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SECTION 1 INTRODUCTION 

Tarn Moor and i t s surrounding area, e n c l o s i n g Sunbiggin Tarn, are 

s i t u a t e d i n the p a r i s h of Crton i n c e n t r a l Cumbria ( N a t i o n a l G r i d Reference 

670075). Such an area i s of moderate e l e v a t i o n , roughly a t an a l t i t u d e of 

250m, l i n k i n g the h i l l s of the North Pennine3 t o those of the south-eastern 

p a r t of the Lake D i s t r i c t (map 1 ) , 

The v e g e t a t i o n of the area has been described by Holdgate (1955a) 

(1955b), i t s most outst a n d i n g f e a t u r e s being ' 

1. The close j u x t a p o s i t i o n of a s e r i e s of mire type ranging from 

extreme r i c h f e n to a c i d bog, sensu Du Rietz ( 1 9 4 9 ) » 

2. The presence of a s e r i e s of large ' t u f a ' s p r i n g s , the water from 

which inundates the f l a t t e r r a c e which f l a n k s Tarn Syke. 

3. The f a c t t h a t on one of these t e r r a c e s there i s an area of mixed 

mire sensu Du R i e t z , a type of v e g e t a t i o n which i s r a r e i n the 

B r i t i s h I s l e s , being more t y p i c a l of s u b - a r c t i c and suh—alpine 

r e g i o n s . 

Mixed mire i s perhaps one of the most extreme examples of mosaic 

v e g e t a t i o n , i n which the h y d r o l o g i c a l c o n d i t i o n s t y p i c a l of r i c h f e n i s 

invaded by species u s u a l l y considered t o be c h a r a c t e r i s t i c of a c i d bog 

communities. 

Mixed mires, not only provide unique areas f o r the study of the 

edaphic r e l a t i o n s h i p s of* r i i v e ecosystems, but also pose the f o l l o w i n g 

fundamental questions concerning the e a r l y stages of mire succession 

("Verlondung) o f ''/eb^r (1908): 

1. How do the a c i d o p h i l o u s species gain a f o o t h o l d i n the r i c h f e n 

water? 

2. What are the mechanism by which the a c i d 'bog 1 c o n d i t i o n s are 

maintained w i t h i n the developing hummock? 
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The mixed mire at Tarn Moor was the su b j e c t of a p r e l i m i n a r y 

i n v e s t i g a t i o n by Bellamy and Rieley (196?) i n which they showed t h a t each 

hummock could be regarded both f l o r i s t i c a l l y and e d a p h i c a l l y as a 

'miniature bog 1, the p r o f i l e of which showed abrupt changes both i n 

f l o r i s t i c content and peat chemistry. Perhaps t h e i r most s u r p r i s i n g 

f i n d i n g was the la c k of any evidence of t r a n s p o r t of mi n e r a l r i c h ground 

water through the hummock p r o f i l e by capillar;.'- a c t i o n . 

The aim of the present work was to extend our knowledge of the 

mixed mire ecosystem by a study of a s e r i e s of hummocks of i n c r e a s i n g s i z e , 

each of which could be regarded as a stage i n the development of an 

orr.brotrophic r a i r e , 

To t h i s end, the f o l l o w i n g work was planned and c a r r i e d out : 

1. Ten hummocks were selected covering the range of s i z e from 15cm 

to 72cm i n h e i g h t 0 

2. The v e g e t a t i o n of each hummock was described u s i n g the f i e l d 

methods of the Z u r i c h - K o n t p e l i e r School of Phytosceiology. 

7. Cores were removed from each hummock and the " o r o f i l e s were 

analysed f o r t h e i r f l o r i s t i c content t o allow an assessment of 

the developmental h i s t o r y 'i'A phytosocioi.ogical terms. 

4. S e l e c t i o n of the species shown by J>, above t o be pioneers i n the 

process of hummock f o r m a t i o n f o r geocheraical analysis„ 

5. Geochemical a n a l y s i s of the ground water and hummock p r o f i l e s 

t o a s c e r t a i n the i n c r e a s i n g ' e f f e c t ' of hummock development w i t h 

s i z e o 

6c Studies of the geochemistry of the hummock species growing around 

the base of the hummock i n d i r e c t contact w i t h the f l o w i n g ground 

water. 

I n view of the l i m i t e d time «v5>il°bl«, ~eooh~mical p.f n-ii.es -were 

l i m i t e d t o the f o l l o w i n g elements: calcium and magnesium, both of which a r e 

major components of the ground water and hence should be s u p p l i e d t o the 

hummock from below, sodium and potassium, the formei* being the most 

http://n-ii.es


(4) 
abundant ion supplied i n the p r e c i p i t a t i o n and potassium as an important 
p l a n t n u t r i e n t supplied i n the main from, the ground water,, I n the l i g h t 
of the recent i n t e r e s t shown i n the use of Sphagnum sp, to monitor 
atmospheric lead p o l l u t i o n s i t w a s decided t o in c l u d e the i o n i n the study, 
Tarn Moor being f a r removed from any major roadway or obvious source of 
ai r b o r n e l e a d . 
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SECTION 2 MATERIALS AND MET'}!OPS 

The study area comprised of a randomly chosen 25m square of 

mixed mire v e g e t a t i o n (Du E i e t z 1949) at Tarn Moor, Cumbria (see map 2 ) . 

Contained i n the area were a s e r i e s of hummocks, v a r i o u s l y dominated by-

d i f f e r e n t species of Sphagna,, The l a r g e r hummocks of the study area • 

resembling the nearby moor i n t h a t the tops of such hummocks are largely-

dominated by Callxma V u l g a r i s ( p l a t e 1 ) , 

A s e r i e s of ten hummocks were s u b j e c t i v e l y chosen to represent 

as wide a v a r i e t y as po s s i b l e i n hummock h e i g h t w i t h i n the study area. I n 

order .to o b t a i n i n f o r m a t i o n on the contemporary s o c i o l o g y of p l a n t species 

growing on the hummock s e r i e s , values of cover-abundance and s o c i a b i l i t y 

were noted i n each case. 

1. COLLECTION OF PEAT AND WATER SAMPLES 

To minimise disturbance, a s e r i e s of f o u r samples were taken 

from the ground water a t the base of each hummock chosen, A water sample 

was taken roughly i n the middle of the side of each hummock which was 

correspondingly nearest t o an edge comprising the main study area. Sample 

one would correspond t o water taken from, the base of a hummock whose side 

i s c l o s e s t to edge one of the main study area (see map 2) and so on f o r 

each of the f o u r edges. Thus, the samples were c o l l e c t e d clockwise around 

each of the hummocks s t u d i e d , sample one comprising the upslope sample, 

sample three comprising the downslope sample,whilst n-mplen two and f o u r 

would be roughly complementary as concerns aspecto 

On r e t u r n i n g t o the l a b o r a t o r y , the pH of the water samples was 

determined, f i r s t l y on the u n f i l t e r e d samples and secondly on the same 

samples having been f i l t e r e d twice u s i n g Whatman No,42 f i l t e r paper. 

A f t e r the a d d i t i o n o f a small amount of chloroform ( S j j e a r l i n g 1.972) the 

samples were s t o r e d i n a co l d room a t 5°C. The water samples were then 

analysed f o r potassium, sodium, calcium, magnesium and lead u s i n g a Pe r k i n 
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Elmer Model 403 atomic a b s o r p t i o n spectre- photometer., 

From each of the ten hummocks chosen (see map 2) a sample of 

peat was taken from the t o p , middle and bottom of each hummock r e s p e c t i v e l y . 

On r e t u r n i n g t o the l a b o r a t o r y , the pH of each f r e s h peat sample was made, 

usi n g the method of A l l e n (1974). Also, a small p o r t i o n of each peat 

sample was removed and m i c r o s c o p i c a l l y analysed to a s c e r t a i n a l l 

i d e n t i f i a b l e p l a n t m a t e r i a l contained i n each sub-sample. 

A mixed aci d d i g e s t i o n was then performed on a p o r t i o n of peat 

c o l l e c t e d i n each sample. The method employed was based on t h a t o f Adrian 

(.1973). Bearing i n mind, the disadvantages of a mixed a c i d d i g e s t i o n 

procedure when used on p l a n t m a t e r i a l s as c i t e d by A l l e n (1974) r 0.25g of 

the d r i e d peat sample was used i n each case. DWA bo tie d i f f i c u l t y o f 

o b t a i n i n g a complete d i g e s t i o n of the peat m a t e r i a l u s i n g the q u a n t i t i e s 

of n i t r i c and p e r c h l o r i c a c i d used by Adrian (1973), the c u a n t i t v ' of a c i d 

used was r a i s e d to t h a t of 25ml. concentrated n i t r i c a c i d IMalmer and S j o r s 

1955) and 12.5ml.of concentrated p e r c h l o r i c a c i d r e s p e c t i v e l y . Any 

i n s o l u b l e residue remaining i n the s o l u t i o n s of the peat d i g e s t s were 

regarded as i n s o l u b l e s i l i c a (Falmer 1962a). A l l .the samples *«re then 

analysed f o r the same elements as the water samples, usina- atomic absorption 

spectro photometry* 

2 . CpLLBCTION A-ND ANALYSIS OF BRYOPHYTF. SAHPLP.S 

A s e r i e s of s i x separate species of Bryophyte, which v a r y q u i t e 

markedly w i t h h a b i t a t , were c o l l e c t e d from the study are.-: ( f ^ T r o y l i u n i 

s t e l l a turn, Cratoneuron fa" 1 c a turn, Scorpidium s c o r n i o i d e s , Suhagnum .fuscum, 

Sphagnum p a l u s t r e and Sphagnum plumulosum were chosen)» A small sub-sample 

of each of the species of moss was f i r s t l y weighed when f r e s h l y c o l l e c t e d 

and again when d r i e d to constant weight i n order t o M&cert ' . l u t h e percentage 

water s a t u r a t i o n . 

Three separate treatments were c a r r i e d out t o each species 

c o l l e c t e d . The f i r s t comprised of d r y i n g the samples t o constant weight 

and performing the above a c i d d i g e s t i o n procedure t o f i v e r e p l i c a t e d samples 
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The second procedure consisted of washing thoroughly a ground 3g 

dry weight sample of each species s t u d i e d w i t h a molar ammonium acetate 

s o l u t i o n b u f f e r e d at pH7. The s o l u t i o n was prepared,by the method given by 

Black (1965). Such a washing was achieved by s t i r r i n g 50mls of the s o l u t i o n 

w i t h the moss sample f o r f i v e minutes before f i l t e r i n g the r e s u l t a n t 

mixture under reduced pressure u s i n g Whatman No ,42 f i l t e r paper. Such a 

procedure was repeated f o u r times t o each species of moss sampled. The 

r e s u l t i n g t i s s u e was again oven d r i e d to constant weight and the mixed 

acid d i g e s t i o n procedure performed on f i v e r e p l i c a t e d samples. 

The l a s t procedure adopted d i f f e r e d from t h a t given above o n l y 

i n the f a c t t h a t the e l u t i n g s o l u t i o n was d i s t i l l e d water. 

Samples from each of the separate treatments were analysed u s i n g 

atomic a b s o r p t i o n spectrophotometry f o r potassium, sodium, calcium, 

magnesium and l e a d . 

3. DETERMINATION OF THE CATION BXCHA.HOB CAPACITY OF TUB PEAT SAMPLES 

Numerous methods- are c i t e d in. the l i t e r a t u r e i n order t o o b t a i n 

t i e c a t i o n exchange ca p a c i t y of peat samples e.. g. Schollenberger and Simon 

( 1 9 4 5 ) , Piper ( 1 9 5 0 ) , Thun, Ker rraanii and Knickraan ( l 955) > P u u s t j a r v i (1956, 

1957) and Thorpe (1973)- Many, i f not a l l , of the methods quoted by the 

above authors i n v o l v e a time consuming process. However, quicker and 

r e l a t i v e l y s impler methods do e x i s t (Brown 1 9 4 3 > Woodruff 1948). 

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

employed t o o b t a i n s e p a r a t e l y the l e v e l s of exchangeable bases and 

exchangeable hydrogen w i t h i n each peat sample analysed. The n e u t r a l molar 

ammonium acetate s o l u t i o n r e q u i r e d i n the e s t i m a t i o n of exchangeable bases 

contained i n the peat samples was prepared by the method given by Black (1965). 

4. DETAILED SAMPLING OF A_ PARTICULAR HUMMOCK IN THE STUDY AREA 

A more d e t a i l e d c o l l e c t i n g procedure was adopted f o r one 

p a r t i c u l a r hummock chosen i n the study area (hummock 0 on map 2) (see p l a t e 

2 ) . Five water samples were taken from each of the f o u r sides of the 

hummock u s i n g the same sampling procedure as bef o r e . The v e g e t a t i o n 
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UMMOHK 0 IN THE STUDY ARFA 

(taken in July 1975) 

A 

Hummock 0 in foregrounc 



comprising mainly of Sphagnum sp., of each of the f o u r sides of the 

hummock was also sampled. The p l a n t s were d i v i d e d i n t o two samples, the 

a e r i a l component of the p l a n t and the below ground component. At the 

same time, the hummock p r o f i l e was also resampled. 

On r e t u r n i n g to the l a b o r a t o r y , the water samples were t r e a t e d 

e x a c t l y i n the same manner as those c o l l e c t e d d u r i n g the i n i t i a l survey. 

The peat samples were again d r i e d t o constant weight and. analysed f o r 

the major c a t i o n s selected p r e v i o u s l y . 
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SBCTIOK 3 ' RESULTS AND DISCUSSION 

1 . CONTEMPORARY SOCIOLOGY AND RECENT HISTORY OF THE SELECTED HUMMOCKS 

The r e s u l t s of the v e g e t a t i o n a l a n a l y s i s are presented i n Table 1 , 

the l i s t s being arranged i n order of i n c r e a s i n g h e i g h t of the hummock. 

On the basis of such a small s u b j e c t i v e sample - i t i s impossible 

to draw any meaningful conclusions, however, the trends discussed below 

were borne out by subsequent study of the f u l l range of hummocks present 

i n the area. 

Suhagnum rube1lurn, Suhagnum ulumulosum and Sphagnum capillaceum 

appear t o act as the pioneer species, Sphagnum fuspurn o n l y being found 

dominating hummocks gr e a t e r than 33cra i n h e i g h t . The presence of Carex 

d i o i c a , Enuisetuin f l u v i a t i l e and Succisa p r a t e n s i s , a l l of which are t y p i c a l 

of rheophilous and t r a n s i t i o n mires, on these hummocks i n d i c a t e s t h a t up t o 

t h i s s i z e the t o t a l hummock may w e l l be subje c t t o the e f f e c t of f l o w i n g 

ground water. 

The presence of both Phragmites a u s t r a i l s and Carex r o s t r a t a on 

the Sphagnum fuscum hummocks can r e a d i l y be explained by the f a c t t h a t 

although a l l the p l a n t s were deporate, they were a l l shown t o be rooted 

through the hummock i n t o the r h e o t r o p h i c peat beneath. 

I t would t h e r e f o r e appear t h a t by the time a hummock has reached 

about 30cro i n h e i g h t , a l l meaningful e f f e c t o f the ground water has 

e f f e c t i v e l y been shut o f f and t h a t the communities of the hummock surface 

are growing under edaphic c o n d i t i o n s which approximate t o those of an 

ombrotrophic .mire s i t u a t i o n . 

The r e s u l t s of the f l o r i s t i c a n a l y s i s of the hummock p r o f i l e s 

are presented i n Tables 2 to 4. 

The study backs up the conclusion drawn above t h a t the main pioneer 

species i s Sphagnum plumulosum.- The other species i n d e n t i f i a b l e i n the 

bottom l a y e r s are Cratoneuron f a l c a t u m , Drepanocladus interraedius, P h i l o n o t i s 



TABLE 1 

AN ASSOCIATION TABLE OP SPECIES PRESENT FOR A SERIES; OF KUKMOCKS SAMPLED 

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

SPECIES HUl-iMOCK HEIGHT (cm) ! SPECIES 
1 5 

! 
2 3 2 5 2 7 ! 3 3 5 0 6 0 6 7 7 2 ! 

Aulacomnium p a l u s t r e ! 
+ . 2 

Calluna v u l g a r i s + . 1 1 o 2 3 . 2 1 . 1 1 . 2 2 . 2 2 . 3 3 . 2 4 . 3 

Carex d i o i c a + . 2 + . 1 + . 2 + . 1 .'- p + . 1 

Carex panicea 1 o 1 1 . 1 + . 1 + . 1 + . 1 1 . 1 + . 1 1 . 2 

Carex r o s t r a t a 1 . 2 

Cladonia impexa 1 . 2 2 . 2 

Dicranum scoparium + , 2 

Drosera r o t u n d i f o l i a + . 2 + . 2 + o 2 + , 1 1 . 2 + . 1 

Empetrum nigrum + . 2 

Equisetum f l u v i a t i l e + . 1 + . 1 + . 2 

E r i c a t e t r a l i x 1 . 1 - r . 1 1 . 1 2 0 2 1 . 1 1 . 1 + . 1 1 . 1 

Eriophorum a n g u s t i f o l i u m 1 . 2 1 . 2 

Eriophorum vagina tun; + o 1 1 . 1 + . 2 

Festuca ovina 1 o 2 1 . 1 + . 1 

M o l i n i a caeru.lea 2 . 1 1 . 1 1 . 1 1 v 1 1 . 1 1 . 1 1 . 1 1 . 1 2 . 1 1 . 1 

Odontoschisma sphagni 2 o 3 2 . 2 + . 1 + . 1 + <2 

Oxyccccus.palustris 1 . 1 + . 1 + . 1 + = 1 

Phragmites a u s t r a l i s + o 1 + . 2 + . 1 + . 2 2 . 2 + . 2 1 . 1 + . 2 

Pleurozium s c h r e b e r i 1 , 2 1 . 2 

Pplytrichum s t r i c t u r a + . 2 2 . 2 

P o t e n t i l l a erecta + d 1 . 1 + » 1 • K 1 + J + . 1 1 J 

S e l a g i n e l l a selaginoides + 0 2 

SnbBgmm capi11-aceum A o 5 3 . 2 2 . 5 4 . 5 

Sphagnum fuscum 4 . 4 5 . 3 4 . 4 4 . 4 

Sphagnum pluraulosum 2 . 2 5 . 5 3 . 2 3 o 5 

Sphagnum rube Hum 3 . 2 
I ' 

Succisa p r a t e n s i s + » 2 + . 2 + . 2 . 

NOTE 

The f i r s t f i g u r e i n each coluim represents an estimate of cover-abundance 

of each species noted u s i n g the f i v e p o i n t index used by Braun-Blanquet, 

the second f i g u r e represents the s o c i a b i l i t y of each species concerned. 



TABLE 2 

IDENTIFIABLE PLANT SPECIES 'CONTAINED IN THE BOTTOM PEAT SAMPLES 

Hummock 
he i g h t (cm) 

I d e n t i f i a b l e m a t e r i a l i n 
peat samples 

15 Cratoneuron falcaturn 
Drepanocladus interinedius 
Schoenus n i g r i c a n s ( f ) 
Schoenus n i g r i c a n s (1.b) 

23 Odontoschisma s phagni 
Sphagnum piumulosum 

25 Carex r c s t r a t a ( f ) 
Drepanocladus intermedius 
P h i l o n o t i s c a l c e r i a 

27 Scorpidium s c o r p i o i d e s 
Sphagnum piumulosum 

28 • Oxycoccus p a l u s t r i s 
Sphagnum plumulosum 

33 Acrocladium cuspidatum 
Erica t ' e t r a l i x ( l ) 
E r i c a t e t r a l i x ( s ) 
M o l i n i a caerulea ( l ) 
Sphagnum ps l u s t r e 

50 Acrocladium cuspidatum 
Drepanocladus interinedius 
Carex r o s t r a t a (b) 

60 Cratoneuron falcatum 
Sedge ( r ) 
Sphagnum p a l u s t r e 

67 Calluna -vulgaris ( s ) . 
Cratoneuron falcatum 
Drepanocladus intermedins 
S n 11 a pyn y: o p a 1 u -r 1 r e 

72 M o l i n i a caerulea 
Sphagnum p a l u s t r e 



TABLE 3 

IDENTIFIABLE PLANT SPECIES' CONTAINED IN THE MIDDLE PSAT SAMPLES 

Hummock 
he i g h t (cm) 

I d e n t i f i a b l e m a t e r i a l i n 
peat samples 

15 M o l i n i a caerulea ( l ) 
Odontoschisma sphagnx 
Oxycocous p a l u s t r i s ( l ) 
Oxycoccus p a l u s t r i s ( s) 
Sphagnum plumulosum 

23 Sphagnum fuscum 

25 Acrocladium cuspidatum 
Drepanocladus revolvens 
Oxycoccus p a l u s t r i s 
•Sphagnum capillaceum 

27 Scorpidium s c o r p i o i d e s 
Sphagnum plumulosura 

28 Cratoneuron f a l c a t u m 
Sphagnum plumulosum 

33 Aulax:omnium palus Lre 
Eri c a t e t r a l i x 
M o l i n i a caerulea (1.b) 
Polytrichum s t r i a t u m 
Sphagnum cap i l i a c eum 

50 Calluna v u l g a r i s ( s) 
Oxycoccus p a l u s t r i s ( l ) 
Sphagnum fuscum 

60 Sphagnum fuscura 

67 Auiacoranium p a l u s t r e 
Polytrichum s t r i c t u m 
Sphagnum fuscum 

72 Aulacomnium p a l u s t r e 
M o l i n i a caerulea ( l ) 
Sphagnum fuscum 

• : : , _« : _j 



TABLE 4 

IDENTIFIABLE PLANT SPECIES CONTAINED IN TOP PEAT SAMPLES 

Hummock 
he i g h t (cm) 

I d e n t i f i a b l e m a t e r i a l i n 
peat samples 

15 M o l i n i a caerulea (1,b) 
Sphagnum plumulosiim 
Sphagnum tenellom 

23 E r i c a t e t r a l i x \ l ) 
Odontoschism sphagni 
S ph a gnum p l u i n u 1 o s um 

25 Aulacomnium p a l u s t r e 
Oxycoccus pains t r i e * ( l ) 
P o l y t r i c h u m K t r i c t u m 
Sphagnum c a p i l l a c e u a 

27 Eriophorum a n g u s t i f o l i u m {1. t . 
Sphagnum plumulosum 

28 S ph a gnum p lumulo sum 
Sphagnum tenellum. 

33 Erapetrum nigrum ( 1 ) 
Sphagnum capillaceum 

50 Acrocladium straraineuni 
.Qdontoschisma sphagni 
Sphagnum f us cum 

60 Odcntoschisma sphagni: 
P o h i i a nutans 
Sphagnum fuscum 

67 Calluna v u l g a r i s - ( b . l e t ) 
Cdontoschisma. sphagni 
Sphagnum fuscum 

72 Calluna v u l g a r i s ( b . l e t ) 
M o l i n i a caerulea ( l ) 
Polytrichura s t r i c t u r e 
Sphagnum fuscum 

Y..9-T t o t ^ b l o n ? t o A 

b = base 

b . l e t . = branchlet 

f = f r u i t 

1 = leaves 

l . b . = l e a f b — f 

l . t . = l e a f t i p 

r = r o o t 

p - 8 tern 
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c a l c a r i a , Scorpidium s c o r p i o i d e s and Sphagnum p a l u s t r e . The l a t t e r i s a 

hummock former (Watson 1955) the former f o u r , although species t y p i c a l 

of r i c h f e n communities x a l l • c a n grow i n s w e l l i n g t u f t s which could act t o 

d e f l e c t the f l o w of water a t t h a t p a r t i c u l a r p o s i t i o n , thus h e l p i n g t o 

provide a niche f o r the ecesis of the more acidop h i l o u s species. 

The presence of Senperms inigricans i and M o l i n i a caerulea i n the 

bottom of the p r o f i l e s i s also worthy o f note. Both species tend to grow 

i n t i g h t clumps, w i t h i n the s h e l t e r of which a c i d c o n d i t i o n s could develop, 

2. GEOCHEMISTRY OF TfiE PIONBSR SPECIES 

Samples of the f o l l o w i n g species: C ampy1turn s t e 1 1 a turn, Cratoneuron 

f a lea turn, Scorpidimn s c o r p i o i d a s , Sphagnum fuse via, Spha g riua u a. l u s t r e and 

Sphagnum plumulosum, a l l o f which are shown above t o be important species 

i n the process of hummock development a t the s i t e , were c o l l e c t e d from 

other p a r t s o f the mixed mire system., and subsarnples were analysed f o r 

percentage water content and f o r t o t a l l e v e l s of the c a t i o n s s e l e c t e d above 

(see t a b l e 5 ) . 

Puust.iarvi ( l 956) suggested t h a t mosses t y p i c a l of aquatic 

environments would be able t o r e p l e n i s h t h e i r water supply v i r t u a l l y 

c o n t i n u o u s l y and hence would be t y p i f i e d by a lower water r e t a i n i n g c a p a c i t y 

than those normally found growing i n c o n d i t i o n s where water s t r e s s would be 

. l i k e l y . 

On the basis of the percentage water s a t u r a t i o n data, the r e s u l t s 

suggest t h a t the mosses shown f a l l i n t o the f o l l o w i n g serj.es: Campylium 

stgljtejfrum, Scorpidinm s c o r p i o i d e s , Cratoneuron falcatum • .Sphagnum pa l u s t r e . 

Sphagnum plumulosum and_Sphagnum fus cum„ 

The r e s u l t s of the c a t i o n a n a l y s i s show c o n c l u s i v e l y t h a t the s i x 

mosses s t u d i e d are best considered i n two groups: 

Group 1 - .Cj^mpylium f t e l l e t u n ; Cr^toueuron f a l e a turn, Scorpidium s c o r p i o i d e s 

as the i n i t i a t o r s i n t h a t a l l appear t o be growing w i t h the i n f l u e n c e of the 

ground water. 

Group 2 - Consi s t i n g of a l l three species of Sphagnum, a l l of which appear 

t o grow above the i n f l u e n c e of the ground water. 

http://serj.es


TOTAL LEVELS OF SELECTED CATIOMS DETERMINED IN A SERIES OF BRYOPHYTE SPECIES 

Per grain d r y weight 

Species Percentage 
water 
s a t u r a t i o n 

T o t a l 
Potassium 
mgm 

T o t a l 
Sodium 
mgm 

T o t a l 
Calcium 
nigra 

T o t a l 
Magnesium 
mgm 

Tot-al 
Lead 
ym 

Campylium 
s t e l l a t u m 

85.7 0,88-
0.05 

0 . 16t 
0,02 

99.2^ 
.4.32 

2.86^ 
0o05 

46.80i 
3.38 

Scorpidium 
scor p i o i d e s 

86.8 0.64-
0.06 

0.11 i 
0.01 

103.20i 
3,87 

2.79^ 
0.03 

38.60± 
4,12 

Cratoneuron 
falcatum 

88.6 1 .39-
0.17 

o.i ?X 
0.01 

iOOoSoi 
9.69 

3.09-- . 
0.11 

33.80^ 
0.80 

Sphagnum 
p a l u s t r e 

89.7 3.24^ 
0.42 

o„9ii 
0014 

3o42t 
0o24 

1 „ooi 
0.01 

19.00-
3.03 

Sphagnum 
plumulosum 

91.1 1 .26± 
O.iO 

-1-
0.71-
0.03 

1.13-
0.06 

0.67-
0.00 

41.80± 
3.30 

Sphagnum 
fu.^cum 

92„2 2.11± 
0.06 

1 o38'-
0.01 

1 o42i 
0.0? 

0 . 5 2 -
0,03 

35.50^ 
2.22 

Mean - standard e r r o r . 



(19) 
The main d i f f e r e n c e s between the c a t i o n s analysed of the two 

groups are as f o l l o w s ; 

1, Group 1 mosses are s i g n i f i c a n t l y r i c h e r i n calcium and magnesium 

than those i n Group 2, and 

2. I n c o n t r a s t , group 2 mosses are s i g n i f i c a n t l y r i c h e r i n sodium 

and potassium than the former. 

I t has been shown since the e a r l y p a r t of the century t h a t species 

of Sphagna must e x e r t some degree of s e l e c t i v i t y i n the Ions they absorb 

(Skene 195)'* However, as was demonstrated by P u u s t j a r v i (1 955), the v a r i o u s 

groups of the genus Sphagna d i f f e r markedly i n t h e i r c a p a c i t y t o u t i l i s e 

bases i n t h e i r substratum. Such a process of c a t i o n exchange has also been 

demonstrated by Williams and Thompson (1936), Ramaut (1954) and Anschutz and 

Gessner (1954) showed t h a t other c a t i o n s are exchanged f o r hydrogen i o n s . 

Thus, once the presence of Sphagnum species has become e s t a b l i s h e d , the 

c o n d i t i o n s o f the surrounding area, v i a the a l t e r a t i o n of pH, would be 

g r e a t l y a f f e c t e d , a f a c t borne out by the e n t r y of aci d o p h i l o u s species on 

the l a r g e r hummocks i n the middle and top peat samples (Tables 3 and 4 ) . 

A l i s t of p l a u s i b l e explanations of the c o n t i n u i n g a c i d i t y of such 

Sphagnum dominated areas was considered by Clymo (1967). He concluded t h a t 

the most l i k e l y e x p l a n a t i o n f o r such a phenomenon could be due to the c a t i o n 

exchange p r o p e r t i e s of the p l a n t s themselves» Based on the i n p u t of v a r i o u s 

p h y s i c a l data, Clymo ( o p . c i t ) produced a model which p r e d i c t e d the eventual 

pH around the p l a n t s , assuming t h a t a Donnaxi e q u i l i b r i u m operates i n such a 

system. 

Tables 6 and 7 show the l e v e l s of non-exchangeable c a t i o n s recorded 

when the moss species analysed were subjected to d i f f e r e n t e x t r a c t i o n l i q u i d s 

i . e . molar ammonium acetate at pH 7 and d i s t i l l e d water. Treated w i t h e i t h e r 

s o l u t i o n , the t o t a l potassium l e v e l found f o r each species considered seems 

to be st o r e d i n almost a completely exchangeable form. Whereas i n c o n t r a s t , 

f o r three species of Bryophyte s t u d i e d a l l of the t o t a l lead recorded seems 

to be s t o r e d i n a non-exchangeable form. I n the case of u s i n g ammonium 



TABLE 6 

NON-BXCHAHSBABLB LEVELS OP SELECTS!) CATIONS DBTEIWIHED IN A SERIES 
OF BRYOPHYTS "SPECIES USING AMMONIUM TCETATci TREATKEMT~ 

1 

Per gram dry weight 

Species Potassium Sodium Calcium Magnesium Lead 
ragm mgm mam mgm pgm 

Campylium OoOoi 0.04- • 22.80^ 0.36'i 44,00i 
s t e l l a t u m 0.00 0.01 0.53 0.00 2.76 

Scorpidium ' 0.00- '0.02i 104.80 t 1.32+ 50.80i 
s c o r p i o i d e s 0.00 0.00 1 = 99 0.04 1 .96 

Cratoneuron o.ooi 0.03^ 36.84"i 0.59- 43o60± 
f alcatura 0,00 0.00 2,06 0.02 3.12 

Sphagnum o.ooi o.oi i 0.09- 0.02t 20.00i 
p a l u s t r e 0.00 0.00 0.00 0.00 1 .55 

Sphagnum o.ooi 0.04^ 0.1 2"t 0.03- 34.40± 
plumulosum 0.00 0.01 0.04 0.01 5.43 

Sphagnum o.ooi 0.02* 
«... _........4 

0.06± o . o i i 21 .2C)i 
fuscum 0.00 0.00 0.00 0.00 0.50 . 

Mean - standard e r r o r . 

n = 5. n sample s i z e , 



TABLE 7 

NON-EXCHANGEABLE LEVELS GE SELECTED CATIONS DETERMINED IN A SERIES 
OF BRYOPHYTE SPECIES USING DISTILLED WATER 

Per gram dry weight 

Species Potassium Sodium Calcium Magnesium Lead , 
mgm mgm rngrn roam figm 

Campyliurn 0*00- 0,C6i 38.16±- • 2*33- 41 ,80t 
s t e l l a t u r n 0,00 0.01 0.82 0.02 1 .02 

Scorpidium o.ooi 0.05^ 1 1 O . O i f r 2.1 5i 51,20± 
s c o r p i o i d e s 0.00 ' ' 0,01 2.02 0.00 • 3.38 

Cratcneuron OoOO-t 0.04^ 60.80- 2.59- 30.40-
faleaturn 0.00 0.01 0.82 0.02 1 .17 

Sphagnum o„7oi o . i s i 3.42- 1 .00- 17.80i 
p a l u s t r e 0,02 0.02 0.24 0.01 2.73 

Sphagnum 0.5 5^ 0 . 1 9 - 1 .07^ 0.46- 27.80-
plumulosum 0.00 0.00 0.01 0.00 2.06 

Sphagnum 0.31- ' 0.07- 0.91- 0.33± 
+ 

c\ IL c -A.,— fuscum 0.00 0.00 .0.02 0.00 1 .86 

Mean - standard error„ 
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a c e t a t e , Campylium S t e l l a turn, Sphagnum- -olumulosuro and S pha gnurn f u s cum 
appear t o s t o r e lead i n such a way, whereas f o r the water t r e a t e d samples 
Campylium s t e l l a t u m , Be or n i d ium _ sc o.rpioid e s and Sphagnum p a l u s t r e appear 
to s t o r e lead i n a non-exchangeable form. 

For the other three c a t i o n s s t u d i e d , the form i n which such 

c a t i o n s are store d i n Bryophyte samples seems to vary co n s i d e r a b l y w i t h 

respect t o the species concerned and the e x t r a c t i o n procedure performed. 

Such forms are probably s p e c i f i c t o a p a r t i c u l a r species considered e.g. 

Scornidium scorpioid.es appears t o bind i t s t o t a l calcium i n a non-

exchangeable form (under both treatments no exchangeable calcium was 

e x t r a c t e d ) , whereas Sphagnum fns cum appears to bin d a r e l a t i v e l y smaller 

amount of i t s t o t a l calcium i n such a form» 

Estimates of the exchangeable l e v e l s of cations by the two 

procedures are given i n t a b l e s 8 and 9. A l l values i n the t a b l e s are given 

at the P < 0.05 l e v e l , a value of zero being placed when the d i f f e r e n c e 

between the t\^o l e v e l s of the p a r t i c u l a r c a t i o n recorded was not 

s i g n i f i c a n t l y d i f f e r e n t below the s i g n i f i c a n c e l e v e l quoted above. 

As a general r u l e ^ t h e exchangeable l e v e l of a p a r t i c u l a r c a t i o n 

i n most cases was seen to be higher when the Bryophyte species were t r e a t e d 

w i t h ammonium acetate than w i t h d i s t i l l e d water as an e x t r a c t i o n l i q u i d . 

Although, as noted above, the l e v e l s of exchangeable potassium f o r the 

species sampled are .si m i l a r under both treatments, ouch would i n d i c a t e 

t h a t most potassium contained i n such species of moss would be e a s i l y 

removable. Such, however, i s not the case when exchangeable lead l e v e l s 

determined f o r the s e r i e s of species i s considered. Thus i t seems l i k e l y 

t h a t most o f the to t - ? l l e v e l s of le=d contained i n the moss soeeies are 

f a i r l y f i r m l y bound t o the p l a n t t i s s u e . 

The d i f f e r e n c e i n the exchangeable l e v e l s of c a t i o n s obtained 

under the two treatments may represent the degree of b i n d i n g of a p a r t i c u l a r 

c a t i o n t o the p l a n t t i s s u e . I t appears t h a t under such an hypothesis, most 

of the exchangeable monovalent ca t i o n s such as potassium and sodium may be 

f a i r l y e a s i l y removed by simply washing the t i s s u e samples i n d i s t i l l e d water. 

http://corpioid.es


TABLE 3 

AN ESTIMATE OF THB EXCHANGEABLE LEVELS OP SELECTS!) CATIONS 
USING 'aMONIUM ACETATE 

Per gram d r y weight 

Species Potassium Sodium Calcium Magnesium Lead 
ragm mgm mgm mgm ugm 

Campylium 0„83t o j p i . 76,40^ 2.50t o.ooi 
s t e l l a t u m 0.05 0.02 4.36 0.05 0.00 

Scorpidium 0.64'i o.ogi u.ooi 1 A7- o.ooi 
s c o r p i o i d e s ' 0.06 0.01 0.00 0.05 0.00 

Cratoneuron 1 .39- 0.09^ 63.96i 2.50- o.ooi 
f a l c a t u m 0.17 0.01 9.80 0.11 0.00 

Sphagnum 3.24"- 0.90- 3o33- 0.98i o.ooi 
p a l u s t r e . 0.42 0.14 0.24 0.01 0.00 

Sphagnum 1.26t 0.67^ 1 ,01 - ' 0,64- o.ooi 
plumulosum 0.10 0.03 0.21 0.01 0.00 

Sphagnum ' 2.1lt ' 1.36± 1 .36i 0.4-1"- . 14.30^ 
fuscum 0.06 0.01 0.02 0.03 2.28 

Mean - standard e r r o r 

A l l l e v e l s shown at the F < 0.05 l e v e l 



AN ESTIMATE OF THE EXCHANGEABLE LEVELS OF SBLBC T ED CATION' 
USING DISTILLED ¥ATER . 

Per gram dry weight 

Species Potassium Sodium Calcium Magnesium Lead 
rngm mgm mgm mgm ugm 

Campyliura 0,88^ 0.1 o i 61 .04-' 0.53- 0 . 0 C -
s t e l l a t u m 0.05 0.02 4.40 - • 0.05 OoOO 

Scorpidium 0.64- o.oei + 
0 .00- 0.64 1 o.ooi 

s c o r p i o i d e s 0.06 . 0.01 0.00 0.03 0,00 

Cra:tbneuron . 1 = 39^ 1.35'i 40.00"- 0.50^ 3-40-
falcatum 0.17 0.17 9.75 0.11 1 .42 

Sphagnum •+- 4- + Sphagnum 2.54- 0 .75- 0 ,00- 0.00- 0 .00-
p a l u s t r e 0,40 0.14 0,00 0.00 0.00 

I, 

Sphagnum o„7ii 0.52-t o.ooi 0.21- 14 . 00-
plumulosum 0.10 0„03 0.00 0.00 3-89 

Snha/'TiuTn + 
1 .30- 1 .31'-

+ 
0.51- 0.19- 11„2ot 

f uscura O.Oh 0.01 0 .03 
• 

0.03 2,90 

Mean - standard e r r o r 

A l l l e v e l s shown a t the P < 0.05 l e v e l . 



A l a r g e r d i f f e r e n c e between t h e tu>t> exchangeable l e v e l s obtained under 

such treatments occurs when d i v a l e n t c a t i o n s are considered, calcium and 

magnesium, such a d i f f e r e n c e may i n d i c a t e a stronger.degree of b i n d i n g of 

such c a t i o n s t o the p l a n t t i s s u e than i s the case when monovalent ions 

a r e considered. 

Various authors have proposed a s i t e f o r the c a t i o n exchange 

p r o p e r t i e s of Sphagnum species, e.g. P u u s t j a r v i (1959) (whoso theory was 

based on the use of the Hernst equation o r i g i n a J l y formulated by Lundegardh 

( 1 9 4 2 h a n d B e l l (1959). 

Indeed, the above r e s u l t supports B e l l ' s o r i g i n a l 

o b s e r v a t i o n t h a t t r i v a l e n t and d i v a l e n t c a t i o n s that'are absorbed by 

Sphagnum species a r e absorbed more s t r o n g l y (and hence more may be s t o r e d 

i n a non-exchangeable form) than monovalent ones. 

A l a r g e amount of work has been c a r r i e d out on the de t e r m i n a t i o n 

of the chemical nature of the exchange s i t e s of Sphagnum species, (Theander 

1 9 5 4 , Knight e t a l . 1 9 6 1 , Clymo 1963, C r a i g i e and Mass 1Q66). The most 

wi d e l y h e l d theory concerns t h a t of Clyao (1963) who proposed the-nature 

of such exchange s i t e s comprise of u-">esterifieH p o l y u r o ^ i c acids, p o s s i b l y 

mixed sugar u r o n i c a c i d molecules i n the c e l l w a l l s . Clymo ( 1 9 6 3 , 1964) 

also demonstrated t h a t Sphagna, as a group, contained q u i t e a la r g e 

p r o p o r t i o n of t h e i r dry weight as ur o n i c a c i d residues. 

Since the o r i g i n a l work performed by Clymo, extensive s t u d i e s on 

the c a t i o n exchange a b i l i t y of Snhagnum mage1Ianicurn have been made 

(Rudolph and Brehm 1965 , Brehm 1967 , 1963 , 1970 , 1 9 7 1). Schwartzmaier and 

Brehm (19 7 5 ) give evidence based on a more s o p h i s t i c a t e d assay procedure 

than t h a t used by Clymo (1 9 6 3), t h a t i n the case of Sphagnum roagellanicum, 

the chemical nature of the c a t i o n exchanger comprises of p o l ^ g a l a c t u r o n i c 

a c i d molecules. Such evidence confirms the o r i g i n a l theory of Olyuio, 

Recent work bv S-nenrling (1 97?) demonstrated a c o r r e l a t i o n between 

the v a r y i n g amounts of g a l a c t u r o n i c a c i d i n a v a r i e t y of species of Sphagna 

which show a marked d i s t r i b u t i o n w i t h respect t o the water 'cable a t Sandy 

Ridge Bog, New York. Prom t h i s she concluded t h a t the amount of g a l a c t u r o n i c 
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a c i d found w i t h i n a species might confer a s p e c i f i c range of exchange 

a b i l i t y t o t h a t taxon. This c a p a c i t y f o r c a t i o n exchange may enable the 

species to occupy a p a r t i c u l a r h a b i t a t w i t h i n the hog. I t may be 

i n t e r e s t i n g f o r f u t u r e workers a t Tarn Mcor to repeat such a study as 

was undertaken by S p e a r l i n g . Such data would provide evidence on the 

s i t e of exchange ca p a c i t y of Sphagna i n the area and may also go p a r t 

way t o e x p l a i n the observed d i s t r i b u t i o n o f Sphagna on the hummock s e r i e s 

of the s i t e * 

3. ANALYSIS OF PEAT AND WATER SAMPLES 

Such values of the l e v e l s of ca t i o n s analysed above give data 

concerning an a r t i f i c i a l s i t u a t i o n , i„e. by v i e w i n g each species of 

Bryophyte i n i s o l a t i o n . - To gain a basic i n s i g h t i n t o the l e v e l of storage 

of such c a t i o n s i n the system i t s e l f , a s e r i e s of peat and water samples 

were analysed f o r the same c a t i o n s as above a 

The d e t a i l e d r e s u l t s f o r the l e v e l s of cat i o n s measured i n each 

separate hummock p r o f i l e and i n the s e r i e s of water samples c o l l e c t e d 

around the hummock are given i n appendix 1. 

There was found t o be l i t t l e v a r i a t i o n i n the l e v e l s of c a t i o n s 

measured i n the water samples, any v a r i a t i o n s present being probably 

mainly due t o top o g r a p h i c a l f e a t u r e s of the s i t e area. Thus a l l the . 

samples were combined t o y i e l d mean values of : 

pH before f i l t e r i n g 7.40- 2„14 

pH a f t e r f i l t e r i n g 7*46^ 0.05 

Potassium 2.,87- 0.30 iug/1 

Sodium 5.40^ 0.21 mg/l 

Calcium 42.87* 2.12 mg/l 

Magnesium 13«50- 0.82 mg/i 

Lead *2.19- 0.30 p g / l 

Mean - standard e r r o r 

n 40, n =s number of samples 
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* A l l values of lead l e v e l s i n the water samples shown i n appendix 1 
showing a value of <0.01 yg/l, f o r the purposes of f i n d i n g a mean f o r 
such values, such were taken to be Q.005 u g / l . 

The above values compare reasonably f a v o u r a b l y w i t h those quoted 

by Bellamy and Ri e l e y (1967) f o r the mean of f o u r mixed mire ground water 

samples i 0 e . pH 7.54, potassium 2.6 mg/l, sodium 3.9 mg/l, calcium 12.1 

mg/l and magnesium 4.5 mg/l. However, i n t h e i r survey the l e v e l of lead 

i n the ground water was not recorded and thus no comparison may be made. 

The l e v e l of lead recorded above appears t o be f a i r l y low when compared 

w i t h values of lead i n surface waters of lakes i n the London area quoted 

by H a r r i s o n et a l . (1975) (such values quoted f e l l i n the range of 4.5 

to 5.5 u g / l ) . 

Determinations of the l e v e l s of v a r i o u s cations contained i n the 

peat samples c o l l e c t e d showed v a r i a t i o n s w i t h respect t o the s i z e o f the 

hummock sampled and the a c t u a l sample p o s i t i o n . Such d i f f e r e n c e s t h a t are 

shown i n such c a t i o n l e v e l s are u n l i k e l y t o a r i s e from v a r i a t i o n s i n the 

l e v e l s of c a t i o n s d e r i v e d from the ground water. 

The pH values of the peat samples analysed are given i n t a b l e 10. 

The order of values f o r the pH of Sphagnum peat f o r the top peat samples 

of the hummocks range from about 4.0 t o 4.5. There appears t o be no r e a l 

marked d i f f e r e n c e between the pH values of Sphag.nam r>lumulpc.urn and 

Sphagnum fuscum dominated hummocks (the dominance of the p a r t i c u l a r species 

of Sphagnum being m i r r o r e d by hummcck s i z e ) . Such low values of pH of 

Sphagnum dominated peat are f r e q u e n t l y quoted (Poore and Walker 1959, 

Clymo 1967, A l l e n 1974). Indeed, Bellamy and R i e l e y (1967) quote a lower 

value of pH f o r the top sample of t h e i r b o r i n g of a hummock contained i n 

the study area. 

The pH of the middle peat samples of the hummock s e r i e s sampled 

does show a marked decrease as hummock s i z e increases ( r = -0.85, r2 - 0.71) 

(graph 1 ) . However, i n c o n t r a s t there was found a small d i f f e r e n c e between 

the pH of the bottom samples of the s e r i e s of hummocks sampled. This i s t o 
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be expected since there seems t c e x i s t a l a r g e degree of u n i f o r m i t y i n 

the c a t i o n component of the ground water over the area of the s i t e . 

Tables 11 t o 15' i l l u s t r a t e the values of t o t a l potassium, 

sodium, calcium, magnesium and lead i n the peat samples analysed,, 

Due t o the u n i f o r m i t y of the ground water i n the sample area, 

f o r each of the above f i v e c a t i o n s , no r e a l v a r i a t i o n e x i s t e d i n the 

concentrations contained i n the bottom peat samples of the hummocks 

sampled. I t i s of i n t e r e s t t h a t the l e v e l s of a l l f i v e c a t i o n s sampled 

i n the top peat samples also d i d not change markedly as hummock s i z e 

increased (see t a b l e s 11 t o 15). 

The g r e a t e s t f l u c t u a t i o n i n the t o t a l l e v e l s of the c a t i o n s 

measured appears i n the middle peat samples c o l l e c t e d from each hummock, 

the t o t a l potassium l e v e l i n the peat being the o n l y one not t o show a 

large a l t e r a t i o n i n l e v e l as hummock size i n c r e ases, Most t o t a l l e v e l s 

i . e . calcium, magnesium and lead, seem t o decrease markedly as hummock 

s i z e increases ( f o r calcium r =-0.8253, r 2 = 0.6811, f o r magnesium, 

r =-0.8023, r 2 = 0.6436, f o r lead r =-0.7710, r 2 » 0.5944) (graphs 2 t o 

r - 0.7865, = 

0.6185) (graph 5 ) . 

A d i f f e r e n t e f f e c t i s seen when one looks a t the d i s t r i b u t i o n o 

the t o t a l l e v e l s of the c a t i o n s s t u d i e d as sample p o s i t i o n v a r i e s through 

a hummock p r o f i l e . As a general t r e n d , v i e w i n g the ten hummocks sampled 

as a whole, h i g h e r l e v e l s of hydrogen (as d e r i v e d from the pH values of 

the peat samples ( t a b l e 16,', potassium and sodium tend t o accumulate 

towards the top of each p r o f i l e s t u d i e d (see t a b l e s 11 and 12) w h i l s t the 

t o t a l l e v e l s of calcium, magnesium and. lead tend t o show the reverse 

t r e n d (see t a b l e s 13 t o 15). 

Such changes i n the c a t i o n and anion content of ground waters, 

and extended by Bellamy and R i e l e y (1967) t o i n c l u d e peat m a t e r i a l , form 

the basis of Kulcynski (1949) c l a s s i f i c a t i o n o f rheophilous, t r a n s i t i o n 

and ombropbilous mire systems. However, due to the l a c k of time f o r the 
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s t u d y , no q u a n t i f i c a t i o n o f a n i o n c o n t e n t o f t h e p e a t and g r o u n d w a t e r 

samples was, i n f a c t , undertaken* Thus, f o r t h e purposes o f t h e s t u d y 

i t i s assumed t h a t t h e ' m i n e r a l s o i l water l i m i t ' o f Thunraark (1942) and 

t h e 1calcarious w a t e r l i m i t ' o f W i t t i n g ( l 9 4 8 ) w o u ld a p p r o x i m a t e 

th e b o u n d a r i e s o f K u l c y n s k i 1 s groupings. U s i n g t h e d a t a i n t a b l e 10, 

f o r p e a t samples whose pE v a l u e l a y a t o r below 4.0 was t h u s c l a s s i f i e d 

as an o m b r o p h i l o u s m i r e t y p e , p e a t samples whose pH v a l u e l a y between 

pH 4.1 t o 6.7 was c l a s s i f i e d as a t r a n s i t i o n a l m i r e type and f i n a l l y , 

t h e r e m a i n i n g samples•whose pH v a l u e was a t o r h i g h e r t h a n 6.8 was 

c l a s s i f i e d as a r h c o p h i l o u s m i r e type ( t a b l e 1 7 ) . 

Such a c l a s s i f i c a f c i o n o f p e a t samples as i s made i n t a b l e 17, 

r e p r e s e n t s a c r u d e method t o i l l u s t r a t e t h e changes i n t h e l e v e l s o f c a t i o n 

c o n c e n t r a t i o n s f o u n d i n t h e p e a t samples as t h e hummock s i z e and sample 

p o s i t i o n i s a l t e r e d . 

Under c o n d i t i o n s t h a t e z i s t a t T a r n Moor, t h e r e p r o b a b l y e x i s t 

two major s o u r c e s of o b t a i n i n g t h e m a j o r c a t i o n s ( s e n s u Rohde 1949) 

a n a l y s e d i n t h e p e a t samples. An o b v i o u s means o f s u p p l y o f such m i n e r a l s 

i s v i a t h e movement of c a t i o n s f r o m t h e g r o u n d water i n t o t h e p e a t of the 

hummock s e r i e s by capillarity„. The. second major source o f m i n e r a l s i s 

v i a the d i r e c t a c t i o n o f r a i n o v e r t h e a r e a 0 

The ground w a t e r o f t h e s i t e c o n t a i n s f a i r l y h i g h c o n c e n t r a t i o n s 

o f c a l c i u m and magnesium, whereas p o t a s s i u m and sodium a r e p r e s e n t t o a 

l e s s e r e x t e n t (see a b o v e ) u The c o n c e n t r a t i o n s o f such d i v a l e n t c a t i o n s 

a n a l y s e d i n t h e p e a t camples show a marked v a r i a t i o n w i t h hummock h e i g h t 

and sample p o s i t i o n . Such i n d i c a t e s t h a t as t h e hummock h e i g h t i n c r e a s e s 

an i n c r e a s i n g l y e f f e c t i v e b a r r i e r may be o p e r a t i n g t o r e g u l a t e t h e 

e f f e c t i v e u p t a k e o f d i v a l e n t c a t i o n s by t h e "neat f r o m t h e c a p i l l a r y s t r a i n 

f r o m t h e ground w a t e r b e l o w . 

The t o t a l sodium l e v e l s a n a l y s e d i n t h e a e r i e s o f p e a t samples 

shows a l a r g e v a r i a t i o n when t h e m i d d l e p e a t samples are c o n s i d e r e d 

( g r a p h 5 ) . As was n o t e d above, t h e r e appears t o be o n l y a s m a l l amount o f 
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sodium i o n s c o n t a i n e d i n t h e gro u n d w a t e r o f t h e s i t e . Due t o t h e 
p r o x i m i t y o f T a r n Moor t o t h e sea,a m a j o r means o f e n t r y o f sodium i n t o 
t h e s i t e i s p r o b a b l y e f f e c t e d by r a i n f a l l , 

I n c o n t r a s t t o t h e p a t t e r n e x h i b i t e d by t h e t o t a l c a l c i u m and 

magnesium l e v e l s w i t h i n t h e middle p e a t samples, t h e t o t a l sodium l e v e l s 

o f t h e same sample s e r i e s shows t h e o p p o s i t e t r e n d . T h i s may i n d i c a t e 

t h a t as t h e e f f e c t s o f t h e main, c a t i o n s c o n t a i n e d i n t h e g r o u n d w a t e r 

are p r o g r e s s i v e l y n e g a t e d as hummock h e i g h t i n c r e a s e s , t h e r e l a t i v e 

importance o f m i n e r a l s e n t e r i n g t h e system v i a r a i n f a l l g a i n a h i g h e r 

degree o f i m p o r t a n c e i n t h e n u t r i e n t regime o f t h e p e a t , 

An i n t e r e s t i n g r e s u l t i s seen when t o t a l l e a d l e v e l s on t h e same 

s e r i e s o f p e a t samples a r e c o n s i d e r e d ( g r a p h 4). Such a t r e n d which i s 

o b s e r v e d f o l l o w s t h e same p a t t e r n e x h i b i t e d by t h a t o f c a l c i u m and 

magnesium d i s c u s s e d above. T h i s w o u l d t e n d t o i n d i c a t e t h a t t h e m a j o r 

s o u r c e o f l e a d c o n t a i n e d i n t h e p e a t i s v i a t h e gro u n d w a t e r o f t h e ar e a 

and n o t r a i n o u t o f a i r b o r n e p o l l u t i o n , , 

The hummock which was t h e s u b j e c t o f B e l l a m y and R i e l e y ' s paper 

was a l s o sampled i n t h e above s u r v e y (hummock R i n t h e p r e s e n t s t u d y ) . 

On t h e p r e v i o u s o c c a s i o n , t h e sample procedure was c a r r i e d o u t i n 

December 1966 un d e r d i f f e r e n t w e a t h e r c o n d i t i o n s to t h o s e e x i s t i n g i n 

May 1975? when t h e samples were t a k e n f o r t h e p r e s e n t s t u d y . The 1966 

samples were t a k e n u n d e r c o n d i t i o n s where t h e s u r f a c e w a t e r and w a t e r 

c o n t a i n e d i n t h e hummock was f r o z e n (D. J. B e l l a m y p e r s . coram,). Such 

extreme c o n d i t i o n s a t t h e s i t e were n o t e d by Holdgate. (1955a) where he 

me n t i o n s t h a t in'December 1950, t h e w a t e r f l o w i n g t h r o u g h t h e open areas 

o f t h e s i t e was a l s o f r o z e n t o 'varying t h i c k n e s s e s . On c o m p a r i n g t h e 

v a l u e s for t h e c a t i o n s d e t e r m i n e d by B e l l a m y and R i e l e y (1967) and t h o s e 

d f t t e r w i n o d i n t h e c-nrae -hummock, ' t h e v a l u e s o u o t e d by t h e p r e v i o u s a u t h o r s 

f o r t h e f o u r common c a t i o n s a n a l y s e d t e n d t o be l a r g e r t h a n t h o s e q u o t e d 

i n t h e p r e s e n t work (see a p p e n d i x 1 ) . A l s o , t h e pH v a l u e s g i v e n by them 

f o r t h e same hummock t e n d t o be l o w e r t h a n t h o s e g i v e n above. Such a 



d i f f e r e n c e may i n d i c a t e t h a t t h e r e may he a s e a s o n a l v a r i a t i o n i n t h e 

l e v e l s o f t h e v a r i o u s c a t i o n s c o n t a i n e d i n a p a r t i c u l a r hummock. 

B e a r i n g i n mind t h e m a j o r drawbacks i n v o l v e d i n t h e s a m p l i n g 

p r o c e d u r e a d o p t e d , namely, a s m a l l number o f hummocks were i n f a c t 

sampled and t h a t no r e p l i c a t i o n o f samples was i n f a c t made, t h e r e s u l t s 

do i n d i c a t e t h a t t h e r e i s a mechanism i n t h e hummock complex w h i c h l i m i t s 

t h e e f f e c t s o f t h e ground w a t e r o f t h e s i t e through t h e hummock p r o f i l e s , " 

B e l l a m y and R i e l e y ( o p . c i t . ) q u o t e t h r e e p o s s i b l e mechanisms 

i n an a t t e m p t t o e x p l a i n such a phenomenon j 

1 . Any i o n s t h a t e x i s t i n c a p i l l a r y w a t e r may be f i x e d a t exchange s i t e s 

i n t h e bottom few cm o f p e a t i n a l a r g e p e a t p r o f i l e . Such exchange s i t e s 

may be e x p e c t e d t o become f u l l y s a t u r a t e d f a i r l y q u i c k l y due t o h i g h 

c o n c e n t r a t i o n s o f m i n e r a l s c o n t a i n e d i n t h e w a t e r . Under- such a system 

u n l e s s new exchange s i t e s were b e i n g c o n t i n u o u s l y p r o d u c e d , t h e exchange 

s i t e s w o u ld be r a p i d l y i n a c t i v a t e d as b u f f e r s t o f u r t h e r i o n m i g r a t i o n . 

2. Due t o t h e h i g h r a i n f a l l o f t h e a r e a , most o f t h e i o n s f o l l o w i n g the 

p-?th o f c a p i l l a r y w a t e r e r e l e a c h e d back down t h e p r o f i l e . ' 

3c That some ' b l o c k ' e x i s t s , a g a i n i n t h e b o t t o m few cm o f p e a t i n t h e 

p r o f i l e , t h u s p r e v e n t i n g any e f f e c t o f t h e g r o u n d water to a c t i n t h e r e s t 

o f t h e p e a t p r o f i l e * Any m i n e r a l s t h a t do e x i s t above t h i s l e v e l a r e 

e n v i s a g e d t o e n t e r t h e system e n t i r e l y by r a i n f a l l . 

Bellamy and R i e l e y ( o p . c i t . ) a l s o f o u n d a t t h e b o t t o m o f t h e i r 

p r o f i l e a p o r t i o n o f h u m i f i e d p e a t o f 3 cm i n d e p t h a t t h e base o f t h e 

hummock. R e s u l t s f r o m Ingram e t . a l , (1974) i n d i c a t e t h a t ' t h e r a t e o f w a t e r 

f l o w t h r o u g h a h i g h l y h u m i f i e d p e a t H-j - Hg (Von P o s t and G-ranlund 1926) 

tends t o be r e d u c e d as compared w i t h t h e r a t e o f water f l o w t h r o u g h l e s s 

h u m i f i e d p e n t ll<\ - Hp. I t nny be t h a t t h e degree o f h u m i f i c a t i o n o f the 

p e a t may a l s o he i n s t r u m e n t a l i n o f f e c t i n r " a c o n t r o l on t h e ground w a t e r 

a t t h e s i t e . 

The a n a l y s i s o f t h e p e a t samples c o l l e c t e d i n t h e p r e s e n t s u r v e y 

shed no l i g h t on a p o s s i b l e mechanism t o e x p l a i n t h e o b s e r v e d d i s t r i b u t i o n 



(45 

o f c a t i o n s a c t u a l l y a n a l y s e d i n them. More work o f a s o p h i s t i c a t e d n a t u r e 

e.g. t h e c o m p i l a t i o n o f a co m p l e t e n u t r i e n t b u d g e t o f t h e sys t e m , may 

p r o v i d e i n f o r m a t i o n c o n c e r n i n g t h e dynamic a s p e c t o f such m i n e r a l u p t a k e 

and d i s t r i b u t i o n i n t h e system. 

4» ANALYSIS O F THE EXCHANGEABLE CHARACTERISTICS O F THE PEAT 'SAMPLES 03? THE 
E I M M O C K"SERIES 

- Such t o t a l l e v e l s o f c a t i o n s as a n a l y s e d f o r above i n d i c a t e l i t t l e 

c o n c e r n i n g t h e c o n t e m p o r a r y budget o f such a system. Thus i n f o r m a t i o n was 

c o l l e c t e d on t h e exchangeable l e v e l s o f bases and hydr o g e n c o n t a i n e d i n t h e 

p e a t samples c o l l e c t e d . Due t o a s h o r t a g e o f t i m e t o c a r r y o u t such an 

a n a l y s i s , t h e method o f Brown (-1943) was chosen. The main v i r t u e o f such 

a system l i e s i n t h e f a c t t h a t a • l a r g e number o f p e a t samples may be 

a n a l y s e d f a i r l y r a p i d l y . However, such a method has been c r i t i c i s e d on 

v a r i o u s g r o u n d s . S j o r s (1961) p o i n t e d o u t t h a t such a method o n l y d e t e r m i n e s 

t h e excess of e x t r a c t a b l e c a t i o n s o v e r a n i o n s p r e s e n t i n the p e a t sample. 

Such a f a c t o r o u ght to be c o n s i d e r e d i n t h e case o f samples w i t h a low 

m e t a l i o n c o n t e n t . A l s o , t h a t f r a c t i o n o f c a t i o n s w h i c h a r e d i s s o l v e d i n t h e 

water i s a l s o i n c l u d e d i n such a d e t e r m i n a t i o n . 

U n f o r t u n a t e l y , due t o t h e l a c k o f t i m e f o r the a n a l y s i s , t h e 

c o n v e r s i o n o f pH v a l u e s o b t a i n e d when u s i n g t h e method, i n t o v a l u e s o f 

exchangeable h y d r o g e n and bases was made by t h e use o f t h e two c a l i b r a t i o n 

c u r v e s g i v e n by Brown i n h i s o r i g i n a l p a p e r . Thus t h e v a l u e s q u o t e d i n 

t a b l e s 18 and 19 may n o t r e f l e c t t h e a b s o l u t e v a l u e s o f exchangeable 

h y d r o g e n and bases a t t h e s i t e , b u t i n d i v i d u a l v a l u e s may be comparable 

w i t h one a n o t h e r . Indeed, as A l l e n (1974) p o i n t s c u t , t h e r e a r e s e r i o u s 

l i m i t a t i o n s i n h e r e n t i n any e x t r a c t i o n n r o c e r l u r e n e r f o m e d t o o b t a i n t h e 

l e v e l o f a v a i l a b l e n u t r i e n t s i n s o i l samples. Such v a l u e s o b t a i n e d by 

such a means a r e , a t b e s t , r e g a r d e d as an a p p r o x i m a t e measure o f t h e 

n u t r i e n t s w h i c h a r e a v a i l a b l e a t any one p a r t i c u l a r t i m e ( K a i l a and K i v e r a s 

1956), 

T a b l e s 18 and 19 show t h e l e v e l s o f exchangeable h y d r o g e n and 

exchangeable bases, d e t e r m i n e d f o r t h e s e r i e s o f peat samples a n a l y s e d . 
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In. both cases a small d i f f e r e n c e i n the exchangeable l e v e l s appears t o 

e x i s t i n a l l three sample p o s i t i o n s i„e. t o p , middle and bottom samples, 

w i t h respect t o increasing hummock s i z e . However, large v a r i a t i o n s i n 

both exchangeable l e v e l s e x i s t s through a p a r t i c u l a r hummock p r o f i l e . 

The large v a r i a t i o n i n exchangeable hydrogen through a p a r t i c u l a r 

hummock p r o f i l e ( t a b l e 18) may be explained by the d i f f e r e n c e i n pH of the 

peat samples already noted ( t a b l e 10)„ Towards the top of any of the 

hummocks sampled, the pH of the peat i s markedly a c i d i c i , e . thus showing 

the c a t i o n exchange p r o p e r t i e s o f the species of Sphagna. Under such 

c o n d i t i o n s the peat shows a h i g h c o n c e n t r a t i o n of hydrogen i o n s , as ^ 

der i v e d from.the pH value, and thus would be expected t o show a h i g h l e v e l 

of exchangeable hydrogen. When moving down the peat p r o f i l e , the peat i s 

i n c r e a s i n g l y a f f e c t e d by the ground water which, by i n c r e a s i n g the pH of 

the peat,causes the opposite e f f e c t on the l e v e l of exchangeable hydrogen. 

The l e v e l s of exchangeable bases contained i n the peat p r o f i l e s 

show the reverse t r e n d ( t a b l e 19), w i t h the h i g h e s t l e v e l o c c u r i n g a t the 

bottom of a p a r t i c u l a r p r o f i l e and the lowest l e v e l a t the t o p . K a i l a 

and Kiveras (1956) noted i n t h e i r work on F i n n i s h peatlands t h a t the main 

exchangeable c a t i o n found i n t h e i r peat samples was t h a t o f calcium w i t h . 

the exchangeable content of magnesium being almost of the same order. 

They also found t h a t such values recorded f o r potassium and sodium were 

f a r lower and such values «e re n e a r l y equal t o one another. I f such i s the 

case at Tarn Moor, the d i s t r i b u t i o n o f exchangeable bases through a 

p a r t i c u l a r peat p r o f i l e could be explained v i a a gradual l i m i t i n g of the 

e f f e c t s of the ground water through i t . ' 

Such an hypothesis may be t e s t e d by d e t a i l e d a n a l y s i s of the 

l e v e l s of the r>s«.jor cation? prer:<snt i n p-iat R«npl<??! from the nrea end 

could form the basis of f u r t h e r work. Such ^et«il*d a n a l y s e liavR hf»en 

c a r r i e d out a t other s i t e s (Maimer 1962a) u s i n g v a r i o u s e x t r a c t i o n 

techniques (Maimer 1962a) (During 1975). 

Bearing i n mind the l i m i t a t i o n s noted above,an estimate of the 



c a t i o n exchange capacity of the s e r i e s of peat samples may be. made by 

the a d d i t i o n of the l e v e l s of exchangeable hydrogen and bases ( t a b l e 20) . 

Such an estimate of c a t i o n exchange c a p a c i t y was also made by Gorham (1953) 

and P u u s t j a r v i (1955). 

The estimate of c a t i o n exchange c a p a c i t y of the peat samples 

produced by such a means shows a la r g e degree of u n i f o r m i t y throughout 

the hummock p r o f i l e s sampled and w i t h i n c r e a s i n g hummock h e i g h t . A l l 

values quoted i n the t a b l e seem t o l i e a t the lower end of the usual 

ranges of c a t i o n exchange c a p a c i t y quoted i n the l i t e r a t u r e ( p u u s t j a r v i 

1968) o Although the values do approximate t o values quoted f o r Indian' 

peaty s o i l s by Tiwari and Kumar (1S74)o 

Various f a c t o r s which a f f e c t the c a t i o n exchange c a p a c i t y of. a 

p a r t i c u l a r peat sample are given i n l e n g t h by F u u e t j a r v i (1956) and 

Cu r l i c k e t . a l . (1973)- Bearing i n mind such v a r i a b l e s demonstrated by 

these workers, the c a t i o n exchange c a p a c i t y of pea.t c o l l e c t e d from the 

s i t e would be expected to l i e at the lower end of the usual scale noted, 

'her; the determinations were carried, o u t 1 t h e excess moisture was hand 

scmepf.ed out of each neat sample which may have a f f e c t e d the estimate of 

the c a t i o n exchange c a p a c i t i e s of the samples obtained ( P u u s t j a r v i 1956, 

1969) c _ 

A theory of cation exchange ocouring i n a peaty s o i l i s 

proposed by P u u s t i a r v i (1969) to i n v o l v e hydrogen ions d i s s o c i a t e d from 

c a r b o x y l groups d i s t r i b u t e d towards the surface of a c i d peat particles„ 

Under such a system, the degree of d i s s o c i a t i o n i n t o the s o l u t i o n of 

hydrogen ions of the a c t i v e groups, and thus the degree of c a t i o n exchange 

would be l a r g e l y determined by the a c i d i c . n a t u r e of the p a r t i c u l a r sample 

i . e . the n n r t i c u l . ^ r rtfl of the ofmnle• 

:>uch a r e l a t i o n between percentage b-~:ee s a t u r a t i o n (given as an 

expression of t o t a l exchangeable bases as a percentage of the c a t i o n 

exchange c a p a c i t y ) and pH was demonstrated by Gorham (1953) when u s i n g 

Brown';" method on a v a r i e t y of d i f f e r e n t s o i l tvoes saranled from the 
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Lake D i s t r i c t . Maimer (196C?), worldlng on f r e s h samples of the bottom .. 

substratum of lakes, and l a t e r Maimer (1962a.) working on the Akhult mire 

system of Sweden, found a c o r r e l a t i o n between pH and percentage base. . 

s a t u r a t i o n . More recent evidence s u p p o r t i n g P u u s t i a r v i ' s theory of 

c a t i o n exchange i s given by During (1973). 

"values f o r percentage base s a t u r a t i o n f o r the s e r i e s of peat 

samples from the s i t e are given i n t a b l e 21,, A c o r r e l a t i o n ( r = .0.9123» 

r ^ = 0.3322) was found between the pH of the peat samples and the 

percentage base s a t u r a t i o n c a l c u l a t e d (graph 6 ) . 

A good deal of s i m i l a r i t y e x i s t s between the values given b y 

Maimer (1 962a,).., and those obtained i n the present study. I n both cases a 

percentage base s a t u r a t i o n of 50/? roughly corresponds t o a peat pH of 

about 5.0. A s l i g h t v a r i a t i o n e x i s t s towards the bottom'end of the pH 

range recorded, Maimer n o t i n g the percentage base s a t u r a t i o n of zero a t 

a pH of about 2.5, whereas the corresponding value f o r the above study 

l i e s s l i g h t l y higher at a pH of about 3"3= Such d i f f e r e n c e s t h a t are 

observed are probably due to geographical and .topographical d i f f e r e n c e s 

between the two study.area?. 

5. DETAILED ANALYSIS OF ONE HUMMOCK IN THK STUDY ARfiA 

I n the l i g h t of the small amount of i n f o r m a t i o n gathered 

concerning the l e v e l s of s e l e c t e d c a t i o n s i n samples of peat c o l l e c t e d 

through the centre of each of the hummocks sampled, the study was 

widened t o i n c l u d e .the more immediate e f f e c t s of the ground water on the 

v e g e t a t i o n surrounding such hummocks. I n the time a v a i l a b l e , only a 

d e t a i l e d a n a l y s i s of one s p e c i f i c hummock i n the study area could i n f a c t 

be c a r r i e d out. This meant resampling the water and peat of one of the 

hunv-nockf- alreadv psrroled i n the i n i t i a l survey and also t o nnwole the 

edge v e g e t a t i o n , 
10 

The values of the cations.analysed f o r A t h e water samples showed 

a small v a r i a t i o n w i t h sample p o s i t i o n ( t a b l e 2 2 ) . Thus a l l the values 

f o r a l l parameters sampled were pooled to y i e l d a mean value as was done 
p r e v i o u s l y , 
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pH "before f i l t e r i n g 3.1 6^ 0.02 

pH a f t e r f i l t e r i n g 1,38- 0.05 

Potassium + 
3.21- 0.27 mg/l 

Sodium 7 = .ô >— 0.31 mg/l 

Calcium 48.Sot 4.00 mg/l 

Magnesium 26,61- 0.53 mg/l 

Lead 2.60- 0.33 p g / l 

Mean - standard e r r o r 

n - number of samples. n - 20 

On comparison w i t h the values.obtained e a r l i e r f o r the o r i g i n a l 

survey, the pB values given above exceed those given e a r l i e r , w h i l s t values 

f o r the :fiive c a t i o n s measured show the opposite trend. However, the 

samples were c o l l e c t e d on d i f f e r e n t days and under d i f f e r e n t c o n d i t i o n s . 

The above set of samples were c o l l e c t e d d u r i n g a p e r i o d of heavy r a i n f a l l 

over the area,, w h i l s t the o r i g i n a l set of water samples were c o l l e c t e d 

when c l i m a t i c c o n d i t i o n s were more f a v o u r a b l e , Such may i n d i c a t e t h a t an 

increased l e v e l of cations enter the mixed mire system under such wet 

c o n d i t i o n s , thus i n c r e a s i n g the observed pH v a l u e . Other workers have 

also noted v a r i a t i o n s i n the l e v e l s of c a t i o n s i n mire waters when 

c o l l e c t e d from the same s i t e on d i f f e r e n t occasions e.g. Witting' (1948). 

Various authors have r e p o r t e d h i g h contents of potassium i n 

species of Sphagna as compared w i t h peat (anschutz and Gessner 1954, 

Maimer and S j o r s 1955> K a i l a and Kiveras 1956). Such an o b s e r v a t i o n i s 

also made when a comparison i s made between the t o t a l l e v e l s o f 

potassium recorded i n the v e g e t a t i o n and the peat samples taken ( t a b l e s 23 

and 2-0. However, such low l e v e l s of t o t a l notions t h a t are recorded 

through the peat p r o f i l e may have been due t o the disturbance caused by 

the i n i t i a l sample survey. When the o r i g i n a l values of" c a t i o n s recorded 

f o r the p a r t i c u l a r hummock are observed (see appendix I ) , such values are 

seen to be. also lower than t h a t found i n the v e g e t a t i o n sampled. 

I n a recent study of Sphagnum magellanicum, Breftn (1 971) 
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envisaged a model of cation exchange w i t h i n a s i n g l e plant, I n such .a 
system, due to the t r a n s p i r a t i o n of water i n the upper p a r t s of the p l a n t , 
monovalent ions such as potassium and sodium tend to move upwards, whereas 
d i v a l e n t c a t i o n s , tend to be already bound to the c a t i o n exchanger i n the 
lower s e c t i o n s of the p l a n t . The r e s u l t i n t a b l e 23 f o r the monovalent 
c a t i o n s , potassium and sodium, tend t o bear out the observations of Breh.m 
( l 9 7 l ) and Maimer (1962b). Taken as a general t r e n d , t h ere appears t o be 
an accumulation of monovalent ions i n the above ground v e g e t a t i o n sampled 
as compared w i t h the values found i n the below ground samples» Thus, such 
i n d i c a t e s t h a t c a t i o n exchange i s occuring i n the edge v e g e t a t i o n of the 
hummock sampled. 

I n order t o gain an approximate i n d i c a t i o n of the t r a n s p i r a t i o n a l 

s t a t e of the v e g e t a t i o n , the percentage water s a t u r a t i o n o f the samples was 

c a l c u l a t e d . However, no r e a l d e f i n i t e t r e n d can be noted i n the values 

obtained. 

However, the r e s u l t f o r the t o t a l calcium and magnesium l e v e l s 

recorded f o r the v e g e t a t i o n do show very high t o t a l l o v e I s i n both the 

above and below ground samples. As was noted previously, such ions are 

the major ones e x i s t i n g i n the ground water f l o w i n g through the area. Thus 

the Sphagnum p l a n t s contained around the edge of the hummock are probably 

supersaturated with, such d i v a l e n t c a t i o n s due t o the close proximity of the 

ground water t o them. 

Such also seems to be the case when the lead l e v e l s f o r the 

v e g e t a t i o n samples are considered. This again i m p l i e s t h a t the major 

source of the heavy metal i s probably v i a the ground water of the area. • 

The work of Glymo (1 9 7 3) demonstrated t h a t a s e r i e s of species 

of Sphagna grow poorly under c o n d i t i o n s of a h i r h cnlcium c o n c e n t r a t i o n , o f 

h i g h nH e ;£-•. 7 . 6 and w i t h a surface water t a b l e 0 A l l three o^ the pbo^e 

c o n d i t i o n s e x i s t at the edc^es of the Sphagnum hummocks thus, i t would be 

expected t h a t the Sphagnum p l a n t s growing i n such an area would have a 

f a i r l y low growth r a t e . V i s u a l observation of the c o n d i t i o n of Sphagna 

growing around the hummock bears t h i s o ut. The Sphagnum p l a n t s were seen 



t o be small and l a r g e l y d i s c o l o u r e d . However, experiments also c a r r i e d 

out by Brehra (1970) on Sphafflum y^^ellanicum show t h a t e l u t i o n w i t h 

sodium and potassium a f f e c t Sphagna more d r a s t i c a l l y than d i v a l e n t c a t i o n s . 

S l u t i n g w i t h sodium and potassium was shown t o cause a general d i s c o l o u r a t i o n 

of the Sphagnum species and a t o t a l i n h i b i t i o n of growth w i t h i n s i x weeks. 

Thus, c o n d i t i o n s e x i s t i n g around the edges of such a hummock are f a r from 

favourable f o r the growth of Sphagna,, as i s r e f l e c t e d i n the obvious s t a t e 

of the p l a n t s growing i n t h i s l o c a t i o n . 

Under c o n d i t i o n s p r e v a i l i n g a t Tarn Moor, the o v e r a l l model of 

Brehra (1971)» where the c a t i o n exchange occuring i n the Sphagnum p l a n t s 

appears t o be r e g e n e r a t i n g i t s e l f by means of movement of water through 

the p l a n t , seems to be o v e r l a i d by.the supersaturation e f f e c t seemingly 

exerted by the e f f e c t s of the ground water. Both monovalent and d i v a l e n t 

ions are caused t o move upwards d u r i n g p e r i o d of dryness and thus 

t r a n s p o r t e d to the l i v i n g regions of the p l a n t s . Periods of heavy r a i n 

may cause the reverse e f f e c t . Such a system would thus be i n a s t a t e of 

dynamic equilibrium w i t h c o n d i t i o n s p r e v a i l i n g a t the time, thus may act 

as a dynamic ' b a r r i e r ' system, l i m i t i n g the e f f e c t s of the ground water 

through part of the hummock p r o f i l e . This may operate, p r o v i d i n g t h a t 

c o n d i t i o n s do not become too unfavourable f o r the growth and r e g e n e r a t i o n 

of new Sphagnum p l a n t s i n such a h a b i t a t . 
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SECTION 4 OKTO3RAL DISCUSSION 

One of the basic aims of the study was t o extend our i n f o r m a t i o n 

concerning the mixed mire ecosystem. Thus i t i s necessary to l i n k up the 

threads of the i n f o r m a t i o n gained i n the study so f a r and attempt t o build 

an o v e r a l l p i c t u r e , as f a r as i s possible;, of the processes which may be 

instrumental i n the development of such a system 0 

I t was shown e a r l i e r t h a t the c a t i o n content of samples of water 

c o l l e c t e d from the s i t e were of a f a i r l y u n i f o r m n a t u r e . Thus, i t may be 

assumed t h a t the s t a r t i n g p o i n t f o r the development of a mixed mire 

ecosystem would probably comprise of such c o n d i t i o n s . 

The observations of Bellamy and. S i e l e y (\96l) have been confirmed 

i n the above study. Both i n d i c a t e t h a t mat forming species e.g. 

Cratoneuron f a l c a t u m , Scorpidium seorp.ioid.eo, Campylium stellatutn and 

Schoenus n i g r i cans may p l a y an important r o l e . i n the i n i t i a t i o n of the 

hummock f o r m i n g process a t the s i t e . I n the case of the l a t t e r species, 

i t s r o l e i n hummock f o r m a t i o n has been noted by Holdga te (1955a). 

Such species are envisaged t o become established.under such 

c o n d i t i o n s by propagules e n t e r i n g from both i n s i d e and outside the study 

area onto favourable areas o f open ground water. Once such species have 

become established the mat forming h a b i t of the species already noted may 

d e f l e c t the ground water to a s u f f i c i e n t e xtent t o al l o w the growth of 

Cnha .ynujn. pa lug t r e , which acts as a hummock .former (''atson 1 S55) • Once the 

process o f hummock f o r m a t i o n commences, i t appears t h a t Sphagnum plumulosum 

Soh/\gnum_ cf.ni^l 1?ceuTti and Sph^^um mbelluin apnear to act as nioneer snecies* 

I t i s i n t e r e s t i n g to note t h a t Sphagnum fuscum i s only found t o dominate 

the l a r g e r hummocks 0 

The a n a l y s i s of the t o t a l l e v e l s of cat i o n s contained i n the 

species of Bryophytes analysed, indicated, a marked d i f f e r e n c e between 

species which grow under the i n f l u e n c e of such m i n e r a l r i c h ground water 

http://seorp.ioid.eo


and the. Sphagnum species which grow under less m i n e r a l r i c h c o n d i t i o n s • 

Such d i f f e r e n c e s may be explained, by the c a t i o n exchange 

p r o p e r t i e s of Sphagna noted by var i o u s workers (Skene 1915, W i l l i a m s and 

Thompson 1 9 3 6 , Ramault 1 9 5 4 and Anschutz and Oessner 1 9 5 4 ) . I n d i r e c t 

evidence of such process c-c c u r i n g i s provided by the d i f f e r e n c e i n pH 

noted of the ground water and. peat samples collected,, 

Thus, once species of Sphagna become e s t a b l i s h e d on a r a i z e d 

peaty s o i l above the ground water l e v e l , the edaphic c o n d i t i o n s could 

a l t e r markedly as the process of hummock f o r m a t i o n commences. Sp e a r l i n g 

( 1 9 7 2 ) concluded t h a t the ca p a c i t y f o r c a t i o n exchange t o occur w i t h i n 

a p a r t i c u l a r species of Sphagnum may enable the species t o occupy a 

p a r t i c u l a r h a b i t a t w i t h i n the bog. Such a d i s t r i b u t i o n of Sphagnum 

species t h a t e x i s t s a t Tarn Moor may be explained by .such, a d i s t r i b u t i o n 

of c a t i o n exchange. 

P l o r i s t i c evidence i . e . the r e s u l t of the i d e n t i f i a b l e p l a n t 

species contained i n the middle and top peat samples of the hummock s e r i e s 

and the contemporary sociology of the hummocks chosen, i n d i c a t e t h a t a chan 

i n edaphic c o n d i t i o n s has occured d u r i n g trie hummock forming process. 

Both show t h a t c o n d i t i o n s are changed s u f f i o i e n t l y by the presence of 

pioneer species t o allow acidophilous species t o grow under such c o n d i t i o n s 

on the l a r g e r hummocks sampled. Indeed^the l a t t e r evidence i n d i c a t e s that-

a l l meaningful e f f e c t of the ground water a t the surface of a hummock has 

been shut o f f once a hummock reaches a h e i g h t of approximately 30 cm. 

Such processes which seem t o be i n v o l v e d i n such a developmental process 

are given i n diagram 1 . 

Such a gradual removal of the major e f f e c t s of the base r i c h 

f l o w i n g ground water i . e . as mirrored by the t u t ^ l l e v a I s of calcium and 

magnesium -round i n the pe---t samples, w?>« also found when d e t a i l e d a n a l y s i s 

was undertaken f o r a s e r i e s of selected c a t i o n s over a whole range of 

hummock h e i g h t s and through s p e c i f i c hummock p r o f i l e s . Vfhen consdering 

the l a r g e r hummocks studied e.g. of 60 cm. and above, no e f f e c t of the 

ground water was recorded. 



DIAGRAM 1 

TENTATIVE HYPOTHESIS FOR THE FORMATION OF A 
MIXED MIRfi iS COSIES TEN"" AT "TAIIH""MGOR^ ' c iMimA. 

OPEN GROUND WATER OF UNIFORM CATION CONTENT 

Bryophyte propagules ^_ 
e n t e r i n g from outside 
study area 

Bryophyte propagules 
e n t e r i n g from i n s i d e 
study area 

COLONIZATION OF FAVOURABLE OPEN GROUND AREAS 
BY. MAT FORMING SPECIES e.g. Caat>ylium a t e l l a t u m 
Cratoneuron f a l c a t u m , Schoenus n i g r i c a n s 

d e f l e c t i o n of ground wate:; t h a t p o i n t 

FAVOURABLE CONDITIONS FOR THE GROWTH OF 
SPHAGNUM PALUSTRB, WHICH ACTS AS A HUMMOCK FORMER 

a l t e r a t i o n of edaphic c o n d i t i o n s v i a c a t i o n 
exchange p r o p e r t i e s of Sphagnum sp. 

ENTRY OF PIONKER HUMMOCK FORMING SPECIES OF 
SPHAGNA e 0g. ffohsjmura/ yluiTOlosuro. Snhacnum 
cauilluceura and Snhar?:.u-'i rube Hum 

f u r t h e r a l t e r a t i o n of e^aphic c o n d i t i o n s v i a 
c a t i o n exchange p r o p e r t i e s of Sphagnum sp. 

DOMINATION OF THE LARGER HUMMOCKS BY SPHAGNUM 
FTJSCUM AND OTHER ACIDOPHILIC 0M3RGTR0PHIC SPECIES 

Decreasing e f f e c t of the ground water on the peat as 
hummock h e i g h t increases. 



However, i n c o n t r a s t , using the method of Brown (1943) -to 

measure the c a t i o n exchange c a p a c i t y of the s e r i e s of peat samples taken, 

very l i t t l e change i n the l e v e l s o f c a t i o n exchange cap a c i t y was noted with 

i n c r e a s i n g hummock h e i g h t or w i t h p o s i t i o n w i t h i n a p a r t i c u l a r p r o f i l e 

( t a b l e 2 0 ) . Although, when viewing the l e v e l s of exchangeable hydrogen 

and exchangeable bases recorded through a p a r t i c u l a r p r o f i l e , a marked 

change was noted ( t a b l e s 13 and 19) . The change i n the l e v e l o f exchangeable 

hydrogen ( t a b l e 18; could be explained by the change of pH of the peat 

samples through the p r o f i l e . On the other hand, the changes i n the l e v e l s 

of exchangeable bases ( t a b l e 19), i f the observations of K a i l a and Kive'ras 

(1956) h o l d f o r c o n d i t i o n s a t Tarn Moor, may be explained by a gradual 

r e d u c t i o n of the e f f e c t of the ground water w i t h p o s i t i o n i n a p a r t i c u l a r 

peat p r o f i l e o 

Bellamy and Ri e l e y (1 9 6 7 ) p o s t u l a t e d three p o s s i b l e mechanisms 

which may e x p l a i n the observed gradual reduction of the e f f e c t of the 

ground water when a peat p r o f i l e of a la r g e hummock e.g. about 60 cm. i n 

h e i g h t , i s considered. A^othe"' p o s s i b l e e x p l f n v r H . o n njay he bas^d on t h e 

recent observations of Ingram et.al..(19 7 4 ) o n peats of d i f f e r i n g 

•huraification, but such an ex p l a n a t i o n may remain s p e c u l a t i v e u n t i l more, 

data i s c o l l e c t e d on the area. 

I n order to a s c e r t a i n another p o s s i b l e mechanism, the edge • 

ve g e t a t i o n around one p a r t i c u l a r hammock was also sampled. Such r e s u l t s 

i n d i c a t e , f o l l o w i n g the work of Brehm (1 971 ) , t h a t c a t i o n exchange o f the 

species o f Sphagna present under such, c o n d i t i o n s occur, but i s also 

o v e r l a i d by a s u p e r s a t u r a t i o n e f f e c t of calcium and magnesium due to the 

close p r o x i m i t y of the v e g e t a t i o n to the m i n e r a l r i c h ground water. Such 

3 s i ! - ? t , - : ] "i-".y b e ro."'?rded a s a dvr>?sruir. 1 b ^ r r i f i r ' svstem, t h e evch.anp'9 

c a p a c i t y o f t h o Sphagnum s p e c i e s b e i n g a f f e c t e d b y c l i m a t i c c o n d i t i o n s , 

thus l i m i t i n g the e f f e c t s of the ground water through a p a r t of the 

hummock p r o f i l e . 



( 6 3 ) 

SECTION 5 SUGGIISTIONS FOR yPHTIIBH VfORK 

1. For the present study, a series of ten hummocks were chosen, 

obviously i n order to gain a more representative sample of the mixed mire 

area, a larger sample number should be used f o r fu r t h e r work undertaken* 

Also the peat sampling procedure described should also be extended to 

provide samples consisting of whole peat p r o f i l e s , 

2. Obviously, more work should be done on the developmental 

sequence of the s i t e . Further information may be gained by making a 

series of borings through raized areas at the s i t e dominated by Sphagnum 

palustre and Polytr1chum stricturn to ascertain t h e i r role i n the developmental 

process. 

3» Following the work of Spearling (1972), determinations on the 

galaoturonic acid levels, and hence information concerning the exchange 

capacities, of various species of Sphagnum found at the s i t e could be made 

•to possibly explain the d i s t r i b u t i o n of Sphagnum species noted. 

4. I'he present study was mainly concerned with selected cations 

contained i n the peat and water samples from the s i t e . The work may be 

extended to include information concerning levels of anions i n samples 

collected from the same soiirces. 

5. The study may have shown a seasonal- v a r i a t i o n i n the levels of 

cation" recorded i n the neat R a^nles, as cornered with those noted bv 

Bell^-v and Rlelev (1967). S«pmis>.<? fvc*> the s i t e n»v he °t?kon at d i f f erent-

time periods to ascertain whether such a v a r i a t i o n e x i s t s . 



IS 4 ) 

6. One major drawback to the-present study was that no information 

was collected on the exchangeable levels of the selected cations -in the 

peat samples. Such could be carried out using various extraction procedures. 

7. Due to the shortage of time f o r study, a rapid method f o r the 

determination of the cation exchange capacity of the peat samples was used. 

In f u r t h e r work a more accurate method may be used on the peat samples 

collected from the s i t e . 

8. I t i s evident that from the preliminary survey of Bellamy and 

ftieley (1967) and from the present stud;/ that a mechanism exists w i t h i n 

the hummock complex to negate the ef f e c t of the ground water through a 

hummock p r o f i l e , detailed hydrology of a series of hummocks at the s i t e 

i s needed to elucidate such a process. 

9. I n order to ascertain the role f o r each of the major ions sensu 

Rohde (1949) a complete mineral budget should be drawn up for the system. 



1 , The results of the present study confirm those of Bellamy and 

Rieley (1 967) that such species as Or a ton euro n f ale a turn, and Ga.apy3.iim 

s t e l l a t u n may play a role i n the i n i t i a t i o n of hummock formation of the 

mixed mire association fit Tarn Moor, Cumbria» 

2. Over the whole of the sample area, there appeared, to be l i t t l e 

v a r i a t i o n i n the levels of pH, potassium•, sodium, magnesium, calcium and 

lead recorded i n the ground water samples. 

3. There was found to be a marked v a r i a t i o n i n the levels of 

cations derived from the ground water i . e . calcium and magnesium, i n peat 

sampled from a series of hummocks of varying size. Such observations 

confirm those of Bellamy and Rieley (1967) who proposed that a mechanism 

exists w i t h i n a large hummock p r o f i l e (hummock height 55cm) to negate the 

effects of the ground water. 

4. Very l i t t l e v a r i a t i o n could be found i n the estimate of the 

cation exchange capacity, obtained by the method of Brown (1943)j f o r 

the series of peat samples taken. Variations did exist w i t h i n a single 

peat p r o f i l e when levels of exchangeable.hydrogen and exchangeable bases 

were viewed separately. The former being explained via the d i s t r i b u t i o n 

of pH through the p r o f i l e , the l a t t e r by invoking a possible 'barrier' 

mechanism es proposed by Bellamy and Rieley ("i 967)» 

5. Another possible 'barrier' mechanism which could negate the 

e f f e c t of the base r i c h ground water on such peat p r o f i l e s studied may 

act via the vegetation surrounding such hummocks. I t was noted that 

such vegetation was supersaturated by the major ions comprising the 

http://Ga.apy3.iim


ground water of the s i t e , jls a r e s u l t , a dynamic 'barrier' system i s 

proposed f o r such vegetation. 

I n the l i g h t of the observations made i n the present study, 

tentative hypothesis f o r the formation of a Mixed mire at the s i t e wa 

proposed. 
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