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SUMMARY 

Cl a i s h Moss, Argyll, i s an e c c e n t r i c a l l y domed mire, well outside the 

normal climatic zone for t h i s mire type, and i s characterized by the hummock-

hollow complexes ( f i g - 2 ) , of whioh i t provides the best exanple i n B r i t a i n . 

The f l o r i s t i o s were analyzed by association analysis (method of Agnew), 

and by the Curtis and Mcintosh ordination. The r e s u l t s given by the association 

analysis depended on the effective quadrat s i z e used i n sampling, and t h i s was 

attributed to the very different habitat conditionspresent i n a small area of 

the hummock-hollow complex* 

The ordination gave correlations between communities of both vascular and 

non-vascular species, and water table s t a b i l i t y and peat depth. Water table 

s t a b i l i t y could be acting d i r e c t l y to a f f e c t species composition. Alternatively 

or additionally, i t might have an a f f e c t though ground water flow. The correlation 

with peat depth i s postulated to be due to an effect of ground water flow. 

No correlation between f l o r i s t i c s and hydraulic conductivity was found, 

nor between the l a t t e r and other environmental factors, but the measurements for 

conductivity were incomplete, and the method i s rather crude. 

No chemical differences between any of the s i t e s were found, except that 
2+ 2+ 

s i t e immediately adjacent to the drog stream; the Ca and Mg l e v e l s 
corresponded to HMT 7 (Bellamy scale) or moss type ( S j o r s s c a l e ) . On the basis 

+ + — 2— of t o t a l ionic concentration, N&, > H and CI t SO^ , the mire has some oceanic 

character, intermediate between ombrophilous proper, and intermediate ombrophilous, 

as defined by Bellamy. 

No explanation was found for the occurrence of the fen window, though an 

explanation for the s l i g h t l y anomalous f l o r i s t i o and structual character of a 

highly eroded part of a hummock-hollow complex i s suggested, i n terms of possibly 

( a r t i f i c i a l l y ) increased drainage of the area. 

A study of the hummocks of the hummock-hollow complex as islands revealed 

a sequence i n the plant oover of hummocks of increasing height, which might 

correspond to a c y c l i c successions! change i f one accepts the biotio theory of 

suiE.vnc 

12 JAN 1978 J 
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the humnock-hollow complexes (van Post and Sernander). The discovery that 

species richness of the hummocks depends on t h e i r s i z e lends support to the 

idea that competition i s a continually occuring process on the mire; the species 

cover of a hummock i s not predetermined from the point of hummock formation. 

I t was observed that there was a big difference i n the f l o r i 3 t i c composition 

of the mire between early May and mid-June» This would probably mainly be due to 

phenological differGnces between the spocieso The annual establishment of seedling 

and immature plants probably depends mainly on i n t r a s p e c i f i c competition, though 

there :-&y also be an i n t e r s p e c i f i c component which might explain the size-dependence 

of the species richness of hummocks» 
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Introduction 

C l a i s h Moss i n Argyllshire, Scotland (Grid Ref. : NM 710677) i s 

formed between the western end of Loch S h i e l , and higher ground to the 

south ( f i g . l ) . I t i s an e c c e n t r i c a l l y domed ombrotrophic mire complex, 

as defined by Bfillamy ( l ) , with surface patterning due to an arrangement 

of pools and hummocks at right angles to the slope, and e c c e n t r i c a l l y round 

the domes ( f i g . 2 ) . 

The p a r t i c u l a r type of mire complex t hat develops i n an area depends 

partly on topography, p a r t i c u l a r l y slope and area of the catchment which 

supplies water to the mire (2). However, because of the importance of ;yprecipitation 

and evapotranspiration i n determining mire type, there i s genera), l y a good 

correlation between geographical region, and the p r i n c i p a l mire type that i s 

found (fig.3,(5)). 

C l a i s h Moss i s f a r out outside the normal climatic l i m i t s for eocentrically 

domed mires, which are defined by climatic zone 5 (see f i g * 3)-, and no explanation-

has been advanced for the presence of suoh a mire complex type i n climatic zone 

8, which i s t y p i f i e d by Blanket bog as described by Tansley (26). Furthermore, 

the Nature Conservancy says of C l a i s h Moss, ref e r r i n g to the surface patterning, 

that: 'The large amplitude and t o t a l scale of the pattern ( l i n e a r ridges following 

the contours of the mire surface which form successive terraoes each of which 

has i t s own water table) i n unparalled i n B r i t a i n and these mires are more cl o s e l y 

a l l i e d to Scandinavian patterned mires than anything e l Be i n Bsridain'. 

The aim of t h i s study was to gain more information regarding the mire complex 

and e s p e c i a l l y the patterned area, with a view to discovering what factors may be 

involved i n producing t h i s anomalous mire type for t h i s region. 

I t may be that topography i s the ohief factor involved. However, because 

of the area involved - 1,198 aores, and the d i f f i c u l t y i n making the relevant 

measurements, the problem was not approached from t h i s angle. Instead, the 

f l o r i s t i c s of the mire were studied for comparison with environmental factors, 

to see what spec i a l conditions, i f any, are required to produce the surface patterning. 
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The other possible explanation of t h i s anomalous mire type i s that the 

l o c a l climate of C l a i s h Moss i s not t y p i c a l of Western Scotland. I f t h i s were 

the case, i t would have to be an extremely l o c a l e f f e c t , as the climate of the 

Ardnamurohan and Ardgour d i s t r i c t s i s warm and moist, i n common with other 

areas of Western Scotland. 

I n order to investigate such an e f f e c t i t would be necessary to make r a i n f a l l 

and temperature records over a long period of years, rather than the period of 

weeks for which the r a i n f a l l was a c t u a l l y measured on C l a i s h Moss. I n any case, 

i t hardly seems l i k e l y that the climate could be very f a r removed from the 

t y p i c a l one for the region, compared to that of the North Karelian region of 

Finland, where the climate i s continental, with mean winter temperatures well 

below freezing point. The r a t i o of C l ~ to SO^2"" concentrations should give a 

measure of the oceanioity of the mire (see on)j other than that, the question 

of the e f f e c t of climate i s dealt with i n more d e t a i l i n Mr.CP.Palmer'8 

di s s e r t a t i o n . 

I n t h i s a n a l ysis, the detection of natural groupings of species was attempted 

by the use of the so-called objective methods. There are two main reasons for t h i s , 

which a r i s e from the f a c t that i n Western Scotland, the hummock-hollow complexes 

seem to be exceptional and l i t t l e studied mire types, whioh give the overwhelming 

subjective impression of being f l o r i s t i o a l l y d i s s i m i l a r from the plant communities 

of blanket mire (mainly because of the Rhaoomitrium hummocks). F i r s t l y , w i l l the 

objective methods separate the plant communities of the hummocks and hollows from 

those of the lawn communities (the more f a m i l i a r ones of blanket bog), and w i l l 

they separate different areas of hummocks and hollows f l o r i s t i c a l l y ? Secondly, 

on a much smaller sc a l e , w i l l the objective methods separate different communities 

within the individual hummocks and terraces? With the d i f f i c u l t y of the somewhat 

ar b i t r a r y choice of minimum sampling area encountered i n the Sraun-Blanquet system 

of study t h i s question of the i d e n t i f i c a t i o n of communities within individual 

hummocks may be d i f f i c u l t by any means except by the objective methods. Hence 

the objection that no phytosociological method can ever be e n t i r e l y objective 

i s i r r e l e v a n t ; i f a method produces a r e s u l t that could not be produced by the 
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Braun-Blanquet system, i t i s v a l i d to use i t . 

Association analysis and ordination methods are used to detect the natural 

groupings of species; the r e s u l t s of these analyses can then be compared with the 

various environmental parameters that were Investigated. 

Environmental faoto$ in t e r a c t i n a complex way, and i f a correlation i s 

discovered between a parameter and,say, a c e r t a i n plant community, t h i s does not 

imply a catiaal relationship* f o r example, a correlation with r e l a t i v e Na* ground 

water concentration may be discovered. This may r e f l e c t the dependence of the 

vegetation on the degree of flushing with r a i n water (containing high r e l a t i v e 

Na* due to s a l t spray) compared to spring water (which may contain low r e l a t i v e 

Na + concentration). But the causal e f f e c t might be the t o t a l flushing of the 

vegetation, which, i n other circumstances, may not be correlated with r e l a t i v e 

flow due to different inputs, or concentration. 

Considerations such as these mean that predictions about other s i t e s , or 

even other areas within t h i s s i t e , oannot be made on the basis of any correlations 

that may be discovered. Nevertheless, these correlations w i l l give some 

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

object i n i t s e l f , f or the reasons that have been explained. 

Experiments involving manipulation of the communities - transferring plants 

between different areas - might have given some information about causal 

relationships, by following the performance of different speoies within a 

community under different conditions. Such manipulative experiments were, however, 

considered beyond the scope of t h i s investigation, because of the need to study 

the long term effects of transferring the plants. The r e s u l t s of short term 

experiments would have been greatly complicated by, for?:/example, the d i f f e r e n t i a l 

seasonal growth and dying out of a p a r t i c u l a r speoies i n different areas of the mire. 

The various environmental parameters that were measured i n connection with 

the f l o r i s t i c s are described i n the 'Methods' section. 

The other study that was made was on the f l o r i s t i c s of the hummock-hollow 

complex. The method used waB to estimate the cover (see 'Methods' for explanation 
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of t h i s term) of the plant speoies on Individual hummocks, completely surrounded 

by open water or bare mud bottom. The advantage of t h i s 'island' study i s that 

eaoh hummock can be regarded as a discrete community, thus circumventing problems 

of sampling. 

The subjective impression gained from inspection of the hummock-hollow 

oomplexes i s that stages of development can be recognised, from the height of 

the hummocks above free water or mud bottom} also from the degree of erosion of 

the hummocks, and area of bare peat on the l a t t e r ; also from the vegetation 

(or lack of i t ) present i n the hollows or pools. Thus the purpose of the 

study of the f l o r i s t i o s of the hummocks i n re l a t i o n to th e i r height i s to see 

i f the l a t t e r confirms t h i s subjective impression. The causes of such a 

development, and the implication, i f any, for the theories of the origin of 

the hummock-hollow complex are discussed. 
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METHODS 

The f i r s t step i n deciding how to sample the plant communities on 

C l a i s h Moss was to examine an a e r i a l photograph* Different areas of the 

Moss appear d i f f e r e n t l y on the photograph, corresponding to different plant 

communities and surface features. Thus the hummock-hollow complexes stand out 

p a r t i c u l a r l y w e l l . A l i n e was sought on the photograph which would cross a l l 

the communities which would be i d e n t i f i e d , as different by their appearance* 

Since most of the sampling was to be along t h i s l i n e , i t was desirable that a l l 

the communities should be encountered i n a conveniently short distance. The l i n e 

which was chosen was i d e n t i f i e d on the Ordnance Survey Map, soale 1: 10,000 (fig.5). 

The plant communities were sampled at 14 s i t e s on the Moss; these were 

designated A through to P (excluding I and 0). S i t e s A,B,C,D,E,F.J.K.L.M and P 

were approximately equidistant on the l i n e shown i n fig.5 (but not i n that order 

on the l i n e ) . S i t e s G,H,H were elsewhere on the bog. These s i t e s were chosen 

to represent plant communities or surface features not encountered on the &ine. 

S i t e G was i n an area of seemingly highly eroded hummocks and hollows, 

characterized by large poolB with bare mud bottoms, which re a d i l y dried out a f t e r 

a short drought period. The hummocks were large, and had steep sides of bare 

peat, and were sometimes mushroom-shaped, due to erosion or oxidation of peat (figiBp. 

S i t e H was characterized by shallow pools, dense with Sphagna, and low 

hummooks. Bath pools and hummocks were very elongated, giving the appearance of 

ridges and furrows. 

S i t e N was i n the 'fen window' - an area i n the middle the f a m i l i a r lawn 

vegetation of blanket bog, where there i s a 'pocket' of Phragmites. 

To sample the plant communities at each of the s i t e s , a stake was used to 

which was t i e d a s t r i n g , one metre i n length, with ten knots t i e d at random 

i n t e r v a l s along the metre length. The other end of the s t r i n g was t i e d to another 

stake, the stakes being positioned so that the s t r i n g lay approximately along the 

transect, across the moss; i n the case of s i t e s G,H,N, the s t r i n g was simply 

positioned to l i e across the vegetation i t was desired to study, i n a consistent 
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direction for each s i t e . For each s i t e the str i n g was set s i x times, so that 

data was collected for s i x one metre lengths. 

For each knot i n succession, a l l the plants that were i n contact with i t , 

or were v e r t i c a l l y below i t or above i t as seen by looking d i r e c t l y over the 

knot were recorded. Additionally, a pinch of the vegetation was taken from 

the very surface of the s o i l or peat d i r e c t l y below each knot, and the plants 

thus obtained were recorded. This i s a v a r i a t i o n on the point quadrat method 

used by Goodall (4). I t was necessary here both to record the plants above and 

below the knot, and to take a sample at the peat surface, because here we are 

dealing with two s t r a t a of vegetation. There are the mainly vascular plants 

that project away from the physical influence of the mire surface ( e s p e c i a l l y 

from the free v/ater surface, where there i s waterlogging); then there are then 

mainly non-vascular plants which mostly constitute the surface of the peat, except 

where the l a t t e r i s bare (eroded hummocks - see on), or covered i n dry l i t t e r -

as on the Calluna - dominated areas. 

The data was accumulated in two ways; f i r s t l y , for each metre length of 

s t r i n g , the presence or absence of plant species was recorded; so for each 

s i t e , there are s i x columns of presence and absence data ( s i x metres were 

sampled at each s i t e ) . I'his data i s shown i n table. 1. Secondly, for each s i t e 

the t o t a l number of s t r i k e s of each species was added up, to give an estimate 

of the cover of each species at that s i t e (table 2)(12). The methods used i n 

deterimining the environmental parameters at each s i t e are now described under 

headings. 

Peat Depth 

A sounding rod was used at three points, a l l within about a foot of each 

other, at each sampling s i t e , to give an average peat depth for each s i t e . On 

the peat i t s e l f , bedrock was struck at c l e a r l y defined depths. However, on the 

peaty s o i l s adjoining the drog streams, these depths were not so c l e a r l y defined, 

making i t d i f f i c u l t to obtain consistent r e s u l t s . 
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Probable effect of humidity ( i , i i , i i i ) and 
sinking auger hole ( i v , v , v i ) on water table 
p r o f i l e i n hummock. Notice i n i , i i , i i i there i s 
greater v a r i a t i o n of l e v e l i n hummock compared 
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ffigo 7 Measurement of hydraulic conductivity 
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Water Table and Hydraulic Conductivity 

At each s i t e , a s o i l corer was used to bore a hole i n the peat surface; 

the Water table waB then simply taken as the distance from the surface to the 

free water i n the hole. At nearly a l l the s i t e s there was some uneveness i n 

the surface, so the water table that would be obtained would depend on at 

what point the core was taken ( f o r example, whether through a hummock or hollow). 

No attempt was made to standarize the water table to the average l e v e l of the 

mire surface at each s i t e , so the absolute water tables at each s i t e do not 

have much significance. However, i t i s the changes i n the water tables at each 

s i t e with time that w i l l be considered, and these can be compared. 

In the case of the hummock-hollow complexes, where the hollows are perman­

ently under free water, the question of the l e v e l of the water tables i n the 

hummocks i s more complicated (5); i n each hummock, the water table i s l i k e l y 

to be very f a r from f l a t ( f i g . 6), and the p r o f i l e at the point where the core 

i s taken i s l i k e l y to be greatly altered by the process of taking a core. The 

only measurement that can be r e l i a b l y made i s the v e r t i c a l distance from a 

fixed point on the hummock to the free water surface on the pool. Variations i n 

t h i s distance w i l l then represent movement of the pool surface up and down with 

respect to the hummock. This was the measurement that was i n fac t made; the 

method used was to take a oore at the side of the hummock, and measure i t down 

to the free water i n the hole; i t was found that t h i s free water had the same 

l e v e l as the pool. Thus i n the case of the hummock-hollow complexes, the r e s u l t s 

given for changes i n the water table r e f e r only to the margins of the hummocks. 

Hydraulic conductivity of peat i s a measure of the rate at which water w i l l 

flow through a fixed volume under a fixed pressure (6). I t i s related to the 

degree of humification of the peat, the density of i t , and some other f a c t o r s , 

which are discussed i n more d e t a i l below. One of the ways i n whioh i t can be 

measured i s to remove or add water to the holes which were bored for measurement 

of the water table (see above), and follow the return of the water l e v e l back 

to the equilibrium. The p a r t i c u l a r method used was that of the auger hole (7), 

which i s i l l u s t r a t e d i n f i g . 7« The hydraulio conductivity i s given by the 
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empirical solution of Hooghoudt ( 8 ) : 

K » 2.3YA^ ^ L o g 1 Q h i * (eq n . l ) , 
h j 

(2c+r) ( t . - t.) 

Where h. and h. are the l e v e l displacements recorded at times t i and t j respectively. 

The peat i s assumed to be homogeneous and i s t r o p i c ; the former assumption i s c a l l e d 

into question by the r e s u l t s (see on). Leaving that aside, provided measurments are 

made when 

hj< c/4, 

Lathin (9) believes that r e s u l t s are yielded correct to within 10-20$. i s the 

shape factor, which has dimensions of length: 

A^ a ro/o.19 » for lengths measured i n metres. 

The constancy of the shape function a r i s e s from Hooghoudt's assumption of a 

uniform potential gradient i n the v i c i n i t y of the well; i n f a c t , errors are 

introduced due to the gradient varying with depth-being greatest near the base 

of the well-and hence the shape factor changes as the hole f i l l s up (10,11). 
from eqn.l, a graph of log h (where h i s the distance of water from water table 

l e v e l ) against t w i l l be a straight l i n e , of gradient K (2o » r ) . Hence K may 
2. 3rA 

be found. 

However, heterogeneity of the peat, and lack of constancy of the shape function, 

both due to theoretical considerations discussed above, and due to the non-

uniformity of the water table l e v e l over a short distance i n the hummocks, 

mi l i t a t e against a straight l i n e being produced to find K. Thus i t may be 

d i f f i c u l t to give more than a rough estimate for hydraulic conductivities, and 

the r e s u l t s must be treated with caution. 

Experiments were performed involving both depletion and reoharge of the 

water i n the auger holes, and following the return to equilibrium l e v e l s i n 

some cases over a period of minutes, i n some over a period of hours. At some 

s i t e s , auger holes were sunk both i n the hummocks and hollows (where the l a t t e r 

were dry) i n order to obtain a comparison. 
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Water Chemistry 

At each s i t e , and from the drog stream i t s e l f , samples of water were taken 

for chemical anal y s i s . At those s i t e s where a free water surface was present, 

c o l l e c t i o n of a sample of s u p e r f i c i a l water presented no problem; at s i t e s where 

no free vrater surface was present, free water was collected from the auger holes 

used i n the hydrological studies (see above). At a l l s i t e s , water was collected 

from squeezed peat samples. Any l i v i n g mosses and liverworts were stripped off 

the surface of the peat; peat was then extracted to a depth not greater than 

about 3 cms, ^ater was squeezed from t h i s peat to produce further water samples. 

Water samples were collected from s i t e s on the 7th May (7/5) af t e r heavy 

ra i n when the water tables were at a peak. Also on 27th May, afte r a dry 

period, when the water tables were much lower. 

Water samples were Btored in polypropylene bottles which had been washed 

i n acid and equilibrated with d i s t i l l e d water. 

pH of the water samples was measured using a Pye Unicam f i e l d pH meter, 

model 293• E l e c t r i c a l conductivity was measured using an e l e c t r i c a l conductivity 

set, model MC-1, Mark V, supplied by .Electronic Instruments Ltd., Chertsey, 

Surrey. Generally, the conductivities were measured using the temperature 

compensation control, which allows for a 2/1 conductivity increase per degree C, 

to standardise them to 25°C. 

Analyses for Na +, K*, Mg^+ and Ca 2+ by atomic absorbtion specrophotoraetry, 

were kindly undertaken by Mr. Tom ^ r e t t . 

Analysis for HCO5"" i n those samples with pH 4»5 was by t i t r a t i o n against 

0.001N HCL using a microburette, the end point being detected using a pH meter, 

B.D.H. 4.5 indicator did not give a sa t i s f a c t o r y endpoint. 

Analysis for 61" was by t i t r a t i o n against 0.0141N AgNGj, using a microburette, 

and potassium chromate as an indicator. 

SO^- concentration was found by balancing equivalent concentrations 

of anions and cations. The r e s u l t s of such calculations must be treated with 

Caution, as there i s the p o s s i b i l i t y that there are charged c o l l o i d a l p a r t i c l e s 
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derived fron the peat i n the aaraples, so that the concentration of free ions 

would not balance. 

Density and .-ater Content of I eat 

Cores of peat of standard length were toil on front each s i t e , and loaded 

into t i n s . I^ach core consisted of the top 7.9 cms. of peat, with l i v i n g 

plants asrippod off the surface. i'ho tina were weighed to give the density 

of tha peat, end then stored i n an oven for 18 days at 1C0°C, and reweiyhed 

to iijivt; the water content. 

Islrind iitudy 

In tho caso of tho is l a n d study, tho &rea of the inlands wara estimated 

by uuciouriny tho aides of a rcotanclo that would be of approximately an 

equivalent area. The height of the is l a n d was taken aa tho v e r t i c a l distance 

of tho aurfaoe mosces at the top of tho huirreiock down to tho fsud bottom of the 

pool, air.ee the l a t t e r would fluctuate lose i n height on subsequent days than 

the height of the free water surface. Any special features, ouch as shape, 

of the hurosocita were noted. 

For each hummock, a complete l i o t of opeoiee pres nt was drawn up. Then 

for each species, on esticiate was reede of the cover of thtit species r o l a t i v e 

to the Eirjcirjuin cover soon for that species onywfrare on the bo/;. That i s not 

the nortiial d e f i n i t i o n of cover, which i a the proportion of ground occupied by 

perpendicular projection on to i t of the a e r i a l parts of individuals of the 

species under consideration (12). For most plants, the maximum cover eeun on 

the bog wes ICO'; so the cover defined by either d e f i n i t i o n would be the same. 

In tho ease of a few plants rcaxicum density did not appear to give 1005$ cover; 

i n the case of liartheciura oosifraaa. t h i s was because the ]?lants ware only 

i n the process of emerging at the time at which the study was undertaken. I t 

waB f e l t that a better picture of ths differences i n vegetation betwoen the 

hummocks would cuer;je by taking cover as rel&tivo to the t,iftximura seen for a 

i»articular a^ocius, as a r e s u l t of excluding factors such as seasonal effects 

on cover. 

http://air.ee
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For each species, r e l a t i v e cover was designated as follows: 

present 

2 2C$ 

4 4C$ 

6 60?0 

8 &0% 

10 10C$ 

Because cover was taken r e l a t i v e to the maximum for the species, and because 

individuals of different species can overlap, the t o t a l cover for a pa r t i c u l a r 

hummock, even for one of the two s t r a t a of vegetation, could be well over 

12 hummocks, chosen to cover a range of heights and areas, were studied 

at each of four s i t e s : P, M, P and G. 

Note that the cover here was estimated by inspection i.e.subjectiveljr. 

This was necessary simply to examine a s u f f i c i e n t number of islands to 

obtain meaningful r e s u l t s . 

lOOfo. 
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Table 4 Presence and absence data for hummocks based on 20cm. quadrats 
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Pig. 9 Species constellation diagram - a l l s i t e s 
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Significances as above 
( f i g . 9) v. 

10 Species constellation diagram - hummocks and hollows 
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RESULTS 
The f i r s t method that was used to analyze the f l o r l s t i c data was a simple 

ordination obtained by using as a measure of association between the species 

p a i r s . The method of Agnew (13) was used, except that any species that occurred 

i n presence or absencetable (table 1) l e s s than ten times was eliminated to 

simplify the construction of the species constellation diagram. Holinia oaerulea 

was also eliminated, as i t occurred i n 54 out of 59 metre lengths; no s i g n i f i ­

cant correlations could be found for such an ubiquitous species, except possibly 

by reducing the effective quadrat s i z e (or length of string) used i n sampling. 

Only data from the transect ( f i g . 5) were included i n the association analysis; 

i t would not be v a l i d to include data from s i t e s G, H and N, as they do not l i e 

within the area defined for sampling. The f l o r i s t i c s of these s i t e s can be 

compared with the constellation diagram produced from the transect data. 

The correlations obtained are tabulated in table 3» These arc used to 

construct the species constellation diagram ( f i g . 9) by the method of Agnew, 
p 

using reciprocal X values. Prom f i g . 9t the following species groupings emerge: 

Group. 1 

Eriophorum vagina turn, liirica t e t r a l i x . Sphagnum cuspidatum 

Group 2 

Calipogeia f i s s a . Hypnum cupres siforerv& 

Group 5 

Odontoschisma sphagni, K v l i a anomala. Sphagnum recurvum. Sphagnum rubellum 

Group 4 

Sphagnum magellanicum. Sphagnum papillosum. Prosera rotundifolia, 

Pleurozia purpurea 

Group 5 

Tricophorum caespitosum, Eriophorum angustlfolium. Rhaoomitrium lanuftinosum. 

Calluna vulgaris, Cladonia impexa, Cladonla arbuscula 
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In determining these groups, correlations obtained s i g n i f i c a n t only at 
the 5"'J l e v e l were ignored, sinoe with twenty species, giving 100 values, 
f i v e correlations at the 5$ l e v e l would be expected purely by chance, and 
2jj? of these positive. 

Onorcan attempt to iden t i f y where these species groupings occur along 

the transect l i n e . 

Group 1 occurs once at s i t e s ±3, w , P, and 2 or 3 times at s i t e s , B, C, D. 

I t i e not c h a r a c t e r i s t i c of the hummocks and hollows ( s i t e F ) , nor the mire 

margin or lagg communities ( s i t e s J * K, L) nor the 'dry lawn' community ( s i t e A). 

I t i s , therefore, most c h a r a c t e r i s t i c of the *wet lawn* community of the mire 

expanse. 

Group 2 occurs at s i t e s A (p times), K (2 times), B and E (once). I t i s 

d i f f i c u l t to generalize here, because f i s s a would be e a s i l y overlooked, 

being a small leafy liverwort. H. cupresbiformeis most abundant i n the mire 

margin ( s i t e K) and dry lawn ( s i t e A), and i s often associated with roots of 

Calluna, though t h i s has not emerged from the association table. 

Group 3 ocours at s i t e 33 (3 times), K.|PjD (2 times), A and G (once). Thus, 

l i k e group 1, i t i s not c h a r a c t e r i s t i c of the hummocks and hollows, but extends 

further towards the dry lawn and mire margin s i t e s (A, K). 

Group 4, which i s a very 'tight* group on the species constellation 

diagram, OCCUTB only at one s i t e - P - four times* although three of the four 

spS&Lea ocaur more widely, p a r t i c u l a r l y on the hummocks and hollow3. S i t e P i s 

between the lagg and the hummocks and hollows, and consists of low ridges and 

shallow hollows, the l a t t e r consisting of mainly vascular plants, p a r t i c u l a r l y 

Molinia caorulea^ Group 4 could, therefore, be said to be c h a r a c t e r i s t i c of a 

p a r t i a l l y developed hummock-hollow complex. 

Group 5 occurs at 3 i t e s C, F, M (once)* and il (3 times). Of a l l the groups 

i t i s therefore the one most c h a r a c t e r i s t i c of the hummock-hollow complex. 

Having decided where the communities occur i n the mire, i t i s now 

the o r e t i c a l l y possible to r e l a t e the species constellation diagram to environ­

mental factors by superimposing axe?-of-, co-ordinates on i t , and deciding what 2 



Calluna vulgaris 
++1Sricatetralix 

Sriopliorua angustifolium 
+4H-++-M-+|Moliiiia c a e r u l i a 
++ +++ iDrosera r o t u n d i f o l i a 
++ +•+•-•• ++ +-Mji'Jartheciuxn ossifragatnv 

+•+ ++ ++ +-Hiinynchospora alba 
+ iTrichophorum caespitosum 
+++ + +++++++++ | Cladonia unoiales 
++•*• ++ •M-tfcladonia imp ex a 
+++ •*• ++++ | Hypnum cupressif orme 

iihacomitrium lanuginosum 
++++++ ++ •»++»» | Sphagnum rube "Hum 
+•+ +++ • +++++++++ ++ +++ -mpphagnum tenellum 

++ +++ ++ G-leaoystis 

Significances as f o r table 3 

Species co n s t e l l a t i o n diagram derived from t h i s data 

shown i n f i g . 10 

Table 5 Chi-aquare matrix from 20ca quadrat data 

S i t e 
Continuum indexj 

L K 2 K l 

on-tran3ect 
A B C D E F M 

100 1 00 238 2?0 272 264 381 36i 373364 312 137 

off-transe 
G H N 

1 
330 3*1 283 

These data shown graphically i n fig.11 

Table 6 Curtis and Mcintosh continuum indices based on 
vascular plants 

S i t e L K K A B C D E F H P J G H N 
Continuum index,|100 155 273 174 246 34** 308 426 533 457 386 313 526 378 207 

These data shown graphically i n figo 1 2 

Table 7 Continuum indices based on non-vascular plants 

The order of the transect s i t e s given i n tablea 6,7 (L J ) i s the ordi 

in vrhich they occur along the transect. Much of the data i 3 presented 

graphically against t h i s d i r e c t ordination. Thus f i g 3 . 11,12 show the 

indi r e c t ordinations (based on continuum indices) plotted against the 

dir e c t one. 
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environmental gradients would bo most appropriate to correspond with the axe3. 

Thus one might be average water tnble l e v e l , and the other increasing d i f f e r e n ­

t i a t i o n between hummock and hollow ( f i g . 9)« In t h i s way, the species groupings 

and therefore by extension, the sampling s i t e s , w i l l hove been ordin&ted. 

However, the terras that were uoed to describe the habitat preferences of 

the species groups were vague, und r e l i e d on subjective observations of the 

habitats, rather than thepareoise ocacursments t h a t were actually c<:ide. The 

l a t t e r can be more e f f e c t i v e l y used by the Continuum approach of Curtis and 

Mcintosh (14, 15), which w i l l give 0 more objective ordination of species and 

plots, which can be used to tost which environmental variables are the important 

ones. 

Tho correlations obtained t h a t ore used to construct the apuciea constel­

l a t i o n diagrams depend on the a r e a of vegetation for which the preeenco or 

absence of species i s shocked. To sec i f further plant consiiunitiGs or r e l a t i o n ­

ships between species could be discovered, j u s t w i t h i n the hutnraock-hollow 

complexes, oomo data kindly provided by J>r. ii.K. DmlelR of the I.'i'.jj}. were 

analyzed, i n the same way us the data above. This d»ta (table 4) was fo r 

presonce or absenoe of species i n 20 cm. quadrats intstoad of 1 tietre lengths. 

.'Because the coinaunitieB of the hum:.,ockrs and hollows are so dif f e r e n t , the d a t a 

was subdivided between the two. The correlations obtained ore tabulated i n 

5?able ii» are used to construct the species constellation diagram ( f i g . 10). 

The main findings a r e that nhacomitrium lanu^inosura i s strongly negatively 

correlated with many species (which i s not surprising, from tho observutiono 

that i t forms large cushions on top of the hunnnoeks), which i s porhupo the 

basis of the large number of highly positive correlations between many of the 

remaining species. Hypnuin cupressiforroe i s found to be highly correlated with 

Oalluna and Cladonla. which accords well with subjective observations, but 

which does not emerge i n the species groupings i n f i g . 9. 

In those quadrats which f e l l over the boundary between huimiiocks and hollows, 

an association of Holinla caorulia. T-Jriophorum anrrustifolium, and fiartlrecium 
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ossifragawwas elucidated, indicating that t h i s l a t t e r association may be ty p i c a l 
of the edges of the hummocks (of the three, only E.angustifolium would be l i k e l y 
to grow i n open water). 

Sphagnum rubellum, Sphagnum cuspidatum and E r i c a t e t r a l i x a l l emerge from 

t h i s l a t t e r analysis as being associated with the other species of the hummock-

hollow complexes, though they did not i n the f i r s t a nalysis based on the table 

1 data. However, i n neither analysis did Eriophorum vaginatum appear to be part 

of hummock-hollow complex associations. 

The Curtis and Mcintosh Ordinations 

These ordinations are based on the data shown i n table £• Data for the 

vascular plants minus Drosera spp. have been separated from non-vascular plants 

plus Drosera spp., since these two represent two different s t r a t a of the vegetatior 

(see 'Methods'), and the two s t r a t a are l i k e l y to be responding to different 

environmental gradients. Thus non-vascular plants are l i k e l y to be more ser.sitiv 

to humidity than vascular ones, as they lack the adaptations to water str e s s of the 

l a t t e r ; Drosera spp. are included with those l a t t e r because they seem to belong 

more to t h i s stratum of the vegetation. 

These two groups of plants are treated separately. 

For each s i t e , t o t a l community performance i s t o t a l number of s t r i k e s for a l l 

species; the importance value of each species i s then taken as: 

Number of s t r i k e s of that species x 100 

Community performance 

The leading dominants and climax adaptation numbers are then assigned 

according to the method of Brown and Cur t i s , but only using the transect s i t e s , 

L to J (table 6 ) . Using the climax adaptation numbers so obtained, the 

continuum indices for a l l the s i t e s are now calculated, including s i t e s G,H and N 

(table 6 ) , for vascular p l a n t s , by the method of Brovm and Curtis ( l o ) . 

Continuum indices are plotted against distances along the transect l i n e i n 

fig.11.; the r e s u l t s accord well with the subjective impression gained of the 

s i t e s ; L and were s i m i l a r - dense Molinia tussocks by the side of the drog. 

A,B and C were s i m i l a r lawn communities on the mire plane. 
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D,E,F and M were characterized by hummock-hollow complexes; P was intermediate 

between these, and the Molinia lagg,J. 

I t i s notable that s i t e s Nt and H^, the former on the fen window, and the 

l a t t e r Just off i t , have si m i l a r continuum indices to the lawn s i t e s at A,B and C. 

These observations are disoussed i n more d e t a i l when the relationship to 

environmental parameters i s explored. 

Table 7 shows the ordination for the non-vascular plants; the liverworts are 

not included, because i t was f e l t that the figures for the number of s t r i k e s for 

the liverworts probably v a s t l y overestimate the importance of these species, as 

defined by Brown and Cur t i s (16); the cover given by the point quadrat method (4) 

for liverworts, which should be the method used to give r e l a t i v e dominance (which 

i s a factor i n the importance value of Brown and C u r t i s ) , would be mftch lower than 

that estimated by the method used here (see above). I n f a c t the r e l a t i v e dominance 

of the liverworts i s probably very low, so they can be excluded from the ordination. 

Continuum indices are plotted against distances along the transect l i n e i n 

fig.1 2 . The r e s u l t i s different from that f o r fig.11, indicating that the non­

vascular plants are responding to different environmental gradients than the 

vascular ones (which was to be expected). Further, the r e l a t i v e positions of the 

s i t e s off the transect (G,H anC. N) are different, indicating that the environmental 

factors that operate here have different effects on the vascular and non-vascular 

plant communities (see 'Discussion*). 

The value of t h i s method i s that i t enables comparisons to be made d i r e c t l y 

with environmental parameters. Before these comparisons are made, the r e s u l t s of 

the measurements on environmental parameters are reported. 

Peat density and water oontent 

Peat density varied around a mean of 0.834 S cra-3. There was no obvious trend 

i n the values along the transect l i n e of s i t e s , though the value for the sample 

from s i t e L (Next to the drog) was e a s i l y the highest at 1.249 - presumably due 

to the high mineral content of th i s sample - i t was noticeably sandy. Samples 

from pools or furrows were more dense (mean 0.908) than those from hummocks or 

ridges (mean 0.799)* P^0.05» This could be due to the higher water content of the 

former. 
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Samples taken 7/5/77 - a f t e r heavy r a i n 

Mean l e v e l s for s i t e s 
* B C D 2 pH Conduct. Na + 

punhos meq 1 
K + C a 2 + Mg 2 + C l " so 2" KCOT 

4 t) 
S u p e r f i c i a l water 
.Yater sqeezed from peat 

4-15 
4-30 

69 -207 
74 -322 

•010 
•082 

•026 
.048 

-078 
•094 

•217 
•307 

• 106 -
.244 -

Ratio of equivalent 
concentrations Na + K + C a 2 + Mg 2 + H + C l " < HC0~ 

S u p e r f i c i a l water 
Sqeeaed water 

1 
1 

•048 -135 -377 
-255 -149 -292 

•324 
•149 

1-049 
*938 

•512 
•758 — 

Samples taken 27/5/77 - a f t e r dry period 

mean 
fo r 

Drog 3tream 
S u p e r f i c i a l ?rater) 
squeezed water ; .. 

S i t e 3 D.E.F.B 
Ji&,H,N 

Sit e M (squeezed) 
Si t e & (scueeaed) 

pH 
6T-4 
4-15 
4-25 

4-0 
4-0 

Cond. Na* K 
90-5 
82-5 
125 

148 
205 

•405 
•321 
-236 

•036 
•022 
"050 

Ca 2 +__Mg 2 + 61" 
• 206 
-030 
-038 

•386 - 020 -030 
•513 -051 -130 

•148 
•096 
•082 

•146 
•400 

not 
•366 
•206 

,507 
•747 

SO2" HCO" 
taken .375" 
•103 
•200 

'075 
•647 

liatios of equivalent 
concentrations 

r- 2+ «-& 
2-
4 

HC0~ 

Drog 1 •089 •509 .366 _ not taken .326 
S u p e r f i c i a l v.ater 1 •069 •093 .298 •227 1 .140 -321 -
Squeezed water 1 .212 «161 •347 •247 '873 '847 -

s i t e hi 1 -052 •078 •37S •259 i - 3 1 3 »194 — 

3ite & 1 •063 •160 •492 -123 -919 .796 — 

Table 8 pH, e l e c t r i c a l conductivity and mineral 
content of water samples 
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S i t e 

Peat depth 
(cms) 

K 1 A B £ F 

s o i l 31 43 118 203 314 456 500 510 478 

values are the mean of three readings 
r e s u l t s shown graphically i n fig.14 

Table 9 Peat Depths 

J & H N. N„ 1 2 
217 412 245 207 207 

S i t e 

Drop i n 
water table 

(cms) 

K2 K1 B E F M N, N 
1 5 

26£ 24i 23^ 10^ 15 14 10 15^ 18^ 20£ 11 

Results f o r s i t e s B,C,D,I3,F obtained d i r e c t l y ; 
other r e s u l t s by extrapolation (see t e x t ) 

Figures given are f o r drop i n water table 
between 18/5 and 21/6. They are used as an 
inverse measure of water table s t a b i l i t y (see f i g . 15) 

Table 10 F a l l i n water table l e v e l s 

S i t e B C D £ F H J & H N 

K(m2min"1 )X1oS 

Ridges ( i ) b y depletion 
or 

Hummocks(ii)by repletior 

095 •271-
•644 

2-96 1-31 >100 -125-
•630 

•268 •261-
21-8 

2-66 15*6 K(m2min"1 )X1oS 

Ridges ( i ) b y depletion 
or 

Hummocks(ii)by repletior i •043 •027 

Hollows- by depletion -289 7-45 54-5 •300 30-8 

Note the wide l i m i t s given on three of the values 
(see f i g s . 17,18) 

I n three cases out of four, the r e s u l t s f o r the 
hollows (which may be dried out pools) are much 
bigger than f o r hummocks at the same s i t e , 
suggesting the peat to be l e s s humified i n the 

pools(see t e x t ) . However l i t t l e r e l i a n c e i s 
placed on these r e s u l t s f o r the hollows, and 
they are not commented on further. 

Table 11 Hydraulic conductivities (K) as measured by the 

auger hole method 
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There was l e s s v a r i a t i o n i n the % dry weight of the samples; values for 
samples from K^.Kg and L were higher than the r e s t ; i n the l a s t case considerably 
so; the r e s u l t s are repreaested graphically i n f i g . l j . Where samples were taken 
from both hummocks and hollows, the mean dry weight content of the former (8.60$) 
was higher than for the l a t t e r (6.90$) - P<0.05 - t h i s i s not a t r i v i a l point; when 
the measurements were taken pools had dried up at the surface at l e a s t , at a l l the 
s i t e s except P. 
Water Chemistry 

Here again, although some in t e r e s t i n g r e s u l t s were obtained, there was no 

si g n i f i c a n t trend that would be revealed by plotting continuum indices for the s i t e s 

against any of the ohemioal parameters. Apart from the water of the drog stream 

i t s e l f , there was l i t t l e v a r i a t i o n i n the values; mean figures are given i n table 8. 

However, i o n i c concentrations for samples from s i t e s M and G were elevated, 

p a r t i c u l a r l y i n the squeezed water samples. The significance of this w i l l be 

referred to below. 

Peat Depth 

A s i g n i f i c a n t trend of these values was evident (table 9 and fig.14) . I n the 

case of station L, a depth of 199 cms was recorded, but since t h i s was of s o i l 

rather than peat (the p r o f i l e could be seen as a bank of the drog stream), t h i s 

value was disregarded. 

Water Table Movement 

The period 18th Nay - 21st June, when water table measurements were made, 

was one of l i t t l e r a i n , and the water tables f e l l consistently during t h i s period. 

For some of the s i t e s , where measurements were not taken from the beginning, i t 

was necessary to extrapolate to estimate the f a l l i n the water table between 

these dates. 

This f a l l i n the water table, from the 18th May - 21st June, at each s i t e , 

i s taken as a measure of the s t a b i l i t y of the water table a t that s i t e . The values, 

either measured or estimated by extrapolation, are shown i n table 10 and fig.15. 

There i s s i g n i f i c a n t correlation between peat depth and water table s t a b i l i t y 

(fig . 1 6 ) ; r o 0.72 (K0 . 0 2 ) . 
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Hydraulic Conductivity 

As was explained i n the introduction, various t h e o r e t i c a l and p r a c t i c a l 

factors m i l i t a t e against a straight l i n e being produced i n the graph of leg 

(distance of water l e v e l from equilibrium) against time,, However, i n some of 

the plots that were made, i t seemed that two d i s t r i c t gradients were produced 

(see fig.17 for an example). This might indicate a change i n the quality of 

the peat with depth. Normally, one would expect the surface layers of peat 

to be l e s s humified than the deeper ones. As mentioned i n the introduction, 

t h i s might mean the surface layers would have s higher conductivity than the 

deeper ones. The converse of t h i s situation seems to be indicated by some of she 

r e s u l t s - partly by d i s c o n t i n u i t i e s i n the graphs; partly by the lover conductiviti 

given by the water addition experiments as opposed to the water depletion ones -

indicating the surface layers to be more humified (see table 11). The explanation 

for t h i s might be that i n r i s i n g through a hummock, humification increases. The 

implications of t h i s idea are discussed, below. 

No s i g n i f i c a n t correlation between either peat depth, or water table s t a b i l i t y 

with hydraulic conductivity was found; however, not a l l the s i t e s were covered for 

the l a t t e r measurement, which i n any case gave rather inconsistent r e s u l t s . More 

complete data may have shown such correlations; there i s an indication that 

hydraulic conductivity may increase with peat depth and water table s t a b i l i t y . 

A graph of hydraulic conductivity along the transect l i n e i s shown i n fig.18. 

Comparison of environmental parameters with continuum indices 

Of the two remaining environmental parameters that can be co&pared Trith the 

two sets of continuum indices, peat depth and water table s t a b i l i t y , i t would be 

unlikely that there could be a direct effect of peat depth on the species 

composition. I t would probably be through some other e f f e c t such as water table 

s t a b i l i t y (with vmich peat depth i a correlated ) , or through some factor that 

has not been studied, 3uch as ground water flow. Unfortunately, there i s i n s u f f i c i e 

data to use multi-variate analysis to determine i f there i s a s i g n i f i c a n t e f f e c t 

of peat depth, not explicable i n terms of vater table s t a b i l i t y . 
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Continuum index, 
vascular olants.c 

Continuum index > 
non-vascular plants, 

c 
n 

Feat depth (cms) , d Water fluctuation (cms), w 
c v= 0-40d+179 
r = 0-68 (P<0-01 ) 

c n= C-60d+159 
r = 0-80 (P<0-001) 

c = -10-2w + 468 v 
r = -0-67 (P<0'05) 

c = -15-2w + 610 n 
r = -0-68 ( KO -05) 

There i s a correlation between water table 
fluctuation and peat depth: 

w = -0-028d + 25-8 
r = 0-72 (P<0-02 ) 

These correlations are shown i n figs „ l 6 and 19-22 

Table 12 Summary of correlations between environmental 

fact o r s and continuum indices 

Suecies peak 
importoheight 

peak 
import heigh-

M 
peak 
import height 

peak 
imnort heisht 

Ehynchospora alba 
Nartheciun ossifrag&wt\. 
Trichophoruni caespitosum 
Eriophorum angustifolium 
L'olinia c&erulea 
Calluna vulgaris 

•40 
•825 

14 
16 

•37 
•60 

19* 
21 

•50 45 
• 58 

Sphagnum magellanicum 
Fleurozins* purpurea 
Sphagnum papillosum 
Sphagnum rubellum 
Sphagnum plumullosum 
lihacomitrium lanuginosum 
Cladonia icipexa 
Hypnum cupressiforme 
Campylopus flexuosus 

•73 
•67 

14 
18£ 

•64 
•625 

•475 

•95 

18 
21 

21 i 
42 

445 34 
22 
.22 

60 
43 

The table shows at which s i t e each species has 
maximum importance, and at what height. See text 
for explanation and f i g . 24 f o r graph of r e s u l t s . 

Table 1j& Sequence of dominant species of hummocks 
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The correlations that were obtained are shown table 12 and f i g . 19-22. 
Thus there i s no evidence for hydraulic conductivity as a determinant of the 
plant communities. 
Island Study 

For each group of 12 hummocks, the procedure was as follows: f i r s t l y , data 

for the vascular and non-vascular (+ Drosera spp.) species were separated, so 

the two s t r a t a were dealt with separately. Next, for each stratum, the t o t a l 

cover for a l l the species on each hummock was added up to give a measure of 

community performance. Next, the dominant species of each hummock was Identified* 

For each dominant species, the importance value on each hummock was calculated, as: 
COV63? 

. • I t was found that there was a relationship between 
— community performance 

the importance value of a species, and height of the hummock (fig.2 3)• There i s a 

considerable scatter of points, and the data are smoothed by a standard procedure 

given by the formula: 

B B a + 2b + c 

4 

where B i s the smoothed value of b, where a and o ore the adjacent points (17). 

From these curves, the height a t which a species has i t s maximum importance value 

can be read off (table 13). I n th i s table, the four s i t e s are arranged i n order of 

the mean height of the hummocks| P,F,M and G. S i t e P was si area of shallow pools 

and low ridges, l i k e H. Si t e F was an area of the c l a s s i c hummock and hollow complex 

s i t e G was an area of eroded hummocks and hollows (see 'Methods'), and s i t e M was 

intermediate between F and G. 

Let us f i r s t consider the vascular plants of table 13* Certain trends i n the 

plant cover can be id e n t i f i e d across the s e r i e s P*G. The word jperformance here i s 
i 

used i n the Bense of .cover. 

Rhynchospora alba i s only dominant at s i t e F, though i t i s present at the 

other s i t e s . 

Narthesium increases i n importance between P and M, and i s then absent i n G. 

I t s peak performance occurs at heights well below the mean hummock heights; t h i s 

accords with i t s position i n the species constellation diagram (fig.10) between 



Note: The f l o r i s t i c data used- i n the construction of t h i s figure 

were based on the estimation of species cover of hummocks 

as desci-ibed i n the introduction; and the hummock shapes 

from general observations made while t h i s data v/as 

collected* 

S i t e Vascular plant cover 
dominant spp. 

Non-vascular plant 
cover ; dominant spp» 

Hummock 
shape 

30 

70 

60-

50-1 

30-

20 

10 J 

0 J 

& 
mean 

C&lluna vulgaris 

l l o l i n i a caerulea 

Sriophorum 
angustifolium 

Trichophorua 
caespitosum 

Narthecium 
oss i f ragauw. 

Khynchospora alba 

extensive 
erosion 

j Campylopus flexuosua 
I Hypnum cupres3iforme 

]Cladonia impexa 

/ r 
flhacomitrium lanuginosum 

Sphagnum plumullosum 
Sphagnum rubsllum 
Sphagnum papillosum 
Pleur o z iu»\ pur purea 
Sphagnun. magellanicum 

/ 

v 

Species cover of hummocks of increasing height 
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the hummock and pool speoies. 

Tricophorum also has i t s peak performance at s i t e M; at s i t e s H and G, i t i s 

more dominant on the lover hummocks. 

E.angustifolium peaks a t s i t e F; i t s preferred height increases with the 

mean height of hummocks from P+G. 

Call'"')a and Molinia "both have thei r peak performances a t s i t e G. P a r t i c u l a r l y 

at s i t e s F and M, Calluna tends to dominate the higher hummocks. At s i t e G, the 

lower hummocks may have a high cover of bare peat; t h i s may often be associated 

with a high Molinia cover. 

We now oome to the non-vascular plants. 

F i r s t l y , there i s a group of speoies which overlap with Group 4 of the species, 

constellation diagram (fig.1 0 ) . These are: Sphagnum papillosum.S.magellanioum. 

S.plumullosum. S. rubellmn and PleurogiaiApurpurea; these a l l peek a t s i t e s P or F; 

at s i t e P, they a l l have peak performance at about the average height of the 

hummocks; at s i t e s F and M, they peak at heights well below the average heights -

they are associated more with the lower hummocks. 

Rhacomitrium lanuginosum peaks at s i t e s F and M, and tends to dominate the 

higher hummocks. Likewise at s i t e G, where the cover f a l l s somewhat. At s i t e G, 

a l o t of the Rhacomitrium was very d r i e d out, and some of i t p a r t l y decomposed; 

i n the l a t t e r case, the hummocks were sometimes very eroded (and much lower), and 

had a high cover of Molinia and Campylopus fleacuoaus. The Hypnum cupressiforme 

of s i t e G was mainly associated with the high Calluna cover. 

These r e s u l t s a l l suggest a pattern for the speoies cover of hummocks of 

increasing s i z e (fig.24)• This sequence may or may not be an actual succeesional 

development. That depends on the theory of the origin of the surface patterning 

that one accepts. 

F i n a l l y , i t was found that there was a relationship between the species 

richness of a hummock, and i t s area. A graph of no. of speoies against log (area) 

gave an approximately straight l i n e relationship (fig.25). Such a relationship i s 

explained i n terms of i s l a n d biology by postulating an equilibrium between immigration 

and extinction of species depending on i s l a n d s i z e , and proximity of sources of 
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colonizing species (18) . This implies that at some stage a f t e r hummock formation, 
immigration or extinction of species i s an active process. 

Alternatively, the size-dependence on species richness of the hucmock could be 

a manifestation of the minimal area required f or the hummock coEx^urJLties. There i s 

l i t t l e information on what factors might determine such mirJL'ial areas. Indeed, one 

of thea isight be the area-dependent s u r v i v a l of various species i . e . an 'island' 

effect on species e:rtinction rate. 
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Discussion and Conclusions 

Species constellation diagrams (figs.9t!0) 

Pig.. 9 was based on association analysis of different communities on the 

mire : the hummock and hollow complexes, the lagg, the lawn communities, and 

those round the drog stream; fig.10 was based only on the hummock and hollcw 

complex. Nevertheless, i t i s s t r i k i n g how different the two diagrams are. In 

f i g . 9» "the hummock species, Rhacomitrium and Calluna, Eriophorura etc. emerge as 

associated species, whereas i n fig.10 Rhacomitrium emerges as negatively associated 

with some of the other hummock species. This suggests a h i e r a r c h i c a l structure 

of the plant communities, with species relationships occurring at different l e v e l s , 

detectable at different block s i z e s ( i . e . quadrant s i z e used i n sampling). 

The problem i s that species that appear to be associated at one block s i z e 

(and are therefore assumed to have s i m i l a r habitat requirements), may not be at 

another block s i z e , and may i n fa c t have different habitat requirements. This i s 

likewise a problem with the Mcintosh and Curtis ordination. Thus a hummock may 

represent a different environment for a plant at i t s crown (covered with Pchacositrium) 

compared to i t s margin (with a Sphagnum cover). This may cast doubt on the v a l i d i t y 

of attempting to measure environmental parameters for the hummock and hollow 

complex as a whole, and comparing with a species ordination based on sampling s i t e s 

that span several hummocks and hollows. Any correlations that are discovered only 

apply to the sum t o t a l of the species at a s i t e ; i t must not be assumed that a l l 

the species have the same habitat requirements. 

The Ordinations 

The Curtis and Mcintosh ordination was used, because although not the simplest 

(which i s the polar ordination), i t gives more information on species relationships 

ana habitat preferences. 

Comparison of environmental factors with continuum index i s only l i k e l y to give 

a good correlation where the environmental factors changing along the transect l i n e 

which a f f e c t species composition do so i n s i m i l a r ways* Where opposing factors are 

involved, good correlations w i l l not be obtained. 

Thus the leading dominants (table 2) which have climax adaptation numbers 



furthest apart are assumed to he adapted to two opposite environmental extremes 

along the tranaecto Those with intermediate climax adaptation numbers ar& adapted 

to conditions intermediate between the two extremes* This likewise -applies to the 

sub-dominant species that have t h e i r highest importance values at the same s i t e s as 

one or other of the leading dominants. 

Thus the continuum index of a s i t e along a transect l i n e , i s the sum of a l l the 

products of importance value X climax adaptation for each species present there. I t 

i s therefore a measure of the position of the environment there between the two 

extremes as 'seen' by the plant community at that s i t e . S i t e s with continuum 

indices furthest apart have the opposite environmental extremes of the transect, 

./here conditions are intermediate between the two extremes, the continuum index 

T r i l l have an intermediate value. 

Because the derivation of continuum index i s rather a r b i t r a r y - i n that 

climax adaptation numbers are based only on the relationship between the 

leading dominants, the r e l a t i v e values i n themselvss are not of much significance, 

though they can be used to compare the s i m i l a r i t y of s i t e s (see f i g s . 11,12, where 

continuum indices are plotted against simple ordinations, based on positions of 

s i t e s along the transect l i n e ) , I t i s the relationship of continuum index to 

environmental factors that i s of more significance. 

For both vascular and non-vascular plants, peat depth and water table s t a b i l i t y 

emerged as the factors most highly correlated with continuum indices. The l a t t e r 

of these two fac t o r s w i l l be considered, f i r s t . 
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The idea of water table s t a b i l i t y a f fecting plant communities i s not new. 
Sjors (5) Bays that species of carpets and mud-bottoms require an even and high 
water l e v e l . I n Bergslagen, where conoentrioally domed mire predominates, these 
species include Rhynchospora alba and Sphagnum cuapiciatmn, which also occur i n 
the hollows and pools on C l a i s h Moss, at s i t e s of high water s t a b i l i t y . Speoies 
of hummocks, on the other hand, are said to be susceptible to inundation. This 
i l l u s t r a t e s the very different habitat requirements of species present at one s i t e . 

I n f a c t the water table l e v e l s i n hummocks probably vary greatly depending on 

short-term r a i n f a l l ( f i g . 6 ) . These fluctuations were not measured, and there 

would be great d i f f i c u l t y i n measuring them, because taking out a core from a 

hummock to oreate a well would greatly d i s t o r t the water table p r o f i l e , because 

of the limited supply of c a p i l l a r y water i n the hummock. 

I t was the change i n water table l e v e l a t the hummock margin that was measured, 

which would r e f l e c t the l e v e l of the pool, and therefore the conditions to which the 

species at the hummock margins were subject. 

Sjors (5) suggests that the reason forthe stable water l e v e l of the pools 

i s that, of the precipitation received by the hummock and hoBow complex, most i s 

kept and stored by the framework of hummocks, which therefore act as a sort of 

buffer. This might therefore explain the high s t a b i l i t y of the water l e v e l i n 

the pools. Likewise, the existence of pools would prevent the hummocks from 

becoming inundated (by acting as drainage ditches), so permitting the s p a t i a l l y 

olose coexistence of species with very different habitat requirements. 

S t a b i l i t y of the water table i s not j u s t important i n determining the 

constancy of the humidity at the peat surface; i t also determines the extent 

to which r oots of vasoular plants are subjeoted to horizontal ground water flow; 

also, i n s t a b i l i t y can convey nutrient ions from one horizon to another, as well as 

increasing s o i l aeration, by in s p i r i n g and expiring a i r from the s o i l voids (19)* 

Further, Sjdrs suggests that water table s t a b i l i t y i s also connected with 

ground water flow. Ingram (19) i s more s p e c i f i c about t h i s , and suggests that 

fluctuations i n the water table may be of lower amplitude i n peats of high 

conductivity, with larger s o i l voids. I t i s implied that a higher hydraulic 
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conductivity i s associated with a higher ground water flow. However, the l a t t e r 
also depends on the slope of the ground water table. I n a domed mire, the peat 
near the surface of the done- i s usually thought of as being poorly humified, 
ombrogeneous peat, compared to the mire margins ( 2 ) . I t would therefore be 
l i k e l y , according to Ingram ( 6 ) , to have a high hydraulic conductivity. But the 
ground water flow i s generally considered to be l e a s t a t the dome, since t h i s i s 
l i k e l y to be furthest from the water t r a c t s . Thus one cannot equate hydraulic 
conductivity with ground water flow. 

In f a c t the values for hydraulic conductivity did not correlate with water 

table s t a b i l i t y or the f l o r i s t i c s , though the data was incomplete, and the values 

obtained were inconsistent; also, values given by extraction and repletion of water 

i n the auger holes did not agree. I n f a c t Ingram (2) measured hydraulic conductivities 

at Dun Moss ( i n the Grampian f o o t h i l l s . Grid r e f . ; NO 167558) using the seepage tube 

method, rather than the auger hole, since with the l a t t e r method, there was a 

problem with water draining rapidly from s u p e r f i c i a l layers of scarcely humified 

peat. This could be the explanation f o r the discontinuity i n the plots (fig,17)» 

rather than a change i n the humification of the peat at greater depths i n the 

hummock. Such a change might be postulated to be due a hummook developing from a 

hollow or pool bed of well humified peat. Such a hypothesis would be at odds with 

the s t r a t i g r a p h i e s ! evidence however (22). Even the values for E giving by Ingram 

(21) by the seepage tube are quoted over a wide range ( l - 2 orders of magnitude); 

there i s also an order of magnitude of difference i n values given by depletion 

and recharge ( l e s s than that i n the r e s u l t s quoted here). Nevertheless the 

range of the conductivities given here and by Ingram agree. 

I t i s c l e a r that the theory and method of measurement of hydraulic conductivities 

w i l l need further development before these can be routinely used to compare with 

other environmental factors and f l o r i s t i c s . 

There was a strong correlation between peat depth and continuum indices 

(table 12, f i g s . 21,22). I t i s hard to see how peat depth could affeot the plants 

d i r e c t l y at any of the s i t e s except L and K„, since at a l l the other s i t e s , i t 
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would be too deep f o r vascular plant roots to reach down to the underlying 
substratum. One p o s s i b i l i t y i s that peat depth i s correlated with ground 
water flow, as suggested i n the model for the development of a domed mire 
Ingram ( 1 9 ) l i s t s the ways i n which water flow can affect plants: 

1 ) e f f e c t on s o i l atmosphere 

2 ) s o l u b i l i t y of toxic metal ions 

3) high concentration of COg and S that would accumulate round roots i n 

s t a t i c water 

4) water movements may convey soligenous ions from beyond mire boundary and 

gather ombrogenous ions from mire expanse ( 2 4 ) * 

5) water flow might determine the rate of ion uptake by plants. 

Obviously i t would be desirable to measure ground water flow on C l a i s h MOBS, 

but to do t h i s d i r e c t l y would require a rather sophisticated instrument - the 

hot wire anenometer ( 2 3 ) . 

Chemistry 

Water flow can a f f e c t uptake of mineral ions by plants, and also looal 

concentrations of these ions by the roots. These effects would be d i f f i c u l t to 

detect under f i e l d conditions. However, water movements also a f f e c t overall ion 

concentrations (see point 4 above), which might have an e f f e c t on f l o r i s t i c s , 

since mineral a v a i l a b i l i t y i s said to be a l i m i t i n g factor on primary productivity 

on ombrogenous mire ( 1 9 ) « Although i n a mature plant community, s u f f i c i e n t mineral 

s a l t wag, have accumulated, and be recycled to sustain that community, low mineral 

a v a i l a b i l i t y i n l i t t e r would a f f e c t seedling establishment and performance of 

immature vegetation, so governing the species competition of the community. 

I n f a c t , i n t h i s study, no s i g n i f i c a n t v a r i a t i o n i n pH or mineral content 

over the mire was found (table 8 ) . Ionic concentrations at s i t e s M and G were 

elevated i n the squeezed water samples. At both these s i t e s , there were signs of 

erosion of the hummocks; the increased mineral content could be due to oxidation 

of the peat following lowering of the water table, and release of complexed 

mineral ions. 
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The i o n i c composition of the water from the drog stream i s similar to 
that draining granite or mica s c h i s t (Gorhara, I 9 6 I ) - i t i s very poor i n 
C a 2 + , Mg 2 + and K +. I n f a c t the underlying rook of Cl a i s h Moss consists of 

feldspathic s c h i s t s , which are likewise poorly minerali-zed. 
2+ 2+ / On the baBis on the mean Ca and Mg l e v e l s (averaged over the entire 

mire expanse), the mire complex f i t s into hydrological mire type 7 (Bellamy), 

or 'moss' type, as described for Scandinavian mires by S j o r s . However, on the 

basis of pH, the mire complex would f i t into HMT6, or extreme poor fen. The 

explanation for t h i s discrepancy would be the ' r a i n f a l l effeot*. The effect 

that t h i s has on ground water pH and io n i c composition for the blanket mires of 

Western Ireland has been described by Bellamy ( 2 5 ) . The highest mean t o t a l 

i o n i c concentration found for C l a i s h Moss, was for the squeezed water for the dry 

period; t h i s was 1*19 meq This i s intermediate between the ombrophilous 

intermediate type ( 1 . 2 5 meq L ~ ^ ) , and the ombrophilous mires proper (O.96-I.O5 meq 

L - 1 ) , as defined by Bellamy ( 2 5 ) . This accords with a r a t i o of equivalent 
- 2-

concentrations of CL to SO^ i n the s u p e r f i c i a l waters of between 2:1 and 4:1 

(ta b l e 8 ) , and of Ha + to H+, of between 5*1 and 4 . 5 s i . Thus t h i s i s not a strongly 

oceanic mire; one would predict O-000 mjfn of r a i n ; 225-250 r a i n days per year. 

The off-transect s i t e s - G,H,N,N . 

What conclusions can be drawn ab out any spec i a l factors that are operating 

at the above s i t e s ? Each s i t e w i l l now be considered i n turn. 

S i t e G 

The hummock and hollow pattern was most accentuated at t h i s s i t e , ito terms 

of the height of the hummocks above the mud bottoms of the hollows. This was i n 

accordance with the continuum indices for the s i t e based on non-vasular plants, 

which was close to that for s i t e F (which had the most pronounced hummock and 

hollow e f f e c t of the on-transect s i t e s ) - see f i g . 1 2 . This high continuum index 

at s i t e G i s due to the high Rhacomitrium and Cladonia cover, both of which are 

hummock species. 



Zonation of 
european r 
mire complexes 7 a 

In t h i s aap, zone 5 i s t y p i f i e d by concentrically domed mires 
zone 6 '' '' e c c e n t r i c a l l y do^ed mires 
zone 7 1 1 Aapainire (with surface patterning) 

Topography plays some part i n determining which of these 
three mire complexes are formed at one s i t e . 

zone 8b ( i n which Claish Koas) i a ty p i f i e d by blanket bog 

F i g . 3 Normal geographical l i m i t s of a i r e complex types 

Map reproduced from 'The petvtlands*} see r e f . 20 
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( b ) 

F i g . 26 The drop i n water t a b l e a t s i t e G between e a r l y May ( a ) 

and mid-June ( b ) 

These photographs were taken of the same pool from d i f f e r e n t 

a s p e c t s . Note the course of the drainage channel i n ( b ) . 
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However, the continuum index based on the vascular plants was rather lower 

than for the other hummook and hollow s i t e s (fig.11), and t h i s could be attributed 
to the rather high Molinia cover at t h i s s i t e . Molinia i s a plant more usually 
associated with the mire margins and lagg, where ther** 4 a low water table s t a b i l i t y , 
and possibly higher ground water flow. Both of these factors may operate at t h i s 
s i t e ; water table s t a b i l i t y i s low (see fig.15 and 26). Low water table s t a b i l i t y 
and high ground water flow may be due to increased drainage at t h i s s i t e ; i n the 
lower picture of fig.26, a drainage channel oan be seen, down which there was a 
noticeable flow. I n the a e r i a l photograph, t h i s channel appears to lead into a 
very straight ditch, which may have been dug at some point. 

The flow of water might be the direot cause of erosion of the hummocks ( f i g . 8 ) , 

or the lowering of the v/ater table, and consequent drying out of the hummocks, may 

r e s u l t i n oxidation of the peat, giving the appearance of erosion. Certainly, some 

of the Hhacomitrium appeared to be i n a decomposing sta t e , so the cover and 

performance of even the non-vascular plants may be declining a t t h i s s i t e . Some 

of the hummocks had areas of bafepeat, which appeared to be partly oolonized by 

Camp.vlopuB flexuosus. 

S i t e H 

On the basis of both vascular and non-vascular plant communities, t h i s s i t e 

had a continuum index intermediate between the lawn community s i t e s (A,B,C) and the 

hummock and hollow s i t e s (D,E,F). I n both cases i t had a continuum index close to 

s i t e P, which i t also resembled i n appearance - low ridges and shallow furrows, the 

l a t t e r dense with Sphagna. The only puzzle with t h i s s i t e was the high water table 

s t a b i l i t y , i n comparison with peat depth and f l o r i s t i c s (figs.l5,19»20). Possibly, 

a hummock-hollow complex i s i n the process of active development here. The position 

of t h i s s i t e (fig.5) was j u s t below a hummock-hollow complex, and adjacent to the 

eroded area of s i t e G. The high water table s t a b i l i t y might be due water draining 

out of the hummock-hollow complex above, which acts as a rese r v o i r ; a l t e r n a t i v e l y , 

i t may be an old, eroded hummock-hollow complex ( l i k e s i t e G), where the bare peat 

has been recolonized by new species. The measurements that have been made here. 
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though, do not give any evidence as to these possible successional changes.. 
S i t e s and N g 

On the basis of the vascular communities these two s i t e s are indistinguishable 

from each other, and the mire lawn communities, in the ordination ( f i g . 1 1 ) . 

On the basis of the non-vascular communities, they are not so close together, 

but s t i l l well within the range for the mire lawn communities of s i t e s A.B.C 

( f i g . 1 2 ) . 

There i s no chemical factor or other environmental factor which appears to 

give possible reasons for the occurrence of the fen-indicator species, Phra/gnites 

communis, at s i t e N^. One can only speculate that t h i s plant i s deeply rooted 

( i t has deep roots) i n more rheotrophic peat, which i s perhaps the remnant of an 

water t r a c t . 

The i s l a n d study 

I n fig.24, a sequence of the species cover of hummocks of increasing height 

i s shown. This sequence immediately r e c a l l s the cycle theory of the origin of 

hummock-hollow complexes of Van Post and Sernander. That 1B that hummocks and 

hollows alternate thus: where environments conditions are favourable, any 

s l i g h t l y raised area of the mire tends to become invaded by hummock forming species, 

so that a hummock, above the general l e v e l of the mire surface becomes established. 

The hollows i n between become f i l l e d with water, which becomes r i c h i n algae) 

the oxygen produoed by the l a t t e r causes oxidation of the peat of the mud bottoms, 

causing these to sink further r e l a t i v e to the hummocks. At a l a t e r stage, the 

pools become colonized with Sphagnum cuspldatum. and them Menyanthes t r i f o l i a t a 

as the flow diminishes. Next, the hummock attains a maximum height, as i t dries 

at the surface, and there i s a more rapid peat accumulation i n the pools, u n t i l 

eventually, the pools are colonized by hummock forming species, and the old 

hummocks, now bare of vegetation, form the mudbottoms of the new pools. 
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I t i s tempting to suppose that the sequence of f i g , 2 4 represents part of 

t h i s c y c l i c successional development. However, i t i s not incompatible with the 
other theory of the origin of the hummock-hollow complex: that the hollows are 
due to 'cracking 1 of the surface of the peat mass, due to tension at the surface, 
generated by the weight of peat on a slope. The evidence for t h i s theory against 
the other one i s from stratigraphy: Walker and Walker found that the positions 
of the main hummocks and pools remain constant with depth, though the pools 
showing a periodic expansion and contraction. On t h i s theory, c e r t a i n species 
would tend to colonize hummocks and hollows of certain amplitudes, which might 
give a sequence a B i n f i g . 2 4 . 

To distinguish between these p o s s i b i l i t e s i t would be necessary to look 

at the stratigraphy of the hummock-hollow complexes i n more d e t a i l . I f the 

sequence i n space of f i g . 2 4 also turned out to be a sequence i n time, t h i s might 

lend weight to the b i o t i c theory of development of hummock-hollow complex. 

The other conclusion to emerge from the i s l a n d study concerns competition 

between the species of hummock-hollow complex community. In fig.25» i t was 

shown that the species richness of a hummock depended on the area of the l a t t e r 

and i t was pointed out that t h i s meant that either establishment or extinction 

of new species must be a process that occurs a f t e r hummock formation, a f t e r i t 

has become isolated from other hummocks, and that these processes are not pre­

determined by the species that are already present (or one would not expect an 

effect of s i z e ) . Thus competition i s a process that occurs continually, that 

might operate through the chances of seedling establishment, or survival of 

immature plants. 

In f a c t , the overwhelming impression was that there were big seasonal 

differences i n the species composition of the bog (as well as i n physical 

factors - see f i g . 2 6 ) , and that for a l o t of species that might be thought of as 

perennial, there was a l o t of dying out and re-establishment each year. For 

example, pools r i c h i n Sphagnum cuspidatum at the beginning of May had completely 
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dried, out by mid-June, with the moss in an advanced state of decay. Recolonisation 
of the pool when i t f i l l s up again presumably depends on competative ef f e c t s 
between Sphagna, algae and vascular plants. 

Thus the bog should not be thought of as a stable community with some s l i g h t 

seasonal effects on the f l o r i s t i c content, but a dynamic system, where the 

f l o r i s t i c composition each year depends on the interaction between environmental 

factors (which may vary between years) and i n t e r s p e c i f i c competition. 
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