Fig. 5.18. AT o

t-test analysis, 1o 'test which communities were statistically different, showed that there was no,

significant difference berween the mean, maximum or minimum values for the lawn, hummock a{}d
pool groups. No significant difference was detected within the pool group. However there wasia, .
statisticaily significant difference between the two hollow communities (P< 0.01), the Rhvnchospora
atba and Zvgnemalis (1) hollows having statistically significantly higher Ko values than those
measured in the typical vanant of the community of Narthecium ossifragum, Sphagnum magellanicum
and §. tenelium, (3A) hollows. The mean, maximum and minimum values from the face-bank variant
(4G} were nort significantly different to pools, lawns or the Rhynchospora alba  and Zygnemalis
hotlows (1) but were significantly different to those of the Narthecium hollows {3A). The maximum
face-bank values were not signiftcamtly different to the disturbed variants 4B and 3D but were different
to the undisturbed hummock communities, the face-bank and burnt/disturbed communities having
higher vatues of Koorr than the unbumt/disturbed hummock communities.
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Fig. 5.17 Average annual mean, maximum and minimum Kegy (£ 2 S.E) for the pool, hoilow

and fawn communities (A} and the flarand hummock communities (B).

The disturbed community variants experience higher conductivity values in common with the face-bank
community type. This suggests that mineralisation of the peat in these areas is higher and that more
fons are available in the peat water. No statistical differences were detected in water table heights
between the burnt/disturbed and non-burnt/disturbed hummock types, so the differences that do oceur
cannot be due to differences in peat mineralisation rates caused by differences in water table height, but
must be due (o the effects of disturbance (dminage) and/or fire causing release of ions.
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ANOVA summary thb[e ol‘, _mbﬁn Keorr

SOURCE DF . .-S8S§ MS F P
" Betwcen il 5716 519.6 3.67 0.0002
Within 1300 . 7 870 . 141.6 :
Total 140 73980 _
ANOVA summary table of minimem Keopp
- SOURCE DF « .88 MS F P
Between I . 2232 207.5 2.0 0.0327
Within 130 © 13340 103.4
Total 141 . 15630
"ANOVA summary table of maximum Keorr
SOURCE DF - sS ‘MS F P
Benveen 11 103700 T 9430 4.59 A 0.00001
Within 130 2.65200 2056 ‘
Total 141 - 369000 _ i . ‘
DF {(degrees of {reedom).”SS (sums of squares), MS (mean square), F (variance ratto) and P
{probability),
Fig. 5. 18 ANOVA summary tabies for the anrual mean, maximem and minimum Keorr values

of the bog communities.

The higher maximum conductivity values experienced by pool communities in comparison to the

unburnt/disturbed hummocks may be refated 1o the fact that the hummock torming Sphagmum species .

have higher cation exchange capacities than those Sphagnum species of more aquatic communities
(Clymo and Hayward. 1982). This means that the Kegrr levels will be low in the water of hummock
communtiies, as the cation exchange sites will bind the available cations, which contribute to the EC
and the release H* ions into the water column. As Keorr is @ measure of ionic concentration minus the

concentration of the H¥ ion: the balance of increased H* in the water is not recorded. Thus Keeer levels.

aquatic Sphagnaum species is lower, Flushing of these excess ions may occur during pericds of high

* ~rainfall and thus the Keorr of hummock waters may be high during the winter months {Fig. 5.19).

High ionic concentrations may also occur in pools due to concentration caused by high evaporation
during drier periods. The Kooy levels in hummock communities Auctuate more than in pool
communities.
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‘Fig. 519 Ko values over the vear in the tvpical pool and hummock communities.
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The average mean, maximum 2nd minimum pH values for each community are illustrated in Fig.
5.20. :
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Fig. 5. 20 Average annual mean, maximum 2nd minimum pH (£ 2 S.E) for the pool, hollow,
la_\m, ﬂa; and hummock communities.

The differences in pH values between the various communities appear to be slight. Analysis of
variance of the mean, maximum and minimum pH vaiues of the bog vegetation showed no statistical
significant difference between any of the communities (P> 0.05 in all cases). Although the pH of
raised bog communities would be expected to vary only within 2 small range, some detectable variation
_ between the different communities was anticipated. Nevertheless, these findings are in agreement with
those of Doyle {1990), who found. in her study of decomposition, that pH values difTered litde between
. hollows, pools and hummocks. The explanation, outlined above, for the higher Kooy levels seen in .
pools should result in lower pH values in hummock communities, but perhaps the pH change is not
sufficiently large to be detected. It may also suggest that the second explanation, of concentration of

5.3. BOG HYDROCHEMISTRY

In addition to measuring pH and Ky (KC) of waier samples from the various communities, more
detailed hydrochemical analyses were carried out at selected sites. Sampling took place every second
month over a two year period (for details see Chapter 4). The concentrations of the following ions were
measured: Na* and CI", as they are indicators of the level of ombrotrophy of the system; HCO3™ and

Ca?-+, as they can indicate the amount of ground water influence {Fe and Mn may also be used); N and
P (wtal phosphate (TP) and orthophosphate (OP)), as they can indicate rates of mineralisation; SO4~ as
an indicaror of marine influence or atmospheric pollution; K* as it may be limiting o plant growth
and supply from precipitation is low. Water table height (WT) and water table fluctuation (WTFL) -
were also included in the analysis.

These analyses showed that that the high bog commumities are indeed ombrotrophic and receive their
ionic inputs only from rain. The hydrochemistry of a typical raised bog sample is shown in Fig. 5.21.
If this is compared to Fig. 5.5 above, which illustrates the % ionic content of precipitation at both
Clara and Raheenmore, the similarity to rainfall chemistry is apparent. The concentration of Cl and Na
are higher in the bog sample than in precipitation. This is due to the preferential absorption of other
ions from solution by the vegetation and to the cation exchange sites on peat particles.

ofs

ions due to evaporation, is more plausible. ) l
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Fig. 5.21 Hydrochemistry of a typical high bog sample.
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5.4. CANONICAL CORRESPONDENCE ANALYSIS.
The data from the hydrojogical and hydrochemical investigations carried out over the two vear period for
the high bog sites were used in the program CANOCO to perform canonical comrespondence analyses.

This program detects species - environment relationships and thus community - environment -

refationships. Two baiches were run; one using the mean data from the period October 1990 -
September 1991; the other using the mean values of the dara from October 1991 - September 1992,
The variables used included waier table measurement and the hydrochemical data of selected high bog
communities (not all communities are represented, as not all were included in the more detailed
hvdrochemical investigations).

No passive analysis of variables was required in the CCA of the 1990-1991 data, as the variance .

inflation factors given in the out put were all below 20. The eigenvalues for the axes were 0.604,

0.460, 0.346 and Q.251. The correlation fmatrix ‘from the CCA output showed that the l'ollowme;

variables were sirongly comrelated: Keopr with Na, Ci, Ca, Mg and SO4: water table was negatlvel)
related to water table fluctuation.

For the ordination of the 1991-1992 data the vaniable of water table was analysed passively as it was
negatively correlated with NHq. Boih these variables had high inflation factors in the first CCA, which
had no passive variables. The eigenvalues for the axes in this plot were 0.629, 0.578, (.541 and 0.474,

The variables Ca, Fe and Ma are correlated with each other as are Cl, Na and Mg. pH and alkalinity are
aiso correfated.

A Monte- Carlo test was carried out on each of these ordinations, and in both cases gave an overall

highly statisticallv. significant result (P < 0.01).

The two ordination plots are shown in Fig. 5.22 (1990-1991) and in Fig. 5.23 (1991-1992). The most
significant difference between the plots from the two different vears is the position of the community
of tvpical pools (2A). In the drier year of 1990-1991, thev plot out close to the hollow communities,
whereas in a wetter year (1991-1992) they plot out on their own, related strongly to the vector of water
table and higher levels of Na and Cl, indicating a larger rainwater input. This would suggest that,
although no significant differences were detected between the individual environmental variable data
collected from the different vears, a dry vear affects the hydrochemistry of the pool communities more
than any other community type, when the sum of environmental vaniables are analysed. This indicates

* that this community type may be the most sensitive to hydrological change (Chapter 8 and associated

maps show how restricted this community type is). The marginal communities 3A, 3D and 1 piot out
close ogether in both vears. The hollow community 3A does not occupy quite as an exreme position
in the wetter vear as it does in the drier vear. The face-bank community (4G} plots out strongly related
10 the vector of water table fluctuation (WTFL). This suggests increased mineralisation may occur and
indeed the vectors of higher total phosphate (TP) and NH4 plot in the same direction. The typical
variant of the hummock communities (4A} is a very variable type, with a spread across the ordination.
This is because it is a very diverse community type with great vanability in hummock height and
species compositton. The burnt/disturbed hummock community (4B) occupies an intermediate situation
on both plots and is not strongly related to any particular environmental vector.
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The main conclusion which may be drawn from this investigation into the hydrology and

hvdrochermistry of raised bog communities are:

L. that water table level is by far the most important factor controlling the distribution of plant
communities on the bog expanse.

2 that the pH of the high bog communities shows little variation.

3. that intra-community variability in some community tvpes masks inter-community differences,
despite samples for hydrochemical analvses being cottected within small sample plots.

5.5. BOG AND MARGINAL (LAGG) HYDROCHEMISTRY AND
HYDROLOGY.

Canonical Correspondence analysis was carried out on the data derived from the water table
measurements and hydrochemical samples from all sites collected between 1990 and 1992. These
included samptes from wo very different areas of the bogs; numely those discussed above, the bog sites
and those, which will be discussed more fully in the following chapter, the marginal communities.

Two Canonical Correspondence analvses were carried out: one oan the data from 1990-1991 aad the
other on the 1991-1992 data. The eigenvalues for the ordination axes for the first of these were 0.908,
(.700, 0.608 and 0.516. The first axis being the most important in separating the sites, as it has the
highest etgen value. The pH and Ky values were excluded from the initial analysis, as they were
collinear with Ca and were later added to the ordination plot by passive analysis.

Statistical analvses using the Monte-Carlo permutation test showed that the first ordination axis was
not statistically significantly in its relation to species composition (P > 0:05). However the Monte-
Carlo permutation test quite often shows no significance when there is a high level of collinearity
among variables (the case here) or where the number of samples is low in relation to the number of
environmental variables. The overall statistical test on the effect of the environmental variables on the
species gave a highly significant result (P < 0.01).

The ordination plot of the second vear's data follows a similar pattern with eigenvalues of 0:958,
0.590, 0.541 and 0.490 for the axes. The pH, alkalinity and Kgry values were excluded from the initial

-+~ analysis as they were collinear with Ca anid ‘were added tater to' thé ordination plot by passive analysis.

The Monte-Carlo permutation test also showed a similar result with the overall test showing a
significant difference (P < 0.01) while the [irst ordination axis was not significant. This was
presumably due to the reason cited above.

The ordination plots of these two analyses are shown in Fig. 5.24 and Fig. 5.25. These four ordination
plots of sites and environmental variables highlight the difference between the hydrology and
hydrochemistry of the high bog communities and the marginal communities of the two bogs. The
main difference is that the high bog hydrochemistry is characterised by low pH, Kcorr, alkalinity and
calcium and high levels of Na and Cl, while the marginal communities have the opposite
characteristics, with high pH, Kegrr and Ca levels.
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CHAPTER 6: MARGINAL (LAGG) AND CUT-AWAY HYDROLOGY
: AND HYDROCHEMISTRY.

6.1 INTRODUCTION
The dome of-an inwci rised bog is usually surrounded by an area of mesotrophic (poor) ten, w hich i is
situated between the bog and the mineral sil. [t forms part ol the marginal drainage system and may
inctude a sweant. This area s termed the lage and recetves a mixed water suppiy: it is supplied both b}
ground water {fom the surrounding mineral soil and by surface runofT from the high bog (Fig. 6.1). The
chemisiry of the latter is usually close to that of rain water, while the former is more mineral rich.
" This mixing of water can create conditions suitable for the development of poor fen vegetation
{Streefkerk and Casparie, 19891 Cross, 1990). Due to exploitation. most Irish raised bogs have today
few or no lage communilies remaining at their margins. This vegetation tvpe however was a feature of
midland raised bogs in the past. Lagg vegetation was recorded arvund bogs close to Edenderry, Co.
Offaly by Gsvald (1949). The extent ol lagg vegetalion scen by Osvald depended on the local
conditions, that is on the hydrology and hydrochemistry.

Zone of mixing
Area where lags
vegeiation could
develop.

Surface Bun-off

 Bedrock and glacial
deposits

Fig. 6.1 Schematic diagram illustrating the area where lagg vegetation can develop on the margins
of a raised bog.

Small relict areas of poor fen or lagg vegeration were identified at both Clara and Raheenmore (See
Chapter 8 and associated maps). The hvdrology and hvdrochemistry of these areas were investigated to
discover which environmental conditions were reluted to these vegetation types. [t was intended that
this information should be used to extend existing areas of poor fen or to artempt re-creation of lagg
vegetation tvpes. The existence of poor fen vegetation at these sites greatly enhances community
diversity. As no raised bogs with an intact lagg vegetation remain in Ireland, it would be of significant
importance (o conservation to discover if re-creation is possibie. Most importandy it is necessary 10 be
able to conserve the few small areas that still remain.

Both bogs have undergone exploitation in the past and Clara is still suffering from extensive marginal
peat cutting. This has resulted in large areas of cut-away peat at the margins of each site. When these
areas are abandoned. vegetation invades but the community tvpes that develop depend on local
hydrology and hydrochemistry. Old areas of cut-away which do not completely dry ot can regenerate 10
a certain extent, with the re-growth of Sphagnnm species. In the wetter areas where water collects,
smail poots or pits form, which can support pool like plant communities. Their species composition
often indicates some mineral enrichment. with the occurrence of species such as Potentilla palustris,
HRvdrocorvie vulgaris and Carex diandra. Old wrf banks and other desiccated peat areas usually support
vegetation of drier situations. with species like Calluna valgaris, Ulex enropaens and Preridium
aquilinum commonly seen. Intermediate areas are often colonised and dominated by Molinia caerulea.

Vegetation work had already been carried out on marginal areas of Clara and Raheenmore by Van Dijk
and Young (1984). This included 2 survey of lagg vegetation types with some preliminary linking to
environmental parameters. However verv few environmental measurements were made as the time
available for their work was limited. Some mapping and ecological interpretation of marginal areas on
Irish mised bogs were also undertaken by Overman et al. (1989). Their vegetation survey included an

=1
vl

los




appraisal of the marginal veyctation of Clara and Raheenmore. Although their mapping work was
dewled. only cut-away peal areas were included and thus no poor fen communities were identified.

Sixtecn community tvpes are examined in this chapter. These types are:

3G. The community of Narihecium ossifragum. Sphagmiun magellanicum and Sphagnum
feneflim, the vanant with Molinia caerniea and Potenidilla erecia.
4H. The community of Callune vulgaris. Sphagmun capitlifolium and Cladonia portentosa, phase

of Plenrozinmn schreberi.

41, The community of Calluna valgaris, Sphagnum capillifolinm and Cladonia porrentosa, vanant
with Molinia caerniea and Porentilla erecia.

9B. The community of Sphagnuwn recurvimn and Polvirichum afpesire, variant with Carexrostraia.

14C.  The community of Molinia caeruleu and Poterilla ereria, typical varant.

t4D.  The comemunity of Molinia caenidea and Potentilla erecta, vadant with Juncus effusus.

15B.  The community of Calliergon cuspidamm and Equiseium fluviatile, typical variant.

13C.  The community of Calliergon cuspidatum and Equisetum fluviatile, variamt with Valeriana

officinalis.
disticlu.

16A.  The community ol Filipendula uimaria and Festuca oving, variamt with Rhviidiadelpims
SqUATTOSHS.

16B.  The community of Filipendula nimaria and Fesmca oving, variant with Carexdisticha.

17. The community of Ulexenropaens and Molinia caeruleq.

20. The community of Safix anrita subsp. ofeifslia and Drvopreris carthusiana.

2L The community of Preridium agnifinum and Molinia caerilea.

22, The community of Carexacuta and Carex hirta.

23 The community of Rannncnlus repens and Carex hirta.

.2. HYDROLOGY

Water ble levels were measured monthiy within the marginal vegetation plots for at least one year and

in a selected number of plots for two vears. The average mean. maximum and minimum values (£ 2

S.E) for each community. type are shown in Table 6.1. This information is illustrated in Fig.6.2. All B
marginal and cut-way communilies have their mean and minimum water tabie height below surface

level but in some communities the maximum water table is over ground level. The most noticeable

water table difference between these sites and those of the high bog sites is the arge fluctuations in

height that can occur.

20

15D. The community of Calliergon cuspidatiun and Fquisetion fluviatile, variant with Carex I
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Fig. 6.2  Annual meuan, maximum and minimum water table heights (cm) in the marginal and cut-
away communities.
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Table 6.1 Sununary of hy(lrnlngu.nl and some hydrochemical th-’llﬂ(l( ristics of the cut-away and marginal plai comnumities. The ‘
annual average, mean, amxinand mimom vidue st 2 500 nre shown Tor waier l.nhh, depih (em), |:li and Kooy
(pnSem ). .
~Water Table pIl Kearr
Mein Max. Min. Mean Max. Min. Mean Max. Min.
G -2.6 6.0 -11.0 5.7 5.9; 4.3 108. 1 139.1 82.1
A P-B6 (£17.0) | -1.2 (£14.6)  1-352 (#:13.6) | 44 (£0.9) (4.7(£1.0) [ 3.8 (2:0.2) 152.5 (x15.]) 85.2 (+3:1.0) 27.0 (+12.2)
-l 6.0 (1-48) | 3.6 (£2.8) SO (- LY (002) LT (e03) 139 (1001 | 65.2 (1R.2) I35 (235.6) 1303 (47D,
9l | -8 a6 Q7.2 18,53 (28.2) (51 (20 6.0 (07 {-LT (0.8) | 7. 2(48.) 1957 (216.2) T |36 (x11.8) -
4] -22.1 (£9.4) | -6, (+£1.8) -0 3 (£ 17.8) 14.2 (£0.2) 5.0:0:0.6) [3.9 (20.1) }55.5(x12.2) 86.7 (£21.0) : 133.2 (+10.8)7
HIDT-HLLO (£7.-D) 1 2.6 (214D -38.5 (£10.6) [ 6.4 (£0.2) 16.9(0.2) |16 (2:0.2) [ 151.7 (148.0) 1962 (+208) |D5.0 (£31.2)
ISR] 5200500 8.0 (12.6) A2R (0156 [6.9000.2) 172 ¢100.2) 163 (00.2) 2003 (2 132.6) [3090.0 ( (179 | 216:8 (410072
TR LR (12.0) 21 (1:2.0) 21,0 (1-0.2) 1o (10.2) 168 (10.2) |35 0.2y | T12:0 {217.0) J 115 (1268) -1 B33 (£12.8)
15D -2.5 (4:2.8) 7.2 (£].6) - 2.9 (17.6) (6.7 (£03) V7.1 (0.3) {60 (0.3) 12193 (x16.8) 2619 (£28.0) | 176.2 (£13.8)
TOA ] -1-02 (25.8) 3.2 (15.0) -42.0 (290 165 (0.2) 6.9 (1:0.3) | 55 (103) | 1496 (£32.2) [{253.8 (172.2) [87.8 (1:28.0)
LORIB.8 (1B.6) 117 (£:1.6) S77.0 (1£23.6) [ 6.9 (20.2) [7.3 (00.3) 159 (00.2) 13342 (a86.8) [-193.6 (2115.6) 12307 {183.(1)
7 (260 (£25.6) | 168 (+31.2) | <I0.1 (1:27.2) | 1.6 (40.1) | 5.8 (10.3) |38 (100 |RI8 (1167 P33.6 (192.00 1605 (12.0)
20 1 78GR -2 (5. 322 (0 12.8) 1660 (00.3) 168 (L04) 157 (20.2) 11563 (£10.0) 2328 (270.2) [ HIT6 (4111}
1109 -30.3 ~65.4] 5.2 5.0~ 3.0 835.6 102 .4 659
22 1273 -13.- -|6.0 7.0 7.5 6.3 451.0 553.9 35419
23 1-27.0(21.0) [-13.6 (£0.2) |-46.7 (26 7.0 (20.6) 17.5 (20.3) 6.2 (£0.2) {360.3 (£59.3) [:139.6 (168.1} |251.8 (1.81.1)
NOTE: Where no standard error is indicaled the data are based on the observations lrom one sample of thal cammunity type.




Anulvses of variance (ANOVA) of the mean, maximum and minimum values for the marginai sites
were carried out. Only 10 community types were included in the anaivses as there was a lack of
sulficient replicate data for some types. This was owing to: the restriction in size of some
communities; the reclamation of some marginal areas during the course of the fieldwork: the
destruction of some phreatic pipes by cattle. Of the communities which could be included, the ANOVA
of mean, maximum and minimum water @ble gave very significant siatistical differences between
cornmunities, P < 0.01 in all cases (summary tables are shown in Fig. 6.3).

t-lesis were carried out on the annual mean, minimum and maximum water table depths w0 determine
which communities were statisticaily different from others. Communities 41, 14C and 14D are the
least species rich of the marginal (rather than the obvious cut-away types) communities and occupy the
drier miche with maximum water table depths significanily lower than in the community groups 15 and
16 (P < 0.05). Statstically the average water table depths within the 15 group do not differ
significantly. However maximum water table heights separate 15C (P < 0.01) from 15B and 15D (P <
0.05), which have higher maximum water table heights. There is no statistical difference between 158
and 15D. The mean water table deplh ts lower in the 16 group than in the 15 group (P < 0.05). Within

the 16 group there is a difference in minimum water table height, 16B having a s:gmﬁcamlv lower
minimum water tzble depth (P < 0.05).

ANOVA summary table of Mean Water tahle.

SOURCE DF 88 MS F P
Between 9 2374 263.8 287 0.0082
Within 51 4688 91.92
Total &0 . 7062
ANOVA summary tabie of Maximum Water table.

SOURCE DF 58 MS F P
Between S 1305 145.0 3.7 0.0013
Within 51 1995 39.12
Total 60 3300

" "ANOVA ‘summary table of Minimum Water tabie. '

SOURCE DF S8 MS F P
Between S 17490 1943 531 0.003
Within 51 29500 586.3
Total 60 47390

DF (degrees of freedom), SS (sums of squares), MS (mean square), F (variance mtio) and
P (probability).

Fig. 6.3 Summary tables of the ANOVA of the mean, minimum 2nd maximum water table
heights in the marginat and cut-away communities

An examination of the mean mouathly water able depth over the year shows a number of community
groupings, The communities 3G and 9B are wet sites with little water table flucnuation throughout the
year, compared to the other marginal sites (Fig. 6.4). The plots inciuded in the community types 4H
and 20 have very variable water able depths. This may imply that water table depth is not an important
lactor in the distribution of these communites. ,
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Fig. 6.4  Mean monthly water table depths of the wet cut- away communities.

41 and 14C have similar mean monthiv water table depths throughout the yvear, those of 14C being just
stightly lower. (Fig 6.5).
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Fig. 6.5 Mean monthly water table depths in the dry cut-away communities.

The communities 17, 22 and 23 follow very similar trends throughout the vear with relatively low
waler table depths at all times (Fig. 6.6).
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Fig. 66  Mean monthly water table depths in the drier cut- away communities.

The communities in group 15 follow similar parterns. 158 and 15D have greater water table
fluctuations than 15 C. However 15C is a drier community type (Fig. 6.7).
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Fig. 67  Mean monthiv water wble depths in the group 15 communities.

The community types 16A and 16B foilow similar paiterns but variant 16B experiences much larger
Muctuations in water table depth (Fig. 6.8). The difference between the two variants may also be
illustrated in an examination of the duration lines [or these two community types (Fig 6.9). These
show that the water tble in varaint 16B spends much longer below surface level and than it does in

16A. This suggests that more peat mineralisation could occur under the more aerobic conditions that
the lower water table levels would provide.
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Fig. 68  Mean monthly water table depths in the group 16 communities.
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6.3 Kegrr and pH MEASUREMENTS.
Kooy and pH measurements of water samples were also made monthly within the same plots as water
table measurements were taken. Average mean, maximum and minimum values are shown in Table

6.1, The Kegyy values are illustrated in Fig. 6.10. Major differences in Ko values berween the
different communities are apparent. ANOVA on the mean data from the 10 communities, which could
be statistically analysed, showed a very highly significant difference (P < 0.001). t-tests, to statistically
test which communities were different, showed that it was possible to divide the marginal and cut-away
communities into three main groups. The first of these encompassing the communities with relatively
low Keprr values, community tvpes 3G, 4H, 41, 9B, 14C, 17 and 21. The second group with
intermediate Kooy valves, differs statistically from the previous group (P <0.01, P <0.001) and
encompasses the community types 15C, 14D, 16A and 20. The final group of communities with high
Ko values, differs statistically from the previous group (P <0.05) and includes the community types
15B, 15D, 168, 22 and 23.

Prior to a more detailed hvdrochemical investigation, these three groups indicate that there is a group of
communities, of the cut-away, which are not influenced by ground water, a group which may be partly
affected by up-welling ground water and finally a group which are almaost certainly under the influence
of ground water.
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Fig. 6.10 Arnnuat mean, maximum and minimum Ko (#S cm‘l) (=2 S.E.) in the marginal and
Cut-away communities.

Average mean. maximum and minimum pH values for the marginal communities are shown in Fig.
6.11 In common with the Ko data. ANOVA of the annual mean levels shows a very highly
significant difference between the communities (P < 0.001). Here, t-tests divide the communities into
four groups: the group of communities with very low pH values, akin to raised bog pH levels,
communities 4H. 41, 14C and 21; communities 9B and 3G with low pH values; communities 14D,
15C and 20 with intermediate pH values; and finally those with high pH levels, communities 158,
15D. 16A, 16B, 22 and 23. High pH values indicate 2 ground water influence as the Ca=* ion in
ground water is an antagonist of the H* ion and thus helps to reguilate soil acidity (Kemmers, 1986).
Ground water in the region of Clara and Raheenmore bogs is rich in Ca-as it has a fong residence time
in the mineral soil {limestone derived) thus becoming enriched with minerals. Hyvdrochemical analysis
of samples from borehotes into the limestone bedrock at Clara and Raheenmore show concentrations of
Calcium of approximately 140 mg i1 {Flynn, 1993). In contrast waters which have recendy infiitrated
or short residence time have a similar chemistry to rainwater and thus have low pH values.
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Fig. 6.11  Annual mean, maximum and minimum pH (x 2 S.E.) in the marginal and cut-away
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6.4. HYDROCHEMISTRY AND CCA OF THE MARGINAL AND CUT-AWAY

SITES. ‘
More detailed hvdrochemical analyses were carried out on 4 number of selected water samples. The
chusen sites were sampled every second month for at leust one veur and in some instances {or twa
vears. Not all community types were incorporated in this analysis as it was not possible to sampie all
sites [or detailed hydrochemistry, due to the restraints of time available for field work and laboratory
analvses. These data were analvsed using canonical correspondence analvsis. The data from the two
dilTerent vears were unalvsed separately and no significant dilferences were detected berween the different
vears. The 1990-1991 daw are discussed, as a greater number of marginal communities were sampled
during that period. The 1990-1991 ordinatton plots are shown in Fig. 6.12. The eigenvalues for the
axes in this ordinatton were (.860, 0.759, .734 and 0.664, indicating that the third ordination axis is
almaost as imporant as the second in separating the species data. The environmental parameters used in
the analysis were water table (WT) water fTuctuation (WTFL) pH, Kiprr (KQ), Na, K, NHg, Ca. Mg,
NQs, Cl, SQ4, Total Phosphate (TP}, Orthophosphate (OP), Fe and Mn. Alkalinity values were not
included as some data were missing. However, the parameter of atkalinity is closely related to pH-in ail
other CCA plots including the ordination plot of the second year’s data. The most important variables
separating these marginal communities are those related 10 pH. incorporating the vanables pH, Ko
and Ca (and alkalinity). These are the indicators of ground water us mentioned above. The communities
22, 16A, 15B plot out to the igh pH side ol the ordination. Communities 6B, 15C, and 20 are also
on the ground water side of the ordination but their position does not indicate such a strong ground
water influence. The left side of the ordination shows 3 drier more ombrotrophic set of communities.
Communities 17, 41, 14C, 21 and 14D are related to water table [uctuation and higher levels of NOx,
suggesting peat mincralisution.

Recveling of Pand N tn marginal areas {s quicker than in the raised bog communities, as conditions
are more favourable for mineralisation (Malmer, 1986). The conditions for decomposition at the bog
margins are mote favourable due to greater aeration and lower acidity compared to the vegetation tvpes
on the mire expanse.

In summary three vegetation groups, with sub-sections, can be esiablished {rom the communities
examined during the investigation of the marginal communities at Clara aod Raheenmore: T .
Cut-away communities ' 3

These are characterised by low Ca levels (Fig.6.13), low pH and low K. They are very similar o
high bog communities in relation to the pH and Ca (Fig. 6.14) content of their interstitial water. 82
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Fig.6.13  Caconcentration in water samples from within the cut-away communities.
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Fig.6.14 Ca concentration in water samples from within the two typical high bog communities.

a. Wet

3G and 9B: both communities are (ound in wetter areas of the cut-away. They are relatively species
diverse tn comparision {0 the typical high bog communities. Some mineral enrichment is suggested
with elevated phosphate levels (annual average of 0.043 mg I°1) compared to those levels recorded in
samples from high bog communities (annual average of 0.016 mg I1). Although they have high water
table levels, they fail below surface level for sufficient periods for peat mineralisation to occur.

b. Dry
4l, 4H, 14C, 17 and 21: all have indications of increased mineralisation, that is higher phosphate

concentrations (annual average 0.057 mg 1), This would be expected as low water table levels ensure
enhanced aeration and thus higher turnover of plant litter. No ground water influence is indicated.

Intermediate communities
These are characterised by relatively high pH, Koo 2nd Ca (Fig. 6.15) indicating some influence of

Lgoundwater L
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Fig.6.15 Ca concentration in water samples from within the intermediate marginal communities.
a. Wet

15C and 20: both communities are close 1o ombrotrophic conditions, that is the ions Na and Cl are
important, but there is some indication of minemalisation or a low ground water input. This ground

water influence may occur at certain times of the year although no significant seasonal differences could
be established.

b. Dry

14D, 16A: water table levels are low in these two communities, some mineralisation is indicated with
stightly etevated phosphate levels.

Lagg commaunities

15B, 15D, i6B, 22 and 23: these communities are all associated with high pH, elevated Ky, Ca
(Fig. 6.16) and Fe values. This indicates ground water influence. These are the communities which
could form the core of lagg vegetation at both sites. They are still relatively dry due to drainage and if

lagg sedge communities are to be established an increase in the height of the regional ground water
level is required. ,
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Fig.6.16  Ca concentration in water samples from within the Tagg' communities.

6.5 CONCLUSIONS

The main conclusions that can be made from the examination of the marginal and cut-away
communities on Clara and Ritheenmore are:

1. That there are still areas of vegetation on the margins of both bogs that indicate poor fen
condittons (lagg communities} which are influenced by ground water. These are situated on
Raheenmore north-west, some small areas on the southern edge of Raheenmore and on the
northern edge of Clara East (the lutter area has been recently disturbed but could stifl be
rehabilitated). The water table level in these communities is still relatively tow and if an
increase in sedge communities is desired the regional ground water mble will need to be ratsed.
As well as creating wetter conditions the impact of ground water would be greater.

These existing areas can now. in theory, be protected as their hydrological and hydrochemical
characteristics are known. This knowledge could result in the ability to extend existing
communilies if suitable conditions could be created in other areas.

3. Creation of suitable conditions may include (a) the removal of ombrotrophic peat in cut-away
areas so that fen peats are exposed for recolonisation by fen peat species or (b) an increase of
witer table levels by impeding drainage.

~- 4. - That the wel cut-away comrmunities add'to species diversity aad do not require any conservation
measures apart from ensuring that the peat does not become desiccated. This may be achieved by
controiling marginal drainage of adjacent land. The indications of nutrient enrichment which are
seen in these areas are probably related 1o the mobilisation of certain minerals caused by the
oxidative decompasition of the peat after exposure to air.

3. [f 2ny marginal communities are to be conserved, then existing areas of lagg vegetation, which
are oot already owned by the National Parks and Wildlife Service (O.P.W.), should be purchased
as soon as possible.

(%]

6.6 RELATIONSHIPS BETWEEN BOG, MARGIN AND S50AK

COMMUNITIES.
A surnmary comparisca of the three main habitat types associated with these two raised bog systems is
shown in Fig. 6.17. This ordination plot is based on the data from the bog and lagg sites sampled in
October 1990 and the data from the soak sites sampled in October 1991. The variable Ca was analysed
passively as it was correlated with the variables pH and Koger- The eigenvalues for the axes in this
ordination were 0.667, 0.493, 0.375 ard 0.267.The following variables were shown 1o be correlated in
the correlation matrix in the output from CCA: Kegrr and pH, Na and Cl and SO4 and Mg. The
Monte-Carlo statistical test showed both the first axis and the overall test to be statistically significant.

In this Canonical Correspondence analysis, the hydrology and hydrochemistry of the bog, marginal and
soak communities are compared (the soak systems of Clara are examined in more detail in the
following chapter). Here the overall relationships of the three main vegetation divisions may be seen.
The bog sites, as mentioned previously, are associated with the vectors of Na and Cl. This indicates
their ombrotrophic nature. The water tabte vector indicates the wetter bog communities, such as pools
and lawns, whereas the hummock and flat communities are in a negative position to the water table
vector. The scak communities plot out. in some instances to the ombrotrophic site of the ordination
and others to the Fe, Ky, pH and Ca side (ground water influence). The marginal communities,
including some of the cut-away tvpes. are also associated with the ground water indicators of high Ca,
pH and Kogrr values. However thev are also assoctated with indicators of mineralisation such as higher
total ghosphate levels (TP) and elevated NO3. NO3 is negatively related to water table, as the NHg
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form of mitrogen is more common under wateriogged conditions {Armstrong, 1983}, Some cut-away
sites are closely related (o the drier side of the ombrotrophic section of the system. This ordination plot
proves that the three main vegetation divisions that have been identfied during this investigadon are
based on hydroiogical and hvdrochemical differences.
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CHAPTER SEVEN: SOAK SYSTEMS.

7.1 INTRCDUCTION,

" Suaks have been described as areas of mesotrophic or minerotrophic vegetation, occurring on an
otherwise ombrotrophic bog, which are usually associated with internal drainage svstems (Osvald,
1949, Moure, 1953; Cross, 1990). Moore (1953) states that aimost all midland raised bogs of over one
square mile (2.59 km?) in arex hud features such as these. Since the 1950s, practically all larger bog
complexes of the midlands have been exploited and consequently these souk svstems have been
destroved. Today only three ratsed bogs with large open water soak systems remain, namely Clara Bog,
Co. Offaly, Addergoole Bog. Co. Galway and Shanville, Co. Roscommon (Cross, 1990). The exact
processes by which these svstems were formed and maintined are not fully known, afthough some
hypotheses were put forward in the pust (Bellamy, 1986; Cross, [990). I Clara bog is 10 be conserved
with its soak systems intact, further investigations tnte soak characteristics and functioning are
necessary. One of the prnimary aims of the Irish and Dutch project is the conservation of Clara's soak
systems. As apparently naturally occurting phenomenon, they are an important part of the mire system
as they not only add significantiy 1o the diversity of plant species within the mire but also are now
extremely rare features of rised bugs.

This investigation into the soak svstems on Clara Bog will add o the present knowledge of soak
systems by mapping the vegeiation patterns ol the main soaks, by collating information cbtained by
other workers duning the project and by carrving out a series of hvdrochemicul investigations.

7.2 SOAKS ON CLARA BOG.
Three main soak systems have been identified on Clara Bog (Fig 7.1). These are as tollows:

1. Lough Roe on Clara East (A).
1. Shaniey’s Lough on Clara West (B).
iti. The long North-South soak on Clara West (C).

In addition to these, other minor areas which could be described as svaks or paru.xl soaks were idemtified
. ~during-the vegetation survey and-mapping of the bog. These were: )

iv. Smiall soak to the south of Lough RGE (D).
V. Small area of Benla and Mahma caerufeq on Clm West (E).
vi. Smail area of Bemda and Moliniacaertiea on Clara West (F).

.2.1 Lough Roe.

History

This soak site is located on the eustern drained section of Clara Bog. The stratigrapical investigations of
Connolly (1992) show that this feawre has probably existed since the initiation of raised bog formation
{(Fig. 7.2). The ordnance survey map of 1838 shows Clara Bog in a relatively undrained state with only
two long drains on either side of the bog, running parallel to the road. Lough Roe is shown as a open
water body. approximately 220 metres long by 50 metres wide (Fig.7.3 A). By the time of the 1910
survey Lough Roe had a large drain leading from its western end to the road-side drains. Lough Roe is
still shown as an open water body but is reduced slightly in size 10 210 m long by 50 m wide (Fig.7.3
B). Zoclogical and botanical work on Lough Roe in the early 1580s shows that the area of open water
had been much reduced. to approximately 5 metres by 20 metres, as the lake had become progressively
infilled by a flcating raft of vegetation or scragh (Reynolds, 1985). The central area at this time still
supported plant communities of open water conditions (M. Schouten, pers. comm.).

Present Day

The vegetation wark carried out in this area during the survey of the soak systems showed that
practically no open water remains now, although the central area is still very wet and quaking and is
surrounded by a scragh of vegetation. This rapid overgrowth was probably aided by the extensive
surface drainage of Clara East in 1983/84 in preparation for peat extraction (Fig. 7.4). This would have
resulted in 2 general lowering of the water table in the area and thus created drier conditions and aflowed
the encroachment of less aquatic species. It is also possible that the blocking of the exit drain to the
west in the 1980s may have increased the impact of acid water, from the surrounding ombrotrophic
bog, and increased the impact of mineral poor precipitation, by diluting the more mineral rich waters of
the soak. which could no tonger overflow so rapidly due 1o the blockage of the exit drain.
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Fig. 7.1

Map of Clara Bog showing soak and minor soak locanois.

(A) Lough Roe, Clara East.

(B) Shanley's Lough, Clara West.

(C) North/South Soak, Clara West.

(D) Small Soak south of Lough Roe.

(E) Smail Berula/Molinia soak, Clara West

(F) Very small Betula/Molinia soak, Clara West.
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Fig. 7.2 Stratigraphical section of the east-west axis of Lough Roe.

Source: Connolly (1992).
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Mappiny of the leature ollowed the vegetation survey and this vegelation map shows 2 zonation-in.
vegewtion types from a wet central core, with remnant open waler plant communities, to progressivéi:vl
drer more ombrotrophic conditions at the edges of the feature (Frg. 7.5). The vegetation of the central-
area is indicative of poor fen conditions with vascular species such as Carex rosiraia, Lvchnis flos-
cucucti, Hvdrocorvle vuigaris, Potentilla palustris, Menvanthes trifoliata and Succisa pratensis
occurming frequendy (Plate 9). This corresponds closely 10 the Carex rostrata and Sphagnum squarrosiun
mire of Rodwell (1991). - o

Hydrochemistry -~ o
Sampies for detailed hydrochemical analyses were collected (rom this site every second month for one:”

vear and water wble, pH and electrical conductivity measurements were made each month for one vear.
The sampling poiats within the Lough are shown in Fig. 7.6.

The annual average mean, maximum and minimum vaiues (= 2 S.E. ) for watertable (cm), pH and
Keorr of the soak communities are shown in Table 7.1. These were calculated [from the. monthly
measurements taken between August, 1991 and July, 1997 The community tvpes 5A, 5C, 5B (Plate
10), 6 (Plate 11), 8Aa, 8Ab (Plate 12), 8B (Plate 13), 8C (Plate 14}, 11, 12Ab (Plate 15} and 13 ocour
in Lough Roe (see Chapter 4 for detailed community descriptions),

The Koy data from the Lough Roe communities shows definite patermns. The communities may be
divided into three groups on the basis of their average monthly Koy values (Fig. 7.7). The first group .
(Fig. 7.7 (A)) are siwated in the central acea of Lough Roe and are associated with high Keomr values
throughout the year. The second group of communities (Fig. 7.7 (B)) have intermediate Ko values
and are generally seen in the sub-central section of the scuk. The final group (Fig. 7.7 (C)) have low
Keorr values, similar to values measured in the ombrotrophic communities of the high bog, and are
mostly found at the margins of Lough Roe.

Similar groupings of communities may be seen in an examination of the pH values (Table 7.1).
These Keorr, pH and other more detailed hydrochemical data from this area support the suggestion that

this is a poor fen system, as the water samples from this area (particularly from the central section) are
- 00t typieal of ombrotrophic bog situations.” ol ' c
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Fig. 7.6 Map of Lough Roe showing sampling points of hydrochemical,
| hydrological and vegetation investigations.
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Table 7.1, Summiry of some hydrachemicat and hydrological eharacieristics ol the soak plant commuities. The annual average of the
mean, maximum and minimum values (4 2 5.15.) are shown for waler table depth (em), pland Kegy (0 S em1).

Waler table p! Kearr

Min Mix Mean Min Max . Mean Min Max Mean
Al 211 (210.6) [4.2 (26.6Y {52 (£7.2) 3.6 (0 143 (x0.1) [4.0 (+0.0) [20.1 (+8.8) 805 (+£16.0) [52.5(x 6.4)
AA 5.3 (+20.8) 306 (£1.0) [25.5 (20.6) [4.3 (:0.2) | 5.2 (£03) {4.9 (20.3) | 62.4 (x12.4) ] 139.0 (136.8)]|98.1 (£18.2)
ik 0.7 54.2 46.0 4.7 5.5 151 56.4 1671 102.7
S0 6.2 158 28.0 4.7 5.7 53 75.1 142.0 (1.7
O 0.6 (1.4 230 (+B.2) [ 14.5 (£5.4) [ 4.5 (x0.2) | 53 (£0.2) .| 5.0 (2:0.2) | 72.6 (£15.6) {1150 (1:25.6) ]| 94.1 (120.8)
7 3.0 (:£0.6) 27.0 (£3.0) 119.0 (1:2.6) (3.5 (0.0) {d.d (20.1) | 4.0 (£0.0) | 25.5 (x1.4) 69.0 (£2.6) 48.8 (x3.6)
BAa  1-5.2 (14d.6) 15.6 (25.0) {9.0 (24.0y (3.7 (0.1) {43 (£0.1);]4.0 (x0.1) |23.3 (+2.8) 68.9 (+1.9) 449 (+1.3)
BAL 1-3.2(x2.2) 13.4 (£2.6) 8.0 (+2.4) [4.2 (2:0.2) 4.8 (£0.2) 4.5 (£0.2) | 51.1 (£8.8) 018 (£11.6) |73.7 (9.0
8B -0.5 (4.6) 1.6 (£6.6) [ 59 (x6.8) 4.2 (x0.1) 5.0 (x0.1) [ 4.5 (£0.1) 1 52.8 (+7.6) 86.7 (£7.9) 70,4 (+5.8)
B -6.7 (£2.2) 9.1 (22.0) [ 3.4 (22.2) (4.1 (0.1 {5.0 (x0.1) {4.6 (+:0.1) [46.1 (£4.9) 9:4.77 {+4.9) 71.0 (£4.5)
OA 103 (£2.2) |55 (22.6) 10,9 (2.8 (3.6 (2:0.1) 4.2 {£0.00 3.9 (x0.0) | 19.0 (14.0) 854 (£22.2) |44.2 {13.6)
11 3.0 (22.6) [ A7 (22.00 [-Ted (aldy [ 38 (0.2) [4.5 (0.3) 4.2 (40.3) [ 344 (10.0) O1.0 («11.2) 397 (£10.2)
I2Aa 1-18.8 (1200 | 2.4 (£3.8) |-56 (1) [3.7 (20.1) 142 (0030 3.9 (e0.0) {263 (2:1.0) Bl (£18.0) 1521 (14.2)
[2Ab }-16.5 (x7.2) |54 (x1.6) |-1.7 (23.8) [3.5 (20.1) [ 4.2 (20.0).[3.9 (:0.0) |33.6 (:16.5) |83 (x47.4) | 552 (1.22.6)
12Ac | -109 (+£3.6) | 6.9 (12.8) 0.2 (22.8) 3.7 (01 (43 0D (4.0 (2:0.0) | 19.5 (4:41.6) 65.0 (x:1.d) el (1:1.2)
12130 | -6.4 1.5 5.3 1.7 4.3 4.1 27.0 63.8 47.3
1200 {-19.4 (49.4) |57 (x8.6) |-2.0 (+:8.8) [3.5 (x0.1) {.2 (+0.0) | 3.9 («0.0) | 28.8 (+3.0) 06.2 (£33.2) | 51.9 (1:3.1)
13 -4.6 10.6 6.1 4.5 6.1 14.5 54,9 o83 69.6
LA 20 (9.4 [ 1.3 (45.6) G (eSBY |35 (0.1) 142 (0.0 :1 4.0 (0.0 1252 (14.2) 761 (122.0) 51.4 (2.0
B |-2.5(x5.2) (8.6 (2:5.8) | 11.5 (2:6.) 3.7 (10.0) 1.4 (20.1)1 4.1 (2.0,0) | 28,4 {+3.4) 68.6 (12.6) 7.1 (40.8)

Nole: Replicate samples were unavailable where no standard errors are indicated.
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Fig. 7.7 Average monthly Koy values for the Lough Roe sites. (A) commuaities with high
Kooay values, (B) communities with intermediate Keorr values and (C) communities with

low Kooy vatues.

Water classification, using the computer program of Stuyfzand (1990), shows thar waters of CaCl type
are common, with CaHCO3 water types also occurring (Table 7.2). This indicates that there is a source
of mineral enriched water coming into the site, as the high levels of Ca and HCO3, necessary for the
waters to be classified as CaCl and CaHCO3, cannot be derived totally from precipitation (see Chapter
5). An examination of Table 7.2 shows that there is 2 variation in water chemistry over the vear. This
is related to the amount of dilution that is occurring. When precipitation is high, the Ca and HCO3 in
the soak waters will be dituted by the incoming rain, which has high levels of Na, SO4 and Cl and low
HCO3and Ca.
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Table 7.2 Hydrochemical Data from Lough Roe (setected sites) lor the period August, 1991 1o June
1992 at two-monthty inierv al:,

SAMPLE TIME

Site Aug'9i Oct 91 Dec '91 Feb '92 Apr '92 Jun '92
230 CaCl NaCl CaCl NaCl Na(l NaCl
.31 CacCl CaCl - CaCl NaCl CaCl CaCl
36 CaCl CaCl "] NaCl NaCl CaCl CacCl
244 CaCl - | CaCl CaCl CaHCOn CaHCO3 CaHCO3
251 CaCl CaCl CaCl CaCl CaCl CaCl
252 CaCl CaCl CaCli CaCl CaCl CaCl
256 CaHC(n3 CaMiCl Cad} NaCl CaHCOs CaHC(s
257 CaHCOgy CaCl! CaCl CaHCOn CaHCOg CaHCOs

Water types may be characierised by their icnic ratio (Van Wirdum, 1980). The ionic ratio of a water
sample is calculated using the following formula:

Ca+i(Ca* + Mg3+.+ Na* + K*) (meg I}

The ionic ratio may be plotied against the electrical conductivity to illustrate the hydrochemical
characteristics of the water sample. If atmospheric {precipitation) and lithographic (ground water)
samples are also indicated. water source may be derived (data used from Clara Bog [or samples of

+ground water and precipttation). This tvpe of piot is known as a Van Wirdum diagram {(Van Wirdum,

1980).

A tvpical lithotrophic or ground water sample from the Clara bog area has the following chemistry: Ca
140 mg I'l, Mg 83 mg I, K 1.1 mg I'l, Na 97 mg I'l, C1 20.0 mg I'l, 5045 16.1 mg 1} ,
NO3-N 3.6 mg I'! and NH.s-N 0.16 mg I'! and an electrical conductivity of 747 S em™t (R. Flynn,

. pers. comm.).

e = we T I

The ionic ratio of the atmospheric gah'ip'llérvidms‘ calcuiated from the mean monthly valtes for each of the

ions from the vear of sampiing of prec:puauon from Clara. The EC value used was also the monthly
mean value for the year,

The Lough Roe samples plotted on the diagram are the sites which were chosen o be monitored for a
full year. The samptes from February and June are plotted to illustrate the winter and summer situation
respectively.

Typically most water samples from this site plot out toward the lithotrophic rather than the
atmospheric end of the Van Wirdum diagram, which suggests a regional ground water source (Fig. 7.8).
However hydrological investigations in this area show only verrical downward gradients of water
movement, indicating that a hydraulic head, necessary for inputs from regional ground water, is absent
(Ftynn, 1993). During the winter period more sites are situated close to the atmospheric section of the
diagram. This suggests that during periods of high rainfall and low evapotranspiration the difution
effect of rainfall is gredter and that it is only the central sites of Lough Roe that plot towards the
lithotrophic section of the diagram.
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Fig. 78: Van Wirdum diagram of Lough Roe water samples in February and June, 1992, with
atmospheric and lithotrophic reference points.

It has been suggesied that, as soaks are usually associated with internal drainage systems of the bog,
focused flow of water within the feature can explain the vegetation anomalies which oceur (Spariing.
1966; Armastrong and Boatman, 1967). Ingram (1967) states that waters, which when stagnant support
ombrotrophic vegetation, can if they flow, support 2 more mesotrophic vegetation. The water would
only be NaCl type, typical of bog waters, but the rate of delivery of ions to the plant roots would be
increased with the added advantage of greater aeration. This theory was suggested for a previons scak
systern at Pollagh Bog, Co. Offaly (Moore, 1955) and appiies to some flushed sites on blanket bogs..
Nevertheless the hydrochemical data fromi Lough Roe shows the water tn most situations to be atyptcal
of ombrotrophic bog waters and more representative of those suggesting a regional ground water input.
Therefore the above theory is not plausible. Furthermore levelling information shows that Lough Roe
is situated on a topographically high point of the bog (Hussey, 1992) and thus water {lows are unlikely
to be focused into the area.

Other Investigations

Since the initiation of this project, some minor studies (hydrological) were carried out on Lough Roe
and some further theories proposed as to the origia of enriched waters. Van den Boogaard (1993)
proposed that Lough Roe was under the influence of upwetling water held in fen peats below the site,
as gradients in ionic concentrations were observed in waters ar different depths beneath the site; deeper

peat waters having higher concentrations of Ca and Mg, However the hydraulic head required for fen
waters 10 upwell has not been detected.

Agqother theory was proposed by Flvan (1993). He suggested that the process of corrosive oxidation
may be irmportant, where the dissolved oxygen present in surface waters of the lake would enhance
piant decomposition and thus recycling of autrients. The wind exposed edges of bog pools over 2-4 m
in size have been shown to support a slightly more enriched vegetation than smailer pools, as aeration
is increased and so peat decomposition is faster with a consequent increase in puirient availability for
plant growth (Verhoeven, 1992). However this process has not been shown to result in poor fen
vegetation. Flvan {op. cit) suggested that the targer mature of this {eature, compared to typical bog
poois, means that the {etch is longer for oxygen to be incorporated into the water. Yet measurements

carried out by Flynn showed dissolved oxygen to be absent from zil but the top few centimetres of
Lough Roe.

1. Streefkerk (pers. comm.) suggested thar thermal convection currents could be responsibie for cycling
waters {rom the fen peats to the Lough surface. This hypothesis was investigated by Scheffers and Van
der Meer (1993). Temperature measurernents across Lough Roe during the summer of 1992 showed
wamaer waters at the surface. This implied that no convection currents were possible at that time as
would be expected. Flvan (1993) studied this theory further by taking temperature profile measurements
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in winter, which showed that warmer walers were present at depth below a luver of cooler water and
thus convection cyeling was possibie.

* Smail soak to the South of Lough Roe

This feature appears as an open waier body on the 1838 und 1910 maps of ihe arex it was probably
drained at the same time as Lough Roe and becausce of its smaller size and closer proximity (o the rouad
was overgrown by 2 scragh more swiftly and the transition to ombrotrophic vegetation hus been more
rapid. At the time of the vegetation survey, no open walter remained but the wettest central section still
supporied Sphagnum recurvum and Menyanthes trifpfiaia with some Aulacomnivm palusre and
Empetrim nigrum. No hydrochemistry samples were collected here but A, Connolly (pers. comm.)
intends 10 investigate the stratigraphy 1o examine if it is simtlar to Lough Roe. Its history and the
presence of sume indicator species, such as Sphagnin recurvum, Empetram nigrum and abundant
Vaccinim oxyeocens, implies that it may have a similar origin © Lough Roe.

No other bog with features such as these has been described tn the literature. Other soak systems which
have been previously recorded are more simitar to the souk sites described below.

Lough Roe Conclusions

it would 2ppear {rom these wnvestigations that Lough Roe is a refict {eature. A possible suggestion is
that the regional ground water level was lowered due to artenal drainage. Prior to this probabie lowering
of the regional ground water table, adequate artesian pressure may have existed to provide ground water
to this area in the form of a spring. This is suggesied by the findings of Connolly {1992). Since
extensive peat cutting and drainage, both regional and local, were carried out and the water table
lowered, this artesian pressure was removed and the Lough was no longer fed by spring water. Fiyvnn
{1993} further investigated this theory and hypothesized on the palechydrology of the area. He
suggested that a former lake within a dip in the esker to the nonth of the bog may have provided the
head of water required for the spring under Lough Roe. When the Brosna river caichment was drained,
this lake dried out and the head of water was lost.

Tt appears that this soak system is now under the influence of convective currents which are 