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Summary

‘he formation of complex mire systems and ftheir

-

classgification has been briefly described,

Three plant species, Schoenus nigricans, Cladium mariscus

and Molinia camerulea, whose ecological ranges cover a variety
of different mire types were selected for study. Their
living and dead tissues were collected from a range of
contrasting mire types and their tissues ahalysed for geo-
chemicals. The plants were considered to be sampling the
available geochemicals of each mire type.

A comparison of the relative availabilities of a range
of geochemicals wes made for each species between each of thé
mire types, as evidenced by the levels of each element detected
in the tissues of each species. A comparison of the levels
of each element present in the tissues from each mire type was
also made betwsen species.

Phytosociological data was collected from sach site and
subjected to Assoclation-analysis in order to attempt to
ldentify ecological gradients between the contrasting mire

types as reflected in their floristic characters,
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Introduction

In the sequence of mire formation and development thres
main ecological mire types have been described by Eulczynski,
(1949) as rheophilous, transitional and ombrophilous,

Where ever the flow of water is impeded to such a degree
that it can no longer carry matter in suspension, deposition
of allochthonous matter will occur:. A possible example
would be the situation occurring where a stream bed opens
into a large depression in its course, forming a pond. At
such a site of reduced velocity of flow, the major geomorpho-
logical process would be the deposition of materials and the
building up of the stream hed, Conditions such as these
provide a template for the formation of mire systems. As the
depth of the basin is reduced by the deposition of detritus,
hydrophytes are able to.invade the area and the process of
terrestrialisation is initiated., As this process progresses,
under anaerobic conditions, peat will be formed under the
influence of running water which is rich in bases. Such a
mire type is defined as rhebphilous. This mire type recelves
water from three sources: the upper drainage basin in the
form of stream flow; local runnoff and seepage from the
immediate drainage basin; and rainwater. The major supply
of water and nutrients is, however, from streamflow into the
basin., If peat growth continues to such a level that the
basin is blocked and the stream feeding the basin diverted,

the developing mire is now fed only by run®ff and seepage

from the immediate areca of the depression, and base poor
rainwater., The loss of the base rich stream water results
in the development of a more acid, base poor peat. Such a
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mire type isg described as transitional., If peat growth
continues until the level of the mire surface is raised
above the local topography, then the oiily supply of water
and nutrients to the mire surface will be from rain water,
The surface of the mire will no longer be influenced by
reglonal water table movements and flow, developing instead
a perched water table of its own. The level of this water
table is influenced only by the input of rain water and

out put by seepage along the edges of the mire, and to the
regional water table below. Conditions such as these result
in the formation of a light, highly acid, base poor peat.
This mire type is termed ombrophilous., As long as the input
of rain water exceeds the loss of water by secepage and evapo=
transpiration, the surface of the mire will continue to grow
upwards, as is the case in areas of high rainfall. In areas
of high precipitation, mire development may continue to such
an extent that the mire continues to grow untill it can no
longer be contained within its own dxrainage basin, growing
over the intervening water sheds, and thus forming a blanket

mire,

Summary of mire types

Mire Type Water Supply Base Status PH
Rheophilous 1. Stream flow Base rich High

24 Local runoff
and seepage

3. Rain water
Transitional 1. Local runoff Less base rich acid/
’ neutral

2. Rain water

Ombrophilous 1. Rainwater Base poor Low
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Vith nassage westwards across the British Isles the
floristic characteristics of ombrophilous mires change, until
in Western Ireland the oceanic blanket bogs display closer
floristic associations with rheophilous lowland mires than do
ombrophilous mires of England and Scotland, Schoenus nigricans

(L), Cladium mariscus (L), Pohl, and Molinia caerulea (L), Moench,

are all to be found growing on ombrophilous mires in the
west of Ireland, whilst throughout the rest of Europe they
are confined to base rich rheophilous mires and certain flushed
sites, in the cases of Schoenus nigricuns and lMolinia caerulea.
It was decided to investigate the geochemlstry of a
range of contrasting mire types using these thiree species as
phytome: ters, To 1investigate whether, or to what extent the
mineral differences between a range of mire types are reflected
in the tissues of the plants found growing on them.
The method was to collect plant material from a range
of mire types, covering the full ecological amplitude of the
species investigated, and ¢tc analyse the plant tissues for a
range of ﬁutrient and heavy metal elements. It is argued
that in this way at least some of the problem in the definition
of availability would be overcome, in that at least all the
geochemicals present in the tissues must have been held in
available form by the plant-soil system. The !'phytometers!
were thus to be used to 'sample! the available geochemicals
in each mire system,
Ecology of Species
Schoenus niggicané is normally only to be found growing
on base rich fen peats and certain flushed sites in Continental
Europe and most of the British Isles. In Western Ireland,

hovever, it forms one of the most important characteristic
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constituents of the blanket bog flora. This discrepancy in

the ecology of Schoenus nigricans has been investigated by
many plant ecologists. Various explanations for the occurrence
of this speciss on Irish blanket bogs have been proposed, and
will be discussed here.

The various explanations are chiefly concerned with the
edaphic differences between Irish blanket bogs and English and
Scottish raised bogs, on which this species is not found, and
the climatic conditions experienced in the western Irish
coastal areas, Most of the theories are based upon the same
climatic consideration, that is, the influence of the prevailing
south westerly wind, which is heavily laden with rain and
saltes., Clearly some aspect of mineral nutrition is importint,
Sparling (1967a) oconsiders from the restriction of Schoenus
nigricans on blanket bog to a narrow strip on the west coast
of Ireland, that the mineral differences are directly
influenced by climate, He considers that the climate could
aifect the plant direotly through itranspiration and ion
uptake, and also indirectly by altering edaphic conditions,
such as differences in peat formation and the supply of
minerals to the pemt in rain and dust. The major features of
the Irish climate are shown in plate 1. The west coast of
Ireland experiences a high fre«wency of gales, thus the salt
content of the rain is increased.

Tansly (1939) was perhaps one of the first to offer an
explanation for the prescence of Schoenus nigricans on Irish
blanket peats, and proposed his now classical 'Sea Spray!'
hypothesis, suggesting that the occurrence of this plant on
Irish blanket bogs may be favoured by the falling of sea qray,

driven by inshore gales onto the surfaces of the bogs, thus




Plate 1
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changing the soil reaction of the ombrophilous peat, so that
it more closely resembles that of the more normal habitats of

Schoenus nigricans.,

Pearsall and Lind (1941), who were also concerned with
the base reaction of the Irish peats, made the suggestion that
the extreemly moilst climate of westerm Ireland was preventing
the blanket bog peats, in this case a Connemara bog, from
reaching the same level of asration and oxidation as those
peats of raised bogs in the English Lake District. For this
reason the pH levels cof the Irish blanket bogs are maintain ed
at higher general levels, normally above pH 4.,7. Thus they
reject the idea that additional bases from sea spray are
necessary for the maintenance of higher pH values. They also
noted that Schoenus nigricans growing under water-logged
conditions is normally depauperate in nature,

Gorham (1953a) considered the direct effect that sea spray
would have upon the mmtritlonal status of Irish blanket bogs.
tle demonstrated that the pH and base status of the blanket
bogs of westerm Ireland were greater than those of raised bogs
in the English Lake Digtrict. However owing to the fact that
the baseo saturation of the Irish peats were still lower than
is usual in water-logged soils influenced by mineral soil
water, he suggested that the mildness of the Irish climatewas
a possible factor permitting this plant to grow in the less
base rich habitats.

Further to the consideration of the pH status of Irish
blanket bogs and the growth of Schoenus nigricans, there does
not appear to be any report of a pH value below pH 4 for any
western Irish peat. Gorham (1953b) has shown that pH is

related to the level of base saturation of the peat, but his
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values for pH of raised bogs which fall between 3 and 4 show
no correlation with the base status of the peat. Sjors (1950)
has also demonatrated that the pH of poat water is related

to the soluble bases, as measured by conductivity. Howover it
has been shown that the relotionship betwcen pH and available
icns is far less close, if it holds at all, below pH 5.

WVhether therefore, the higher pH of the blanket bogs of the
west of Ireland may be attributed to sea spray still seems open
to some doubt, The differcnces in pH between a Mayo bog and

a Lake District bog reported by Gorham (1953a), may or may not
be as a result of the differences in the degree of base
saturation,

Malmer (1962) has demonstrated, that in su.mer in Gotland
South Sweden, the watexr level was low and not in contact with
the upper layers of the peat, After summer when the water
level rose, it came into contact with the surface layers of
peat, where more oxidising conditicns had been prevelent for
scme time, resuliing in the pH of Lue hog being lowered. The
development of acidity in Irish peats is probably being
prevented by the exchange of cations freoem rain wvater with
hydrogen lons present on the peat colloids, and presumably
by the fact that rainfall over western Irelancd is more evenly
spread throughout the year than over South Sweden, hence the
surfaces of the Irish peats will be less likely to dry out to
the same extent as those investigated by Malmer.

With respect to the salt concentfation in the rain
altering the edaphic conditions of Irish blanket peats
Sparling (1966) observed that divalent cations, in particular
magnesium, would tend to exchange with the hydrogen ions

adsorbed on the peat colloids, and that acidity decreased,
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much as it does in flushed sites, 1In view of this Sparling
(1967) suggested that the lower acidity and salt supply in
western Irish blanket bogs would perhaps result in a more
rapid breakdown of the peat and a greater rate of release of
nutrients.

Since ombrophilous bogs are dependent upon rainfall for
their supply of electrolytes, the concentration of slectrolytes
in rain water is of great importance to the bog and its
vegetation. The concentration of salts in the rain varies
with distance from the sea, and also with proximity to industrial
areas and other sources of dust, Boatman (1961) investigating
the sources of nutrients to a bog in County Kerry, Western
Ireland, found negative correlations between the exchangeahle
content of sodium and magnesium with distance from the sea,
and concluded that the major source of these ions 1s from sea
spray., Calcium concentrations and pH increased with distance
from the sea, Boatman suggested dust as a possible source of
calcium ions. Finding that the change in exchangeable calcium
content of peat with distance from the sea was not quite
significant, he suggested that the supply of calcium throughout
the area could have been simllar, but that the amount of this
element retained by bogs very close to the sea is reduced
through increased competition for adsorption sites with
magnesium., Potassium and iron conteﬁt of the peat showed no
relationship with distance from the sea. Gorham (1957)
analysed rain water collected from Rosscahill, 20 miles from
the sea in county Galway, and found higher concentrations of
electrolytes here than in samples collected from the English
Lake District. Gorham calculated that 20-30% of the potassium

in rain wvater over Oughterard in Galway was derived from the

-l



sea and éuggesta rock dust as a source of the rest. Gorham
also demonstrated that approximately 67% of the magnesium in
rain water samples from Rosscahill was derived from sea spray.
He obtained, in general, similar relationships for calcium
levels as he did for magnesium, however, the calcium levels
exceeded 1.0 mg/l in Ireland and Great Britain only near the
coasts. Sparling (1967) collected rain water samples from

two stations near Glenamoy County Mayo, wlithin ten miles of

the Atlantic Ocean, The results he obtained show that the
amounts of electrolytes present in rain fluctuate with season,
concentrations of ions being greatest during the winter months
due to stormy winter weather. Sparling considers that the
amounts of major nutrients supplied to the bog must be very
close to those which minerotrophic, that is rheophilous bogs,
recleve, He considers this to be of interest, ‘'since the
floristic differences between ombrophilous and minerotrophic
bogs become progressively less as.the bog becomss more oceanic.'
The amwounts of phosphorus and nitrogen which fall on the
blanket bogg of Western Yreland generally appear to be lower
than those which fall on English bogs, Eriksson et al (1960).
This may be attributed to the association of these elements
with dust particles, which are less frequent in regions of
high humidity, Hutchinson {1957). Sparling (1967a) points

out the fact that most ombrophiloué éogs in England and Scotland
are at higher elevations than Irish blanket bogs, and therefore
not in areas of high electrolyte concentration in the rain,
Sparling also reports that where low level bogs occur in
Scotland, as for example at Laxford Bridge Sutherland, Skye

and the Outer Hebrides Schoemws nigricans is found either on

ombrophilous bogs or slightly flushed base pooxr bogs.
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Boatman (1957), working on a Connemara bog, made the
following observations of the distribution and growth of

Schoenus nigricans on the Galway-Mayo peninsula, Firstly,

in agreement with Pearsall and Lind (1941), he observed the
plant to frequent suprisingly dry areas on the bog surface,
producing the best growth on dry areas of peat over rocky
knolls., Which suggests to the present author, that in an area
of high rainfall, and under conditions of better drainage, the
overall tendency would be for the soil water to percolate down
through the peat, and may be effoectively flushing the habitat,
producing conditions more conduaive to the growth of this plant.
Boatman also considered that Schoenus nigricans was maintaining
itself on the bog surface by means of vegetative reproduction
only and was not re-seceding. Finally he makes the point that
Sphagnum species, which are not on the whole very important
constituents of the blanket bogs of Connemara and Mayo, may

play a part in resticting the occurence of Schoenus nigricans

on cther bog surfaces.

Schoenus nigricans is tolerant of a wide variety of
habitats, from highly calcareous fens and magnesium rich
serpentine areas; to nutrient poor blanket bogs. Occurring in
situations where a single ion, such as calcium, magnesium or
sodium may be dominant. The plant may also be found growing
in habitats with a pH as lov as 4.2, the Irish blanket bogs, or
in highly calcareous situations with a pH of 8 or more., In
view of this wide ecological tolerance displayed by this species,
it is hardly suprising that botaniste have sought to explain
the absence of Schoenus nigricans from English and Scottish
blanket bogs.

Conway (1958) tried unsuccessfully to transplant Schoenus
nigricans onto blanket peat in the MoorEHouse Nature Reserve,

.



Sho congidered that the failure of transplants te survive
indicates that conditions must be such in these habitats that
Schogrius nigricans is unable to curvive. Chemical analyses
of bog waters Gorham (1550) and Spariing (1962) indicate that
calcium levels and pl are the main factors differing
consiastently botween fens and blanket or valley bogs.

The next approaches to bhe taheﬁ with a view to solving
this problem were experimentally based. Sparling (1967b) pgrew
Schoenus nigricons under different water culture troatments,
and concliuded that levsls of calcium fons in the solutions had
little effect on the plants' growth., le discovereod that
Schoonus plants absorb similar amocunts of calcium from solutiens
contaeining high and low levels of this eiement. With respect
to the effect of pH he obsercved that between pi 3.9 to 7.8
the effect was slight, but below pH 3.8 root growth wvas strongly
inhibited. Spariing demonstrated that when the wajor ions are
considered,; there ¢an be ne obstacle to the establishment and

grovth of Schoenus nigricans in relatively acid and base poor

conditions, and considered that surface drying of Scottish and
English bogs, together with aubsequent increased acildity may
be preventing the growth of this species. Boatmon (1962)
analysed plants of Schoenus nigricans from different habitats
in western Ireland, and found significant correlations between
magnesium, potassium and yield. After conducting oexperiments
to test this, Boatman considercd that lov potassium levels in
Yorkshire peat limited growth, together with some, as yet,
unidentified eloment, which also acts to 1limit growth, With
raspect to pH, Boatmon also found tihat in the rogion of pH &4
Schoenus nigricans roacts strongly to hydrogen ion concentration,

resulting in failure to germinate and the stunting of root growih.
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Perhaps the most popular current theory relating to the
distribution of Schoenus nigricans is that relating to the
gusceptibllity of this plant to the toxic effect of aluminium
ions., Spariing (1967) investigated the effect of aluminium iona
on the performance of Schoenus nigricans seedlings, and noted
that at concentrations of 1 mg/l Al ions the rate of root
elongation was substantially reduced. Under high calcium ion
concentrations the effect of aluminium toxicity was alevia ted
to some degree, probably through competition for absorption
sites on the root. Sparling (1962) has also shown that
aluminium concentrations in waters from sites in Galway, Mayo
and Kerry are generally much lower, in the region of 0,03 mg/l,
than in water from blanket bogs in England and Scotland, where
concentrations of aluminium in the region of 1 mg/l were
reported, Sparling (1967b) suggests that the absence of
aluminium from Irish peats 1s the factor enabling this species
to growv on western Irish blaenket bogs, Boatman (1972) grew

Schoenug nisricans on peats collected from Sutherland in

Scotland and Kerry in western Ireland., Boatman also considered

that the failure of the plant to establish itself on Scottish

éeat was due to the fact that aluminium reached a concentration
thch was toxic to the roots of the plant. He also considered
that the plant is surviving on Irish blanket bogs due to the
fact that grazing pressure is very slight in these more remote
areas of the British Isles,

From the above it can be seen that the wvarious explanations
for the anomaious occurrence of Schoenus nigricans on Irish
blanket bogs concern themselves mainly with the edaphic and
climatic differences between western Irish blanket bogs and

English and Scottish blanket bogs, and also with the differences
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between Irlsh blanket bogs and lowland nutrient rich fense, in
which Schoenus nigricans normally occurs., It was hoped that
during the course of this invesatigation any differences in the
edaphic conditions of each site visited would be reflected in
the levels of nutrient and heavy metal elements present in the
tissues of the plants analysed.

'Molinia caerulea is a perenial grass whose life form is

consldered to show adaptations to growth in fen communities
rather than to that on moor and bog « . « ' Pearsall (1918).

However Molinia caerulea shows as equally wide a range of

ecological tolerance as does Schoenus nigricans, growing in a
wide variety of different habitats. Jefferies (1915), McVean
(1952) and Rutter (1955) have all shown that Molinia caerulea
depends primarily upon an abundant supply of relatively fresh
water. Jefferies (1915) observed that wherever stagnation
becomes pronounced, so that the soil water is badly aerated

and excessively acid Molinia caerulea tends to degenerate,

This plant may be found growing on acid peaty soils or low
lying calcareous or neutral fens. Generally under acid camrditions
this speclies is found growing either in flushes or along stream
banks where water movement is more pronounced. Jefferies (1915)

noted that under acid bog conditions Molinia caerulea is

usually only found occupying sites where the sldpe is just
great enough to stimulate the lateral flow of water, which
results in greater oxidising conditions. On the west coast

of Ireland however, this plant is to be found growing on areas
of flat blanket bog, although only ever as single plants,
never forming pure stands. Pearsall (1938) noted that Molinia
caerulea may occur on either water logged reducing soils where
the pH exceeds 4.4 or on soils of pH 3.9, these acidities only
being tolerated under oxidising conditions,

-12-



James (1962) claims that this species is never to be
found growing on well drained base rich or calcareous soils,
ghowing that conditions in dry calcareous soils wore such that
the uptake of phosphorus by Molinia caciulea is restricted,
even wvhen this element is readily available in the socoil.
Howevor, HMolinia caerulea was obsgerved during this study,
growing on high calcaraous glacial ti1l in the Burren District
of western Ireland, in associlation with Schoenus nigricans, and
samples of theso plants were collected for analyslis. James
considered that the chomigal nature of calcareous seils, bheing
dominatod largely by OH and catt ions, may be responsible for
the restriction of phosphorus uptako.

GCladium mariscus is typlcally a pilant of base rich fona
and the shallow water zones of lakes and ponda. This speciles
requires a water logged substratum of ocither peat or mineral
5011 rich in bazos and organic matter. Apparent exceptions
occur in Connemara, Praager (193%), where this species flourishas
under acid bog conditions. Fearsail (1938) examined such sites
and found (ladium mariscus growing on coarse baase saturated
sands with a pH of 6.,3. Samples have bheen taken from such sites
for analysis and comparieson with samples of this specles
collected frcm its morc 'mormal' habitats, the base rich fens

of Bast Anglia,




Site Descriptions

The gites visited during the course of thils study range
from the base rich lowland fens of East inglia, rheophilous
mire types, to ombrophilous mire types in the west of Ireland,
Bach site will be desciribed here, whilst their floristic
descriptions have been referred to the appendix. Each site
has been classified in accordance with the criteria of the
hydrological mire type data displayed in figure 2, after
Bellamy (1972).

Rheophilous Mire Sites

Lowland Sites

Foulden Common Grid Ref: TF 760000

Altitude 6.2 m,

Distance from the coast along the direction of the prevailing
wind 265.5 Km,

Prevailing wind direction South VWesterly.

Aspect TFlat

Hydrological mire type 2.

A small rheophilous mire recieving base rich drainage water from
slightly higher agricultural land., The vegetaticn 1s copen fen
type belng colonised by fen carr species around the perimeter

of the mire. A depression at the centre of the fen is dominated
by a large staend of Cladium mariscus with Schoenus nigricans
growing in soaks around the edge of the Cladium mariscus

stand,

Little Fen Grid Ref: TM 042793

Altitude Tm.
Distance from the coast along the direction of the prevailing
wind 235.9 Km.

Prevalling wind direction South VWesterly
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A large lowland rheophilous mire complex, which once recieved
base rich drainage woter from the surrounding agricultural
land. The water table level of the fen is now maintained by
pumping in water from the surrounding area, this water is still
rich in bases.

Site 1. ickthorn carr in amongst which Cladlium mariscus

forms a dense stand, a relict of the original open fen
community,

Site 2., Open fen largely dominated by Cladium mariscus and

FParagmites cormunis.

Lough Coolreash Grid Ref: R 3395

Altitude 27 m,

Aspect TMlat,

Distance from the ccast along the direction of the prevailing
wind 22.5 Km,

Prevailing wind direction South Westerly

Hydrologicel mire type 2.

A mire fermecd on marley peat at the north west end of Lough
Coolreash, subject to heavy grazing. The Lough has no surface
inflow or cutflow streams, but lying as it does in a limest one
basin it must be subject to the movements of the regional water
table.

Site 1. All thrce speciee were collected from the mire lying
at the northern end of the Lough,

Site 2, All three species were collected from a fringing
community at the ecdge of the Lough,

Hawes Water Grid Ref: SD 470760

Altitude 7-9 M

Aspect Tlat
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Distance from the coast along the direction of the prevalling
wind 3.22 HKm.

Prevalling wind direction South Vesterly.

Hydrological Mire Type 1.

Plant material was collected from a pioneer fringing community
of Cladium mariscus growing at the edge of a small tarn.

The tarn is developed in a small depression in Carboniferous
Limestone rock, thersefore the vegetation is growing under
highly calcareous conditions:

Upland Bheophilous Sites

Sunbigein Grid Ref: SD 8304

Altitude 472.4 wm,

Aspect South

Distance from the coast anlong the direction of the prevailing
wind 48.3 Km.

Prevailing wind directicn South Vesterly

Hydrologlcal mire type 1.

Samples of Cladium mariscus were colleacted from a pilonear
stand of this species growing as a fringing community around
the edge of the tarn at Sunbiggins;Schoenusnigricaﬁs was
collected from flushes along the edge of the strsam feeding
the tarn. The water entering the tarn is rich in bases from
the local Carboniferogs Limestoneand Millstone Grit series,

Cunswick Tarn Grid Ref: SD 489937

Altitude 75 m,

Aspect Tlat

Distance from the coast along the direction of the prevailing
wind 22,8 Km,

Prevalning wind direction South Westerly.

Hydrological Mire Type 1.
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The tarn occupies a depression in the surrounding Carboniferous
Limestone rock, therefore the site may be described as highly

calcareous, Samples of Cladium mariscus were collected from

a denso pioneer stand of this species growing as a fringing
communtiy around the edge of the tarn,

Transitional Mire Lowland

Newton Rainey Moss Grid Ref: NY 478309

Altitude 183 m,

Aspeet Flat

Distance from the coast along the direction of the prevailing
wind 56.3 Km.

Hydrological Mire Type 5.

Site 1. An oxtensive area of infilled peat cuttings between
slightly elevated bulks, A well defined cpen comnunity with
Schoenus nigricans only occuring in relatively small amounts,
Scattered shrubs are invading the area, mainly Betula pubescens

and Salix cinerea.

Site 2. A small shallow deopression in the middle of carr
vegetation, the centre of which is dominated by Cladium mariscus.
The moss recieves drainage water only from the immediate areas
bordering the moss,

Ombrophilous Mires

Lough Cloonagat Grid Ref: L 6946
Altitude 6 m.

Slope Tlat

Distance from the coast along the direction of the prevailing
wind 10 Km,

Prevailing wind direction South Westerly

Hydrological Mire Type 7.

Site 1. An ombrophilous mire with a flat surface, lying
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between two small loughs., The general mire surface 1s
dominated by Schoenus nigricans.

S5ite 2, A reed swamp at the northern edge of one of the small
loughs, a small areoa of vegetatiocn dominated by Cladium mariscus

rooted in firm peat fringing the lough at the head of a flush,

Lough in Comnemara Grid Ref: L6944

Altitude 6m.

Aspect Flat.

Distance from the coast along the direction of the prevailing
wind 10 ¥Xm.

Hydrological Mire Type 7.

A small lough developed on the surface of an ombrophilous
mire cleose to lLough Cloonagat. Cladium mariscus forms a
fringing community along the shore of the lough growing in

18 inches of peaty water,

Cmbrophilous Mire Connemara

Altitudé.ﬁma

Slope TIMlat

Distance from the coast along the direction of the provailing
vind 10 EKm,

Prevalling wind direction South Westerly.

Hydrological Mire Type 7.

A large area of flat ombrophilous mire dominated by Schoenus
nigricansg with Molinia caerulea also present,

Minerotrophic Sites
River Cahor Vplley Grid Ref: R 140085

Altitude 94.5 m.

Slope 85 degrees

Aspect South

Distance from the coast along the direction of the prevailing

wind 2 Km,
-18-



Prevailing wind direction South Westerly

Highly clacarecus lateral morain has boen depouited along

the northern edge of the river valley. These deposits have
been undercut deeply by the stream flowing through the wvalley,
this action together with the previous glacial activitlies has
resulted in the formation of a shear sided flat bottomed
valley, The local geology of the area is Carboniferous
Limestone series, thie morains on which the mineral soils are
developed are therefore highly calcarecus,.

Site 1. A Schoenus nigricans dominated community developed at

the top of the valley side, just over the edge of the surface
of the morain, inaccessible to grazing animals -~ domestic.
Site 2, Scheoenus nigricans and Molinia caerulca growing in

association, in a2 similar situation to site 1,
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Materials and Mcthods

Chemical Analysis of Plant Tissues

Living and dead leaf tissues of each of the species under
investigation was collected at each of the sites vigited, when
available. In the cases of Schoenus nigricans and Cladium
mariscus dead leaf tips were collected, whilast in the case of
Molinia caerulea the previous years! leaf litter was collected.
Owing to the fact that the growing season on the west coast of
Ireland starts earlier in the yeér than in the rest of the
British Isles, it was not possible to sample all the sites
concurrently. The Irish sites wore sampled during the the last
week in April, and the English sites sampled during the first
and second weeks in June. All the sites wera sampled Jjust
after the beginning of the growing season, it was considered
that all the plant tissues would be in similar physiological
conditions.

Although the relative proportions of variocus mineral
nutrients may differ 1ln the leaves of some plants with age,
Guttler (1941); Baumeister (1958). The changes in the mineral
composition of leaves with age in species inveastigated by
Jefferies and Willis (1964) did not appear to be very pronounced.
Their analyses of leaves collected in the spring did not differ
markedly from those of leaves collected in the summer. The
differences in sampling time experienced in this study are not
considered to be important.

Analysis was carried out on leaf tissues, which were
regarded as giving a better index of the nutrient status of the
plant than roots, where complete removal of soil particles is

rarely achieved, or stems, where many of the cells are dead
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xylem elements,

Triplicate samples of the living and dead leaf tiassues
of each specles were collected from each site in order to
account for site variation to some degreo,

The leaves were washed in distilled water and then dried
for forty eight hours at 80°C. The dried leaves wera then
milled down to a fine powder. One gram of each sample was
digested in a Kjeldahl flask, to which was added 20 ml of
concentrated nitric acid and 5 ml of 60% w/v perchloric acid
(sg. 1.54). Analar chemicala were used throughout. The problem
of foaming was overcome by adding the nitric acid 12 hours
before adding the perchleric acid, after which all the excess
acid was boiled off until only a little perchlorate remained,
The neck of the flask was then washed dovm with distilled water
and the contents filtered through WVhatman Nc. 42 paper, whi ch
had previously been soalked in 10% perchloric acid to removed
trace elements, filtration removes any trace elements from the
paper. The filltrate was then made up tc 1CC ml.

Calcium, magnesium, potassium, sodium, aluminium, =zinc,
lead, manganese and iron levels were then determined with the
use of a Perkin Elmer 403 Atomic Absorption Spectrophotometer,
The instrument was set up as described in the instruction
manual, The wavelengths used, together with thelr theoretical
sensitivity for 1% absorption are quoted in table 1.

All the phosphorus present in plant tissues is converted
to phosphate phosphorus during the process of digestion used
here, PFPhosphate levels were estimated by means of the
ammonium molybdate ammonium metavanadate method, which depends
upon the formation of a yellow phospho-molybdate complex under

acld conditions. This method ccvers a wide range of phosphate




concentrations;, and is less susceptible to intorference,

The reagent was made up as follows:

50 ml concentrated nitric acid were added to 50 ml of
distilled water.

0.312 gm of ammonium metavanadate were added to 100 ml of
cooled nitric acid

12,5 gm of ammonium molybdate were added to 100 ml distilled
water,

The two solutions were mixed together and made up to 250 ml
using distilled water.

To 40 ml of each digestant 5 ml of the above reagont was added
and left for five minutes for the colour complex to form, after
which time the solutions were made up to 50 ml and the colour
intensity read on an Eel Spectrophotometer; which had previously

been calibrated, at 470 mu wavelength,

Table 1.
Element Havelength Sensitivity
{ugm/1 = 1% absorbance)
Magnesium 285.6 UV 0.007
Calcium 211.7 Vis, 0.08
Potassium 383.4 Vvis. 0.04
Sodium 294 ,7 Vis. 0.015
Zine 214.3 uv 0,018
Iron 248,8 uv 0.12
Manganese 279.9 UV 0.005
Aluninium 309.6 UV 1.0
Lead 283.5 uUv 0.5
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Vegetation Analysis

An area, generally 10 metres by 10 metres, of what was
considered to be homogenous vegetation has been deseribed for
each aite, The cover value of each specles present has been

exprogssed according to the Braun Blanquet cover scale, sees
table 2a,

Table Za,

Value Percentage Cover
+ less than 1%
1 1-5%
2 6~25%
3 26-50%
A 51-75%
5 76=100%

The second number given to each species indicates the
sociability index of each specles, see table 2b.

Table 2b,

Sociability
1 © Growlng once in a place, singly.
2 Grouped or tufted.
3 In troops, small patches or cushions,
L In small colonies, extensive patches
or forming carpets.
5 In great crowds or pure populations.,

Thus an adequate desecription of each vegstation type is
achieved,

An associlation analysis, after Williams and Lambert (1960, 61)
was selected for the analysis of the vegetation data. This

method was selected in order to apply . simple measurement of
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the relative similarities of sample composition, thus giving
rise to a situation which enables the arrangement of the
sample areas along axes which may correspond to underlying
environmental gradients,

In order to carry out the analysis the cover data was
transformed into simple presence and absence data, Analysis
was carried out on an IBM computer. The method employed uses
positive and negative correlations for the division of the data
in an hierarchical manner. Villiams and Lambert (1959,60)
demonstrate thet there are a number of alternative subdivisions
which will produce the method'!'s objective, and for this purpose
introduce the concept of efficient subdivision. The division
occurs on the species which produces the smallest total number
of significant correlations in each of the dichotomous pairs
of division. ’X_2 is used as a measure of correlation, both
groups resulting from a division are retained. The hierarchical
procedure thus employed poses the problem of significance.
The relative importance of the different subdivisions at thae
same level may vary considerably. One subdivision may reduce
the residual heterogenity by a large amount, whilst a parallel
subdivision on the other side of the hierarchy may cause only
a small reduction in the residual heterogenity. In order to
record this disparity Williams and Lambert used the highest
individual'x_2 value within the data as the criterion for the
termination of subdivision, Subdivision ceases when no
:lndividual‘x__2 value exceeds 3.84, corresponding to a probability
of 0,05,

Owing to the fact that data for only 17 quadrats was
being analysed, the computer was instructed to terminate analysis
after six sub-groups had been formed. Thus individual‘?&2

values may exceed 3,84,
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Results

Vegetation Analysis

The results of the vegetation analysis are presented on
Plate 2.

Of note is the fact that on the first division the
ombrophilous mire in Connemara and the transitional mire at
Newton Rainey Moss have been separated by the presence at these

sites of Iriophorum angustifolium, an acld bog species.

Ombrophilous sites where thils species is absent, Lough
Cloonagat and the Lough 1in Connemara subsequently fall into
clusters along with rheophilous sites, indicating the closer
floristic similarities of these sites, The'){_2 coefficient

of each of the final divisions indicate that a great deal of
heterogenity still exists within the final clusters, It was
thought that further subdivisions would perhaps reduce this
heterogenity and may result in the separation of ombrophilous
and rheophilous sites into separate clusters. However furt her
analysis merely resulted in the separeting out of individual
rheophilous sites without reducing the residual heterogenity
to any real degree, an inherent drawback when floristicaly rich
data is subjected to such an analysis., However the analysis
does serve to illustrate the floristic similarities between
some of the ombrophilous sites and the rheophilous sites.

Floristic data was not available for Sunbiggin.
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Association Analysis ~ Final Cluster Groups

Group 1

Ombrophllous mire in Connemarea

Group 2

Newton Rainey Moss Site 1

Newton Railney Moss Site 2

Group 3
Hawes Water

Lough Coolrsash

Foulden Common Site 2

Wicken Fen Site 1

Lough Cloonagat Site 2

Lough in Connemara

Group 4

River Caher Site 1
River Caher Site 2

Lough Cléonagat site 1

Groug §

Cunswick Tarn

Group 6
Little Fen

IFFoulden Common Site 1

Redgrave Fen

Wicken Fen Site 2

Transitional Mire

Rheocphilous Mire
Rheophilous Mire
Rheophilous Mire
Rheophilous Mire
Ombrophilous Mire

Cmbrophilous Mire

Minerotrophic
Minerotrophic

Ombrophilous

Rheophilous

Rheophilous
Rheophilous
Rheophilous

Iheophilous



Table 3. Analyses of leaves of Schoenus nigricans livae tissue,
The results cro expreased as mg/g dry tissue,.

Bach valuo is a mean of three separate detorminations,

Site Mg Ca 4 29, Na
Foulden Common 1.11 h4.87 11.06 1.51 6,18
Little Fen 0,83 515 14,0 1.82 Q.19
Reodgrave Fen 1.31 L,.89 14.3 1.22 0.22
Sun Biggin 1.32 2,86 4,93 1.92 0,26
Newton Rainey Moss 2,01 4,65 5.70 1.89 0,40
Lough Cloonagat 2.32 1.84 770 0,90 0,72
Coimnemara Bog 2,21 1,50 8,450 0,84 0.50
Lough Coolreash Site 1. 1.41 5,0 12,8 1,72 1,30
Lough Cooclreash Site 2, 1.62 L,24 5.8 1.42 1,60
River Caher Site 1, 2,0 h,26 9.45 1.0% 0.71
Biver Caherxr 8Sito éa 2,18 Be15 9,90 1:473 0.66

Moonn and S.he .57 4,07 2,86 1,43 0.61
20.52 +1.28  £3,02 +0.45 +0.23



Table 4, Analysea of leaves of Cladium mariscus live tissue.

The rosults are czpresssd as mg/g dry tissus,

Enech value is a mean of three separnte determinations,

Bite Mg £a X EQ, Na
Foulden Comnion 0.0 2,03 8.95 1.90 0,33
Wicken Fen Site 1. 0.91 2,42 8,16 L,04 0.94
Hicken Pen Site 2, 1.15 2,89 3.68 177 0.33
Littlie Fen 0.45% 1.50 10,50 2,08 Q.26
Redarave Pen C,h4 1.68 10.27 127 0.31
Cunswick Tarn 1.02 2,3 2.46 1,52 1,28
Hawes Woter 1.04 3.42 3.87 2.33 1234
Sun Bigein Tarn 105 3,15 T.20 2,46 1.76
Newton Raincy lMoss l 1.48 3673 7.70 1.98 2,12
Lough Cleonegat Q.52 1,2 7.7T6 144 121
Lough in Connemara 0.62 1.6 6.5 1.82 1.04
Lough Coolreash Site 1. 0.95 5.25 4.40 1.94 1.92
Louch Coolreash Sito 2, O0.74 3613 4,26 1.73 1.28
Mean and 5.5, 0.83 2.6 6,61 2,02 1,09

£0.25 #0.8  £1.97 30.59 10.35



Table 5. Analysces of leavos of Holinia caerulea live timsaue,

The results are expressed as mg/g dry tissue.

Each wvolue 1s a mean of three separate detorminations,

8ito Mg Ca K o, HNa
iittle Fen 0.71 1.98 14,6 1,93 ¢.0.1%
Redgrave Fen 0.79 2.31 14.9 2,88 0.13
Lough Cloonagat 1.04 .32 15.7 5.12 0.83
Connemarsa Rog 1.12 1.30 14,0 3e16 0.30
Lough Coolrecash Site 2, 1,0 3.k 22,0 7.09 0.26
River Caher 3ite 2, 1.21 2, 2045 7 .08 Ce22
Moan and S.5. 2.78 2,12 16,93 4,54 0,31

20,41 40.92 &+ .80 +£2,07 40.17



Table 6. Analyses of leaves of fchoonue nigricans dead tissue,
The results are exprossed ns mg/z dry tissue.

Each value i8 a mean of thireoe separate determinations.

Site Mz Ca E EOy, Ka
foulden Common 0,39 R 7 0,80 G773 0.10
Little Fen $.30 375 2,49 C.61 0.18
Redgreve Fen 0,30 .03 1.60 0,97 G.30
Sun Bigein 0.27 2,40 0,36 040 0.25
Hewton Reiney lMoss o, k8 5.88 Q.74 0459 O.24
Lough Cloonagat 0,59 1.,26 046 0.2% 0.48
Connemara Dog 042 1.03 0,106 Ce30 0.48

Lough Coolreash Site 1. 0,73 10,40 1.56 0.40 04,30

Lough Coolrcash Site 2. 0,30 7.60 0,40 0,38 .30

River Caher Site 1, 0,76 Se45 1.0 0,34 0.33

River Caher Site 2. 0,75 2,813 0,56 Q.32 0.26

Moan Saila 0,452 L,1 0.92 0,48 G.29
iﬁ°‘.:‘} 2105 :0-35 20016 iﬁoﬁ‘l‘?)




Tablo 7. Analyses c¢f leaves of Cladium mariscus dead tissue,

The rosults are expressed as mg/g dry tissue,

Fach value ia a mean of three separate determinations.

Site Mz ca K PO,  Ha
Foulden Cosamon 0.16 1.80 0.23 0.54 0,10
Vicken Fen Site 1, 0.35 1,917 0.55 0,97 0O.14
Wicken Fen Site 2, 0.16  2.54 0,48 1,36 0,23
Little Fen 0.19 2,99 0,30 0,69 0,08
Redgrave Fen 0.22 2,52 0,26 0.51 0.13
Cunswick Tarn 0.29 2,74 0.19 0.67 0,19
Hawes Water 0.3% 3.4z 040 0,73 0.31
Bun Biggin Tarn 0.39 2,26 0.42 1.53 0,36
Newton Rainey Hoss 1.07 4,76 .10 1.78 0.95
Lough Cloonagat 0,69 1.20 1.14 0.54 1.87
Lough in Connemara 0.77 1.78 0.23 0.13 0,80
Loush Coolremsh Site 1., 0,28 5.86 O.2% 0.28 G.19
Lough Coolreash Site 2., ($.26 50,0 0.36 .36 C.13
Mean and S.0. 0.40 3,60 O.45 G783 D.h2

30,15 + 1.26 #0.15 iﬂaaﬁ 20,18




Tabie B8, Analysos of leavos of Holinia ¢neruiea dead tissue,

The results aro expressed as ng/g dry tisaue,

Each value is a mean of three separate determinations.

site Bx Ca K IO, Na
Little Fen 0.12 1.95 0,68 0,44 0,08
Redgrave Fon 0,13 1,09 1.04 1.02 0.12
Lough Cloonagat 0,29 0,54 0.24 0,21 0.2
Connomwara Dog 0.23 0.52 0.24 0.30 0.23

Lougk Cocolreash Site 1, 0,25 7.G8 G.39 0.35 G.,22
Lough Coolreash Sito 2. 0.30 7 .64 0.53 0,46 0,32
River Caher Site 2, 0.59 3.20 0.8 0.36 0.15

jean and S.32. Q.27 3:15 Q51 0.45 0,18




Table 9. Analyses of leaves of BSechwenusn nigricans Heavy metals.
The rosults are expressed as mg?g dry tisoue.
Bach value in o wmean of threc separato detorminations,

Live 0,015 0,035 0.007 0,17 0,023
Fouldon Common . ,
Dead 0,088 0,068 0,037 0,25 G.027

Live 0.020 0,07 0,009 0,18 U,030
Littleo Fon
Dead 0,083 0,075 0,023 0,34 0044

Live 0,016 0.062 0,013 0,18 0.036
Redpgrave Fan .
Dead 0,118 0,105 0.047 0.433 0,088

Live 0,045 0,137 0.064 0,14 0.090
Sun Bigpin
Pead 0,135 0,105 0.104% 0,15 0.094

Live 0.024 0,062 0,035 0,10 0.090
Newton Hoiney Moss
Dead Qs 105 00978 09053 0, 15 0.094

Live 0.024 0,026 0,005 0,119 0,026
Lough Cloonagat
Dead 0,090 0,022 0,028 0,231 0,007

Live 0,020 0,03t 0,015 O.13 8.015
Connemara Beog
Dead 0,097 G023 0.003 0,177 0,003

Live 0.038 0,034 $.,005 0,21 0.13%
3. Coolreash Site 1,
Dead 0,077 0.056 0,014 0,204 0,081

Tt

L.Ouy

@
s
In

Live 0,050 0,022 0,008 0,183 0,039
Lough Coolrcagh Site 2,
Dead 0,126 0.049 0,020 0.231 0,050

Live 0.0312 0,042 0,022 0,10 0,020
River Caher S5ite 1,
Dead ©.10 0,038 0.0%1 0,314 0,020

Live 0,031 0,048 0,023 0,168 0©,025%
River Caher Site 2,
Dead ©,110 0,064 o,0L4 0,30 0.081



Table 10. Anolyses of leaves of Cisdium meriscus Hoovy mstals,
The rosults arc exprescoed as mg/g dry tissue,
IDach value is a cear of threo scparate detevminationsa.

Prckfdisinatboaie

gite AL  Zm Yb  Fa M

Live 03026 0,138 0,028 0,12 0.062
Foulden Cormmon
Dead 0.095 0,085 0,028 0,17 0.042

Live 0,021 0,034 0,006 0.13 0.086
VWicken Fen 3ito 1,
Doad 0,054 0,085 0,020 0,167 0.054

Live 0.026 0.138 0,004 0.117 0,080
Wickon Fen Sito 2.
Dend 0,129 0,081 0.062 0,347 0,046

Live 0,017 0,017 0,00 ¢, 083 0,030
Little Fon
Dead 0,107 0,063 0,058 0,283 0,046

. Live 0,012 0,020 0.007 0,083 0,062
Rodgrave Fen
Dead 0.091 C,065 0,048 0,306 0,059

Live 0,013 0,013 + 0.103 0,062
Cunawick Tarn
Dead 0,048 0,026 0,041 0.15 0,057

Live 0,016 0,017 0,006 0,113 4,128
{lawes VUateor
Dead 0.033 0,015 0,922 0,123 0,164

Live 0,017 0.0%: 0,018 o0.074 0,083
Sun Diggin Tarn _

: Live 0,045 0,055 0,031 0,122 0,099
Newton Rainey Moss
Dead 0,087 0,063 0,043 0.20 0,135

Live 0,026 0,020 0,002 0,358 0,193
Lough Cloconagat
Dead 0,037 0,016 0,016 0,418 0,113

Live 0,018 0,021 0,006 0,126 0,30
Lough in Comnenmara _
Dead 0,055 0,020 0,017 0,399 0,28

Live 0,014 0,028 0,005 0,217 0,30
Lough Coolreash Site 1,
Dead 0,047 0,025 0,013 0,141 0,048

Live 9.027 0,022 0,006 0,116 0,034

Lough Coolreash Sito 2,
Dead 0,062 0,026 0,011 0,126 0,037

¥iote, + = trace,



Teblo 1i. Analyses of leaves of Molinin caerulca Heavy metals.
Tho rosults arc cxpresced as mg/g dry tissue,
Each value i3 a mean of thre«e seporate doterminations.

site 4% in pid=} e ln
Live 0,026 0,083 0,007 0,137 G.,045
Littlo Fon

Dead 0,155 0,059 06,041 0,347 0,042

Live 0.026 0,046 0,005 0,177 ©,059
Redgrave Fen
Dead 0.242 0,647 0.049 0,753 0.042

Live 0,032 0,115 0,012 0,157 0C,1k6
Tough Cloonagat
DPead 0,076 0,029 0,018 0,367 0,015

Live 0,040 0,115 0,004 06,126 0©,192
Connemara bog
Dead 0,076 0,029 0,020 0.270 0,006

Live 0,152 0,080 0,022 0,264 0.118
Louygls Coolreash Site 2,
Dead 0.154% 0,045 0,014 0,183 0,117

Live 0,037 0.073 0,006 0.181 .07k
River Caher Bito 2, '
Dead 0,169 0,077 0,030 0,40 0.028



Table 12. Minersgl closente of decad leoaf tissues of

Schoenius nigricans expreesed as a percentage of live values.

Foulden Common

Little Fen

Redgreve Yen

Sun Bigrin

Newton Rainey Moss
Lough Cloonagat
Connomara Bog

Lough Coolreash Site 1.
Lough Coolrensh Site 2.
River Caher Site 1.

River Coher Site 2.

rg  ca
17,8, b8.7
35.09 72.8
22.95 82,0
20.5, 83.9
23-96 126,5
25.&7 68,5

19.0, 57.2
51.8,,208.8
18;52 178.4
38.010 8t.0
335 55.0

4 EQ, Na

7.25 hs.h10 55.5
17.8,, 33.5, 9h.7
1.0 793544 136

Te3g 0.6, 96.0
13.0, 31.25 60.0
6.03 23;03 be.7
1.9 35.75 96.0
12,29 23.2;, 23.1
6'9h 26.66 18.8
19.67 33.7g k6.5
507, 22,4, 39.4

Table 13. Heavy meotal levels of dead tissue expressed as
a percentage of live tissue levels for Schoenus nirricans

Sites

Foulden Comnon

Little Ton |

Swn Biggidn- .

Raedgrave "Fen

Nowton Rainey Moss
Lough Cloonagat
Conncmara Bog

Lough Coolreash Slite 1.
Lough Cooclroash Slte 2,
River Caher Site 1.

River Cahor Site 2,

AL Zn
587!03 194,0
#21.06 159.6
300.09 76,6
737.02 169.0
h38.05 126.0
357.07 84,6
u85.0h 74 .2
R52,0,, 222.7
35#.83 133.3

Fb lin

1174

Fo

. tu7.0
2 7

191'Gh 146,7
10&.4102hh.&

240,6 1044

57545, 194.0, 26.9

20.01'136.2 20,0

8

306'“& 9.1, 60,4

2&7.55 126.2, 128,2

9
186.&8 31&.01 100,0

188.87 178,6, 324,0

5



Table 14. Nutrlient levels of dead tissue oxpressed as a
vercentaze of live tissue lovels for Claodium mariscus

Siteas

Wicken Fen Site 1.

Wicken Fen Site 2,

Rodgrave Fon

Cunswick Tarn

Havesz Vater
Sun.Biggin Tarn
Newton Rainey Moss
Lough Cloonagat
Lough in Connemara

Lough Coolreash 5its

Lough Coolyreash Site 2,

Mg Ca
Lo, 9,0
3.23 79.0
1.!‘1 80.5

42.0! 199.0
50.010 150.0
28,0, 119,0
37.55 100.0
3?.17 7107
7’:5.‘..3‘1 127.6

132.713 190,06

9343, 12442

Te 28.35 168,.8

3574 3192.5

K. PO, pa
6 28.Z='|~ 3305

Zth 33.07 30.8
2.52 H0,0g 42,0
10.311 31.66 23.0

3‘55 f .11 7609
5026 1"0“2 9&9
8.510 20,83 10.2

Fouldsn Comnon
Wicken Fen Site 1.
Wicken Fen Site 2,

Little Fen
Redgrave Fen
Cunswick Tarn
Hawes Vater

Sun Bigegin Tarn
Newton Radney Moss

‘Lough Cloonagat
Lough in Coanemara

Lough Coolreash Site 1,

Lough Coolreash Site

25&.09 470.0

67.7

323.08 128,0 62,8

o

662.02 370.0
771.0, 325.0
367.05 200,0
210,90, 88,0
559.05 179.6
193.&1211h.5

142.313 80,0
305.5g 95.2

229.610118.2

3
967.03 304,0, 153.3
685.05 368.0, 95.2
- 1h6.07 91.3
374.04 109,0,,132.3
35640, 292.,0) 55.4
1384751639, 135.9
762'0h 116.810 58,5
B96.0g 183494 9343

256.010111.911100.0

186.&11108.8 108,6

13



Table 16, Hutriont lovels of dead tissue expressed as a
porcentage of live tilsgue lovels for lMolinia caerulss

Sites He Ca_ iy 20 Ha
Little Fen 17.0, 98,5 W75 #2.By 72,7
Redgrave Fen 16.51 hy,0 7'06 35.04 92,0
iough Cloonagat 2749, 40,3 1.5, &=11 16.9
Connemara Bog 20.53 LOLO 1.7, 9e5y 76T
Lough Coolreash Site 2. 30.65 2247 2‘“& 6.53 14341
River Calier Site 2, 48.66 133.3 2.33 5.1? 68.2
Tuble 17. Heavy letal loveis of dead tissue exprossed as a

percentagoe of live tissue levels for Molinia czmerulea

Bltes AL Zn b Ee Hn

Little Fen 59640, 155.0 585.0, 253.0, 153.3
Redgrave Fen 896.01 102,0 980._01 425,61 T1e2
Lough Cloonagat 237.3, 21.7 153.35 233.83 10.3
Connemara Bog 190;&5 25.2 ASS,%a 214.3, 3.1

Lough Ceoolreash Site 2, 101.3, 56.3 6“-16 59.36 99.2

River Cahexr Site 2. hSﬁ«GS 105.5 500‘03 221.03 378.3
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Chemical Analysis of Leaf Tissues

The amounts of each nutrient element determined in the
tissues of each species are presented in tables 3, 4, and 5
expregged as mg/g living tissue. The levels of nutrients present
in the plant tissues can be seen to vary between the rheophilous
sites and the ombrophilous sites, variatiomn in the levels of
natrients present in the tissues of each species also occurs.

The variation in nutrient levels present in the plant tissues
wiil be discussed for each species separately, followed by a
discussion of between species variation,

Variation of nutrient levels between mire tvpes

Schoenus nigricans

The levels of magnesium present in the tissues collected
from ombrophilous and transitional sites are greater than
those levels in tissues collected from the rheophilous sites,
However, the levels of magnesium present in the plant tisasues
can be seen to vary more significantly with distance from
the coast, magnesium levels decreasing with increasing distance
from the coast, see figure 3,

Calcium levels in tissues collected from rhecphilous and
transitional mires were significantly greater than levels of
this element present in tissues collected from ombrophilous
mires, P = 0,01 in each case,

Potassium levels in tissues collected from rheophilous
mires were significantly greater than levels of this element
detected in tiasues collected from ombrophilous mires P= 0,05,
The lowest levels of potassium detected were in tissues collected
from the transitional mire at Newton Rainey Moss, these leveils

were significantly lower than levels of potassium present in

tissues from ombrophilous mires P = 0.001, probably due to a
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the fact that the surface strata in the area of Newton
Rainey Moss are composed chiefly of Carboniferous Limestones
which are deficient in potassium,

The phosphate leveles in plant tissues collected from the
ombrophilous wmniree were significantly lower than those levels
of phosphate detected in tissues collected from the rheophilous
mires P = 0,01, and also significantly lowér than the levels
of phosphate detected in tissues from the transitional mire
P = 0,001, There was no significant difference between the
levels of phosphate present in the tissues collected from the
rheophilous and transitional mires,

As is the case with magnesium, sodium levels decrease with
increasing distance from the coast, see figure 6,

Cladium mariscus

Only in the case of Cladium mariscus are the levels of

magnesium significantly greater in tissues.collected from tﬁe
rheophiious sites than in tissues collected from ombreophilous
sites P = 0.05;, however the levels of magnesium in the plant
tissues appear to vary chiefly with distance from the coast,
decreasing with increasing distance from the coast, see
figure 4.

Calcium levels detected in the tissues of Cladium mariscus
were significantly greater in those tissues collected from
rheophilous sites than levels of calcium detected in tigsues
collected from ombrophilous sites P = 0,002,

As in the case of Schoenus nigricans the levels of

potassium detected in the tissues of Cladium mariscus show no

apparent trends,

Whilst phosphate levels detected in tissues collected from
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rheophilous sites are apparently greater than levels of this
compound detected in tissues collected from ombrophilous asites
the difference was not signifdicant.

Again levels of sodium detected 1in the plant tissues tend
to decrease with increasing distance from the coast, see
figure 7.

Molinia caeruleam

As in the case of the other two species the levels of
nagnesium detected in the tissues of Molinia caerulea tend to
decrease with increasing distance from the coast, see figure 5.

The leveis of calcium detected in the tissues of Molinia
caerulea collected from ombrophilous mires were significantly
lower than levels of this element detected in tissues collected
from rhecphilous mires P = C.01.

Again, as in the case of the other twe species, the levels
of potassium show no apparent trends. Nor do the levels of
‘phosphate in the tissues of Molinia caerulea show any apparent
trends.

Again the levels of sodium detected in the plant tissues
tend to decrease with increasing distance from the coast,
see figure 8.

Differences in Nutrient Element Levels Betweoen Species

Some differences in the levels on each nutrient element
present in the tissues of ecach of the species studied here
have been detected in respect of each of the mire type groups.
These differences will be discussed ior the rheophilous,
transitional and ombrophilous mire types separately,

Rheophilous Mires

The levels of magnesium detected in the tissues of Schoenus

nigricans were significantly greater than those levels detected
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in the tissues of both Cladium mariscus and Molinia caerulea,

P = 0,01 in the case of Cladium mariscus and P = 0.05 in the

caae of Molinia caeruliea. The levels of magnesium present in

the tissues of Molinia caerulea werc greater than in the

tissues of (Clodium mariscus but this difference was not
slgnificant.
The levels of calcium detected in the tissues of Schoenus

nigricans were greater than the levels of this element in the

tissues of both Cladium mariscus and Molinia caerulea, this

difference was significant P = 0,001 in both cases. Very
similar levels of calcium were detected in the tissues of

Cladium mariscus and Molinia carsulea.

The highest levels of potassium were detected in the
tissues of Molinia caerulea, these levels of potassium were
significantly greater than the levels of this element detected
In the tissues of the other two species, P = 0,001 in both cases.
At the pame time the levels of potassium in the tissues of

Bechoenus nigricans were significantly pgreater than the levels

of this element detected in the tissues of Cladium mariscus,
P = 0,01,

The highest levels of phosphate were detected in the
tissues of Molinila carulea. The difference in the levels of

phosphate betwoen Molinia caerulea and Cladium mariscus was not

significant, however the difference in phosphate levels between

Molinia caerulea and Schoenus nigricans was significant P = 0,001.

Schoenus picricang displayed the lowest levels of phosphate,
The greatest levels of sodium were detected in the
tissues of Cladium mariscus, whilst the lowest levels were

detected in the tissues of Molinia caerulea.

~2Q-




Transitional Mire

Schoenus nigricans displayed significantly greater levels

of magnesium than did Cladium mariscus, P = 0,05,
The levels of calclum detected in the tissueese of Schoenus
nigricans were significantly greater than the levels of calcium

detected dn the tissues of Cladium mariscus, P = 0,001,

Scheoenus nigricane also displayoed significantly greater

levels of potassium than Cladium mariscus, P = 0.01,

Very similar levels of phosphate were detected in the
tigsuses ef the two species,
Although the greatest levels of sodium were detected in

the tissues of Cladium mariscus, the difference between the

two specles was not significant.

Ombrophilous Mires

The levels of magnesium prosent in the tissues of Schoenus
nigricans were significantly greater then the levels of this
element detected in the tissues of the cother two species, P = 0.001
in both cases, At the same time the lovels cf magnesium in
the tissues of Molinia caerulea were significantly greater than
those levels of this element present in the tissues of Cladium
mariscus, P = 0,001,

The levels of calcium detected in the tissues of Schoenus
nigricans were significantly greater than those levels of

calcium detected in the tissues of both Cladium mariscus and

Molinia caerulea, P = 0.001 in both cases. Similar amounts of
calcium were detected in the tissues of (Cladium mariscus and

Molinia caerulea.

The greatest levels of potassium were detected in the
tigssues of Molinia -caerulea, this difference was significantly

groeater than the levels of this element detected in the tissues
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of Schoenus nigricans and Cladium mariscus, P = 0.001 in both
cases, Very simlilar amounts of calcium were detected in the
tissues of Schoenus nigricans and Molinia caerulea.

The levels of potassium detected in the tissues of Molinia
caerulea were significantly greater than the levels of
potassium detected in the tissues of both Schoenus nigricans
and Cladium mariscus, P = 0,001 in both cases. Schoenus
nigricans displayed greater levels of potassium in its leaf

tissues than did Cladium mariscus, this difference, however,

was not significaunt.

The levels of phosphate present in the tissues of Molinia
caeriulea wore significantly greater than the levels of this
compound detected in the tissues of each of the other two
species, P = 0,001 in both cases. The levels of phosphate
detected in the tissues of Cladiuﬁ mariscus were significantly
greatexr than the levels of this compound detected in the

tissues of Schoenus nigricans, P = 0,001,

The 1evels»gf.sedium detected in the tissues of each of
the three species were not significantly different between
species., However, Cladium mariscus displayed the highest

levels of sodium, whilst the lowest levels of this element

were detected in the tissues of Molinia caerulea.

Dead to Live Ratios

Work by Rieley (1971) has demonstrated that in mire
vegetation certain geochemicals are withdrawn from the dying
leaf tip, whilst other elements such as divalent cations and
heavy metals are concentrated into the dying leaf tip., It was
felt that analysis of the dead tissues might give a more
sensitive assessment of the intra and inter site edaphic

conditions, The results of the analyses of dead leaf tissues
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are presented in tables 6,7 and 8, for the nutrient elements,
tables 9, 10 and 11 show the results obtained for the levels

of heavy metals detected in both living and dead tissues,

The levels of each element present in the dead tissues expressed
ag a percentage of the value of that element detected in the
iiving tissues are presented in tables 12 to 17.

Fach of the elements investigated fall into one of three
groupss those which tend to be withdrawn from the dying leaf
tissuesj those which tend to be accumulated within the dying
leaf tissues; and those elements which tendad to be detected
in similar amounts in both the dead and living tissues,

Magnesium, potassium, phosphate and sodium all tended to
be withdrawn from the dying leaf tissues. However the extent
to which the lower levels of these elqments detected in the
dead leaf tissues was duse to the active withdrawal of these
elements from the dying leaf tissuss by the plants, and the
degree to which these lower levels could be attributed %o tﬁe
leaching out of these elements by rain water is not known,
Aluminium, lead and iron all tended to be exported into the
dying leaf tissues, Calcium appears to fall between the above
twe groups. At sites located on calcareous bedrock such as
Lough Coolreash, Newton Rainey Moss, Cunswick Tarn ect., the
calcium ions tended to be exported into the dying leaf tissues,
whilst at other sites, such as the ombrophilous asites and the
rheophilous sites not situated on highly calcareous bedrock,
the calcium lons tended to be withdrawn from the dying leaf
tissues, Zinc and manganese both fall into the third group,
showing no particular preference for either live or dead
tissues,

It was thought that the withdrawal of essential nutrient
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elements from the dying leaf tissues would be carried out by
those plants growing in situations which were relatively poor
in these elements, that is the ombrophiious sites. However,
whilst there does appear to be a slight tendency for elements
such as potassium and phosphate to be withdrawn from the
dying leaf tissues more gtrongly at the ombrophilous sites,

the rosults presented here are by no means conclusive,



Discussion

Thé assumption has besen made that all the geochemicals
present in the tissues of each of the plant species investigated
must have been held in available form by each of the plant soil
systems. The levels of elements detected in the tissues of
the phytometers indicate differences in the availabllity &
certain nutrient elements between each of the mire types
investigated during the course of this study., Significantliy
greater levels of caleium and phosphate were detected in the
tissues of plants collected from the rheophilous mires than in
plant tissues collected from the ombrophilous mires. It would
appear from the results that caleium and phosphate are
available to the plants in zreater amounts at the rheophilous
mires than at the ombrophilous mires. Alternatively conditions
may be such at the rheophilous mires that the uptake of these
elements is enhanced %o a greater extent than is the case at
the ombropvhilous mires. The levels of potassium detected in
the tissuss of the phytometers were also greatest in those
tissues collected from rheophilous mires, although not significantly
80,

The levels of magnesium and sodium present in the tissues
of the phytometers have been shown to vary with distance from
the coast, swygesting that these elements are more available
in coasfal mire complexes than at inland mires, irregwctive
of whether the mire complex is considered to be rheophilous
or ombrophilous. Gorham (1957) demonstrated that 67% of the
magnesium in rain water samples collected from Rosgscahill was

derived from sea spray, whilst the major cation derived from
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sea spray is sodium, thus the variation in the levels of
these two elements in the plant tissues with distance from
the coast points to sesa spray as being the major source of
these elemonts in coastal regions,

The differences in levels of elements detected between
species illustrates the fact that cach species has its own
peculiar nutrient requirements. The comparison of nutrient
levels between species is complicated by the fact that the
leaves of the three species investigated here are morphologicaly

different. The fact that Cladium mariscus on the whole tends

to be a mere frugal plant than elther of the other two species
may be explained by the fact that the leaf tissues of Cladium
mariscus contain larger proportions of mechanical strengthening
tissues which are physilologicaly inactive.

Schoenus nigricans displayed the groatest amount of
significant{ variation of nutrient elements between each of the
mire types investigated, and is therefore considered to be the
most sensitive phytometer of the three used in this study.
This apperent sensitivity to the availlability of nutrient
elements may be important to the ecology of this species, in
that it may be less able to take up sufficient nutrient
elements in nutrient poor environments,

The levels of nutrient elements detected in the dead
leaf tissues of sach phytometer has already temtatively been
shown to demonstrate the fact that potassium and phosphate
tend to be withdrawn more sirongly from the dying leaf tissues
at the ombrophilous sites than at the rheophilous sites. It
would appear from the results that the plants growing in
ombrophilous situations necessarily utilise, to as great a

degree as possible, the mineral reserves already present in
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their leaf tissues, thus minimising the lcss of ogsential
nutrients to the litter layer. The fact that, 1n general, the
levels of nutrients detected in the tissues of plants collected
from the ombrophilous mires were lower than the levels of
nutrient elements detected in the tissues of plants collected
from rheophilous mires, serves to illustrate the fact that

the plants growing on the ombrophilous mires may be said to
growving under conditioms where nutrients are less available

to the plant soil system as previously defined,

The accumulation of certain toxic heavy metals into the
dying leaf tissues by ecach of the specles investigated here,
indicates the fact that the plants are able to invoke some
method by which they are effectively able to use the dying
leaf tissues as a 'dumping ground! for unwanted toxic slements,.
The inability of the plants to 'dispose'! of toxic elements
such as zinec in this way poses an interesting problem,

It would appear that the process of dying in these plants
results in the two way movement of materials within the lsaf
tissues: the downward withdraval of essential nutrients;
together with the upward exportation of toxie heavy metals.

The vegetation analysis failed to separate the wmire
complexes into their appropriate groups on the criterion of
thelr phytosociological meke up. Only the ombrophilous mire
in COnneméra and Newton Rainey Moss, the transitional site,

were effectively clustered, by the presence of Lriophorum

angustifolium at those sites. The other ombrophilous sites of
weatern Ireland fell into the same clusters as the lowland
rheophilous sites. Thus indicating the floristic similarities
between the western Irish ombrophilous mires and the lowland

rheophilous mires, No relationships may be detected between



the final cluster groups obtained from the Association Analysis

and the results of the chemicel analysis.

River Cmher Valley

The River Caher Valley vegetation presents a special
case for consideration. At this site Schoenus nigricans and

Molinia caerulea were observed growing on steeply sloping

highly calcareous morains., It has already been stated that
these specles are normally plants of lowland rheophilous mires
and flushed environments, James {1962) observed that Molinia
caerulea would only grow on free draining calcarecus soils if
large quantities of available phosphate were vresent.

Chemical analysis of the leaf tissues of both species revealed
high levels of calcium in both the dead and live tissues, in

the case of Molinila caerulea the levels of celcium present in

the dead tissues exceeded those levels of calcium in the live
tissues; The levels of phosphate detected in the tissues of

Mciinia caeruliea at this site were greater than any levels of

phosphate detected in the tissues of this plant from each of
the other sites from which it was collected,; with the exception
Lough Coolreash., The phosphate levels detected in the tissues
of Schoenus nigricans collected from both the sites in the
River Caher Valley were lower than phosphate levels detected

in the tissues of this plant collected from lowland rheophilous
mires, Considerably greater levels of phosphate were detected

in the tissues of Molinia caerulea, 7.08 mg/g, than were

detected in the tissues of Scheonus nigricans, 1.01 and 143

mg/g. It would appear from the results of the chemical
analysis that desplite the calcareous nature of the soil and

the high levels of calclum present in the tissues of Molinila
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caerulea comparatively large cuantities of phosphate are
available to this plant through the plant-soll system of
Molinia caerulea.

At such a site as the river Caher Valley, with a free
draining calcareous soil, these two species may suffer from
excessive water loss, However they are both species of
flushed environments and adapted to withstand the fluctuations
of water tables. Under conditions of water stress Molinia
caerulea rolls up it's thin leaves in order to reduce water

loss; whilts the rounded leaves of Schoenus nipgricans are

well adapted to roduce water loss. Sparling (1967) reports
that daily evapo-transpiration rates of swards dominated by
Schoenus nigricans was considerably less than that of sw: rds

dominated by Calluna vulgaris, Erica tetralix, Rhynchospora

alba or Sphagnum species. His experiments indicated that
Schéenus nigricans is able to minimise water loss by stomatal
control, The abillty of these twé species to control water
loss , together with the apparently adenuate supplies of

phosphate to Mollnia caerulea explains to some extent the

prosence of these species at this highly calcareous, free

draining site,
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Floristic descriptions of each site vigited

Lovwland Rheophilous Mires

Foulden Common Site 1

1 2 S&choenus nigricans

1 2 Juncus ariticulosus

1 2 Potentilla erecta

1 1 Phragmites communis

1t 1 Viccia crassa

+ 1 Circium palustre

+ 1 Centaurea nigra

4+ - 2 Rannunculus acris

+ 1 QGalium saxatile

1 2 Hieracium Spp.

- 1 DBriza media

Circium dissectum
Molinia czerulea

+ 1 Deschampsia cespitosa
+ 2 Fubus fruticosus

+ 1 Eupactorium cannabinum
+ 1 Anthoxanthum odoratum
- 1 Hippuris vulgaris

4+ 2 Cladium mariscus

+ 1 Circiﬁm arvensis

+ 1 Stachys sylvatica

+ 1 Lathyrus pratensis

+ 1 Festuca ovina

Site 2

5 5 Cladium mariscus

| 2 1 Phragmites communis

4+ 1 Eupactorum cannabinum
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+ 1 Potentilla erecta

4+ 1 Rubus fruticosus

3 3 Cladium mariscus

2 3 HMolinia caerulea

1 1 Phragmites communis

1 2 8Schoenus nigricans

2 1 Valeriena officinalis
+ 1 Potentilla erecta

+ 2 Circium dissectum

+ 1 Circium palustre

+ 1 Viccia crassa

+ 1 Juncus articulosus

+ 1 Juncus subnodulosus

+ 1 CEupactorum cannabidium
4+ 1 Epilobium parviflorum
+ 2 Crataegus monogyna

+ 2 Hieracium spp.
Redgrave Pen

3 3 Cladium mariscus

2 3 Molinia caerulea

2 1 Phragmites communis

1 2 Schoenus nigricans

1 1 Potentilla erecta

+ 1 Galium palustre

1 1 Eupactorum cannabinum
1 1 Centaurea nemoralis

+ 2 Hieracium spp.

+ 1 Viccia crassa

+ 1 Galium ulignosum

2 2 Juncus subnodulosus

.




+

+

Juncus articulosus
Centaurea nigra
Hieracium lingulatum
Cratoegus monogyna
Pimpinelia major
Arrhenatherum elatus
Holcus lanatus
Agrostis stolonifera

Agrostis canina

Wicken Fen Site 1

3 3
2 2
3 3
+ 1
+ 1
+ 2
+ 1
+ 1
Site
L 3
2 2
+ 1
+ 2
+ 1
+ 1
1T 1
1 1
+ 1
+ 1

Cladium mariscus
Phragmites communis
Rhamnus fraugula
Carex paniculata
Urtica dioca

Rubus fruticosus
Rhamnus cathartlcus
Juncus artlculosus
2

Cladiuvm mariscus
Phraogmites communis
Juncus articulosus
Circium palustre
Galium album
Symphytumn tuberosum
Pagtinacea sativa
Lysimachia vulgaris
Calystegia sepium
Hieraclum spp.
Stachys palustris
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Prunella vulgaris
Agroatis stolonifera
Bupactorumn cannabidium
Bpilobium spp

Rhinanthus minor
Physosgpernmum cornubiense
Thalictrum minus

Epilobium parviflorum

Cladium mariscus

Juncus subnodulosus

Cladium mariscus
Scirpus tabernaemontani
Fhragmites communis
Senecio agquatis

Myostis arvensis
Epilohium roseum
Epilobium parviflorum
Fupactorium cannabinum
Mentha aquatilca

Rumex obtusliflorus

Carex pseudocyperus
Circium palustre
Solanum dulcamara
Galium palustre
Galium album

Scutellaria galericulata

+ 1

2 2

+ 1

+ 1

+ 1

+ 1

+ 1

+ 1

Lough Coolireash
5 5

+

Hawes Water
L 5

2 2

2 1

1 1

1 1

11

+ 1

1 1

1 2

+ 1

1 2 Nuphar lutea
11

+ 1

+ 1

+ 1

+ 1

+ 1

+ 1

Hydrocotyle vulgaris




Upland Rheophilous Mires

Cunswiclk Tarn

1 2 Carox aqguatilis

1 2 Carex elata

b3
N

Carex panicoa

2 2 Carex oechinata

+ 1 Carex pseudocyperus
1 1t Phregmites communis
3 5 Cladium mariscus

1 1 Hippuris vulgaris

1 1 Menthe agquatica

2 2 Nymphaoa alba

+ 1 Nuphar lutea

1 1 Pedicularis palustris
+ 1 Potentilla anserina
+ 1 Vieccia crassa

1 1 Potentillae erccta

+ 1 Lychnis flos=-cucli

+« 1 Prunella vulgaris

+ 1 Galium palustre

+ 1 Centaurea nigra

+ 1 Rannunculis acris

+ 1 Hieracium spp.

1 1 Triglochin palustris
1 1 Crepis paludosa

+ 1 Hydrocotyle vulgaris
+ 1 Valeriana officinalis

+ 1 Agrostis tenuis



Lowland Transitional Mire

Newton Rainey Moss 5Site 1

1

i

1

+
2 3
+

2 3
t 1
1 2
+ 1
+ 1
+ 1
2 3
+

+ 1
+ 1
i1
+

+

+

Site
2 3
+

2 3
+ 1
+ 1
+

3 3

Schoenus nigricans
Carex panicea

Calthe palustre

Carex lasiocarpa
Valerliana officinalis
Carex rostrata
Menyanthes trifoliata
Potentilla palustris
Cardamine pratensais
Equicetum fluviatile
Succisea pratensis
Carex diandra

Carex limosa

Galium uliginosum
Lychis fles=~cuculi
Exriophorum angustifolium
Viola palustris
Filipendula ulmeria
Carex nigra

Galium palustre

Salix atrimerea

- Salix pentandra

Betuls pubescens
Rubus fruticosus
Rosa canina

Filipendula ulme
Cladium mariscus



o+

1

2

1

Equisetumlfluviatile
Geranium palustre
Calthe palustre
Valoriana officinalis
Menthe aquatica
Myostis scorpiloides
Potentilla palustre
Carex rostrata

Geum rivale

Geranium robertium
Dryopteris filix-mas
Rannunculus acris
Rannunculus repens
Poa pratens
Menyanthes trifoliata
Eriophorum angustifolium

Marchantia payn

Ombrophilous Mires

Lough Cloonagat Site i

N »n W

3

W o w

S5choenus nigricans
Eriophorum vaginatum
Molinia caerulea
Erica tetralix

Calluna vulgaris
Potentilla erecta
Sphagnum magellicum
Campylopus atrovirens
Narthecium ossifragnum
Cladonia uncialis

Drosera rotundifolia

4G
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+ Odontoschisma sphagni

1 2 Sphagnum rubellum

+ 1 Polygalia serpyllifolia

- Rhyncospora alba

Site 2

3 3 Cladium mariscus

1 3 Eriocaulon sepangulare

+ Potamogeton polygonifolius
+ Myriophyllum verticillatum
Lough in Connemara |

2 3 Cladium mariscus

2 3 Nuphar lutea

1 1 Phragmites communis

1 2 Ericaulon septangulare

* Menyanthes trifoliata

+ Utricuiaria minor

Ombrophilous Mire in Connomara

3

1

3

3

Schoenus nigricans
Exrica tetralix
Cladonia impexa
Ciadonia zylitiou
Campylopus atrovirens
Calluna vuigaris
Dreosera rotundifolia
Drosera anglica
Eriophorum vaginatum
Molinia caerulca
Potentilla erecta
Sphagnum recur#um

Polygala serpilifolia

ol -



1 1 Narthecium oséifragnum

+ Pedicularis sylvatica

+ Campylopus fragila

1 2 nRhacomitrium lanuginosum
+ Eriophorum angustifolium
1 1 Sphagnum nagellicum

+ Menyanthes trifoliata

+ Myrica gale

1 3 Rhynchospora alba

+ Pleurczia purpurea

- Utricularia minox

+ Hyprnium cuppressiforme
+ Sphagnum plumulosum

+ Cladinia uncialils

+ Odontoschisma sphagni
o Phragmites communils

- Sphagnum fuscum

Minerotronphic Sites

River Caher Valley ©Site 1

1 1 Carex pulicaris

3 3 Sesleria caerulea

1 2 Sclioenus nigricans
2 1 Carex flacca

2 3 Dryas octopctala

1 1 Campanula rotundifolia
1 1 Gentiana verna

+ 1 Orchis mascula

1 1 Geranium sanguineum
1 1 Succisa pratensis

1 1 Festuca rubra
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Hypnum cuppressiforme
Plantago lanceclata
Viola riviriama
Armeria maritima
Lotus corniculatus
Hypericum pulchrum
Carex caryophyllea
Potentilla anglica

Thymus drucedi

Schoenus nigricans
Molinia caerulea
Sesleria caerulea
Thymus drucei
Geranium sanguineun
Rubia peregrina
Rosa spinosissima
Pissidens cristatus

Riccardia pinguis
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