AR
W Durham

University
Durham E-Theses

An objective analysis of the plant communities on
Claish Moss, Argyll: the relationship of these to
environmental parameters, and the floristics of the
development of the hummook-hollow complex

N.S. Snobel

How to cite:

Snobel, N.S. (1978) An objective analysis of the plant communities on Claish Moss, Argyll: the
relationship of these to environmental parameters, and the floristics of the development of the
hummook-hollow complex. Masters thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a https://etheses.durham.ac.uk/id/eprint/9070/ is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107

https://etheses.durham.ac.uk


https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/9070/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk

An objective analysis of the plant communities on
Claish Moss, Argyll; the relationship of these
to environmental parameters, and the floristics

of the development of the hummock-hollow complex.

by N.S.Snobel

Graduate Society

Dissertation submitted in pexrt fulfillment of the
requirements for the degree of Master of Science
in Ecology by advanced course, at the University

6f Durham,

.@“\\ AM Umﬁ

SGIERLE SI’I’

12 JAN1973

., 8CrTION
~LgiAry




ACKNOWLEDGEMENTS

My thanks are due to my supervisor, Dr.D.J.Bellamy for originally
suggesting Claish Moss as a suitable site for fieldwork, and for
stimulating discussion of the subject there;fter. Also to Dr.D.K.Daniels
of the I.T.E. for providing some information on Claish Mosa, and kindly
giving his permission for it to be used in this dissertation,

Mr.Tom Brett carried out the analysis for catiops by atomic absorption
speotrophotometry.

I should also like to express my appreciation to the Botany department
technicians, the Workshop and Mr.John Richardson for providing equipment,
from paper bags, to our daily travel, in the form of & boat with outboard
motor.

Finally, I should like to thank in advance my typist, Miss Doreen Danter,
for being able to take on the work at such short notice.

This work was undertaken while I was in receipt of an advanced course
studentship from the Natural Environmental Research Council, without which

the work would not have been possible.



SUMMARY

Claish Moss, Argyll, is an eccentrically domed mire, well outside the
normal climatic zone for this mire type, and is characterized by the hummock-
hollow complexes (fig.2), of which it provides the best example in Britain,

The floristics were analyzed by assooiation analysis (method of Agnew),
and by the Curtis and McIntosh ordination., The results given by the association
analysis depended on the effective quadrat size used in sampling, and this was
attributed to the very different habitat conditionspresent in a small area of
the hummock-hollow complex.

The ordination gave correlations between communities of both vascular and
non=vascular sﬁecies, and water table stability and peat depth. Water table
stability could be acting directly to affect species composition. Alternatively
or additionally, it might have an affect though ground water flow. The correlation
with peat depth is postulated to be due to an effect of ground water flow.

No correlation between floristics and hydraulic conductivity was found,
nor between the latter and other environmental factors, but the measurements for
conductivity were incomplete, and the method is rather crude,

No chemical differences between any of the sites were found, except that
site immediately adjacent to the drog stream; the Ca2+ and Mg2+ levels
corresponded to HMT 7 (Bellamy scale) or moss type (Sjors scale), On the basis
42;, the mire has some oceanic

character, intermediate between ombrophilous proper, and intermediaste ombrophilous,

of total ionic concentration, N&' : HY and C171 SO

as defined by Bellamy.

No explanation was found for the occurrence of the fen window, though an
explanation for the slightly anomalous floristic and structual character of a
highly eroded part of a hummock~hollow complex is suggested, in terms of possibly
(artificially) increased drainage of the area.

A study of the hummocks of the hummock~hollow complex as islands revealed
a sequence in the plant cover of hummocks of increasing height, which might

correspond to a cyclic successional change if one accepts the biotic theory of
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the hus~ock-hollow complexes (van Post and Sernsnder). The discovery that
species richness of the hummocks depends on their size lends surport to the

idea that competition is a continually occuring process on the mire; the species
cover of a hummock is not predetermined from the point of hummock formation,

It was observsd that there was a big difference in the floristic comzosition
of the mire between ezrly ilay and mid-June. This would probably wmuinly be due to
Shenological differonces between the speciss. The annual estublishment of sesdling
end immaturs plants probably depends mainly on intraspecific competition, thoug:
there mzy also be an interspecific component which might explain the size-depeniernce

of' the apecizs richness of hummocks.,



Introduction

Claish Moss in Argyllshire, Scotland (Grid Ref. : NM 710677) is
formed between the western end of Loch Shiel, and higher ground to the
south (fig.l). It is sn eccentrically domed ombrotrophic mire complex,
as defined by Bfllamy (1), with surface patterning due to an arrangement
of pools and hummocks at right angles to the slopa, and eccentrically round
the domes (fig.2).

The particular type of mire complex i hat develops in an area depends
partly on topography, particularly slope and area of the catehment whioh
supplies water to the mire (2). However, because of the importance ofiiprecipitation
and evapotranspiration in determining mire type, there is general.ly a good
correlation between geographical region, and the principal mire type that is
found (£ig.3,(3)).

Claish Moss is far out outside the normal climatic limits for eocentrically
domed mires, which ave defined by olimatic zone 5 (see figs3), and no explanation-
has been advanced for the presence of such a mire complex type in climatic zone
8, which is typified by Blanket bog as described by Tansley (26)., Purthermore,
the Nature Conservancy says of Claish Moss, referring to the surface patterning,
that: 'The large amplitude and total scale of the pattern (1linear ridges following
the contours of the mire surface which form successive terraces each of which
has its own water table) in unparalled in Britain and these mires are more closely
allied to Soandinavian pattermed mires than enything else in Bpigain'.

The aim of this study was to gain more information regarding the mire complex
and especially the patterned area, with a view to discovering what factors may be
involved in producing this anomalous mire type for this region.

It may be that topography is the chief factor involved. However, because
of the area involved -~ 1,198 acres, and the difficulty in msking the relevant
measurements, the problem was not approached from this angle. Inetead, the
floristice of the mire were studied for comparison with environmental factors,

to see what special conditions, if any, are required to produce the surface patterning.



The other possible explanation of this anomslous mire type is that the
local climate of Claish Moss is not typical of Western Scotland. If this were
the case, it would have to be an extremely local effect, as the climate of the
Ardnamurchan and Ardgour districts is warm and moist, in common with other
areas of Western Scotland.

In order to investigate such an effect it would be necessary to make rainfall
and temperature records over a long period of years, rather than the period of
weeks for which the rainfall was actually measured on Claish Moss. In any case,
it hardly seems likely that the climate could be very far removed from the
typical one for the region, compared to that of the North Karelian region of
Finland, where the climate is continental, with mean winter temperatures well
below freezing point. The ratio of c1” to 8042_ concentrations should give a
measure of the oceanicity of the mire (see on); other than that, the question
of the effect of climate is dealt with in more detail in Mr.C.F.Palmer's
diseertation.

In this analysis, the detection of natural groupings of species was attempted
by the use of the so-called objective methods. There are two main reasons for this,
which arise from the fact that in Western Scotland, the hummock-hollow complexes
seem to be exceptional and little studied mire types, whioh give the overwhelming
subjective impression of being floristiocaslly dissimilar from the plant communities
of blanket mire (mainly because of the Rhacomitrium hummocks). Firstly, will the
objective methods separate the plant communities of the hummocks and hollows from
those of the lawn communities (the more familiar ones of blanket bog), and will
they separate different areas of hummocks and hollows floristically? Secondly,
on a much smaller scale, will the objective methods sepagate different communities
within the individual hummocks and terraces? With the difficulty of the somewhat
arbitrary choice of minimum sampling area encountered in the Braun-Blanquet sysiem
of study this question of the identification of communities within individual
hummocks may be diffiocult b& any means except by the objective methods. Hence
the objection that no phytosociologioel method can ever be entirely objective

is irrelevant; if a method produces a result that could not be produced by the




Braun-Blanquet system, it is wvalid to use it.

Aggociation analyeis and ordination methods are used to detect the natural
groupings of species; the results of these analyses can then be compared with the
various environmental parameters that were investigated.

Environmental factdd interact in a complex way, and if a correlation is
discovered between a parameter and,say, a certain plant community, this does not
imply a cavaal relationship. BPor example, a correlation with relative Na* ground
water concentration may be discovered. This may reflect the dependence of the
vegetation on the degree of flushing with rain water (containing high relative
Ne' due to salt spray) compared to epring water (which may contain low relative
Na' concentration). But the causal effect might be the total flushing of the
vegetation, which, in other circumstences, mgy not be correlated with relative
flow due to different inputs, or N3' concentration.

Considerations such as these mean that predictions sbout other sites, or
even other areas within this site, cannot be made on the basis of any correlations
that may be discovered, Nevertheless, these correlations will give some
understanding of the variation in the floristics of this site, which is a valid
object in itself, for the reasons that have been explained.

Experiments involving manipulation of the communities = transferring plants
between different areas - might have given some information about causal
relationshiﬁs, by following the performance of different species within a
community under different conditions. Such manipulative experiments were, however,
considered beyond the scope of this investigation, beceuse of the need to study
the long term effects of transferring the plants. The results of short term
experiments Qould have been greatly complicated by, farﬁéﬁhmple, the differential
seagonal growth and dying out of a particular species in different areas of the mire.

The various environmental parameters that were ﬁeasured in connection with
the floristics are deseribed in the 'Methods' section.

The other study that was made was on the floristics of the hummock=hollow

complex. The method used was to estimate the cover (see 'Methods' for explanation




of this term) of the plant species on individual hummocks, completel& surrounded
by open water or bare mud bottom. The advantage of this *'island' study is thet
each hummock can be regarded as a discrete community, thus circumventing problems
of sampling.

The subjective impression gained from inspection of the hummock-=hollow
complexes 1s that stages of development can be recognised, from the height of
the hummocks above free water or mud bottoms elso from the degree of erosion of
the hummocks, and area of bare peat on the latter; also from the vegetation
(or lack of it) present in the hollows or pools. Thus the purpose of the
study of the floristios of the hummocks in relation to their height is to see
if the latter oonfirme this subjeotive impression. The causes of such a
development, and the implication, if any, for the theoriee of the origin of

the hummock-hollow complex are discumsed,
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METHODS

The first step in deciding how to sample the plant communities on
Claish Moss was to examine an aerial photograph. Different areas of the
Moss appeaxr differently on the photograph, correspon&ing to different plant
communities.and surface features, Thus the hummock-~hollow complexes stand out
particularly wells A line was sought on the photograph which would cross all
the communities which would be identified, as different by their appearance.

Since most of the sampling wag to be sl ong this line, it was desirable that all
the communities should be encountered in a conveniently short distance. The line
wvhich was chosen was identified on the Ordnance Survey Map, scale 1: 10,000 (fig.5).

The plant communities were sampled at 14 sites on the Moss; these were
designated A through to P (excluding I and O0), Sites 4,B,C,D,E,F.J.K.L.M and P
were approximately equidistant on the line shown in fig.5 (but not in that order
on the line). Sites G,H,N were elsewhere on the bog. These sites were chosen
to represent plant communities or surface features not encountered on the 24ine.

Site G wae in an erea of seemingly highly eroded hummocks and hollows;
characterized by large pools with bare mud bottoms, which readily dried out after
& 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 (figﬂﬂ).

Site H was characterized by shallow pools, dense with Sphagna, and low
hummocks. Both pools and hummocks were very elongated, giving the appearance of
ridges and furrows.

Site N was in the 'fen window' - an area in the middle the familier lawn
vegetétion of blanket bog, where there is a 'pocket' of Phragmites.

To sample the plant communities at each of the sites, a steke was used to
which was tied a string, one metre in length, with ten knots tied at random
intervals along the metre length. The other end of the string was tied to another
stake, the stakes being positioned so that the string lay approximately along the
transect, across the mossj in the case 6f sites G,H,N, the string was simply

AN
positioned to lie across the vegetation it was desired to study, in a consistent



direction for each site. For each site the string was set six times, so that
data was collected for six one metre lengths.

For each knot in succession, all the plants that were in contact with it,
or were vertically below it or above it as seen by looking directly over the
knot were recorded., Additionslly, a pinch of the vegetation was taken from
the very surface of the soil or peat directly below each knot, and the plants
thus obtained were recorded. Thie is a variation on the point quadrat method
used by Goodall (4). It was necossary here both to record the plants above and
below the knot, and to tzke a sample at the peat surface, because here we are
dealing with two strata of vegetation. There are the mainly vascular plants
that project away from the physical influence of the mire surface (especially
from the free water surface, where there is waterlogging); then there are then
mainly non-vascular plants which mostly constitute the surface of the peat, except
where the latter is bare (eroded hummocks - sce on), or 6overed in dry litter -
as on the Calluna -~ dominated areas.

The data was accumulated in two ways; firstly, for each metre length of
string, the presence or absence of plant secies was recorded; so for each
site, there are six columns of presence and absence data ksix metres were
sampled at each site). This data is shown in table 1. Secondly, for each site
the total number of strikes of each species was added up, to give an estimate
of the cover of each species at that site (table 2)(12). The methods used in
deterimining the environmentsl parameters at each site are now described under
headings.

Peat Depth

A pounding rod was used at three points, all within about a foot of each
other, at each sampling site, to give an azverage peat depth for each site. On
the peat itself, bedrock was struck at clearly defined deptha. However, on the
peaty soils adjoining the drog streams, these depths were not so clearly defined,

meking it difficult to obtain consistent results.
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Water Table and llydraulic Conductivity

At each site, & soil corer was used to bore a hole in the peat surface;
thewater table was then simply taken as the distance from the surface to the
free water in the hole. At nearly all the sites there was some uneveness in
the surface, so the water table that would be obtained would depend on at
what point the coré was taken (for example, whether through a hummock or hoilow).
Yo attempt was made to standarize the water table to the average level of the
mire surfece at each site, so the absolute water tables at each site do not
have much significaﬁce. However, it is the changes in the water tables at each
site with time that will be considered, and these can be compared.

In the case of the hwmock-hollow complexes, where the hollows are perman-
ently under free water, the question of the level of the water tables in the
hummocke is more complicated (5); in each hummock, the water table is likely
to e very far from flat (fig. 6), and the profile at the point where the core
is taken is likely to be greatly altered by the process of taking a core. The
only measurement that can be reliably made is the vertical distence from a
fixed point on the hummock to the free water surface on the pool. Variations in
this disténce will then represent movement of the pool surface up and down with
respect to the hummock. This was the measurement that was in fact made; the
method used was to take a core at the side of the hummock, and measure it down
to the free water in the hole; it was found that this free water had the same
level as the pool. Thus in the case of fhe hummock-hollow complexes, the results
given for changes in the water table refer only to the margins of the hummocks.

Hydraulic conductivity of peat is a measure of the rate at which water will
flow through a fixed volume under a fixed pressure (6). It is related to the
degree of humification of the peat, the density of it, and some other factors,
vhich are discussed in more detall helow. One of the ways in which it can be
meagured is to remove or add water to the holes which were bored for measurement
of the water table (see ahove), and follow the return of the water level back
to the equilibrium. The particular method used was that of the auger hole (7),

which is illustrated in fig. 7. 7The hydraulic conductivity is given by the
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empirical solution of Hooghoudt (8):

K = 2.37A - X Log, _h_i_ * (eqn.l),
hj

(2c+x) (tj- ti)

Where hi and hj are the level displacements recorded at times ti and tj respectively.
The'peat is assumed to be homogeneous and istropicj the former assumption is called
into question by the results (see on). Leaving that aside, provided measurments are
made when

hji ¢/4,
Lathin (9) believes that results are yielded correct to within 10-20%. A, is the
shape factor, which has dimensions of length:

& = rofo.19 , for lengths measured in metres.
The constancy of the shape function arises from Hooghoudt's assumption of a
uniform potential gradient in the vicinity of the well; in fact, 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 fills up (10,11).
From egn.l, a graph of iog.h_(wig;é ﬁ is the distancé of water from water table
level) against t will be & straight line, of gradient K (2¢ » ) . Hence K may
be found. & 5rAh
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 level over a short distance in the hummocks,
militate against a straight line being produced to find K. Thus it may be
difficult to give more than a rough estimate for hydraulié conductivities, and
the results must be treated with caution.

Experiments were performed involving both depletion and recharge of the
water in the auger holes, and following the return to equilibrium levels in
some cases over a period of minutes, in some over a period of hours. At some
sites, auger holes were sunk both in the hummocks and hollows (where the latter

vere dry) in order to obtain a comparison.
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At each site, and from the drog stream itself, samples of water were taken
for chemical analysis, At those sites where a free water surface was present,
collection of a sample of superficial water presented no problem; at sites where
no free water surface was present, free water was collected from the auger holes
used in the hydrological studies (see above). XAt all sites, water was collected
from squeezed peat somples. Any living mogses and liverworts were stripped off
the surface of the peat; peat was then extracted to a depth not greater than
sbout 3 cms. VYater was squcezed from this peat to produce further water samples.

Water somples were collected from sites on the Tth May (7/5) after heavy
rain when the water tables were at a pesk. Also on 27th May, after a dry
period, when the woter tables were much lower.

Vlater samples were stored in polypropylene bottles which had beon wsshed
in acid and equilibrated with distilled water.

pH of the water samples was measured using a Pye Unicam fiecld pH meter,
model 293, [lectrical conductivity was nmeasured using an electrical conductivity
set, model MC-l, Mark V, supplied by Elect%onic Instruments Ltd., Chertsey;
Surrey. Generally, the conductivities were measured using the temperature
compensation control, which allows for a 2/ conductivity increase per degree C,
to stendardise them to 25°C.

Analyses for Na*, K*, Mg2* and Ca 2t by atomic absorbiion specrophotometry,
were kindly undertaken by Mr. Tom Brett.

Analysis for HCO3™ in thgse samples with pH 4.5 was by titration 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 satisfactory endpoint.,

Analysis for €1~ was by titration against 0.0141N AgNO3, using a microburette,
and potassium chromate as an indicatox.

8042' concentration was found by balancing equivalent concentrations

of anions and cations. The results of such calculations must be treated with

caution, as there is the poseibility that there are charged colloidal particles
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derived from tho pest in the samples, go that the concentration of free ions
would not balance.

Density and -ater Content of tast

Cores of poat of standard length were taken frum_e&ch gite, and loaded
into tina. lach corce consisted of the top 7.9 cmm. of peat, with living
plants atrippod off the surfgee. The tins were weighed to give the density
ol the pect, ond then storcd in an oven for 18 dsys at 100°C, and reweighed |
to pive the woter contaent,

Islend Utudy

In tho caso of the island study, the aren of the islands wan estinnted
by weaouring tho oides of a rcotangle that would be of approximately sn
equivalent aren. “The height of the island was token as the verticnl digtance
of the surfuace mopoes at the top of the hummock down to the mud bottom of the
pool, since the lLotter would fluctuate less in heisht en subseguent days then
the height of the free weter surfacc. i4ny special features, ouch as shope,
of the hummocks were noted.

Yor epsch hummock, & complete list of speocies pres nt was drawn up. Then
for each species, an esticetc wes wode of the cover of that species rolative

to _the mrsiruwa cover scen for that syecies mywhore on the bog. That is oot

the nornial definition of cover, which io the proportion of ground occupied by
perpendioular projection on to it of the serial parts of individuals of the

species under conoideration (12). lor most plants, the meximum cover seun on
the bogz wee 1007; mo the cover defined by either definition would be the same,
In the ense of o few plants maximum density did not appear to give 1CO7% cover;

in the cuse of jiartheciws osmifraga, this was bocause the plants were only

in the process of emerging at the time at which the study was undertaken, It
was felt that a better plcture of the differences in vegetotion betwoen the
hummocks would ctierge by taking cover es relative to the unximum seen for e
sarticular spocics, a8 a result of excludinz factors such ns socasonal effects

Ol cover.
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Por each species, relative cover was designated as follows:

present
2 20%
4 40%
6 60%
8 80%
10 100%

Because cover was taken relative to the maximum for the species, and because
individuals of different species can overlap, the total cover for a particular
hummock, even for one of the two strata of vegetation, could be well over
100%.
12 hummocks, chosen to cover a range of heights and areas, were studied

at esach of four sites: P, M, P and G.

Kote that the cover here was estimated by inspection i.e.subjectively.
This was necsssary simply to examine 8 sufficient number of islands to

obtain meaningful results.



RESULTS




¥ylia anoaala
Ocontoachiix. shhagnt
Calypogela fissa
Ciadonis arbuscila
Clalonia inpexa

Lruseme roturdifolis
Fleurozia purpure”
ihaceaitring lamiglne sum
Gyoognua mgeilanioun
S;hagmin papillosum
Sphiagoun palustre
Shugus quspdd v im
Sphagmun rubellux
Szhagn u.ooﬁ.ccn.
Lypouz cupaassiforns
Trichophor.s csaspitosunm
Eriophorus angustifolium
Zzdea tetralix

Y -Calluna vulgaris

KX KKK XXX NK XK XX KKK KK WK KKK KN K K. KK KK

XX XXKXXX XXXK XN XXXXXX X X% - xxx X
XK XXX XHXHXXA K AR KKK X KKNK XN XK XX %X X X > x %X
XX X X XX X - X ¥ X X
: X X : XX HXXX XX XX X
X X bYY | X X X X XX XXX XXX N X XXX ¥ XXXXwxX
_ x X % . X X X X X XX X
x X X% X . x. X X XXX
x w X XXX XXX XX XXX X X XX XK XY X
X X ) X X X % XXX XXXX .
» x % x X XXX X XXXXXX
XXR % X % XK X % X X
X ¥ X XX XX XX X X X X% X
XXX . X XX X X X XX K X XXXX XX XX XX XXX X XX
X XXXX % 3¢ XA XX % X XXX X XXxX XX X XX XK X
X XX XAXK XX XXXX X XX X % X X X X X x
x X . XX XA X KX HRN X X XXX XX X x X ®xX  Xxx
XX X, Xxxx COMX XX K XK X XKX XK KK X XX xxxX X
XAEXKK K ®XXXHK X KK KX K X XX KX x > KX KXY HX X KKK

KX X XK XX

Sriophorun vagipatun X WX KXKKK X KK K XXX X X X XXX % X X %x X XX Kxxxx AX
Kolinia coerules XX XK AR K KKK HK KK KK KKK K NN KN XLK% KKK X% X XKYX XKK KKK
Sranseet no. Sl=Nrrr el e I R e S IR ANT IR T AHXRARAAIIFETIYIRIZIRUCA IRV T
— o - ’ L .

Site d 2 v o ey v a w, - = a .J.

Note: Only species vumwmbﬂ at least 10 times included here

4 Sphagnum Hsvmpwﬁs.sm%.wummcouwpw have been misidentified for Sphagnum recurvum.

Sphagnum recurvum mey only have been present at sites L, Nm. and J.

Presence and abgence data for on-transect sites,

based on sampling in 1 metre lengths

Table 1

rorevree

S B
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Vazoular plants:
Holiaia caerulea
Myrioca gale

Carex nigra
Banunculus ripens
Banuculus fiocaria
Banunoulus acris

Poa pratensis
Pestuca ovina
Pilipenduls ulmaria
Verpnica offiocianalis
Potentilla erecta
Ansnone nemorosa
Agroatis teamuis
Eurhynchinm praelongum
Phragnites communis

. Exdophorun vaginatum
. ZIrichophorum caespitosun

Narthecium ossifrageum
Cdlluna vulgaris
Menysuthes trifoliata
Eriophorum angustifolium
Brioca tetralix
Bhynchospora alba

Nﬂhﬂuaﬂa;phuﬂﬂ
Sphagmum recurvum

. Sphagmum palustre

Ctenidium molluscum
Plagiothecium undulatum

Rhytidiadelphus squarrosug

Rypnum cuppressiforme
Dicremun scoparium

, Thuidium tamariseinum

Campylopus flexuosus

"~ Leucobryon glaucum

Sphagnum rubellum

" Sphagnum cuspidatum

Sphagmua compactum

Pleurozienpurpurea

" Sphagmum plumullosum

Shagmm magellanicum

_ Sphagmm papillosur

e e —

_ Drosera rotundifolia
Bylocomium splendens
dladonia impexa
Sphagnum imndatum
Campylopus atroviriens
xh;conitrium lanuginosum

Cladonia arbuscula
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Data for cover of vascular and non-vascular species
at all sites
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Cleagratis X XX X . : . » x X X x X

Sphegmun tecellum XX X XXX . . % 2 X X X X XX x

Sshagmmn rubsllua Ko X XXX XX XXX XXX XX x XX KX XXX

tmacoeitriun lamginosum | KRN RKXK X KX XK HKKX KX XXX XXX x X K> XM AU XX XXX ®K AKX X

Hypmm cupreac:forne X XX XXX . % K X X > 3 X ! M XX X

Cladazia uneciales X X xxxvnxxxx . X K XX : . XX X XX X X ¥

Clatonta impexn X X X XX 3 KX X %X XX XXX XX XKXKN XN X XX xxx XX

Trichozhorun casspitosus x X X ' ' > XK X ' x X

Rhynchosyore alba X X XX ] ) XX ' KR XX XY R

Narthoclun casifregeim WX X X XX XXX . X X ¥ x X % 3 XK K H XK K K XX

Drosera rotundifelia - WA KK X KX X _ ' X KX 5% X X

Yolinin caerules XX XXX _ W ¥ ¢ X R K 9 XK X X M TS AR R O & TR Y

Eriophorua engustifolim [X X X X X X X X X X X X %X X % 3 XK KX X XX }XX X X XX XX X %

trica tetralix XXX XX KK _ - XXX XK XXX XKK XX

Calluna vilgaris . ¥ X XXX K XX KKK ) X X 3 XX X X KK, KKK X XK > X bY

cuadrat moe e e w02 N 22 AJIRII TSN RASKSURIRRIERRITIITIZIITIZIOSARNG
]

Notes: a) Only quedrats falling entirely over hummocks are inciuded here; data for quadrats falling entirely
or partially over pools not shown.
b) Only species with et least ten occurences shown.

c) Species association table based on this data shown in table 5.

Table 4 Presence and absence date for hummocks besed on 20cm. quadrats

O e 3 R I



Table 3 Chi-square matrix for on-transect stands,

showing positive and negative species

relationghips present

Briophorum vaginatum

Calluna wvulgaris
++ Erica tetralix
++ Eriophorum m..bwr._.mn.ﬂ.oﬁ.cnw

| u.w 10,02
+ |Trichophorum caespitosum ‘

- Hypmum cupressiforme M|+w 0,01
|

Sphagnun nooﬁiﬁﬁ +++ PC0,001
fv_mwrmmEE udﬁ_vmﬂ.cﬂ
-+ — IA wwgmuc.s' oﬁuww@weﬁm Species constellatoin diagram

Spha palustre based on this table shown in

- - muw_.,mmﬁca papillosum fig.3

++

¢

I_wmmgmg magellanicum

++ ++ _ lf. Rhacomitrium lanuginosum
+ | .||~ Pleurozia purpurea

Calipogela fissa

Odontoschisma sphagni

i

iiylie anomala

+++ e+t ++4 Cladonia impexa

+ ++ {Cladonia urbusculs

+4 44t rosera rotundif'olia
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Species constellation diagram - all sites

Cladonia erbusculas
Cladonia impexa
Celypogeia fissa

Calluna vulgaris

Drosera rotundifolia
Eriophorum angustifolium
Erice tetralix

Sriophorum vaginatum

Gleacystis Rl
Hypnum cupressiforme Sc
Mylis anomala Sm
Molinia caerulea Sp

Narthecium ossifragem Sr

Odontoschisma sphagni Sre

Fleurozia purpurea S5t

Bhynchospora alba Te

Significences as above
(fig. 9)

Fig. 10

Rhecomitrium lanuginosum
Sphagnum cuspidatum
Sphagnum nagellanicum
Sphagnum papillosum
Sphagnum rubellum
Spheghum recurvum
Sphagnum tenellum

Trichophorum casspitosum

Species constellation diagram - hummocks and hollows
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RESULTS

The first method that was used to analyze the floristic data was a simple
ordination obtaeined by using %2 as a measure of association betwecn the species
pairs. The method of Agnew (13) was used, except that any species that occurred
in presence or absencetable (table 1) less than ten times was eliminated to
s8implify the construction of the species constellation diagram. Holinia caerulea
waé also eliminated, as it ocourred in 54 ocut of 59 metre lengthaz; no signifi-
cant correlations could be found for such an ubiquitous species, except posaibly
by reducing the effective quadrat size (or length of string) used in sampling.
Only daté from the transect (fig. 5) were included in the association analysis;
it would not be valid to include data from sites G, H and N, as they do not lie
within the area defined for sampling. The floristics of these sites can be
compaxred 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 (fig. 9) by the method of fgnew,
using reociprocal VG values., From fig. 9, the fol;owing species groupings emerge:
Group 1

Eriophorum vaginatum, Erica tetralix, Bphagnum cuspidatum

Group 2

Calipogeia fissa, Hypnum cupressiforene
Group 3

Udontoschisma sphagni, Mylias anomals, Sphagnum recurvum, Spharmum rubellum

Group 4

Sphagnum magellanicum, Sphagnum papillosum, Urosera rotundifolia,

Pleurozia purpures

Group 5

Tricophorum caespitosum, Eriophorum angustifolium, Rhacomitrium lanuginosum,

Calluna vulgaris, Cladonia impexa, Cladonis srbuscula
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In determining these groups, correlations obtained significant only at
the 5 level were ignored, since with twenty species, giving 100 y G values,
five correlations at the 5% level would be expected purely by chance, and
24 of these positive.

Onencan attempt to identify vhere these species groupings occur along
the transect line,

Group 1 occurs once at sites £, i, P, and 2 or 3 times at sites, B, C, D.
It is not churscteristic of the hummocks and hollows (site F), nor the mire
margin or lagg communities (sites J; K, L) nor the 'dry lawn' community (site A).
It is, therefore, most characteristic of the 'wet lawn' community of the mire
expanse.

Group 2 occurs at sites A (3 times), K (2 times), B and E (once). It is
difficult to generalize here, because C. fissa would be easily overlocked,
being a small leafy liverwort. M. cupressiformeis most abundant in the mire
margin (site X) and dry lawn (site A), end is often associated with roots of
Calluna, though this has not emerged from the association table,

Group 3 ocours at site D (3 times), KyP;D (2 times), A and C (once). Thus,
like group 1, it is not characteristic of the hummocks and hollows, but extenda
further towards the dry lawn and mire margin sites (4, K).

Group 4, which is a very 'tight' group on the species constellation
diagram, occurs only at one site - P - four times; although three of the four
5pSéies occuxr more widely, paxrticularly on the hummocks and hollows, Site P is
between the lagg and the hummocks and hollows, and consists of low ridges and
shallow hollows; the latter consisting of wainly vasculor plants, particularly
Molinia cacrulea, Group 4 could, therefore, be said to be characteristic of a
partially developed hummock-hollow complex.

Group % occurs at sites C, I, M (once), and & (3 times). Of all the groups
it is therefore the one most characteristic of the hummock-hollow complex.

Having decided where the communities occur in the mire, it is now

theoretically possible to relate the species constellation disgram to environ-

mentel factors by superimposing 8xe8-of. co-ordinates on it, and deciding what 2




Callura wvulgeris

++|Zricatetralix

Briophoruam angustifolium
+++++4+4+4 [M0linia caserulia
+4+ 4+ Drosera rotundifolia

Significances as for table 3

++ +++44 ++ +olarthecium ossifragawunm

o+ ++ ++‘:::Efynchospora alba

+ Trichophorum caespitosum
+++ + +++++4++++ [Clzdonia unciales
+ot - ++4Cladonia impexa
o4 + ++++ | Hypnum cupressiforme
- *+ - - Rhacomitrium lanuginosum
e+t +it++44+4  ++ 4+ |Sphagnum rautellum

i o R e R aas rhagnum tenellum

++ +++ -+ Pleacystis

Species constellation diagram derived from this data
showm in fig. 10

Table 5 Chi-square matrix from 20cm quadrat data

on-transect off-transsct
Site L K2 K1 A B Cc D E F M P J| G H N1 N2
Coatinuum indexz 100 100 238 270 272 28B4 381 361 373364 3i2 1 '“7!330 3129 283 285
c
v

These deta shown graphically in fig.11

Table 6 Curtis and McIntosh continuum indices besed on

vascular plents

Site L K B C D B F M P J N N
Continuum index,l100 158 273 174 246 344 308 426 533 457 386 313 526 }78 207 2.8

[+
n

These data shown graphically in fig., 12

Table 7 Continuum indices based on non-vascular plants

No3e The order of the transect sites given in tables 6,7 (L J) is the ordzsr
in vhien they occur along the transect. luch of the data is presented
grephiczlly egeinst this direct ordination. Thus figs. 11,12 show the

indirect ordiinations (based on continuum indices) plotted egainst the

direct one.
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environmental gradients would be most appropriate to correspond with the axes,
Thus ons might be average water table level, and the other increasing differen-
tiation between hummock and hollow (fig. 9). In this way, the species groupings
and therefore by extension, the sampling sites, will have heen ordineted.

Aowever, the terms that were used to desoribe the habital preferences of
the epeclen groups were vague, und relied on subjective observationa of the
habitats, rother than theprecise mcacurements thet wers nctually wnde, The
lotior can be more effectively used hy the Contimuum spproach of Curtlis end
MeIntosh (14, 15), which will give o more objective ordination of species and
plots, which cen be uaod to tost whioh environmental variables are the important
ones,

Tho correlations obtained thet are used to conatiuct the gpucies constel-
lation diggrams depend on the arca of vegetotion for vhich the presence or
abgonce of species is shocked. Mo mec if further plant comwnitics or relation-
ships between species could be discoversd, just within the hummock-hollow
complexes, some data kindly provided by Or. D.K. teniels of the I.W.u. wvere
onalyzed, in the psme way os the data above. Thie duta (toble 4) was for
preascnce or absence of species in 20 em. quadrats instead of 1 metre lengths.
Becausc the comiwnitiee of the humtocks amd hollows are so differcont, the data
wag subdivided between the two. The correlations obtained are talbulated in
Table 5, and are used to construct the species constellation diagram (fig. 10).

The mein findings are that bhacomitrium lanusinosum is strongly negatively
correlated with meny species (which is not surprising, from the observutiono
that it forme large cushions on top of the hummocks), which is perhaps the
basis of the large number of highly positive correlations hetween many of the

remaining species. liypnum cupressilorme is found to be highly correlated with

Calluna and Cladonia, which accords woll with subjective observstions, but
vhich does not emerge in the species groupingae in fig. 9.

In those quadrats which fell over the boundary between humiiocks and hoilows,

an association of [Molinia cacxulia, lriophorum ancustifolium sand TNexthecium
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ossifragamvas elucidated, indicating that this latter associatiorn may be tiypical

of the edges of the hummocks (of the three, only E.angustifolium would be likely

to grow in open water),

Sphagnum rubellum, Sphagnum cuspidatum and Erica tetralix all emerge from

this latter analysis as being associated with the other species of the hummocx-
hollow complexes, though they did not in the first analysis based on the table

1l data. However, in neither analysis did Eriophorum vaginaztum appear to be part

of hummock-hollow complex associations.

The Curtis and McIntosh Crdinations

These ordinsticns are based on the data shown in table 2. Data for the
vascular plants minus Drosera spp. have been separated from non-vascular plants
‘plus Drosera spp., since these two represent twe different strata of the vegetation
(see 'Methods'), and the two strata are likely to be responding to different
environmerital gradients. Thus non-vascular plants are likely to be more sensitive
to humidity than vascular ones, as they lack the adaptations to water siress of the
laiter; Dresera spp. are included with these latter because they seem to belong
more to this stratum of the vegetation.

These two groups of plants are treated separately.

For each site, total community performance is total number of strikes for all
species; the importance value of each species is then taken as:

Number of stirikes of that species x 100

Community performance

The leacing dominants and climax adaptation numbers are then assigned
according tc the method of Brown and Curtis, but only using the transect sites,
L to J (table 6). Using the climax adaptation numbers so obtained, the
continuum indices for all the sites are now calculated, including sites G,H and N
(table §), for vascular plantse by the method of Brown end Curtis (16).

Continuum indices are plotted against distances along the transect line in
figsll.,; the results accord well with the subjective impression gained of the
sites; L and K, were similar - dense Molinia tussocks by the side of the drog.

2

A,B and C were similar lawn communities on the mire plane,
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DyE,F and M were cheracierized by hummock-hollow complexes; P was intermediate
between these, and the Molinia lagg,J.

It is notebde that sites N, and N,+ the former on the fen window, and the
latter just off it, have similar continuum indices to the lawn sites at A,B and C.
These observations are discussed in more detail when the relationship to

environmentel paremeters is explored,

Table 7 shows the ordination for the non-vascular plants; the liverworts are
not included, because it was felt thet the figures for the number of strikes for
the liverworts probably vastly overestimate the importance of these species, as
defined by Brown and Curtis (16); the cover given by the point quadrat method (4)
for liverworts, which should be the method used to give relative dominance (which
is a factor in the importance value of Brown and Curtis), would be mfich lower than
that estimated by the method used here (see above), In fact the relative dominance
of the liverworts is probably very low, so they can be excluded from the ordination,

Continuum indices are plotted against distances along the transect line in
fig.12. The result is different from that for fig.ll, indicating that the non-
vagscular pleants are responding to different environmental gradients than the
vascular ones (which was to be expected). Further, the relative positions of the
sites 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 this method is that it enables comparisons to be made direotly
with en@ironmental parameters. Before these comparisons are made, the results of
the measurements on environmental parameters are reported.

Peat density and .water content

Peat density varied around a mean of 0.834 g cm=3. There vas no obvious trend
in the values along the transect liné of sites, though the value for the sample
from site L (Next to the drog) was easily the highest at 1.249 - presumably due
to the high mineral content of this sample - it 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 teken 7/5/77 -after heavy rein

Lean levels for sites H Conduct. Na™ - x* Ca2+ Mgz+ c1l” soi' HCO,
~B3CDE 2 pohos  meq 1
Superficial water 4°15 69 =207 *010 028 -078 .297 +106 -
Wzter sgeezed from peat|4 .30 74 -322 -082 .048 094 307 .24 -
Ratio of equivalent + + 24 2+ _+ - 2=
concentrations | ¢ K Ca” Mg " H c1 SO4 HCO,
Superficial water 1 048 135 -377 32 1-049 512 -
Sgeezed water 1 255 149 -292 149 <938 .758 -
Samples taken 27/5/77 -after dry period
pH  Cond. Ma* K* et wgt em  so®” HOCS
Drog stream \ -4 90-5 405 <036 206 148 not takdn .375
Superficial water) mean | 415 82-5 321 022 <030 096 366 103 -
Squeezed water )  for 4-25 125 <236 <050 -038 -082 -206 200
sites o en as
D’."b,l‘ gl
J3G,H,N
Site ¥ (sgueezed) 4L-0 148 386 -020 -030 146 .507 075 -
Site G (sgueezed) 40 205 <813 -051 30 400 .747 647
Reztios of eguivalent T A JoF g, 24 L+ ™ anlm en—
concentrations ne X Ca 6 H ¢l uvlf Hx.-u3
Drog 1 ‘089 509 .366 - not taken .526
Superficial water 1 ‘069 093 .298 227 1140 321 -
Sqgueszed water 1 212 161 347 247 <873 847 -
site i 1 052 <078 376 -259 1313 194 -
site G 1 063 160 #4922 123 -919 796 -

Table 8 pH, electricel conductivity and minerel

content of water samples
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Site IL K, K1 A B C D E F M P J G H FH N2

Peaz degth soil 31 43 118 203 314 456 500 510 478 217 412 245 207 207
cms

values are the mean of three readings

results shown graphically in fig.14

Table 9 Peat Depths

Site L1c2K1"ABcDEFMPJGHN1N2
Drop in 26% 2% 235 10515 14 10 155 18} 20% 11
viater table

(ems)

Results for sites B,C,D,L,F obtained directly;
other results by extrapolation (see text)

Figures given are for drop in water table
between 18/5 and 21/6. They are used as an

inverse measure of water table stability (see fig. 15)

Table 10 Fall in water table levels

Site B C D E F M J G H N
K(mzmin-1 )x1o‘*: 095 271~ 296 131 3100 125~ <268 261= 266 156
6Ly 630 218
Ridges (i)by depletiom
or
Hummocks(ii )by repletion ‘043 027
Hollows~ by depletion 289 745 Bla5 +300 30-8

Note the wide limits given on three of the values
(see figs. 17,18)
In three cases out of four, the results for the

hollows (which may be dried out pools) are much
bigger than for hummocks at the same site,

suggesting the peat to be less humified in the

pools(see text). However little reliance is
placed on these results for 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 less variation in the % dry weight of the samples; values for
samples from Kl.Ké and L were higher than the rest; in the last case considerably
so; the results are repreg!naed graphically in fig.l3. Where samples were taken
from both hummocks and hollows, the mean dry weight content of the former (8.60%)
was higher than for the latter (6.90%) - PL0.05 - this is not a trivial pointj when
the measurements were taken pools had dried up at the surface at least, at all the
sites except F.

VWater Chemistry

Here again, although some interesting results were obtained, there was no
significant trend that would be revealed by plotting continuum indices for the aites
againat any of the chemical parameters., Apart from the water of the drog stream
itself, there was little variation in the values; mean figures are given in table 8,
However, ionic concentrations for semples from sites M and G were elevated,
particularly in the squeezed water samples., The significance of this will be
referred to below.

Peat Depth

A pignificant trend of these values was evident (table 9 and fig.l4). In the
case of station L, a depth of 199 cms was recorded, but since this was of soil
rather than peat (the profile could be seen as a bank of the drog étream), this
value was disregarded.,

Vater Table Movement

The period 18th May - 2lst Jume, when water table measurements wer; made,
was one of little rain, and the water tables fell consistently during this period.
For some of the sites, where measurements were not taken from the beginning, it
was necessary to extrapolate to estimate the fall in the water table between
these dates.

This fall in the water table, from the 18th May -~ 21st June, at each site,
is taken as a measure of the stability of the water table at that site. The values,
either measured or estimated by extrapolation, are shown in table 10 and fig.1l5.

There is significant correlation between peat depth and water table stability
(£ig.16); » = 0.72 (K0.03).
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Hydraulic Conductivity

As was explained in the introduction, various theoreticel anda practical
factors.militate against a straight line being produced in the graph of lcg
(distance of water level from equilibrium) against time, However, in some of
the plots that were made, it seemed that two district gradients were produced
(see fig.17 for an example), This might indicate a change in the quality of
the peat with depth. Normal ly, one would expect the surface layers of peat
to be less humified than the deeper ones. As mentioned in the intrcduction,
this might mean the surface layers would have 8 higher conductivity than the
deeper ones. The converse of this situation seems to be indicated by some of the
results - partly by discontinuities in the graphs; partly by the lower conductivities
given by the water addition experiments as opposed to the water derletion ones -
indicating the surface layers to be more humified (see table 11). The explanation
for this might be that in rising through a hummock, humification increases., The
impiications of this idea are discussed below.

No significant correlation between either peat depth, or water iable siability
with hydraulic conductivity was found; however, not all the sites were covered for
the latter measurement, which in any case gave rather inccnsisient results, More
complete Gata may have shown such correlations; there is an indication that
hydraulic conductivity may increase with peat depth and water table stability.

A grath of hydraulic conductivity aelong the transect line is shown in fig.18.

Comparison of environmental parameters with continuum indices

Of the two remaining environmental purameters that can be corzpered with the
two sets of continuum indices, peat depth and water table stability, it would be
unlikely that there could be a direct effect of peat depith on the species
compesition. It would protably be through some other effect such as water teble
stability (with which peat depth is correlated ) , or through some factor thut
hes not bteen studied, such as ground water flow. Unfortunately, there is insufficient
Zata to use multi-veriate anelysis to determine if there is a significant effect

of peat depth, not explicable in terms of water table stability.
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Table 12 Summary of correlations betvween environmental

factors and continuum indices

Site P F M G
Srecies Peak X ?eak < ?eak . Peak C ey
. izmport.height import height|import height| import neight
Ehynchospore alba <40 i4
Martheciun ossifragam -825 16
Trichophorum caespitosum =37 19%
“riophorum angustifolium 60 21
Ilolinia caerulea -50 45
Calluna vulgaris - 58 60
Sphagnum magelianicum 73 14
Fleurozimmpurpurea -67 18%
- Sphagnum papillosum - 6L 18
Sphegnum rubellum 625 24 N
Sshegnum plumullosum . 475 21}
Rhecomitrium lanuginosum ' «95 L2
Cladonia impexa Lhd b1
Hyprnum cupressiforze -22 60
Campylopus flexuosus .22 43

The table shows at which site ezch species hes
maximum importance, and at what height. 3ee text

for explanation and fig. 24 for graph of results.

Tatle 13 Sequence of dominant species of hummocks
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The correclations that were obtained are shown table 12 and fig. 19-22,
Thus there is 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: firstly, data
for the vascular and non=vascular (+ Drosera spp.) species were separated, so
the two strata were dealt with separately. Next, for each stratum, the total
cover for all the species on each hummock was added up to give a measure of
community performsnce. Next, the dominant species of each hummock was identified.
For each dominant species, the importance value on each hummock was oaloulafed, ags

cover e It was found that there was a relationship between

= community performance
the importance value of a species, and height of the hummock (fig.23). There is a

considerable scatter of points, and the data are smoothed by a stendard procedure
given by the formula:

Bea+2b+c

4

where B is the smoothed value of b, where a and ¢ are the adjacent points (17).
From these curves, the height at which a species has its maximum importance value
cen be read off (table 13), In this teble, the four sites are arranged in order of
the meen height of the hummocks; P,F,M and G. Site P was an area of shdl low pools
and low ridges, like H. Site F was an area of the classic hummock and hollow complex;
site G was an area of eroded hummocks and hollows (see 'Methods'), and site M was
intermediate between F and G,

Let us first consider the vascular plants of table 13. Certain trends in the
plant cover cen be identified across the series P¥G. The word pgffqrmance here is
used in the sense of cover.

Rhynchospora alba is only dominant at site P, though it is present at the
other sites.

Narthegium increases in importance between P and M, and is then absent in G.
Its peak performance ocours at heights well below the mean hummock heights; this

accords with its position in the species constellation disggram (fig.1l0} between
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the hummock and pool species.

Tricophoxrum élso has its peak performance at site M; at sites M and G, it is
more dominant on the lower hummocks.

E.angustifolium peaks at site F; its preferred height increases with the
mean height of hummocks from B G.

Cal:'ma and Molinia both have their peak performances at site G, Particularly
at sites F and M, Calluna tends to dominate the higher hummocks., At site G, the
lover hummocks may have a high cover of bare peat; this may often be asscciated
with a high Molinia cover.

We now oome to the nonevascular plants.

Firstly, there is a group of species which overlap with Group 4 of the species,
constellation diagram (fig.10). These are: Sphagnum papillosum,S.magellanicum,
Seplumuliosum, S._rubellum and Pleuroziam urea; these all peck at sites P or F;
at site P, they all have pesk performance at about the average height of the
hummocks; at sites F and M, they peak at heights well below the average heights =
they are associated more with the lower hummocks.

Rhacomitrium lanuginosum peaks at sites F and M, and tends to dominate the
higher hummocks., Likewise at site G, where the cover falls somewhat. At site G,
a lot of the Rhacomitrium was very dried out, and some of it partly decomposed;
in the latter case, the hummocks were sometimes very eroded (and much lower), and
had a high cover of Molinia and Campylopus fleecuosus. The Hypnum cupressiforme
of site G was mainly associated with the high Calluna cover.,

Thesg results all suggest a pattern for the species cover of hummocks of
increasing size (fig.24). This sequence may or may not be an actusl successional
development., That depends on the theory of the origin of the surface patterning
that one accepts.

Finally, it was found that there was a relationship between the species
richness of a hummock, and its area. A graph of no. of speoies against log (area)
&gave an approximately straight line relationship (fig.25). Such a relationship is
explained in terms of island biology by postulating an equilibrium between immigration

and extinction of gpecies depending on island size, and proximity of sources of

o

|
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colonizing species (18) . This implies that at some stage after hummock formation,
immigretion or éxtinction of species is an active process.

Alternztively, the size-dependence on species richness of the hummock could be
a menifestation of the minimal area required for the hummock commurities, There is
little information on what factors might determine such mirizal ereas. Indced, one

of them 1zight be the area-dependent survival of various species i.e. an ‘islang'

effect on species extinetion rate.




Discussion and Conclusions

Species constellation diagrams (figs.9,10)

Fig.. 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.l0 was based only on the hummock and hollcw
complex. Nevertheless, it is striking how different the two diagrams are. In

fig. 9, the hummock species, Rhacomitrium and Calluna, Eriophorum etc. emerge as

associated species, whereas in fig.1l0 Rhacomitrium emerges as negatively associated

with some of the other hummock species. This suggests a hierarchical structure
of the plant communities, with species relationships occurring at different levels,
detectable at different block sizes (i.e. quadrant size used in sempling).

The problem is that species that appear to be associated at one block size
(and are therefore assumed to have similar habitat requirements), may not be ati
another block size, and may in fact have different habitat requirements, This is
likewise a problem with the McIntosh and Curtis ordination., Thus a hummock may

represent a different environment for a plant at its crown (covered with Thacozmitrium
I P

compared to its margin (with a Sphagnum cover). This may cast doubt on the validity
of atiezpting to measure environmental parameters for the hummock and hollow

complex as a whole, and comparing with a species ordination based on sampling sites
that span several hummocks and hollows. Any correlations that are discovered only
apply to the sum total of the species at a site; it must not be assumed that sall

the species have the same habitat requirements.

The Ordinations

The Curtis and MecIntosh ordination was used,.because although not the simplest
(waich is the polar ordination), it gives more information on species relationships
anz habitat preflerences.

Conparison of environmental factors with continuum index is only likely to give
a good correlation where the envirommental factors changing along the transect line
which affect specizs composition do so in similaer ways. V'here opposing factors are .
involved, good correlations will not be obtained.

Thus the leading dominants (table 2) which have climax adaptation numbers
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furthest apart are assumed to be adapted to two opposite envirommental exiremes ;
along the transect. Those with intermediate climax adaptation numbers are adapted i
to conditions intermediate betwecen the two extremea, This likewise -applies to the
sub-dominant species that have their highest importance values at the same site:z a3
one or other of the leading dominants.

Thus the continuum index of a site along a transect line, 1s the sum of all the

srodvets of importsnce value X climax adaptation for each species present there. It

is therefore a measure of the position of the environment there between the two
axtremes as ‘seen’ by the plant commu?ity at that site., Sites with continuum
indicss furthest apart have the opposite environmental extremes of the trensect.
where conditions are intermediate betvween the two extremes, the continuum index
will have an intermedisate value,

Because the derivation of continuum index is rather arbitrary - in that
climax edapteation numbers are based only on the rclationship between the
leading dominants, the relative values in themselves are not of much significarnce,
though they can be used to compare the similarity of sites (see figs. 11,12, where
contimium indices are plotted against simple ordinations, based cn positicns of
sites zlong the trensect line) , It is the relationship of continuum indsx to
environmentzl fuctors that is of more significance.

For both vascular and non-vascular plants, peat depth and water table stability
energed as the factors most highly correlated with continuum indices. The latt:=r

of these two factors will be consideréd first.
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The idea of water table stability affecting plant commanities is not new,
Sjors (5) says that species of carpets and mud-bottoms require sn even and high
water level. In Bergslagen, whers conocentrically domed mire predominates, these
species include Rhynchospora alba and Sphagnum cuspiedatum, which also occur in
the hollows and pools on Claish Moss, at sites of high water stability. Speoies
of hummocks, on‘ﬁhé ather hand, are said to be susceptible to inundation. This
illustrates the very different habitat requirements of species present at one site,

In fact the water table levels in hummocks probably vary greatly depending on
.syprt-term rainfall (fig.6). These fluctuations were not measured, and there
would be great difficulty in measuring them, because taking out & core from a
hummoek to oreate a well would greatly distort the water table profile, because
of the limited supply of capillary water in the hwummock,

It was the change in water table level at the hummock margin that was measured,
which would reflect the level of the pool, and therefore the conditions to which the
species at the hummock margins were subject.

Sjors (5) suggests thet the reason forthe stable water level of the pools
is that, of the precipitation received by the hummock and hollow complex, most is
kept and stored by the framework of hummocks, which therefore act as a sort of
buffer, This might therefore explain the high stability of the water level in
the pools. Likewise, the existence of pools would prevent the hummocks from
becoming inundated (by acting as drainage ditches), so permitting the spatially
close coexistence of species with very different habitat requirements.

Stability of the water table is not juet important in determining the
constancy of the humidity at the peat surface; it also determines the extent
to whioch roots of vascular plants are subjected to horizontal ground water flow;
also, instability can convey nutrient ions from one horizon to another, as well as
increasing soil aeration, by inspiring and expiring air from the soil voids (19).

Further, Sjors suggests that water teble stability is also connected with
ground water flow. Ingrem (19) is more specific about this, and suggests that

fluctuations in the water table may be of lower amplitude in peats of high

conduotivity, with larger soil voids. It is implied that a higher hydraulic
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conductivity ie associated with a higher ground water flow. However, the latter
also depends on the slope of the ground water teble. In a domed mire, the peat
near the surface of the doz¢ is usually thought of as being pooriy humified,
ombrogeneous peat, compared to the mire margins (2). It would therefore be
likely, according to Ingram (6), to have a high hydrasulic conductivity. But the
ground water flow is generally considered to be least at the dome, since this is
likely to be furthest from the water tracts. Thus one cannot equate hydraulic
conductivity with ground water flow, -

In fact the values for hydraulic conductivity did not correlate with water
table stability or the floristics, though the data was incomplete, and the values
obtained were inconsistent; also, values given by extraction and repletion of water
in the auger holes did not agree. In fact Ingram () measured hydraulic conduc tivities
at Dun Moss (in the Grampian foothills, Grid ref.: NO 167558) using the seepage tube
method, rather than the auger hole, since with the latter method, there was a
problem with water draining rapidly from superficial layers of scarcely humified
peat. This could be the explanation for the discontinuity in the plots (fig.17),
rather than a change in the humification of the peat at greater depths in the
hummock. Such a change might be postulated to be due a hummoock developing from a
hollow or pool bed of'well humified peat. BSuch a hypothesis would be at odds with
the stratigraphical evidence however (22). Even the values for K giving by Ingram
(21) by the seepage tube are quoted over a wide range (1-2 orders of magnitude);
there is also an order of magnitude of difference'in values given by depletion
and recharge (less than that in the results quoted here). Nevertheless the
range of the conductivities given here and by Ingram agree,

=It is clear that the theory and method of measurement of hydraulic conduotivities
will néed further development before these can be routinely used to compare with
other environmental factors and floristics,

There was a strong correlation betweén peat &epth and continﬁum'indiees
(table 12, figs. 21,22). It is hard to see how peat depth could affeot the plants

directly at any of the sites except L and K2, since at all the other sites, it
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would be too deep for vascular plant roots to reach down to the undexrlying

substratum. One possibility is that peat depth is correlated with ground

water flow, as suggested in the model for the development of a domed mive ().

Ingram (19) liste the ways in which water flow cen affect plants:

1) effect on soil atmosphere

2) solubility of toxic metal ioms

3) high concentration of 002 and Sz- that would accumulate round x»cots in
static water

4) water movements may convey soligenous ions from beyond mire boundary and
gather ombrogenous ions from mire expanse (24),

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

Obviously it would be desirable to measure ground water flow on Claish Moss,
but to do this directly would require a rather sophisticated instrument - the
hot wire anenometer (23).

Chemigtry

Water flow can affect uptake of mineral icns by plants, and also looal
concentrations of these ions by the roots, These effects would be difficult to
detect under field conditions. However, water movements also affect oversll ion
concentrations (see point 4 above), whicb.might have en effect on florietics,
since mineral availability is said to be a limiting factor on primary productivity
on ombrogenous mire (19). Although in a mature plant community, sufficient mineral
galt may have accumulated, and be recycled to sustain that commmity, low mineral
aval lability in litter would affect seedling establishment and performance of
immature vegetation, so governing the species competition of the community.

In fact, in this study, no significant variation in pﬁ or mineral content
over the mire was found (table 8). Ionic concentrations at sites M and G were
elevated in the squeezed water samples. At both these sites, 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 ionic composition of the water from the drog stream ls similar to
that draining granite or mice schist (Gorham, 1961) - it is very poor in
Ca2+. Mg2+ énd K'. In fact the underlying rock of Claish Moss consists of
feldspathic schists, which are likewise poorly minerali=ed,

On the basis on the mean Ca?+ and M32+ levels (averaged over the entire
mire expense), the mire complex fits into hydrological mire type 7 (Bellamy),
or 'moss' type, as described for Scandinavian mires by Sjors. However, on the
basis of pH, the mire complex would fit into HMT6, or extreme poor fen. The
explanation for this discrepancy would be the 'rainfell effeot', The effect
that this has on ground water pH and ionic composition for the blanket mires of
Western Ireland has been described by Bellamy (25). The highest mean total
ionic concentration found for Claish Moss, was for the squeezed water for the dry
pexriod; this was 1l.19 meq L—} This is intermediate between the ombrophilous
intermediate type (1.25 meg L-l), and the ombrophilous mires proper (0.96-1.05 meq
L-l), as defined by Bellemy (25). This accords with a ratio of equivalent
concentrations of CL to 8042- in the superficial waters of between 2:1 and 4:1
( table 8), and of Nat to H+, of between 3:l and 4,531, Thue this is not a strongly
oceanic mire; one would predict £3.000 mim of rain; 225-250 rain days per year.

The off-transect sites = G,H,N'Nz:

Vhat conclusions can be drawn & out any special factors that are operating
at the above gites? Each site will now be considered in turn.
Site G

The hummock and hollow pattern was most accentuated at this site, il terms
of the height of the hummocks above the mud bottoms of the hollows. This was in
accordance with the continuum indices for the site based on non-vasular plants,
which was close to that for site F (which had the most pronounced hwmmock and
hollow effect of the on~transect sites) - see fig:l2, This high continuum index
at site G is due to the high HRhacomitrium and Cladonia cover, both of which are

hummock species.
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Hovever, the continuum index based on the vascular plants was rather lower
than for the other hummock and hollow sites (fig.ll), and this could be attributed
to the rather high Molinia cover at this site. Molinia is & plant more usually
associated with the mire margins and lagg, where ther~ ‘s low water teble stability,
and possibly higher ground water flow. Both of these factors may operate at this
site; water table stability is low (see fig.l5 and 26). Low water table stebility
and high ground water flow mgy be due to increased drainage at this sitej in the
lower picture of fig.26, a drainage channel can be seen, down which there was a
noticeable flow., In the aerial photograph, this 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 (fig.8),
or the lowering of the water table, and consequent drying out of the hummocks, may
result in oxidation of the peat, giving the appearance of erosion. Certainly, some
of ihe Rhacomitrium appeared to be in a decomposing state, so the cover and.
performance of even the non-vascular plants may be declining at this site. Some
of the hummocks had areas of baf peat, which appeared to be partly colonized by
Campylopus flexuosus.

Site H

On the basis of both vascular and non-vascular plant communities, this site
had a continuum index inbermediate between the lawn community sites (A,B,C) and the
hummock and hollow sites (D,E,F). In both cases it had a continuum index close to
site P, which it also resembled in appearance = low ridges and shallow furrows, the
latter dense with Sphagna. The only puzzle with this site was the high water table
stability, in comparison with peat depth and floristics (£igs.15,19,20). Possibly,
& hummock~hollow complex is in the process of active development here. The position
of this site (fig.5) was just below a hummock-hollow complex, and adjacent to the
eroded area of site G The high water table stability might be due water draining
out of the hummock-hollow complex above, which acts as a reservoir; alternatively,
it may be an old, eroded hummock~hollow complex (like site 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..

Sites N1 and N2

S m—

On the basis of the vascular communities these two sites are indistinguishable
from each other, and the mire lawn communities, in the ordination (fig. 11).

On the basis of the non-vascular communities, they are not so close together,
but still well within the range for the mire lawn communities of sites A.B.C
(fig. 12).

There is no chemical factor or other environmental factor which appeers to
give possible reasons for the occurrence of the fen-indicator species, Phragmites
communis, at site Ni. One can only speculate that this plant is deeply rooted
(it has deep roots) in more rheotrophic peat, which is perhaps the remnant of an

wvater tract.

The island study

In fig.24, a sequence of the species cover of hummocks of increasing height
is shown. This sequence immediately recalls the cycle theory of the origin of
hummock-hollow complexes of Van Post and Sernander. Thet is that hummocks and
hollows alternate thus: where environments conditions are favourable, any
slight;y raised area of the mire tends tc hecome invaded by hummock forming species,
s0 that a hurmock, above the general level of the mire surface becomes established.
The hollows in between become filled with water, which becomes rich in algaej
the oxygen produced by the latter causes oxidation of the peat of the mud bottoms,
causing these to sink further relative to the hummocks. At a later stage, the
pools become colonized with Sphagnum cuspidatum, and them Menyanthes trifoliata
as the flow diminishes. Next, the hummock attains a maximum height, as it dries
at the surface, and there is a more rapid peat accumulation in the pools, until
eventually, the pools are colonized by hummock forming species, and the old

humniocks, now bare of vegetation, form the mudbottoms of the new pools.
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It is tempting to suppose that the sequence of fig.24 represents part of
this cyclic successional development. However, it is not incompatible with the
other theory of the origin of the hummock-hollow complex: that the hollows are
due to 'cracking' 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 this theory against
the other one is from stratigraphy: Walker aend Walker found that the positions
of the main hummocks and pools remain constent with depth, though the pools
showing a periodic expansion and contraction. On this theory, certain epecies
would tend to colonize hummocks and hollows of certain amplitudes, which might
give a sequence as in fig.24.

To distinguish between these possibilites it would be necessary to look
at the stratigraphy of the hummock-hollow complexes in more detail. If the
sequence in space of fig.24 also turned out to be a sequence in time, this might
iend weight to the biotic theory of development of hwmmock-hollow complex.

The:other conclusion to emerge from the island study concermns competition
hetween the species of hummock-hollow complex community. In fig.25, it was
shown that the species richness of a hummock depended on the area of the latter
end it was pointed out that this meant that either establishment or extinction
of new species must be a process that occurs after hummock formation, after it
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 size). Thus competition is a process that occurs continually, that
might operate through the chaences of seedling establishment, or survival of
immature plants.

In fact, the overwheliming impression was that there were big seasonal
differences in the species composition of the bog (as well as in physical
factors - see fig.26), and that for a lot of species that might be thought of as
perennial, there was a lot of dying out and re-establishment each year. For

example, pools rich in 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 vhen it fills up agein presumably depends on competative effects
between Sphagna, algae and vascular plants.
Thus the bog should not be thought of as s stable community with some slight
seasonal effects on the floristic content, but a dynamic system, where the
floristic composition each year depends on the interaction between environmental

factors (which may vary between years) and interspecific competition.



REFERENCES

1.

2.

4.

5.

8.

10.

11.

12,

13,

14,

Bellamy, DeJ. (1968). An ecological classification of European mires.
Proc. 3rd Int. Peat long. Quebec: T4-79.

Ruuhijarxyi, R. "Uber die Regionale Einteilung der Nordfinnisbhen Moore".
Ann. Bot. Soc. Van: 31, 1-360 (1960)

Bellamy, DeJ. (1972) Templates of peat formation.

Proc. 4th Int, Peat long. Helsinki: 7-18

Goodall, D.¥W. (1952). Some considerations in the use of point quadrats
for the analysis of vegetation. Aust, J. sci. Hes., 5, 1-41.

$jors, H (1948). Mire vegetation in Bergslagen, Sweden.

Acta Phytogeog. Suecica 21: lLnglish Summary.

Rycroft, DeW., Williams, D.J.A., and Ingram, H.A.P. (1975). The
transmiesion of water through peat 1. Review, J. Ecol., 63 535-556.

Van Beers, W'P.J. (1958). The auger-hole method. Int. Inst. Land
Reclamat. Imrpv., Wageningen, Bull 1, 32 pp + 4 graphs in end pocket.
Hooghoudt, S.B. (1936). Bijdragen tot de kemnnis van eenige natuurkundige
grootheden van der grond, 4. Versl. Landbouwk. Onderz. 42 (lﬁ) B, 449-541.
Luthin, J.¥. (1957). Measurement of hydraulic conductivity in aitu-
general description of method and theory. Agronomy, Madison, 7, 420-39
Kirkham, D and van Bavel, C.H.M. (1948). Theory of seepage into auger
holes. Proc. Soil, Sei. Soc. Am. 13, 75-82.

Rycroft, D.W. (1971). On the hydrology of peat. Ph.D. thesis, University
of Dundee.

Greig-Smith, P. (1957). Quantitative Plent fcology. Butterworths, London.
Agnew, A.D.Q. (1961). The ecology of Juncus effusus L. in North Wales,

J. Ecol., 49, 83-102.

Curtis, J.T. and McIntosh, R.P. (1950). The interrelationbhips of certain

analytic and synthetic phytosocialogical charzcters. Hcology, 31, 434-=55.



15.

16.

17.
18.

19.

l.

23,

24,

Curtis,J.T. and McIntosh, R.P.(1951). An upland forest cotinuum in the
prairies~forest border region of VWisconsin. Ecology,'zg, 476=96,

Brown,R,T. and Curtis, T.T, (1952). The upland conifer-hardwood forests

of HNerthern Wisconsin. Ecol.Monogr., 22, 217-234,

Kershaw, K.A, (1973). Quantitative and Dynamic Flant Ecology Armold, London,
Machrthur, F.E. and Wilson, E.O. (1967). The theory of island blogeography.
Princeton,B.J., Princeton University Press.

Ingram, H.A.P. (1967). Froblems of hydrclogy and peat distribution in mires.
J.Ecol. 55 T711-24.

Moore, P.D. and Bellamy, D.J. (1974). The peatlands pp 57=61. Paul Elek
(Scientific Books), London.

Rycroft,D.W., Williams, D.J.A., and Ingram, H.A.P. (1975). The transmission
of water through peat, 2. Experimental Studies. J. Ecol. 63 557-567.

Yoore, P.D. (1977). .Stratigraphy and pollen analysis of Claish Loss, Lorth-
west Scotland. J. Ecol. 65 375-396

Deniels, R.E. and Pearson, K.C. (1974). Ecological studies at Hoydon Cowmon,

Norfolk., J. Ecol., 6

62 127~150.

Spalding, J.H. (1966). Water movement and chemistry in mires, Can.J.Bot. 44 747.
Bellamy, D.J. and Bellamy, S.R. (1967). An ecological approach to the
classification of the lowland mires of Ireland. Proc. Royal Irish fAcademie

vol.65, Sect. B, No. 6,

Tansley, A.G. (1939). The British Islands and their vegetation. Cambridge.

AM UNIY
Some so1ENCE

12 JANY
\ N 1978

BENTION
LigraRY

H?SIr,




