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SECTTON 1, JHTRODUCTTION

Térn Moor and ité surrounding aréa, enclosing Sunbiggin Tarn, are
situated in the parish of Crfton in central Cumbria (Nationel Grid Reference:
670075}. Such an area is of moderate elevation, roughly at an altitude of
250m, linking the hills of the Horth Pennines tc those of the south-eastern
part of the Lske District (map 1)

The vegetation of the area has heen described by Holdgate (1955a)
(1955b), its most outstanding features being ¢

1. The close juxtaposition of a ceries of nire type ranging from
extreme rich fen té écid bog, sensu Du Rietz (1949)¢

2. The presence of a series of large 'tﬁfa’ springs, the water from
which inundates the flat terrace which flanks Tarn Svke,

P The fact that on one of these terraces there is an area of mixed
nire sensu Du Rietz, a type of vegetation wiich is rare in the

British Isles, being more fynical of sub-arvctic snd =ub-alnine

regions,

Mized mire is perhaps one of the most oxtreme examples ¢f mosaic

egetation, in which the hydrological conditions typical of rich fen ig
invaded by species usually considered to be characteristic of acid hog
communities. ’

Mixed mires, not nnly provide unicue areas for the study of the
edaphic relationships of mire ecosystems, but also »pose the following
fundamental guestions concerning the esrly stages of mire succession
(Verlnndung) of Wever (1908):

1. jow do the acidophilous species gain a foothold in the rich fen
water?
2, What are the mechanism by which fhe acid 'bog'! conditions are

maintained within the developiang hummock?
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The mixed mire at Tarn Hoor was the subiect of a preliminsry

investigation by Bellamy and Rieley (1967) in which thev showed that

a
o
Q
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s

hummeck could be regarded both floristically and edaphically as a
'miniature bog', the profiie of which showed abrupt changes dboth in
floristic content and peat chepistry. Perhaps their most surnrising
finding was the lack of any evidence of transzort of mineral rich ground
water through the hummock profile by capillary zction.

The zim of the present work was to extend ocur knowledge of the
mixed mire ecosystem by a study of a series of hummocks of increasing sigze,
each of which could be regafded as a stage in the deveiopﬁen% of an
ombrotrophic mire,

To this end, the following work was planned and carried out :

1. Ten hummocks were selacted covering the range of size from 15cm
to 72cm in height,
2 The vegetation.of each hummock was described using the field

methods of the Zurich-Montpelier School of Phytosccioclogy.

3, Cores were vemoved Trem aach hummock and fhe »rofiles wera
analyvsed for their floristic content to allow an sszessuent of
the developmental history &t phytosociological terms.

4, Selection of the species shown by %, ahove to be pioneers in the
process of hummeck formation for geochenical snalyvsis,

5 Geochemical analysis of the ground water and hummock profiles
to ascertain the increasing 'effect'! of hummock development with

p=3
size.
6. Studies of the geochemistryv of the hummock species growing around

the base of the hummock in direct centact with the flowing ground
water,

In view of +the limited Hime ayailehle

micnl ohtudies were

limited to the following elemeunts: calcium and wmsgnesium, both of which axre
major components of the ground water and hence should bhe supplied to the

hummock from below, sodium and potsssium, the Fformar beins the mosy
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abundant ion supplied in the precipitation and potassiuwm as an important
plant nutrient supplied in the main from the ground water, In the light
of the recent intevest shown in the ugse of Sphagoum sp. to monitor
atmospheric lead pollution, it was decided to include the ion in the study,
Tarn Moor being far resmoved from any major roadway or obvious source of

airborne lead.



SECTICON 2 HMATWURTALS AND MxTHODS

The study area comprised of a ranﬁOmly chesen 250 scuare of
mixed mire vegetation (Du Rietz 1949) at Torn Moor, Cumbria (see map 2),
Contained in the aree were a2 saries of hummocks, variously dominated by
different species of Sphagna. The larger hummocks of the study area

resembling the nearby moor in that the ftops of such hummocks are largely

doninated by

Calluna Vulgaris {plate 1),

A series of ten hummocks were subjectively chosen to re 1lesant
as wide a variety as possihle in hummock height within the study area. in
order to obtain‘information on the contemporary socioclogy of plant species
growing on the hurmock series, values of cever-ahundance and sociability

were noted in each case,

1. COLLECTION OF PEAT AND WATER SAMPLES

To minimise disturbance, a series of four samples were taken
from the ground water at the base of each hummock chogen, A water sample
was taken roughly in the middle of the side of esach hummnock which was

correspondingly nearest to an edge comprising the main study area. Sample

f

5

one would ccrreosnond to wuteT taken from the vase of » hwmock wnose gide

is closest to edge one of the main study are= (sea man 2) and so on for

2 Ty

dges. Thus, the samples ware collected clockwise aroeund

s
(o}
iy
=
s
=
@®
]

our

(D
U‘

~each of the hummwocks studied, sample one conprising the upslope sample,

A Jo RN NG S SR RO DOy O p Ao am
the downalovne somnle,whilst ssmples two and four

sonple three comprising

would be roughly complemzntary as concerns aspect.

On returning to the laboratory, the pi of the water samples was
determined, firstly on the unfiltered samples and secoudly on the same
samples having been filtered twice using Whatman No.42 filter papers
After the addition of a small amount of chlcroform (Spearling 1972) the
samples were stored in a cold room at 5°C. The water uamples vere then

analysed for potassium, sodium, calcium, magnesium and lead using a Perkin
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Blmer Model 403 atomic absorption spectro photometer,
From each of the ten hummocks chosan (ses map 2) a sample of
peat was taken from the top, middle and bottom of each hummock respectively,

On returning to the laboratory, the pH of each fresh peat sampl

@

was made,
using the method of Alleun (1974). Also, a smal 1 portion of each peat
sanple was renoved and microscopically analvsed to ascertsin all
identifiable plant material contained in each sub-sanmple,

A mixed acid digestion was then performed on a portion of peat
ccllected in each sample, ‘The method employed was ba;ed on that of Adrian
({973). Bearing in pind the diszdvantages of a mixed acid digestion
orocedure when used on plant materials as cited by Allen (sﬂ74) 0.25¢ of
the dried peat sanple was used‘in‘each Case.b Due to he dl‘”icultv ni
obtaining a complete digestion of the peat matefial using the guantities
of nitric and perchloric acid used hy Adrisn (1973), the ruantity of acid
used was raised to that of 25ml. concentrated aitric acid (Malmer and Sjors
1955) and 12.5unl.of concenfrated perchloric acid respectively. Any

1s0luble residue remzining in the sclutions of the peat digesis were

regarded as insoluble cilica (Malmer 1062a). 411 the samp

/

were then
analysed for the same elemeants as the walter samnles, usine atomice abmorviion

spectro photometry.

2. COLIEGTION. AMD_ AHATY

I3 OF BRYOPUYTE SAMPLUS
A series of gix separate species of Bryophyte, which vary quite
markediy with habitat, were collected from the study ares (nggﬁl}pﬁ

stellstum, Cratonsuron falcatum, Scorvidium scornicides, Svhagnum fuscum,

Sphagnum palustre and Sphagnum plumulosum were chos en) A small sub-sanple

of each of the species of noss was firstly weighsd when freshly collected

A . S -y N S S
in order to sascerisnin the Hercentrge

snd amain when Aried fto constant wel
watey saturstion.
Three separate treatments were carrvied out to each species

collected., The first comprised of drying the les to constant weight

and performing the above acid digestion procedure to five renlicated szumnles
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The second procedure conaisted of washing thoroughly a ground g
dry weight sample of each species studied with a molar ammonium acetate
solution buffered at pH7. The soluticon was prepar .d by the method given by
Black (1965). Such a washing was achisved by stirring 50mls of the solution

with the moss sample for five miunutes before filtering the resultant

g

mixture under reduced pressure using fhatman No.42 filter pzper. Such s
procedure was repeated four times to each species of moss sampled. The
resulting tissue was again oven dried to constant weight and the mixed
acid digestiocn procedure performed on five replicated samples.

The last procsdure adopte& differed from that given above only
in the fact that the eluting solution was distilled water.

Samples from each of the separate triatments vere analysed using
atomnic absorption spectron wtometry for potassiuwm, sodium, calcivm,
magnesium and lead.

3, DETERMINATION OF THE CATION BXCHAHGH CAPACITY OF THE PRAT SAMPLES

Numercus methqu»are cited in the literature in order to obtain
tihe eation exchange capscity of nont semnles e.z. Schollenberger sand Simon
(1945), Piner (1950), Thun, Herrmann and Knickman (1955), Puustjarvi (1956,
1957) and Thorpe (1973). Hany, if nok all, of the methods gueted by
above authors invoive a time consuming process. However, guicker and
relatively simpler methods 69 ﬂx;st (Brown 104%, Ycoodruff 1948),

For the purposes of the present study, Brown's method was

emploved to obtain separately the levels of exchangeable bases and

exchangeable hydrogen within each veat sample analysed, The neutral molar

.

P Nl 1

ammonium acetate solution reguired in the estimation of exchangeable bases

4

contained in the pest samples was prevared by the thod given by Black (1965),

4

4, DETATLED ’A?PLINF OF A PARTICULAR HUMMOCK IN THE STUDY ARGA

A more detailed collecting procedure was adopted for one
particular hummock chosen in the study area (hummock 0 on max 2) (see plate
2). Pive water samples were taken from each of the four sides of the

hummock using the same samnpling procedure as before., The vegetation






comprising mainly of Sphagnum sp., of eacﬁ of the four Sides of the
hummock was also gampled, The plants were divided into two samples, the
merial component of the plant and the below ground component, At the
same time, the hummock profile was also resampled,

1

On returning to *the laboratory, the water samples were treated
_exactly in the same manner ag those collected during the initial survey.

The peat samples were again dried to constant weight and znalysed for

the major cations seiected vreviously,
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SICTION 3 ) RESULTS AND DISCUSSTION

1. CONTEMPORARY SOCIOLOGYAAND RECHNT HISTORY OR THE SELECTED HUMMOCKS

The resulte of the vegetational analysis are presented in Table 1,
the lists being arranged'in order of increasing height of the hummock,
On the basis of such a small subjective samplé-it is impossibhle
to draw any meaningful conclusions, however, the trends discussed below
were borne ocut by subsequent study of the full range of hummocks present
in the area;

Svhagnum rubcllum, Svhegnum plumulosum and Srthegnum capillaceum

appear to act as the pioneer species, Sphagnum fuscum only being found
dominating hummocks greater than 3%cm in height. The presence of Carex

dioica, Bouisetum fluviatile and Sucecisa pratensis, all of which are typical

of vheophilous and transition mires, on these hummocks indicates that up to
this size the total hummock may well be subject to the effect of flowing

eround vwater,

The presence of bvoth Phraswites austrilis and Csrex rogtrata on

~the Sphagnum fuscum hummocks can readily be explained by tihe fact that
although all the plants were deporate, they were all shown to be rocted

through the huwmock into the rheotrophic peat beneath,

It would therefore appear that by the time a hummock has }eached
about 30cm in height, all meaningful effect of the ground water has
effectively bzen shut off and that the communities cf the hummock suriace
are growing under edaphic conditionz which approximate to those of an
ombrotrophic mire situation.

'he results of the floristic analysis of the hummock profiles
are presented in Tables 2 to 4,

The study backs up the conclusion drawn above that the masin pioneer

apecies is Sphagnum plumulosum., The other species indentifiable in the

bottom layers are Cratoneuron falcatum, Drevancvcladus intermedius, Philonotis
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TABLE 1

AN ASSOCIATION TABLE OF SPECTHS PRESENT FOR A SERIES OF HUMMOCKS SAMPLED

AT TARN MOOR, CUMBRIA, 250m SOUTH-WEST ASPECT

SPECIES HULKOCK HEIGHT (cm) |
15 2% 25 27 g 28 %3 50 60 67 72

Aulacomniwz palustre +,2

Calluna vulgaris ot 1,21 3,21 111 1.2) 2.2 2.721 3.2 4.3

Cerex dioica +.2] w1 ] w2t w1l ra2d 4

Carex panicea 1ot] 1.1 ] watg a1 | 1] a1 1.2

Carex rostrata ' 1.2

Cladonia impexa ‘ 1.2 242

Dicranum scoparium +o2

Drosera rotundifolia +o? +ol| +42 ‘+,1 1.2 +o1

Empetrum nigrum ’ +o2

Houisetumn fluviatile 441 +o1 +,2

Erica tetralix 1ot ot 1. 2.2 1.1 1] +.1 ] 1.1

Eriophorum angustifolium 1.2 1.2

Eriophorum vaginatum +o1 101 +o,2

Festuca ovina ' 1.2 : 1ol +.1

Molinia caerulea 2.4 1ot v ity 1l 1t 1t 1) 1ol 2.1 1.1

Odontoschisma sphagni 2.5 2,21+t +.1 +<21

Cxyeceoccus palustris - 1.1} +:1 _ +°1 +a.1 :

Phragnites australis tol} o2 . | +.2] 2.2) #.2] 1.1 | +.2

Pleurozium schreberi 1.2 " 1.2

Polvtrichum strictum | : v : A 2021

Potentilla erecta +o1] 1.1} 4,1 ko1 +o1 | +.1 1.1

Selaginella selaginoides +o2 |

Snhagnum capillaceum ST ALRY A2 P51 4.5

Sphagnun fuscun - s.a| 5.3] 4.4 | 4.4

Sphagnum plumulosum 2,21 565 3021 36D

Sprhagnum rubellum 362

Sucecisa pratensis +.2 ] +o2 +02

P

NOTE
The first figure in each columrepresents an estimate of cover-abundance
of each species noted using the five point index used by Braun-Blanguet,

the second figure represents the sociability of each species concerned.



TABLE 2

TDENTIFTABLE PLANT SP:

BCIES

TONTD

ATNED TN THE BOTTOM PRaT

SAMPLES

s e

Hummock:
height (cm)

Identifiabls material in
peat samples

15

Cratoneurcon falcatun
Drepanccladus intermedius
Scheoenus nigricans (f)
Schoenus nigricans (1.b)

23

Odontoschisma s phagni
Sphagnum plumulosum

25

N . N\
Carex rostrata (f)
Drepanocladus intermedius
Philonotis calceria

27

Scorpidium scorpiocides
L) h)

Sphagnuin plumulosum

28

Oxycoccus palustris
Sphagnum plusmulosun

Az rocladwum cuspidatum
Brica tetralix (i)
Brica tatralix {s)
Molinia caerulea (l)
Sthegnum ns lustre

1
kS

Acrocladium cusnidatum
Drepanocladus intermedius
Carex rostrata .b)

60

Cratoneuron falcatun
Sedge (r)
Sphagnum palustre

67

Calluna vulgaris s)

Cratoneuron falca tam

Drnparocladuc intermedius
Sohaenugs palustre

T2

Molinia caerulea
Sphagnun palustre




TABLE 3

IDENTIFTABLE PLANT

SPRCIES €O

ONTATNED IN THE MIDDLE PEAT SAMPLES

Hummock
height ( cm)

Identifiable material in
peat samples

15

Molinia caerulea
Cdontoschisma spha
Cxycocecus palustri
Oxycoccus palustris
Sphagnum plumulosun

and.

O’JC\;

Sphagnum fuscunm

\erocladium cuspidatum
Drepanocladus revolvens
Oxvcoccus palustris

Sphagnum capillaceun

27

Scorpidium scorpioides
Sphagnum plumulosun

238

Cratoneuron Talcatum
Svhagnum plumulosunm

Aulacomnium palusire
Erica tetralix

Molinia caerulea (1 b)
Polytrichun strictum
Sphagnun capillaceun

50

Calluna vulgaris (s)
Oxvcoccus valustris (1)
Spnagnum fuscun

Spheasnum fuscun

67

Auniacomnium palustre
Polytrichum sirictum
Sphagnum fuscunm

-3
[NV

Aulacomnium palustre
Molinia caerulea (1)
Sphagnum fuscun

(1

)



TABLE 4

IDENTIFIABLE PLANT SPECIAS CONTAINED IN TOP PRAT SAMPLES

Hummock
height (cm)

Identifiable muaterial in
neat samples

15

¥olinia caerulea (1,b)
Svhagnum plumulosum
Svhagnun tenellun

N\
N

. { AY
Erica tetralix (1)
OdOHuOb chisma sphagni
S phagnum plumalosun

Aulscomniuvm palustre
Oxvcoccus pa r

Polytrichun c
Sphagnum capillaceun

27

Briophorum angustifolium{l.t.
Sphagnum plumuliosunm

28

Sphagnun plunulosun
Sphagnum tenellua

Bovetrum nigrum (1)
Sphagnum capillaceun

crocladium stramineun
Odontoschisma sphagni
Suiagnum fuscun

60

Qdcntoschisma svhagni
Pohlia nutans
Sphagnun fuscuan

67

Calluna vulﬂﬁr (0 let)
Cdontoschismsa. s ggnj
Srhagnum fuscus

72

Calluna vulgaris (b.let)
Molinia caerulea (1)
Polytrichum strictum
Sphagnum fuscun

Ve to tahlen 2 to0 A

b = Dhasse
v.let. = Dbranchlet

f = fruit

f aand
Il

leaves

(16)
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calcaria, Scornidium scorpiocides and Svhaenum nalustre, The latter is a
4 P

humméck former (Watson 1955) the former four, although species thJC%l

of rich fen communitiea all can grow in swelling tufts which could act to
deflect the flow of water at that particular position, thus helping to
provide a niche for the ecesis of the more aci idephillous species.

The presence of Schoenus nigricans and Mo 11n1& caerulea in the

bottom of the profiles is also worthy of note. Roth species tend to grow

in tight clumps, within the shelter of which acid conditions could develop.

2. _GEOCHEMISTRY OF ThHE PIONELR SPECIES

Samples of the following speciess Cempviium stellatum, Cratoneuron

falcatum, Scorpidiwn scornioides, Sphacnum fuscum, Sohasrun onlustre and

Sphagnum plumulcsum, all of which sre shown above to be important species

in the process of hummock development st the site, wers collected from
other parts of the mixed nmire system, and subsamples were analysed for
percentage water content and for total levels of the cations selected above
(see tab.ie 5).

Puustjarvi (1956) 211

03

seated thet moseses typical of anustic
envirorments would be able tc replenish their water supply virtually
continucusly and hence would be typified by a lower.water rsualnlng ca ndclty ‘
than those normally found growing in conditions where water stv sss would be
likely.

On the hasis of the percentage water 1tur9f10ﬂ data, the results
suggest that the mosses shown fall into the following series: ampylium

stellatum, Sccrnidinm scorniocides, Cratoneuron falcatum. Svhagnum valiusire,

Sphaenum plumulosum and Sohagnum fuscum.

The results of the cation analysis show conclusively that the siw

mosnes studied are best considered in Two groupa:

Group 1 ~ _Campvlinm =t

Vztum, Cratons

ron_faleatum, Scorridium scorpioides

as the initiators in that all appear to be growing with the influence of the
ground water.
Group 2 - Consisting of all three species of Sphagnum, all of which appear

to grow above the influence of the ground water.
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TABLE 5

TOTAL LEVELS OF SELECTED CATIONS DETRRMINED TN A SERTIES OF BRYOPH

TE SPECIES

(16

Per gram dry weight

Species Percentage | Total Total Total Total Total

water Potassium Sodium Galcium | Magnesium { Lead

saturation | mgm mgm mEm © | mem pgn
Ganmpylium 85.7 0.85% 0.16% 99,25 | 2,86% 46.80%
stellatum 0.05 0,02 4032 ] 0.05 5038
~ s . + L U o+
Scorpidium 85.8 0,64 0,11~ 103,20~ 2,759~ %8 ,60-
scorpioides 0,06 0,01 %87 0.03 4012
Cratoneuron 83.6 1.39% 0.12% 100.80% | 2,09% 33,80%
falcatum 0,17 0.01 9.69 0,11 0.80
Sphagnum 89,7 3,245 0.91% 3,425 | 1,00% 19,00+
palustre 0.42 0,14 D.24 0.0 3.03
Sphagnun 91,1 1,26% 0,71 1,938 | 0.67% 41.80%
plumulosunm 0.10 0.03 0.06 0,00 3.30
Sphagnum 92,2 2.11% 1,585 1,425 | 0,522 35,50
fuscum 0,06 0.01 0,07 5.0% 2,22

p +
Mean - standard error.

n:=5.

n =

samnle size
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The main differences between the cations analysed of the two

groups are as follovs :

3

1. Group 1 mosses are significantly richer in calcium and magnesiwm
than those in Group 2, and
2 In contrast, group 2 mosses are significantly richer in sodium

and potassium than the former,

It has been shown since the early part of the century that species
of Sphagna must exert some degree of selectivity in the ions they absorb
(Skene 19%5); However, as was demonstrated by Puustijarvi (1955), the various
groups of the genus Sphagna differ markedly in their capacity to utilize
bases in their substratum. Such a process of catioa exchange has also heen
demonstrated by Williams and Thompson (1936), Ramaut (1954) and Anschutz and
Gessner (1954) showed that other cations are exzhanged for hydrogen ions.
Thus, once the presence of Sphagnumspecies has become established, <the
conditions of the surrounding area, via the alteration of pH, woﬁld be
greatly affected, a fact borne out by the entry of scidophilous species on
the larger hummocks in the wmiddle and top peat sanples (Tablés 3 and 4).

A list of plausible explanations of the continulng acidity of such
Sphagnum dominated areas was considered by Clymo (1967). He‘concluded that
the most likely explanation for such a phe£0m3non could be due te the cation
exchange proverties of the plants themselves, Eased on the input of various
physical data, Clymo (op.cif) pfoduced a model which nredicted the eventual
pH around the plants, assuming that a Donnan equilibrium operates in such =
system,

Tables 6 and 7 show the levels of non-exchangeable cations recorded
when the méss apecics analvsed were subjected to different extraction iiquids
i,e. molar ammonium acetate at pH 7 and distilled water. Treated with either
solution, the total potassium level found for each species considered seens
to be stored in almost a completely exchangeable form. Whereas in contraet,
for three species_of Bryophyte studied all of the total lead recorded seems

to be stored in a non-exchangeable form, In the case of using ammonium
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jaby

RMINED IN A SERIES

NON-EXCHANGEABLE LEVELS OF SnliBCTES CATION
A

OF BRYOPHYTE SPECIES

ISING ANMON

TUM

CETAT

b TREATEEND

(2u)

Per

gram dry welgnt
| _

Sopecies Potassiun Sodiun Calcium | YMagnesium j Lead

mem mam mam mgim pem
Campylium 0.,00% 0.04% - 22.80% 0.%36% | 44,00
stellatum 0,00 0,01 0.58 0,00 2.76
Scorpidium 0.00% 10,02% 104,80 L] 1.32% | s0.80%
scorpioides 0,C0 0.00 1.99 0,04 1.96
Cratoneuron OQOOt O‘,.,'Bt 36¢84f 0059i 43°60t
falcatum 0,00 0,00 2,06 0,02 3,12
Sphagnun 0,00% 0.01% 0,09~ 0.02% | 20.00%
valustre 0,00 0,00 0.00 0,00 1.55
Sphagnum 0.00% 0.,04= 0.12% 0.03% | 34,40%
plumulosun 0.00 0.0 0,04 0.0 5.43
Sphagnum 0,00~ 0.,02% 0,06% 0,015 | 21.20%
fuscum 0,00 0,00 0,00 0.00 0.50

+
Mean - standard error,

n = 5,

n o2

sample size,



TABLE

NON-EXCHEANGUARLE LEVELS OF SHLECTED CATIONS DETERMINGD IN A SERIES
OF BRYOPHYTE SPECIES USING DISTILILD WATER

o
“~

Per gram dry weight
Species Potassium Sodium Calcivm | Magnesiwz Lead
mgn mem mgm mgm jigm
Campylium , c 005 0.06% 38,1641 . 2,338 41,805
stellatum 0,00 0,01 0.82 0,02 1,02
Scorpidium 0.000  lo.,o5T | 116.64% | 2.5 | 51,008
scorpioides 0.00 1 0.0 2.02 0,00 3,58
Cratoneuron 0.00% 0.04% 650 .80% 2,59% 30,401
falcatun 0,00 0,01 0.82 0.02 | 1.7
Sphagmun 0.70% 0,16 3,427 1.00% 17.80%
palustre 0.02 0.02 C.24 0,01 2,73
Sphagnum 0.55< 0.19% 1,07~ 0.467 27.80%
plumulosum 0,00 0,00 0,01 0,00 2,06
Sohagnun 0.51% 0.07% 0,917 | 0.3%n | o2s.20T
fuscum 0,00 0,00 0,02 0,00 1,86

+
Mean - standard error.




—~~
A
N

S

acetate, Camnvlium stellatnm, Sohacnum n»lumulosum and Sphagnum fuscum

1

appear to store lead in such a way, whereas for the water treated samples

Campylium stellatum, Scorvidium scorpioides and Svhagpnum valustire appear

to store lead in a non-exchangeabhle form,

For the other three cations studied, the form in whiéh such
cations are stored in Bryophyte samples seems to vary considerably with
respect to the species concerned and the extraciion procedure performed.
Such formg are probably specific to a particuler species considered e.ge.

1

Scornidiwg scoreicides appears to bind its totsal calcium in a non-—-

i

1

exchangeable form (under both treatments no axchsngeable calcium was

A h 1, - - .
extracted), whereas Srvhagrun fuscum appears to bind a relatively smaller

amount of its teotal calcium in such a Torm,
Fstimates of the exchangeable levels of cations by the two
procedures are given in tables 8 and 9. All values in the tables are given

N

at the P € C.05 level, a value of zero being placed when the difference

between the two levels of the particular cation recorded was not

PR

aignificantly different below the significance level quoted‘aboveo
As a general rule, the exchangeable level of a particular cation
in most cases was seen to ve higher when the Bryeophvte species were treated
with ammonium acetate than with distilled watler as an extréction liguid,
Although,.as noted sbove, the levels of exchangeable potassium for the
species sampled are similar under both treatments, Such would indicate
that most potassium containéd in such species of moss would be easily
removable., Such, however, is not the case when zwchangeable lead levels
determined'for the series of species is considered. Thus 1t seems likely
that woat of the totsl levels of lesd contained in the moss species are
fairiy firmly bound to the nlant tissue.
The difference in the exchangeable levels of cations obftained
under the two treatments may represent the degree of binding of a particular
cation to the plant tissue., It appears that under such an hypothesis, most

of the exchangesable monovalent cations such as potassium and sodium nay be

camples in distilled water,

[
©
ot
jus
o]
o
o
&)
0

fairly easily removed by simply washing 1l
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TABLE 8

AW ESTIMATE OF THE EXCHANGHABLE LEVEL3S OF SsLECTED CATICRES
USING AMMONIUM ACHTATH :

NS
LS

} Per gram dry weight
Species Potassium Sodium Calcium fagnesivm | Lead
rgm ngTi mgm mgm Mam
Campylium 0.88% 0.12% 76 ,40% 2.50% 0,00
stellatum 0.05 0,02 v4°36 0.05 0,00
Scorpidium 0.64% 0,09% 0.00% 1.47% 0.00%
scorpioides 0,06 0,01 0,00 0.05 0,00
Cratoneuron 1,39% 0.00% 673,965 2,50% 0,00%
falcatum 0.17 0,01 9,80 0,11 0,00
Sphagnum 3,24% 0.90% z %3% 0,98% 0,00~
valustre 0.42 0.14 0024 0,01 0,00
- + N ot +
Sphagnum 1.26= 0,67~ 1.01- Q,64~ 0,00~
plurmulosum 0.10 0,03 C.21 0,01 0,00
Sphagmun EERT 1,365 1,%6% 0.41% 14,305
fuscun 0,06 0,01 0,02 0,03 2,28

+
Mean - standard error

A1) levels shown at the T € 0,05 lsvel



TABLE 9

AN BSTIMATE

ACHANGEABLE LEBVELS OF SELECTED CATIONS

USING DISTILLED WATER

Per gram dry weight
Species Potassiunm Sodium Calcivm | Magnesium | Lead
mem mgm ngm mgm Hem
Campylium 0,88~ 0.10% 61.047% 0.53= 0.00%
stellatum 0.05 0.02 4,40 0,05 0.00
Scorpidium 0.64% 0.06% 0,00% 0.64% 0.00%
scorpioides 0,06 0,01 0,00 0,0% 0,00
Gratoneuron . 1.30% 1.35% 40,00 0.50% 3,407
falcatum 0.17 0.17 Q.75 0,11 1.42
Sphagnum 2,54~ 0.75% 0.00% 0.00% 0.00%
palustre 0.40 0.14 0.00 0,00 0,00
Sphagnun 0,71% 0.52% 0,00% 021 14,002
plunulosum 0.10 0.0% 0,00 0,00 .89
Sohermun 1.50% 1,315 0.51% 0.19% i1.20%
fuscun 0.06 0.01 0.03 0.03% 2,90

+
Mean - standard error

All levels shown at the P < 0.05 level.



A larger difference betweeﬁ the twe exchangeable levels obtained under
such treatments occurs when divalent cations are considered, calcium and -
magnesium, such a difference may indicate a stronger degree of biﬁding of
such cations to the plant tissue than is the case when monovalent ions
are considered,

Various authors hgve proposed a site for the cation exchange
properties of Sphagnum species, e.g. Puustjiavvi (1959) (whoso theory was
based on the use of the WNernst equation originally formulated by ILundegardh
(1942j)and Bell (1959). Indeed, the above result supports Beil's original
observation that trivalent and divaient cations that are absorbed by
Sphagnun species are absorbed more strongly (and hence nore msy he stored
in a non-exchangeable form) than monovalent ones,

4 large amount of work has been carried out on the determination
of the chemical nature of <the exchange sites of SYphagnum species,(Theander
1954, Knight et al., 1961, Clymo 196%, Craigie and  Mass 1965), The most
widely held theory concerans that of Ciymo (1963) who proposed the-nature
of such exchange sites comprisze of unesterified rolvuronic acids, poss=ibly
mixed sugar uronic acid molecules in the cell walls., OClymo (1963, 1964)
also demonstrated that Sphagna, as a group, containe@ quite a large
proportion of their dry weight as uronic acid residues.

Since the originel work performed by Clymo, extensive studies on

the cation exchange ability of Svhagnum magellsnicum have been made

(Rudolph and Brehm 1965, Brehm 1967, 1663, 1970, 1971). Schwartzmaier and
Brehm (1975) give avidence based on a more sophisticated assay procedure

than that used by Clymo (1963), that in the case of

rallanicunm,

the chemical nafure of the cation exchenger comurises of nolvgnlacturonic
acid moleculen, Such evidence con?irﬁs the original theory of Clymo.,

Racent work by Snearline (1972) demonstrated a ccrvelation between
the varying amocunts of galacturonic acid in & variety of species of Sphagna
which show a warked distribution with raspect to the water table at Sandy

Ridge Bog, New York. Fros this she concluded that the amount of galacturonic
g £ ?



acid found within a species nieht confer s specific range of exchange

N

ability to that taxon. This capacity for cation exchange may enable

4.3
L8

species to occupy a particular havitat within the bog. 1% may be
interesting for future workers at Tarn lcor o repeat such a study és
was undertaken by Spearling. Such data would provide evidence on the
site of exchange capacity of Sphagna in the area and may éléo go pari
way to explain the observed disfribution of Sphagna oa the hummock series

of the site,

3. ANALYSIS OF PEAT AND WATER SAMPLES

o
EN

Such values of the levels o

©

cations analysed above give data

o o

of

0

concerning an artificisl situation, i.e. bv viewing each specie

¢
92}

Bryophyte in isclation.- To gain a bvasic insight into the level of storage
of such cations in the system itself, a series of peat and waler samples
were analysed for the same cations as ahove,

The detailed results for the levels of cations measured in each
separate hummock profile and in the series of water samples collected
around the hummock are given inbappendix 1.

There was found to be little variation in the levels of cations
measured in the water s;mple“, any variastions present being probably

mainly due to topographical features of the site area. Thus all the

samples were combined to yield mean values of :
. . oAt
pH before filtering (.40~ 2,14
. . . . N
pE after filtering 7,46+ 0,05
Potassium
Sadd 5 405 0.0 s
Sodium 5ed0=- 0,21 nmgfl
. . R ot ¢
Calciun A2,87- 2,12 me/l
, . 2 gt /1
Magnesium 13:.50- 0.82 mg/l
' -+
Lead *¥2,19~ 0.30 Fg/l
W + .
Mean - standard error

n = 40, n = number of samples
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* All values of lead levels in he water samples shown in appendix 1
showing a value of <0.01 pe 1, for the purposes of finding a mean for
such values, such were taken to be 0.005 pg/l. |
The abové values compare reasonably favourably with those gquoted
by Bellamy and Rieley (1967) for the mean of four mixed mire ground water

samples i.e. vl 7.34, potassium 2.6 mg/l, sodivm 3.9 mg/l, calcivm 12.1

.

mg/l and magnesium 4.5 mg/l. However, in their survey the level of iead
in the ground water was not recorded and thus no comparison ﬁay be made.,
The level of lead recorded above appears to be fairly low when compared
with values of lead in surféce waters of lakes in the ioﬁdoﬁ area quoted
by Harrison et al. (1975) (such values quoted fell in the range of 4.5
to 5.5 pe/1).

Determinations of the levels of wvariocus cations contained in the
peat samples coclleched showed variations with respect to the size of the

-

hummock sampled and the actual semple position. Such Jdifferences that are
shown in such cation levels are unlikely to arise from variations in the
levels of cations derived from the ground water,

The pH walues of the peat samples anaiysed are given in table 10,
- The order of values fcor the o of Sphagnum peat for the top peat samvles
of the hummocks range from about 4.0 to 4.5. There appears to be no real

marked difference between the pH values of Sphasnum dvlumulcoum and

Sphagnun fuscum dominafed hummocks (the dominance of the particular species

of Sphagnum being mirrored by hummcck size). Such low values of pH of
Sphagnum dominated peat are Ffreguently quoted (Poore and Walker 1959,
Clymo 1967, Allen 1974). Indeed, Bellany and Rieley (1967) quote a lower
value of pH for the top sample of their boring of a hummock centained in
the studyv area.

The oH of the middle meat samples of the hummock series somnled
does show a marked decrease as hummock size increases (r = -0,85, r2 = 0.71)
(graph 1). However, in contrast there was found a small difference between

the pH of the bottom samples of the series of hummocks sampled., This is to
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PH VALUES Or MIDOLE FEAT SAMPLES

TAKEN FROM THE HUMMOCK SERIES
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seems to exist a large degree of uniformity in
the cation component of the ground water over the area of the site,

Tables 11 to 15 illustrate the valueaz of total potaséium,
sodium, calcium, magnesium‘and lead in the psat samples analysed,

Due to the uniformity of the ground water in the sample area
for each of the above five cations, no real variation existed in the
concentrations contained in the bottom peat sazmples of the hummocks
sampled. It is of interest that the levels of all five caticns sampled
in the top peat samples also did not change markedly as huomock size
increased (see tables 11 fo 15).

The greatest fluctuatioﬁ in the total levels of the cations
measured appears in the middle peat samples collected from each hummock,
the total potassium level in the peat being the only one not to show a
large alteration in lével as hummock size increases, Most total levels

. '
i.e, calcium, magnesium and lead, seéem to decrease markedly as hummock
size increaséc (for calcium T =-0.,8253, r2 = 0.6811, for magnesium

r =-0.802%, r2 = 0.64%6, for lesd » =0,7710, r2 = 0,5944) {(graphs

o
s
[o]
&

~
.

it

However, total sodium levels show the reverse trend (r = 0.,7865, r2
0.6185) (graph 5). |

A different effect is seen when one looks at the distribution or
the total levels of the cations studied as sample position varies through
a humnmock profile, As a general trend, viewing the ten hummocks sémpled
as 'a whole, higher levels of hydrogen (as derived from the pH values of
the peat samples (table 16), potaszium and sodium tend to accumulate
-towards the top of each profile studiad (see tables 11 and 12) whilst the
total levels of calcium, magnesium and lead terd to show the reverse
trend (see tables 13 to 15),

Such éhanges in the cation and anion content of ground waters,
and extended by Bellamy and Rieley (1967) to inélude peat material, form

the basis of Kulcynski (1949) classification of rheophilous, transition

and ombrophilous mire systems, . However, due to the lack of time for the
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GRAPH 3
T0TAL MAGNESIUM _LEVELS OF

MIDOLE PEAT SLWLES TAKEN FROM
THr HUM\’!UEK SERIES

mgm per gram diy weig t

(

37

T ¥ T ¥ T i
e} Ne) 20 ‘ 30 40 50 60

HUMMOCK HEIGHT lem

¥
70

|
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study, no quantification of anion content of the pzat and ground water
samples wes, in fact, underiaken. Thus, for the purposes of the study

it is assunmed that the 'mineral soil water limit' of Thunmark (10 ?) and

the 'calcarious water limit' of Witting (1948) would approximate
the houndaries of KuluVD°V 3 groupings., Using the data in table 10,

for peat samples whose pE value lay at or helow 4,0 was thus classified

as an ombrovhilous mire typz, peat samples whose pi value lay between

b

&0

i

i

1

pH 4.1 to 6.7 was classified as a tran: iﬁnal mire type and finally,
the remaining samples-whose pH value was at or higher than 6.8 was
clgssified as a rﬁoophiloxs mire type (table 17).

Such a classification of peat samples as is made in tadble 17,
repreéents a crﬁde method to illustfate the changes in the levels of cation
concentrations found in the peat samples as the hummock size and sample
position is altered,

Under conditions that exist at Tarn Moor, there prcbably exist
two major sources of obtaining the major cations (sensu Rohde 1949)
analyvsed in the peat samples, An obvious mesns of eupply of such minerazls
ig via the movement of caftions from the ground water into the peat of the
huamock series by capillarity. The. second major source of minerals is
via the direct action of rain over the area,

The ground water of the site contains fairly high concentrations
of calcium and nagnesium, whereas potassium and sodium are present to a
lesser extent (see above)c The concentrations of such divalent cations
analysed in the peat camples show a marked variation with hummock height
and sanmple position., Suech indicates that as the hﬁmmock height increases
an-increasingly effective ba wrrier may be operalting *o regulale the
el fective untske of divalent catione hyv the »reat from the capillary strain
com the ground wster bhelow,

Whe.total sodium levels analy=ed in the series of peat samples

shows a large variation when the middle peat samples are considered

(graph 5). An was noted above, there appears to be only a small smount of
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sodium ions ceontained in the ground water of the zite. Due to the
proximity of Tarn Moor to the sea a major means of entry of sodium into
the site is probably effected Ly rainfall,

In contrast to the pattern exhibited by the total calcium and
magnesium levels within the middle peat samples, the total sodium levels
of the same sample series shows the ovpposite trend. This may indicate
that as the effects of the main cstions contained in the ground water
are progressively negated sas hummock height increases,; the rclstive
impontance>of minerais entering the system vis rainfall gain a higher
degree of impbrténcé in the nutrient regime of tha peét.

An interesting result is seen when %0tzl lead levels on the sane
series of peat samples are considered (graph 4), Such atrend which is
observed follows the same pattern exhibited by that of caleciuw and
magnesiun discussed above, This would tend to indicate that the major
source of leud contained in the peat is via the ground water of the avea
and not rainout of airborne pollution.

The humaock which was tho subject of Bellany and Rieley's paper
was also sampled‘in the above survey (mumock R in the present study) .

On the previous occasicon, the sanple procedﬁre was carried out in
Dgcember 1966 under different weather conditions to those existing in
May 1975, when the samples were taken for the present study. The 1966
samples were taken under conditions where the surface water and water
contained in the hummock was Trozesn (D. J Bellamy pers. bommq)c Such
extreme conditions at the site were noted By Holdgate (1955a) where he
mentions that in December 1950, the water flowing through the open areas
of the zite was also frozen>to varving thicknesse On comparing the

Fad

for the catione determined

)
¥
i

v and Rielev (1057) snd those

values Y
determined in the ocowme hunncck, the velues cuoted by the previocus suthors
for the four common cations analysed tend to be larger than those ouoted

in the present work (see avppendix 1). Also, the pH values given by them

for the same hurnmock tend to be lower than those given above., Such a
2



difference may indicate that there may be s seasonal variation in the‘
levels of the wvarious cations contained in a particulsr hummock,

Bearing in mind the major drawbacks involved invthe sampling
procedure adopted, namely, a small number of hummocks were in fact
sampled and that no replication of samples was in fact made, the results
do indicate that thevre iz a machanism in the hummock complex which limits
the effects of the ground watar of the site through the hwmmock profiles,

Bellamy and Rieley <0y. cit.) quote three possible meohanisms
in an attempt to explain such a phenomenons
1. Any ions that cxist in capiliary watéf may be fixed at exchange sites
in fhe bottom few cm of peaf in = large peat profile. Such exchange sites
may be expected to become fully saturated fair v quickly due to high
concentrations of minerals contéined in the water. Under sﬁch a systen
unless new exchange sites were being continucusly produced, the exchange
sites would be rapidly inactivated as buffers to further ion migration.

2, Due to the high rainfall of the area, mosf of the ions follewing the
rath of capillary water sre leached back down the »nrofile,

3. That some 'block' exists,again in the bottom few cm of peat in the
profile, thus preventing any effect of the ground water *o act in the rest
of the neat pfofileg Any minerals that do exist above this 1evel‘are
envisaged to enter the system entirely by rainfall.

Bellany and Rieley (op.cit.) also Tound at the bottom of their
profile a porticn of huwified peat of & cm in depth at the bvase of the
nummock, Resulté‘fwom Ingran et.al, (1974) indicate that the rate of water
flow through & highly humified pest H3 - H6 (Von Post and Granlund 1926)
tends to be reduced as compared with the raté of wter flow through less
humified pest Hy - Hs. It may be that the desree of humification of the
nent mav also he instrumental in affectine a control on the sround water
2t the site.

The énalysis of the peat samplés collected in the present survey

shed no light on a possible mechanism to explain the observed distribution



of cations actually analysed in them, Hore work of a sophisticated nature
e.g. the compilation of a complete nutrient budget of the system, may
vrovide information concerning the dynamic aspect of such mineral uptake
and distribution in the system.

4. ANALYSIS OF THE EXCHANGEABLE CHARACTERISTICS OF THE PEAT SANPLES OF THE
BUMMOCK SERIES

Such total levels of cations as analysed for above indicate little
concerning the contempofary budgel of such a svstem. ‘Thus information was
collected on the exchangeable levels of bases and hydrogen contained in the
peat samples collected, Due to a shortage of time to carry out such an
analysis, the method of Brown (194%3) was chosen., The main Virtﬁe of such
a system lies in the fact thaf s large nunber of peat samples may be
analysed fairly rapidly. However, such a method hes been criticised on
various grounds, Sjors (1961) pointed cut that such a method only determines
the excess of extractable cations over anions present in the peat sample,
Such a factor ought to be censidered in the case ¢f samples with a low
metal ion content, Also,that fraction of cations which are dissolved in the
water is also included in such a determination,

Urnfortunately, due to the lack of time fof the analysis, the
conversion of pH values obtainedehen using the method, into values of
exchangeable hydrogen and bases was made by the use of the two calibration
curves given by Brown in his originsl paver. Thus the values quoted in
tables 18 and 19 may not refiect the absolute values of exchangeable
hydrogen and bases at the site, but individual valuss way be comparable
with one another, Indeed, as Allen (1974) points.out; there are serious
limitstions inherent in any extraction vrocedure nerformed to ohtain the
level of available nutrients in soil samples. Such values obtained by
such a means are, at best, regarded as an approximste measure of the
nutrients which are available at any one particular time (Kaila and Kiveras
1956).,

Tables 18 and 19 show the levels of exchangeable hydrogen and

exchangeable bases determined for the series of peat samples analysed.
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In both casges, a snall difference in the exchangeable levels appears to
exist in all three zample positions i.e. top, middle and bottom samples, ’
with respact to increasing hummock size., However, large varia{ions in
bofh exchangeable levels exists through a particular hummock profile,

The lerge variation in exchangeable hydrogen through a particular

R . I3 . . . .
hummock profile {(table 18) may be explained by the dLLference in pH of the

peat samples already noted (table 10). Towards the top of any of

v~

hummecks sampled, the pH of the peat is markedly acidic i.e. thus showing

(&

the catlon exchange properties of the species of Sphagna. Under such

conditions the péat shows & high concentration ¢f hydfogen ions, as

‘derived from the pH value, and thus would be expected To show a high lével
of exchangeable hydrogcen. When ﬁovwng down the peat profile, the peat is
inereasingly affected by fhe ground water which, by increasing the pH of
the peat,causes the opposite effect on the level of exchangeable hydrogen.

The levels of exchengeable bases contained in fhe peat profiles

show the reverse trend (table 19), with the highest level cccuring at the
bottom of a particulsr profils and the lowest level at the tov, Kaila

and Kiveras (1956) ncted in their work on Finnish peatlandé that fhe main
excnangeable cation found in their pedst semples was that of.calcium with
the exchangeable content of magnesium being almoot of the same order,

Theyv also found that such walues recorded for voitassiuwm and sodium were

far lower and such values weve nearly equal to ene another, If such is the
case at Tarn Moor, the distribvution of exchangesble bhases thrgugh a

particular peat profile could be explained via 2 gredual limiting of the

&

effects of the ground water through it,
Such an hypothesis may be tested by detailed analysis of the
levels of the wmajor cations present ia veast ssrnles from the nrea ond

could fowrw the basis of

Turther work. “uch fetsiled analvees have been
carried out at other sites (1aimer 10629) usinge various exftraction

technioues (Malmer 1962a) (Durihg 197%).

Bearing in wind the limitstions noted above,an estimate of the
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cation exchange capacity of the series of peat samples may be nade by

the additicn of the levels of etzchangeable hydrogen and bases (table 20).

s)
Such an estimate of cation exchange capacity was also made by Gorhanm (1953)
and Puuatjarvi (1955).

The estimate of cation exchange cavnaciiy of the peat samples

shows a large degres of o

miformity throughout

I

produced by such a means

with increasing hummock height., All

*)J
o
]
o

the 1 umnock profiles samplas

values quoted in the tahle ssem to lie at thes lower end cf the usual

ot

ranges of cation exchange capacity quoted in the literature (Puustjarvi

1968)° Although ﬁhe velues do aporoximate to values gucted for Indian’
v soils by Tiwoeri snd Kuzmar (1574).

Various faetors which afféct the eation exchange canac{ty of s
parbticular peat ssmple are given in leangth by Tuustjacvi (1956) and
Curlick et.al. (1973). Béaring in nind such variebles demonstrated by
these workers, the cation exchange capacity of peat collected from the
site would be expected to lie at the lower end of the usuel scale noted.
~nen ihe determinations were carried out the excess moisture wes hand
scneered out of egch peat sample which may have zaffected the estimate of
‘the cation exchange cavacities of the samples obtained (Puugtjarvi 1956,
1969) .

A theorv of cacion exchange occuring in a peaty soil is
preposed by Puustjarvi (1969) to involve hydrogen ions dissociated from
carboxyl groups distributed towards the surface uf acid peat parsticles,
Under such a system, the degree of disscciavtion into the solution of
hydrogen ions of the active groups, and thus the degree of cation exchange
would be lasrgely determined by the acidic nature of the perticular sample
Te2. tThe nariicular ni of

o

such o a relation

Lore matursation (fiven EEC <3 )

xprezsion of total exchangeable bases as a percenitage of the cation

pnad

x‘
[

r
A

exchange capacity) and pH was demonstrated by Gorham (1953) when using

Brown's method on a variety of different soil tvpes sampled frem the
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Lake District. HNMalmer (196@), worizing on fresn samples of the bottom .
substratun ¢f lakes, and leter Halmer (1962&) working on the Akhult mire
system of Sweden, found a correlation betwsen pi and percentage base

saturation. More recent evidence supporting Puustjarvi'

s theory of
cation ethange is given by During (1973),

Values for percentage base saturatiocn for the series of peat
samples from the site are given in table 21. A correlstion (r = 00,9123,
r? = 0,8322) was found between the vH of the peat sawples and the
percentage base saturation calculated (graph 6).

A good deal of similarity exists between the values given by
Malmer (1962a). and those obtained in the present studv. In voth cases a
percentage hase qaturatlon of 50% 1 5ughly corrésponds to a peat pH of
about 5.0, A& slight variation exists towards the vottcm end of the pH
range recorvded, Malmer noting the percentage base saturation of zero at
a pH of about 2.5, whereas the corresponding velue for the above studj
lies slightly higher at a pH of about 3.3. Such differences that are
observed are probedbly due to geographical and foﬁOﬂrﬁnnl 2al differences
betueen the two study. areas,

5. _DEPATLED ANALYSIS OF ONE HUMMOGK IN THE STUDY ARRA

2

In the light of the small amount of information gathefed
‘concerning the levels of selected cations in samples of peat ceollected
through the centre of cach of the hummocks sampled, the study was
widened to incliude the more immediate effects of the ground water on the
vegﬂtatibn gurrounding such hummocks., In the time available, only a

.

detailed analysis of one specific nummock in the study area could in fact

&

be carried out. This meant resampling the water and peat of one of the

hummoceks already mampied in the initisl survey and 2lso to samnle the

adge vegelation,

n
he values of the csations. analysed for,the water samples showed

m

a small varlatlon with sample DO‘lthn (table 22), Thus all the values

for all parameters samnled were pooled to yield a mean value as was done

previously.

o~

o
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