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ABSTRACT

The flora of Upper Teesdale contains a large number of "relict"
species of disjunct geographical distribution. Why is this rich
assemblage of species present in Teesdale?

It was assumed that arctic alpine and other rare species, supposedly
intolerant of competition, were able to survive in the face of lowered
competition from typically lowland species.

This study was designed to test this hypothesis by answering three
questions:

(i) What are the communities?
(ii) What is their productivity (as a general measure of competition)?

(iii) What are the reasons for this level of production?

Initial analyses on Widdybank Fell indicated the importance of

Limes convergens situations, sharp zones of biotic and abiotic transition,

as key habitats for many of the rarities.

Detailed phytosociological analyses of a grid matrix on Widdybank Fell,
produced an optimum classification of vegetation units. These communities
contained many rare species and the affinities of these units with
continental phytosociological groups was considered. The distribution of
the quadrats of these communities on the grid was compared with abiotic
variables.

The productivity, in this context used as & general measure of compe-
tition, of those communities delimited in the phytosociological analyses
and other sites was determined. A single species increment cropping
technique was developed to determine the net annual aerial standing crop
" of the communities considered. A composite picture of community dynamics
in terms of vertical biomass distribution, net annual aerial production
and mineral flux was obtained.

The rare species were found to be most common in the communities
studied that were of low net annual aerial production, particularly those
of less than 150 gm/mz/ber annum.

The importance of grazing and climate in maintaining these low levels
of production was emphasised by exclosure and cold frame experiments.
Chemical analysis indicated the importance of the highly calcareous sugar
limestone soils and indicated that high zinc levels appeared to coincide

with low production.
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INTRODUCTION



The flora of Upper Teesdale contains a large number of species,
the populations of which are outliers of their normal geographical
range (Pigott, 1956). Upper Teesdale is, in fact, one of the series
of 'refugia' which is particularly rich in species which show disjunct
distributions across the British Isles (Table 1).

Although their distributions are now disjunct, there is much
evidence that many of these species were much more widespread in the
past. For example late glacial deposits near Darlington have yielded
fossil remains of Arctostaphylos uva-ursi, Dryas octopetala, Helianthemum
canum, Selaginella sp., Thaliotrum alpinum and Juniperus sp. (Blackburn,
1952). Sub-fossil materisl of Potentilla fruticosa, Draba incana, Dryas
octopetala and Helianthemum have been 'found near London and seeds of
Minuertia striocta have been tentatively identified from a late glacial
deposit in Ireland (Mitchell, 1953).

The Teesdale assemblage may therefore be interpreted as "relict",
fragments of a flora whioch was widespread in Britain some 10,000 to
12,000 years ago (Godwin and Walters, 1967).

The development of this original flora, late and early post-glacial,
has provoked much speculation. There have been two main arguments.

The first favoured the mare species as periglacial survivors,
stating that during the last glaciation there may have been some
unglaciated areas in the Pennines. It would have been on the inhospitable
peaks of these nunataks that the plants would have weathered the ice age.

The altermative argument maintains that, as the glacial ice masses
receded, the bulk of the flora immigrated from the warmer south.

Whatever the correct explanation for their initial presence in the
area may be, there is also the problem of explaining their persistence
over & span of more than 10,000 years of climatic change; change which
has transformed an open glacial landscape into one dominated by closed

+ Wowrlson.
woodland and subsequently by blanket peat (Turnerh 1970).
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TABLE 1

Some of the rarities in the "Teesdale assemblage"

Continental Southern Helianthemum canum
Continental Northern Carex ericetorum
Northern Montane Equisetum variegatum

Juncus alpino-articulatus .
Potentilla fruticosa
Primule farinosa
Viola rupestris

Oceanic Northern Armeria maritima
Arctic-Alpine Carex eapilleris

Dryas octopetala -
Juncus triglumis
Kobresia simpliciuscula
Minuartia stricta
Minuartia verna
Polygonum viviparum -
Saxifraga aizoides -
Thalictrum alpinum -
Tofieldia pusilla

Alpine Gentiana verna



The contemporary climate of the high westerm boundaxy of Upper
Teesdale is marginally sub-arctic (Manley 1942) but the climate of the
main area in which the Teesdale rarities are found is much less
extreme and differs but little from that of other large stretches of
the Pennines.

Why then is this rich assemblage of species present only in Upper
Teesdale?

The abundance of arctic alpine plants in gardening catalogues
indicates that many of these plants can be grown at lower altitudes
in drier situations with much longer growing seasons than ocour in the
"sub-arctic wastes" of Upper Teesdale. However it is an essential pre-
requisite that the sucoessful alpine garden is well weeded and hence
the arctic and arctic alpine plants are kept free of interference from
other species which are better adapted to the lowland climate.

In Teesdale many of the rarities do grow in open conditions where
the total vegetation cover may be less than a third of the ground area
and hence competition or interference must be low.

However, the continued existence of these skeletal communitiles
and the contemporary stabilisation of communities forming 100% cover
but rich in both "reliot" species and their lowland competitors demands
an explanation. It would sesm that either the Teesdale relict populations
are less sensitive to "competition" and/or their lowland competitors are
less vigorous in the region under consideration.

What are the main abiotic differences between a typical lowland
garden where these specles may be grown only in the absence of
"competition" and the fells of Upper Teesdale where they grow, and must
have grown for a long period, in competition with the more widespread

lowland species?



The importance of competition or at least the lack of it in arctic
alpine communities has been discussed widely (Coombe and White 1951,
Pigott 1956), but there is little empirical evidence.

This diffioult question of determining quantitatively a general
measure of competition has been approached by Bellamy and Tickle (1964).
They indicated that the Teesdale rarities were confined to plant
comminities whose net annual aserial production was less than 150 g dry
wt per metre square.

In order to check this figure and extend our knowledge of the
structure of the communities a detailed study was undertaken and the
results of this investigation form the basis of this thesis,

To summarise, the basic hypothesis was that there existed in Upper
Teesdale a complex of "unique" vegetation types characterised by low
levels of primary production. These "low production" communities offered
niches in which ocompetitive effects were low, and in which the "Teesdale
rarities" were able to survive.

The project was designed to test this hypothesis by answering four
main questions:

1) What are these vegetation types?

2) What is their productivity?

3) What determines their level of productivity?

Due to the planned destruoction of part of the vegetation on
Widdybank Fell, Upper Teesdale, by the construction of the Cow Green
Reservoir, the study was confined to the area that was to be submerged,

thus providing an opportunity for "destructive" research.



A. THE ABIOTIC

(i) Geolozy and Soils

Upper Teesdale ocouples a central position in northern England,
being situated in the Pennines between the Vale of Eden and the Lake
District to the west, and the Durham coal measures to the east (Figure 1).

The River Tees rises at over 2,000 feet and curves in a general
south westerly direction until it is forced to skirt round the base of
Widdybank Fell benseath the scarp face of Cronkley Scar.

Widdybank Fell is largely composed of sedimentary rocks of the
Carboniferous Lower Lomestone Group. These consist of a sequence of
hard 1light ocoloured limestones, shales and sandstones; the Melmerby Scar
limestone predominating with a thickness of over 130 feet (Johnson 1965).

The transgressive Great Whin Sill, a hard quartz dolerite, was
intruded into this sequence and baked the surrounding limestone into a
coarsely orystalline marble (Figure 2). When exposed this marble dis-
integrates and crumbles eventually to form the granular "sugar limestone"
(Plate I). Only in this region of the British Isles is sugar limestone
found and here large outcrops are restricted solely to Cronkley and
Widdybank Fell (Plate II).

Many of the more interesting plant communities and the rare species
are assoclated with the sugar limestone and the soils derived from it.
The pedogenic processes of these soils will therefore be briefly
considered.

Jenny (1958) considered soils to be the product of five pedogenic
factors; parent material, oclimate, organisms, topography and time.
Parent material and climate predominate in the production of limestone
soils in the British Isles.

In the vicinity of the sugar limestone outerops, the soils show
little or no differentiation into horizons, only a complex intermixture

of roots, dark humic material and coarse limestone granules. The
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Fig. 2 Geolo& of Upper Teesdale
(after Johnson 1965)
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PLATE II Outorop of "sugar limestone"on Widdybank Fell






undifferentiated soils on sand dunes have been termed silicate syrosems
and similarly Shimwell (1969) proposed the term calcareous syrosem to
describe this undifferentiated limestone soil type in Teesdale.

The accumulation of humus to form an Ao horizon, together with some
leaching, has resulted in the formation of rendzinas and brown rendzinas.
The activities of large populations of moles, Talpa, have contributed
to the erosion, and have also reassorted the profiles overlying the sugar
limestone so that the rendzinas have diffuse boundaries with humus
widespread through the profile.

Much of Widdybank Fell has been covered by glacial drift deposits
and where boulder clay has sealed off the sugar limestone from the
pedogenic process humus lron podsols have developed, and in shallow basins,
vhere drainage has been impeded, up to 4 metres of peat have developed
over the calcareous drift (Shimwell 1969).

Gleying is restricted on Widdybank Fell to small areas where the
Fell meets the flood plain of the river, and extends a little way up

the streams or sikes.

(ii) Climate

Manley (1942) studied the western boundary of Upper Teesdale and
formed "a conoepti-on of an excessively windy and pervasively wet autumn, _
a variable and stormy winter with long spells of snow cover, high humidity
and extremely bitter winds altermating wit-h brief periods of rain and
thaw. April has a mean temperature little above freezing point and sunny
days in May are offset by cold polar air, while the short and cloudy
summer is not quite warm enough to support the growth of trees. Through-
out the year indeed the summits are frequently covered in cloud."

He labelled the climate of the high western ridge "subarctic" but
emphasised the marginal nature of this upland climate by saying that a

"relatively slight increase in the frequency of antiecyclonic summer



weather would allow a rise in mean temperature almost sufficient to
permit growth of trees."

Table 2 shows the months with mean daily minimum temperatures
below 0°C and also mean monthly temperatures. Manloy indicated that
owing to the flatness of the annual mean temperature curve, a slight
inorease in elevation was acoompanied by a remarkably large decrease
in length of the growing season. The number of months with a mean daily
ninimum below 0°C is indicative of the period throughout which snow may
lie. Indeed Radforth (1962) included Upper Teesdale in his "active frost"
zone where microtopography is influenced by selifluction and erosive
phenomena assoclated with freezing conditi&ns.

The rainfall is high enough to be conducive to peat formation. ~ “‘JK

Glasspoole (1952) mapped the distribution of rainfall in the Tees
Valley (Figure 3). The annual rainfall increases rapidly westward from
less than 30 inches (76 cm.) near the coast to 55 inches (140 om.) on
Cronkley Fell and Widdybank Fell. This increases to over 70 inches

(180 om.) on the summit of Mickle Fell and the high ground near Cross Fell.
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TABLE 2

Climatic date for Widdybank Fell
(based on 1968, 69 and 70 records only)

Months with
Mean Monthly Mean Monthly mean daily
Precipitation Temperature minimum
(cms.) (°c) below 0°C
January .6 1.1 -
February 18.3 2.8 .
March 20.8 1.1 s
April 11.4 1.6 -
May 9.6 Loy -
June 10.5 10.6 -
July 7.2 12,2 -
August 6.5 12.2 -
September 18.2 10.0 -
October 13.3 9.4 -
November 19.1 1.7 .
December 9.9 ‘ - 0.4 *
g



Fige. 3 The distribution of annual rainfall in the Tees Valley
(after Glasspoole 1932)
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B. THE BIOTIC

General Vegetation of Upper Teesdale

The uplands of the Northern Pennines are covered for their greater
part by "dreary and monotonous" moorlands (Tansley 1911) which contrast
markedly with the rich, green vegetation of the lower slopes and valleys.
This difference is accentuated by agricultural settlement of the lower
land. Locally, there is a sharp differentiation between the relatively
unbroken expanse of moorland on the top of Widdybank Fell, occupying the
foreground in Flate III, and the pattern of hay meadows, pastures and
coniferous plantation on the floor of the Tees valley to the west of the
Fell.

The situation is further complicated in the Widdybank Fell area by
the relatively "lush" vegetation which penetrates in calcareous flushes
high into the moorland zone.

Although the Upper Teesdale flora is probably more widely known
than that of any area in Britain there have been few attempts to describe
its phytosociology, as opposed to the distributions of individual species.
Bradshaw and Clark (1967) have produced a olassification of the vegetation
of the higher ground which is summarised in Figure 4. The main vegetation

types they delimit will be briefly considered here.

(i) Blanket Bog
Much of the upland area of the Pennines up to 2,500 ft. lies buried

beneath a blanket of acid peat of varying depth, particularly in flat
areas or slopes of low gradient. The growth of various species of
Sphagna is encouraged under these conditions of low runoff, and under
the prevalling olimatic conditions peat formation has ocourred. A

typical flora ineluding the following species has developed:



PLATE ITI Locally, there was a sharp differentiation
between the relatively unbroken expanse of moorland on
Widdybank Fell and the pattern of hay meadows, pastures

and coniferous plantations in the Tees Valley below.






Blanket Bog Grass Heath Heather Moor Flush Vegetation

|

Bent-Faescus Mat-Grass Molinia Bent-Fescue Gravel Bryophyte
Grassland Grassland Grassland Grassland Flush Flush

(Species-poor) (Species-rich)

Fig. 4 A general classification of the main vegetation types ocou the hi ound of Upper Teesdals

(after Bradshaw and Clark 1965)



Sphagnum spp. Drosera rotundifolia
Narthecium ossgéram Calluna yulgaris
Erica tetralix Eriophorum angustifolium

- Eriophorum vaginatum
Irichophorum caespitosum

This formation is synonymous with the Cotton-grass associations

of Tansley (1911), the Eriophoretum Vaginatii and the Eriophoretum

Angustifolii, as well as the Calluno-Eriophoretum of McVean and

Ratcliffe (1962). The top of Widdybank Fell is covered by large tracts
of this formation and it is interesting to note that the only known

station in England for Betula }ana occurs there.

(ii) Heather Moor
This dwarf shrub heath is dominated by heather and is found in the
better drained, leached acid soils. Its floristic composition is variable,

/depending on the intensity of grazing and burning, but the main species

ares
Calluna vulgaris Vacoinium myrtillus
Vacoinium vitis-idaea Erica cinerea
. Deschampsia flexuosa | Potentilla erecta
Hypnum cupressiforme Pleurozium schreberi
Dicranum scoparium : Lophooolea bidentata

-This group is synonymous with the Bilbermy Moor associations of
Tansley (1911), the Vacocinietea Myrtilli, and the Vaocinium myrtillis

heath of Bridgewater (1970) typical of northern Britain and upland
Wales.

Where this moor abutW¥s on to grass heath and the soil is caloareous
a floristiocally richer variant has developed. This species rich heather
moor is more heterogeneous in nature than the typical heather moor, and

has the following additional species:



Empetrum nigrum Lophozia floerkii
Ptilidium ciliare Hylocomium splendens
Cladonis arbuscula Festuca ovina
Bhytidiadelphus lereus Ca.ménula rotundifolia
Polygala vulgaris Thymus drucei

This vegetation in the vicinity of Slapestone Sike, on Widdybank
Fell, grades off into species rich grass heath; this transition accom-

penled by the introduction of such species as Gentiana verma.

(1i1) Grass heath

In Teesdale these formations are generally anthropogenic (Bradshaw
and Clark, 1965) and their structure depends upon grazing pressure, soil
base status and soil-moisture regime. The three main kinds of grassland
typical of the low base status will be considered first before the

gpocles-rich grassland of the calcarecus tracts.

(iv) Species-poor Bent-Fescue Grassland

This is typified by the following combination of species:

Agrostis tenuis Festuca ovina

A. canina Anthoxanthum odoratum
Potentilla erecta Gelium saxatile
Viole riviniana Luzula campestris
Rhytidiadelphus squarrosus Hylocomium splendens

This type of vegetation is widespread in the British Isles and is
one of the most importent pasture types of rough grazing in the
Southern Uplands, Northern England and Wales. These grasslands tend to
ocour on dry podsolic loams and are extensive on the boulder clay of

Widdybank Fell.



10

(v) Mat-Grass Grassland

This grassland is similar to the preceding type except that
Agrostis and Festuca species are replaced by Nardus stricta, Juncus
squarrosus and Deschampsia flexuosa. This formation is typical of
the wetter and more heavily grazed seqtors of the Fell and is again
restricted to what are, from a botanical point of view, base poor

substrata.

(vi) Molinia Grassland

This has the following assemblage:

Molinia caerulea Juncus squarrosus
Carex panicea C. flacca

C. gchinata C. pulicaris

C. dioies C. nigra

Juncus artioculatus

These ocour in even wetter and more acid conditions, frequently
on anserobic gleyed soils.

These preceding vegetation types generally do not support a rich
flora, nor many of the ggfg_ggg_ggggg;g:_speoies for which Teesdale is
famous. They will therefore be considered no further at this stage,
although they cover a large proportion of Widdybank Fell and the Cow
Green area.

The limestone outerops, however, make up for their spatial
restriction by supporting a varied and interesting flora associated

with the species rioch Bent-Fesoue grassland and the flush vegetation.

(vii) Species-rich Bent-Fescue Grassland
These grasslands grow on both metamorphosed and unaltered lime-~
stone and the following assemblage represents the typical species

composition:
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Festuca ovina Helictotrichon pratense
Koeleria oristate Carex caryophyllea
Briza media C. capillaris

Carex ericetorum Gentisnella amarella
Galium pumilum Kobresia simpliciuscula
Helianthemum chamaecistus Linum catharticum
Minuartia verna Thymus drucei

Viola riviniana Campanula rotundifolia
Plantago lanceolata Plantago maritima
Ditrichum flexicaule Viola rupestris
Rhytidium rugosum Tortella muralis
Rhacomitrium canescens and others

Sesleria caerulea

(viii) Flush Vegetation
The vegetation falling into this category generally occupies areas

subjeot to periodic flooding and is situated either directly on lime-
stone or in the path of runoff or drainage water from limestons.

Species occupying these wet habitats included:

Carex lepidocarpa Pinguioula vulgaris

C. panicea Primila farinosa
Eriophorum angustifolium Tofieldia pusilla
Eguisetum variemtum Festuca rubra
Selaginells selaginoides Eleocharis guingueflors
Euphrasia miorantha Saxifraga ezoides
Campylium stellatum Catoscopium nigritum
Ctenidium molluscum Fissidens adianthoides

Al

Philonotis calcarea and others.



PART II

THE VEGETATION OF THE STUDY AREA
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A. TRANSECT ANALYSIS

As a basis for the study a transect was laid down on the north-
facing slope of Slapestone Sike, Widdybank Fell.

This sike drains a partially peat-covered catchment and cuts down
through the overlying glacial drift into the Melmerby Limestone beneath.
The soils of this valley form a catena from peat-covered drift down
through various admixtures to limestone, becoming progressively wetter
downslope due to seepage from the limestone aquifers draining into the
sike.

The transect was orientated at rightangles to the main drainage
axes of the sike. It started in sedge marsh vegetation on the damp
calecareous gravels on the banks of the stream and progressed upslope
away from the stream's influence. The sedge marsh graded into damp
grassland which in turn gave way to herb-rich heathland on a more
siliceous soil. This covered one of the main 'gradients' of vegetation
variation on Widdybank Fell.

Method of Transect Analysis

Presence or absence of the plant species were recorded in contigu-
 ous ¥ x ¥ m square quadrats along the belt transect. Soil samples were
collected from each quadrat and analysed (for method see Appendix 1).

The floristic data was then sorted using Crawford and Wishart's
Group Analysis technique (1967). To determine whether the groups so
obtained represented more nearly stages in a continuum or individusl
plant communities in their own right, the floristic data was subjected
to a further analysis aimed at detecting major discontinuity or hetero-
geneity in the data; this was the 'H' value analysis, as described by
Van de Maan!l 1968.

This sensitive method was employed to locate the exact position
and nature of these boundaries . That is the heterogeneity betﬁeen

contiguous % x ¥ metre quadrats was obtained using the differential
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occurrence of species. The frequency of ocourrence of the species in
the two constituent % x § metre halves being used as a measure of

species significance. This leads to the equation

ia) - P(ib
H =4 < _P(ia) - P(ib)
) P max

where P(ia) is the performance of the ith
species in quadrat a etoc.
H values for such transects are then amenable to graphical

representation.

Results

The resultant 'H' profile indicated an acute peak on the graph at
a position 4 m along the transect (Figure 5) implying that there was a
spatially abrupt change in the floristic composition at that point. A
picture therefore emerged of the sedge marsh communlities being sharply
soparated from a sedge rich grassland. The remainder of the graph
showed a variable and 'disturbed' form; the peaks on the 'graph' were
of a much lower amplitude indicating a spatially more gradual change.

The complementary group analysis produced eight synecological
groups (Figure 6) and subsequently their ecological relationships were
analysed along the following simple environmental scalers, soil organic
content, total calecium, magnesium, sodium and potassium.

Fuller details of the group analysis are given below in the thesis.,

The sedge marsh community was composed of a mosaic of three similar
groups, D, H a.nd G, typified by the high percentage ooeu.{ence of such
species as Carex panicea, Carex lepidocarpa, Juncus articulatus, Bryum
gseudotriguejtrum, Drepanocladus fluitans, Philonotis fontana and the

absence of the species typical of the grassland further up the transeot,

Festuca ovina, Ctenidium molluscum aend Hylocomium splendens (Figure 6).
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Fig, 5 Slapestone Sike Transeot (12
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Fig. 6 Slapestone Sike Transect (1)
The eight symecologiosl groups determined by Group Analysis
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These sedge marsh groups ocour to the left of the peak on the
differential profile diagram, whereas to the right of the peak there
follows a group of five contiguous quadrats designated group E. This
was distinguished by the presence of Festuca ovina, Potentilla erecta,
Ihymus drucei and Ctenidium molluscum together with some sedge species
and Bryophytes from the groups D, H and G.

The sharp margin of the wet sedge marsh community not only marks
vegetational discontinuity but also marks a zone of sudden environmental
transition; the limit of penodic inundations from the swollen watercourse
after torrential rain. The scouring effect of this vigorous flushing
also led to preferential erosion of the humus and litter that had
acoumulated since the previous inundation, as well as exposure and/or
deposition of limestone granules at and below the top flood-water level.
This was reflected in the chemical analyses (Figure 7) where the soil
showed a very sudden decline from relatively high levels of calcium
(200 mg/g soil) and sodium (2.5 mg/g soil) in the sedge marsh groups
D, H and G, to a much lower level in group E where calcium was 10 ng/g

- 801l and soium 0.5 mg/g soil. These low levels were continued through
the other groups A, B, C and F, the valley side. The dramatic drop of
these two elements took place in the immediate vicinity of the 4 m mark
of the transeoct and clearly corresponds closely to the large floristie
difference expressed in the profile.

As the levels of Calcium and Sodium iﬂ the soil fell, so the
proportion of organic material increased from 10 to 50% of the total
dry weight of the soil. This higher level of organic material decreased
near the 10 m level of the transect, but the corresponding inorease in

Enorganic material was made up 1argeiy of siliceous rather than calcareous
material.

The floristic composition of group A is distinguished from group B

by the high presence of Tofieldia pusilla and Rhacomitrium lanuginosum




Pig. 7 Slapestone Sike Transeot (1)
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whereas B was typifiied by Rhytidiadelphus triquetrus, Viola lutea and
< Agrostis tenuis.

Groups A and B were distinguished from the next group, C, by such

7 species as Breutelia chrysocoma and Minuartia verna. Group B blended
with group C which continued for most of the remainder of the transect.
This vegetational continuity was reflected in the comparative constancy
of the environmental scal@rs although within this latter group a
physiognomic change associated with the presence of Calluna vngaris
occurred in the last four metres of the transect. The appearance of a
Chaemophyte in an -otherwise essentially homogenous community did not
appear to be paralleled py change in any of the soil factors previously
mentioned. The density of the heather near the top end of the transect
fr;;luded the full development of associated herbs such as Prunella
yulgaris.

The 4 metre boundary therefore is real both biotically and
abiotically. Associated with this sharp boundary situation and its
surrounding area were some of the "Teesdale Rarities". The occurrence
of such species as Tofieldia pusilla, Carex capillaris and Flantago maritima
in this vigorous zone of transition is noteworthy. This raised the
question do soms of the rarities find suitable habitats in such unstabls

areas where & wealth of environmental variables mingle together?
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B, INVESTIGATION OF A BOUNDARY SITUATION

To investigate the possibility of such boundary situations being
a key habitat for the rarities, a different approach was applied to
determine the character and significance of the soeciological groupings,
as well as delimiting these groups and their boundaries. To this end
another transect was laid down the side of Slapestone Sike, as in the
previous analysis, but the upper quadrats of this belt crossed calcareous
grassland before entering the species riech heath.

The presence or absence of each species was recorded as before for
each quadrat along the transect, there being 33 quadrats of dimensions
25 x 25 om.

The raw data was subjeoted to normal, inverse, and nodal analysis
(Williams & Lambert, 1959, 1961, and Lambert & Williams, 1962).

Normal analysis oompares the homogeneity of quadrats based on their
species content, and divides them into related quadrat groups. Using
this method the quadrats were split into two groups which were as
dissimilar as any two sections of the population could be with reference
to a single speoies (see Figure 8). In this case the first division was
based on Carex lepidocarpa (species reference No. 2). Those quadrats
with this species (+2) went to form one group of 18 quadrats and those
without (-2) formed the other group of the remaining 15 quadrats.

The first group, typified by the presence of (Carex lepidocarpa,
occupied the lower part of the transeet, being subject to periodic
flooding, whereas the other group were above the level attained by
floodwater.

This divisive procedure was repeated, the group containing Carex
lepidocarpa split into one large group of 16 quadrats containing Kobresia
simpliciuscula, and a small group of two quadrats without this plant.

Similarly the first group without Carex lepidocarpa was split




Pig. 8 Slapestone Sike Transect (2)

Normal gumr) and Inverse flowerl association analysis
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according to the presence or absence of Rhytidiadelphus loreus and the
resultant groups continually re-divided until the predetermined stopping
level (p = 0.05) was reached.

The resultant eight groups of floristically defined quadrats
theoretically formed meaningful ecological entities.

Inverse analysis aimed at dividing the species data in order to
produce sociologically meaningful groups. The manipulation of the raw
data in this procedurs was the same as for normal analysis, except that
the species are treated as were quadrats, and the quadrats as were the
species. Again eight groups were derived before the stopping level was
attained,

The combination of the floristically defined quadrats (from normal
analysis) and the social groups of species (from inverse analysis) was
advocated by Lambert & Williams (1962) to produce a nodal analysis. In
nodal analysis the combination and re-defining of these two initial
analyses, normal and inverse, produced a doubly deflned set of units or
noda of differing quantitative and qualitative definition. The noda are
defined statistically as full noda, major sub-tioda of high rank, major
sub-noda of low rank, and minor sub-noda in descending order of signifi-
cance.

.f; PFigure 9 the quadrat groups have been arranged horizontally
and the species groups vertically to clarify the relationships of the
noda in general abstract terms. Two main types of vegetation have been
delimited in both sociological and spatial contexts. Type 1 is defined

by the following full noda:-

W12, 41, W7

These contained Junocus articulatus, Kobresia simpliciuscula, Carex

panicea and Carex lepidocarpa; all species typical of the Alpine sedge-

marsh Order Tofieldietalis and the last named species C. lepidocarpa is




Fig. 9 Slapestone Sike Transeot ‘2)

Nodal A sis
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a "charakterarten" of the Alliance Eriophorion Latifolii of that Order.

The other extreme, type 2, was strongly defined by the noda:-
24 24 2L, o
/25" “/5’ “/28

These contain Hylocomium splendens, Sesleria caerulea, Eestuca oyina,

Thyms drucei and, except in noda 24/31, Galium saxatile with
Rhytidiadelphus loreus. This group of grassland species was rather
heterogenous from the synsystematic viewpoint showing affinities to the

Orders Seslerietalia,Nardetalia, or Brometalia.

A tranﬁition zone separated these two principal types and was
characterised by many major and minor sub-noda and the absence of full
noda representative of either extreme type.

These sub-noda constituted a distinct abrupt definable boundary
zone directly comparable to the first transeet, Figure 5, a zone of
instability only 1 metre wide. Figure 10 shows the noda superimposed
on the astual transect.

Lambert & Williams (1962) noted that minor sub-noda which were only
weakly defined were best omitted. However, in this instance, their
presence was obviously intrinsic to the nodal constitutions of the
communities, andy more particularly, to the boundary zone between them,
Therefore they have been retained to form the focal part of the analysis.

As the full noda of the grassland vegetation type approached the
boundary zone their social structure broke down until one minor sub-nodum
remained, containing only Rhytidiadelphus loreus. This unit was inter-
mingled with a minor sub-nodum which resulted from a similar degradation
of the full noda of the sedge marsh approaching from the other sids of
the boundary. All the tension zone quadrats were therefore defined in
weak fashion, and it was in the sub-noda of these quadrats that certain

species reached a level of statistical social significance. These



Fig. 10 Slapestone Sike Transect (2)
Noda superimposed on_ transect
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species include Equisetum variegatum, Flantago maritima and Minuartia
yerna.

These are all members of the "Teesdale rarities" which are more
widespread in the British Isles, being typical of open skeletal pioneer

commnities, Plantago maritima, as a component of the Juncetalia Maritimae

of Saltmarsh, Equisetum variegatum of the Scheuzerio-Caricetea Fuscae

of montane flush and dune slack, and Minuartia verna typical of the

Violetalia Calaminariae of heavy metal spoil heaps. In this zone of

instability they exist together in a closed community with complete
plant cover.

This phenomenon is not restricted to Slapestone Sike. Pigott
(1956) desoribed the chief habitat of Minuartia stricta together with
Minuartia verna and Saxifraga sizoides as a narrow zone around the base
of Gymmostomum recurvirostrum hummocks in open gravel flushes. Minuartia
stricta also bocurs along Red Sike on Widdybank Fell in a closed
Bryophyte turf which forms a distinect boundary zone between the flushed
vegetation of the sike and the bank above the normal level of flowing
water.

Perhaps the classic examples of boundary zone species are the mosses
Paludella squarrosa, Cinclidium stygium and Caﬁ%othecium nitens. Although
widespread in the arctic (Nyholm 1954-65) their relict localities in
Teesdale and elsewhere are typical of a transition zone between associ-

ation Erico-Sphagnetalia and the Tof'ieldletalia. This is a zone of abrupt

ecological transition where the nutrient poor came into contact with the
nutrient rich and is indeed dominated by it.

The effect of drainége in changing the water regime, thus leading
to the disappearance of these.species, has been used to explain their
loss from many relict localities (Bellamy et al 1969¢. This upsetting
of the balance would change the dynamics of the system and would lead
to domination by one of the end state communities, with irrevocable loss

or movement of the boundary habitat.



At this stage of the investigation the probable importance of
boundary situations in the contemporary existence of the Teesdale rarities
was therefore indicated.

The importance of boundary situations was thus indicated. A discus-
sion of some of the more theoretical aspects will therefore be included
here.

These zZonations or boundary areas bear directly on important aspects
of community organisaetion, especially along apparently continuous
environmentel gradients. The position and social status of the peculiar
species in the Teesdale assemblage is of relevence when considering their
persistence in their present disjunct localities as well as delimiting
more closely the phytosociological distinctions of the various community
types.

In the above study the boundary zones were considered as separators
of adjacent systems or communities of differing constitution. Boundary
definition used the full information sfructure of both systems, and was
dependent not only on the scale of the system, but also the scale of
observation.

Sharp vegetation boundaries have been referred to as ecotones, and
diffuse boundaries as ecocline. The term ecocline has connotations of
experimental taxonomy and the less ambiguous terms proposed by Van Leeuwen
(1966) will be used throughout; Limes convergens denoting sharply defined
" boundaries, and Limes divergens, diffuse boundaries.

These two extreme boundary forms are associated with characteristic
vegetation patterns. The limes convergens shows coarse granulation and
has sharp, easily discernible lines of demarsation (Plate IV) between the
two opposing vegetation types. Characteristically this vegetation oconsists
of large numbers of plants belonging to relatively few species distributed
in a relatively homogeneous manner. Although spatially stable, the life

circumstances in these areas have high degrees of temporal instability in
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A limes convergens situation
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that fhere are great environmental fluctuations. [Examples of this
general disturbance are fluctuations from wet to dry, salt water to
fresh water, and nutrient poor to nutrient rich. Weed communities and
salt marshes are often linked with this type of situation, these
communities falling into the associatlons of the synsystematic classes
of Plantaginetea Tx. and Prsg. 1950, and Thero-Salicornietea Striotae
Tx. 1954.

The features of the limes convergens contrast strongly with the
fine granulation and faint lines of demarcation typical of the limes
divergens situation. These latter gradal situations tend to be rioch in
species, though only a few individuals of each species may be present.
Internal conditions tend to be stable in that the plants are not subjected
to massive or rapid environmental change. This type of boundary typically
occurs as a gradual transition between two extreme end states and is
commonly foeund in rich marshlands, dune slacks and scrubby moorland edges.
Commmities characteristic of these situations are not readily referable
to synsystematical units, chiefly because these zones have been l1little
studied from a synsystematical viewpoint due to their inherent hetero-
geneity.

The location of many of the Teesdale rarities in boundary situations,
both of the limes divergens and limes convergens type, was evident from
the above study. It is suggested that "limes" situations may have been
important local refugia in the past during periods of climatiec change
and especially during the forest maximum.

However the occurrence of certain rarities in homogeneous (and
sociologically well defined) communities not directly referable to
boundary situations remains to be investigated. Kobresia simpliciuscula
as an integral component of a full nodum in the transect association

analysis desoribed above affords one such example.
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It was therefore decided that the next step must include a more
detailed study of the vegetation to obtain a more rigorous definition
of the communities, especially those which would form the focus of the

production studies.



PART III

SELECTION OF COMMUNITIES FOR DETAILED ECOLOGICAL STUDY
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The occurrence of the rarities is not solely restriocted to the
boundary situations described in the previous section. These plants
also appear as components of the major vegetation types.

It was proposed therefore to conduct & mors rigorous investigation
into the types of vegetation found in a specific area with a view to

a) determining classificatory units produced by a variety of

methods

b) comparing these units to determine their floristic and spatial

interrelationships
and ©) oorrelating the relationships of the groups so produced with

selected environmental parameters.

The aim was to determine and delimit exactly what units of
vegetation should be studied in the subsequent work.

Availability of resources limited the scope of the investigation
both in geographical and temporal aspects. Conflict arose between the
need for observation, of a general nature over the whole valley, and
specific, detailed analysis over a small area.

A compromise was adopted, a site being selected which was spatially
restricted, but containing many vegetation types.

The traditional view of the community emphasises homogeneity and
stability. Whittaker (1956) comments that it is impossible to substanti-
ate the existence of homogeneity in plant communities by statistical means.

More or less homogeneous communities are recognised by the trained
eye of the plant soeciologist (pers. comm. R. Tlixen), (Dahl and Hadac 1949).
Minute floristic differences evidenced by certain species combinations
are detected by the "sociological eye" (Looman 1964) which is developed
by the "right intuitive feeling by experience”. However it is difficult
to detect homogeneity without the experience allowing the development of

this "sociologischer Blick" (Becking 1957).
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Together with the subjective choice of stands and the distinguishing
of vegetation units by a "process of successive approximation" (Poore
1955), the conventional phytosociologicel methods have proved "a diffiocult
pill to swallow" for many Anglo-American ecologists.

The difficulty of defining a general model for a wide range of
applications and for all types of data, together with the advent of
widespread computer facilities has resulted in a plethera of numerical
clagsificatory methods. Initial vegetation sampling and classification
'stopping' rulés remain #rbitnary, but electronic data pgocessi§:??S£gLes
subjective decisions from the synthetic stages.

The following constraints were considered in data selection and
processing.

i) The raw data should reflect the attributes of the vegetation

sampled in both spatial and social contexts.

ii) The raw data should be easily gathered in the field and should

be devoid of approximations.

iii) In the interests of economy and the limitations of current
E.D.P. facilities the population size and the number of
attributes of each member of the population should each not
exceed eighty. (In fact the population size, the species, did

exceed B0 in this study and programmes were modified.)

The Methods
The methods used were chosen to demonstrate the affinities between
the objects under consideration. These objects were either species or
vegetation samples, quadrats.
The methods selected were:
i) Group Analysis
ii) Association Analysis, Normal
iii) Association Analysis, Inverse

iv) Ward's Hierarchic Fusion Method
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v) Iterative Relocation Procedure

vi) Principal Components Analysis

These were availlable as selected options in Wishart's CLUSTAN 1A
suite of programmes (19é9).

The methods have a common aim in that clusters or groups of objects
may be produced.

Clustering is the systematic serting of these objects, be they
species or quadrats, into groups according to the computational rules of
the method used. The resultant groupings will be referred to as groups

or clusters throughout the text.

The Site

A site was selected that contained various floristic assemblages,
characteristic of those described by Bradshaw and Clarke (1965) in a
spatially limited area.

This area was 1ocatéd on the north west facing slope of Slapestone
Sike, Widdybank Fell. The sike itself appeared to be the principal
influence on the physical geoggaphy of the site. This small stream has
its main drainage axis orientated in a general east-west direction and
runs from the top of Widdybank Fell into the River Tees. In its short
passage from the felltop to the river it cuts down through the Melmerby
Limestone of the Lower Limestone Group, forming a series of small water-
falls. Immediately below this series the rate of descent slackens as
the stream flows in the bed of a small valley. The study site was

located on the side of this valley.

Vegetation Sampli.
A grid was laid to enable systematic sampling. The location of
this grid is shown in Figure 11, the grid being composed of a 10 x 8

matrix of quadrats which were labelled as in Figure 12.



Fig, 11 Upper Slapestone Sike
Orientation of zrid of quadrats






Pig, 12 Upper Slapestone Silks
Location of quadrats on grid
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An important problem relating to vegetation sampling is the
original choice of quadrat size. Changing the size of the quadrat can
alter the magnitude of the measure of association between species and
quadrats and may change the sense of the association (Greig-Smith 1964,
Gimminghsm 1966 and Yarranton 1966). Lambert and Williams (1962)
proposed that the quadrat size should be large in relation to the plants.

The quedrat size chosen was 2 ¥ 2 m square. Not only was this ares
large enough to contain most species of the vegetation type in which the
quadrat was situated but it also allowed efficient cover of a relatively
large area in a short time. (To cover the grid area with 1 x 1 m square
quadrats would have required three hundred and twenty quadrata)

The species present in each quadrat were listed and a comprehensive
survey of the floristic assemblage was made.

Presence and absence oriteria alone were used, thus avoiding the use
of subjective estimates of oover/abundance.

Any plant not readily identifiable in the field was returned to the
laboratory for investigation. The site was visited at various times of
the year as certain species were more readily identifiable in flower or
fruit.

A raw table of the 89 species encountersd x 80 quadrats was then
drawn up. This matrix of 5,120 cells formed the basic data which was
then subjected to analysis.

-Environmental_Sampling
Grid topography

The grid was surveyed with an "Autoset" level and & 25 cm interval
contour map was prepared (see Figure|3)

Soil Sampling

Soil cores were taken from each quadrat of the grid on the same day

under uniform weather conditions and were returnmed to the laboratory for

analysis,



Fig. 13 Upper Slapestone Sike
Grid Topography
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Two cores were taken from every quadrat, each being 7.5 cm in
diameter and 10 om in depth (soil depth allowing).

The following analyses were carried out (see Appendix 1):

i) Soil water content at time of sampling.
ii) Soil organic content.

iii) Exchangeable ocations Potassium

Magnesiun
Lead
Zinc

iv) Total cations Potassium

Magnesium
Sodium
Calcium

3
b
o) Sodium
d) Calcium
e
£
§ Phosphate

Contour maps of some of these factors were drawn.
Four extrems soii types were recognisable, each the product of its
own peouliar geological or topographic features. These were:
, 1) Wet sugar limestone soils.
ii) Dry sugar limestone soils.
iii) Podsols derived from boulder clay.

iv) Organic soils verging on ‘fen' peat.

Although these extreme soil types were prevalent, intermediate

types predominated to constitute a basically catenal situation.
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A. ORDINATION

(i) Direct Gradient Analysis

(a) Linear Gradient Analysis

A pH transect (Figure 1) indicated that major vegetation types
could be separated on the basis of soil hydrogen ion concentrations,
the sedge marsh was oharacteristic of zones exceeding pH 5.5, grassland
between pH 4.5 - 5.5 and heathlands in areas below pH 4.5. However the
two belts of grassland showed only superficial similarities to each
other, thus demonstrating the limitation of linear analyses on any
single chosen axis.

(b) Multidimensional Gradient Analysis

The complex relationships inherent in vegetation require multi-
dimensional methods of representation (Whittaker 1952, 1956, Greig-Smith
1964, Kershaw 1964).

The most direct method of anaelysing vegetation is by sampling
several independently derived environmental gradients using them as
co-ordinates.

The relationship between the quadrats on the grid were compared
by direct gradient analysis with linear axes derived from soil moisture
content (on the day of sampling), the percentage organic material of
total soil sample by weight and exchangeable soil calcium.

Although the above factors are not unrelated, they were convenient
parameters and from initial observations and andlysis appeared closely
related to vegetation types associated with them.

The position of each quadrat, when plotted on these axes (Figure 15)
indicated an almost continuous range of variation from a wet, organic
soil with low caloium through intermediate stages to an extreme high

calcareous soil with little organic material.



Fig. 14 pH gradient along Slapestone Sike Transeet (3)
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Fig. 15 Multidimensional gradient analysis indiocating the
position of the quadrats on environmental gradients
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A discontinuity separated off the dry calcareous quadrats on sugar
limestone, Nos. 51, 52, 61, 52 and 73. Does this discontinuity represent
an art€fact induced by the relatively large quadrat size (smaller quadrats
may have "bridged that gap"), or does this disjunction emphasise the
discrete and peculiar nature of the Teesdale sugar limestone soils?

It is not implied that the distributions of quadrats in this three
dimensional pattern of soil calecium, soil water and organic matter is
functionally independent of plant communities, but that the measurements
and ordination are derived independently from a consideration of vegeta-
tion pattern.

The correspondence between the environmental and the floristic data
may indicate the degree of validity of the respective analyses.

The nearest neighbours floristically to quadrat 61 (from K~linkage
lists preparatory to Principal Components Analysis, see below) were
quadrats 63, 51, 62 and 73. The correspondence of this particular combi-
n;tion of quadrats was emphasised independently in the direct gradient
analysis. Here a peculiar flora corresponds with the psculiar edaphic
conditions.

This coincidence between floristic and environmental attributes
indicating & close relationship does not occur so clearly throughout the
remainder of tﬁe ordination.

In this case direct ordination was shown to be inadequate as it
became apparent that the quadrats that were proximate, on a direct
environmenéal-ordination, were not necessarily floristically similar to
each other. This is perhaps a result of inadequate initial choice of

axes.
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(1i) Indirect Gradient Analysis

Let it be presupposed that the plants themselves are the best
measure of the environment not only in terms of individual species
response but also their distributional overlaps, that is, the pooled
response of all the species performances. Then their mutual associations
and interactions suggest that measurements of correlation or of associ-
ation would reveal natural aggregations.

A technique of axis construction designed to achieve an efficient
ordination of individuals is Principal Components Analysis.

Principal Components Analysis

This variant of factor analysis summarises the inf'ormation content
of a matrix whose elements, distances and angles define the spatial
relationships between ecological entities.

The vegetation (quadrats) may be considered as a set of vectors in
the vegetational space, if the dimensions are the species encountered.

A contimum would be represented in this model by a single cluster of
points representing the continuously changing community.

If the points are clusters in several groups restricted to limited
portions of the abstract space without intermediate points disecrete
community types may be recognised. These disorete communities may,
however, be diffiocult to assess in terms of significance and definition.

The problem is that there is no single way of objectively sub-
dividing such a model or validating the apparent clusters unless they are
grossly isolated.

The approach to the problem of investigating the relationships of
the sample of vegetation encompassed within the grid was considered along
the following path:

i) Production of a principal components model.

ii) Examination of the cluster(s) produced using a variety of methods

to test validity of the group(s).
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The Analysis

The stand data of the grid was ordinated using options from
CLUSTAN 1A suite of programmes (Wishart 1969).

This entailed constructing a similarity matrix from which the
principal component axes were valuated. The coefficient of similarity
in this case was a measure of the squared Buclidian distance between
each palir of quadrats based on their species content.

The percentage variance accounted for by each of the first five

components together with their oumulative percentage variance is shown

below:
Principal Cumulative
component ﬁ variance variance
1 17.4 17.4
2 7.8 25.2
5 54 30.6
4 Lok 35.0
5 4ol 39.1

The variance attributed to each of the first fifteen axes was
represented graphically in Figure 16. The highest variance values were
accounted for by the first and second axes and these produced the
greatest spread of the quadrats based on their floristic content.

The first two principal axes accounted for 25% of total variance,

The distribution of the eighty quadrats on these two axes is
shown in Figure 17. In general each quadrat was in relatively close
proximity to its geographical neighbour on the original grid and the
whole complex of quadrats constitutes a large cluster with local areas
of high density but no major discontinuity.

A plcture emerges of a continuum of floristic variation with three
main extremes represented by quadrats 80, 34 and 8.

Individual species distributions and various edaphic characteristics

were then considered in relatién to the principal component analysis.

!



Fige 16 The variance attributable to the first fifteen
principal components
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Fig. 17

Quadrat distribution on Principal Components
Azes 1 and 2
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A trend existed of high soil moisture to the right of the model
with many quadrats with more than 50f% by weight of water in their soil
(Figure 18). Whereas to the extreme left of the model there were
quadrats of low moisture ceontent.

Soil organic content shows a similar distribution to soil moisture
(Figure 19).

Exchangeable celcium in the soil samples appeared to correlate with
the second principal component, the high values being restricted to the
lower quadrats on the model (Figure 20).

Three edaphic extremes are therefore recognisable on the model:

(i) calcareous, dry soils with little organic content.
(ii) calcareous, damp soils with little organic content.

(iii) soils relatively low in calcium and high in organic material.

Exchangeable potassium did not appsar to be a major factor contri-
buting to or at least assooiated with the floristic variation encountered
on the grid (Figure 21).

A few species showed a wide tolerance and were found over the
whole range of quadrats irrespective of the edaphic properties. These
species included Selaginella selaginoides and Potentilla erecta, however
most species were limited to particular quadrat groups, e.g. Tofieldia
pusilla and Sesleria caerulea (Figure 22).

Other species show & bimodality of occurrence with respect to this
particular model, Kobresia simpliciuscula occurring at both wet and dry
calcareous extremes,

This heterogeneous area therefore constituted a vegetational
continuum which could be correlated with certain environmental variables.
Further the distribution of species in this continuum was not continuous
and although certain species may have been restricted to certain portions

of the model, it was difficult to determine clustering of discrete units

of quadrats.



Pig, 18 Pattern of Soil Caloium on vegstational ordination
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Fige 1 Pattern of soil organic material on the vegetational
ordination
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Fig. 20 Pattern of soil exchangeable calcium on the

vegetational ordination
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Fig, 21 Pattern of exchangeable potassium on the
vegetational ordination
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Pig. 22 Distribution of Tofieldia pusilla and Sesleria

casrulea on the vegetational ordimation
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The quadrats were therefore classified into discrete functional
units more amenable to general description and consideration than the
wide range of variables of the lll-defined continuum using the

following methods.



B. CLASSIFICATION

Monothetic Divisive Procedures

These approaches were adopted first since each divisive step is
diagnosed by the presence or absence of a particular species and thus
provides a useful guide to delineation of the resultant groups.

(1) Group Analysis

Although a monothetic divisive procedure, this method attempts to
locate groups of coincident species. Species gregarity, not homogeneity,
is the main oriterion used, the species richness being assessed in
addition to floristic similarity (Crawford and Wishart 1967).

The floristic composition of the 8 clusters resulting from this
analysis is recorded in Table 3 where species occurring in more than
3% of a cluster are recorded. These groups will be considered in the
discussion.

The defining species of each cluster may be seen by referring to

Figure 23.

(i1) Association Analysis

Association analysis accepts heterogeneity as commonplace if not
universal, but is designed to abstract relatively homogenous groups by
an objective statistical technique. This predilection to produce homo-
geneous units may lead to overclassification (Gittins 1965). Crawford
and Wishart (1967) indicated that, where vegetation is changing rapidly,
much of it could be expected to be in a transitional state and this
process may find homogeneity where it does not exist and result in over

classif'ication.

Normal Analysis
This entails dividing the total quadrat assemblage in groups of

quadrats that are more homogeneous with regard to species content.

2
The jX: coefficient was used and Yate's correction, for small



CLUSTER 1

Carex panicea

Ctenidium molluscum
Carex lepidocarpa
Equisetum variegatum
Potentilla erecta
Euphrasia micranthas
Juncus artioculatus
Prunella vulgaris
Eriophorum angustifolium
Selaginella selaginoides
Festuca rubra
Pinguicula vulgaris
Sagina nodosa

CLUSTER 2

Linum cathartioum
Tortella tortuosa
Anthoxanthum odoratum
Cladonia arbuscula
Campanula rotundifolia
Selaginella selaginoides
Sesleria caerulea
Festuca ovina x
Carex caryophyllea
Thymus drucei
Potentilla erecta
Plantago maritima

CLUSTER

Thymus drueeil

Carex panicea
Potentilla erecta
Euphrasia miorantha
Fleurozium schreberi
Festuca ovina )
Selaginella selaginoides
Galium sterneri
Rhytidiadelphus loreus
Hylocomium splendens
Thuidium tamariseinum
Cladonia chlorophea
Equisetum arvense

TABLE 3
The floristio composition of clusters as segregated

by Group Analysis
(o species with a

esence of or more are listed)
% _presence

100 Cardamine pratensis
100 Primula farinosa
100 Eleocharis quinqueflora
100 Carex capillaris
100 Philonotis fontana
100 Plantago maritima
100 Tofieldia pusilla

95 Anthoxanthum odoratum
95 Thymus drucei

85 Kobresia simpliciuscula
81 Carex pulicaris

76 Linum catharticum

rAY Brgum pseudotriquetrun
100 Carex panicea
100 Galium stermeri
100 Gentiana verma
100 Fleurozium schreberi
100 Cornicularia aculeata
100 Kobresia simpliciuscula
100 Calluna vulgaris
100 Hylocomium splendens

80 Rhacomitrium lanuginosum
80 Cortraria islandica

80 Polytrichum commune

60 Viola canina

100 Carex capillaris
100 Carex pulicaris

100 Agrostis tenuis

100 Bellis perennis

100 Campanula rotundifolia
100 - Carex lepidocarpa
100 Prunslla vulgaris

100 Viola ocanina

66 Trifolium repens

66 Junous squarrosus

33 Calluna vulgaris

33 Dicranum scoparium

33

Z presence

62
62
52
52
52
LW
42
42
42
4,2
38
38
38

EEEEE6EE288388



CLUSTER 4

Carex panicea

Juncus artioculatus
Euphrasia micrantha
Selaginella selaginoides
Thymus drucel
Potentilla erecta

Eriophorum angustifolium

Prunella vulgaris
Festuca ovina

CLUSTER 5

Carex panicea

Euphrasia micrantha
Selaginella selaginoides
Thymus drucei

Potentilla erecta
Prunella vulgaris
Festuca ovina

Linum ocathartioum
Galium sterneri

CLUSTER 6

Festuca ovina

Potentilla erecta
Selaginella selaginoides
Cladonia arbuscula
Pleurozium schreberi
Galium saxatile

Calluna vulgaris

CLUSTER

Festuce ovina
Selaginella selaginoides
Anthoxanthum odoratum
Cladonia arbuscula
Potentilla ereota
Pleurozium schreberi
Campanula rotundifolia
Calluna vulgaris

& presence

100
100
100
100
100
100
85
85
85

100
100
100
91
91
66
66
50
50

100
91
91
5

75
66

66

100
100
100

87
75
[£]
5

Ctenidium molluscum
Carex lepidocarpa
Agrostis canina
Carex pulicaris
Galium sterneri
Carex capillaris
Bellis perennis
Festuca rubra

Carex lepidocarpa

Carex capillaris
Ctenidium molluscum
Viola canina

Eriophorum angustifolium
Calluna vulgaris
Kobresia simplieiusocula
Carex pulicaris
Rhacomitrium lanuginosum

Campanula rotundifolia
Agrostis tenuis
Rhytidiadelphus loreus
Thymus druceil
Sesleria caerulea
Carex panicea
Hylocomium splendens

Sesleria caerulea
Galium saxatile
Kobresia simpliciuscula
Koelerla cristata
Linum cathartiocum
Thymus drucei

Agrostis tenuis

Viola lutea

% presence

AS
71
71
57
517
57
42
42

33
35
33
33
33
33

58

58
50
35
33
33

50
37
37
57
37
37
57



CLUSTER 8

Carex panicea
Euphrasia miorantha
Selaginella selaginoides
Featueca ovina
Potentilla erecta
Pleurozium schreberi
Thymus drucei

Galium saxatile
Rhytidiadelphus loreus
Campanula rotundifolis
Polytrichum commune

z presence

100
100
100
100
100
100
100
83
66
50
50

Equisetum arvense
Calluna vulgaris
Agrostis tenuis
Prunella wvulgaris
Juncus squarrosus
Hylocemium splendens
Trifolium repens
Nardus stricta

Linum catharticum
Deschampsia caespitosa

% presence

50
50
50
33
33
35
33
33
33
33



Fig. 23 Group analysis dendrogram
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populations, was not considered necessary. The method follows that of
Williams and Lambert's (1959) but division was automatically terminated
at the eight cluster stage.

The hierarohical division stages of the normal association analysis
are illustrated together with their diagnostic species in Figure 24 and
the resultant clusters are tabulated in Table 4. These results will be

considered in the discussion.

Inverse Association Analysis

To complement the normal association analysis and to produce
doubly defined units an inverse association analysis was carried out on
the same basic data. The same termination procedure was adopted as for
the normal anslysis, that is division ceased after the definition of
eight clusters. Figure 25 illustrates these seven divisions of the
specles into eight species clusters,

The groups produced by association analysis were complete in them-
selves, but it is an inherent limitation of the method that it gives
little information about their relationships. Further details of the
relationships between the groups obtained by normal and inverse analysis
were obtained from a two-way table relating quadrat clusters to species
cluster. Table 5 is composed of cells derived horizontally by sets of
species delimited by the inverse analysis and vertically by groups of
quadrats derived by normal analysis., (see sleeve for Table 5).

The cells themselves could then be identified directly by the
reference letters and numbers of their definitive spescies and quadrats.
These cells are entities in their own right and form the basis of a new

and modified matrix which will be considered later.



TABLE L

The floristio composition of clusters as segregated
by Normal Association Analysis

(o species with & presence of

CLUSTER 1

Carex lepidocarpa
Prunella wvulgaris
Ctonidium molluscum
Carex panioea

Potentilla erecta
Eriophorum angustifolium
Euphrasia micrantha
Pinguiocula vulgaris
Festuca rubra

Equisetum variegatum
Juncus articulatus
Selaginella selaginoides

CLUSTER 2

Festueca ovina
Campanula rotundifolia
Selaginella selaginoides
Carex panicea

Cladonia arbuscula
Sesleria ocaerulila
Thymus drucei

Linum catharticum
Potentilla erecta
Galium sterneri
Pleurozium schreberi
FPlantago maritima
Carex caryophyllea

CLUSTER

Sesleria caerulea
Thymus drucei

Festuca ovina

Carex panicea
Selaginella selaginoides
Kobresia simplioiuscula
Euphrasia micrantha

Rhacomitrium lanuginosum -

Linun catharticum
Viola canina

ggccurrence

100
100
100
100
100
100
100
100

b

9

U
a1

100
100
100
100
100
100
100
100

72

72
57

100

100
100
100
100
80
80
80
60

ﬁ occurrence
Sagina nodosa 75
Primula farinosa 69
Eleocharis quingueflora 69
Plantago maritima 56
Tofieldia pusilla 56
Cardamine pratensis 56
Agrostis canina 50
Kobresia simpliciuscula 50
Philonotis fontana 4
Brijum pseudotriquetrum 38
Carex capillaris 38
Anthoxanthum odoratum 38
Tortella tortuosa 57
Calluna vulgaris 57
Anthoxanthum odoratum 57
Gentiana vernma 57
Kobresia simpliciuscula 57
Polytrichum commune 57
Hylocomium splendens 57
Euphrasia micrantha 43
Cornicularia aculeata 43
Viola canina 43
Galium saxatile 43
Rhacomitrium lanuginosum 43
Gentiana verna 60
Heliathemum chamaeocistus 60
Anthoxanthum odoratum 60
Carex caryophyllea 60
Prunella wulgaris 40
Carex lepidocarpa 40
Galium sterneri L0
Nardus stricta 40
Calluna vulgaris 40

or more are listed)



CLUSTER L

Thymus drucei

Carex panicea
Selaginella selaginoides
Potentilla erecta
Festuea ovina

Euphrasia micrantha
Agrostis tenuis

Rhytidiadelphus squarrosus

Pleurozium schreberi
Hylocomium splendens

CLUSTER

Potentilla erecta

Carex panicea

Eriophorum angustifolium
Selaginella selaginoides
-Buphrasia micrantha
Prunella vulgaris
Ctenidium molluscum
Thymus drucei

Carex lepidocarpa
Junocus articulatus

Carex capillaris
Agrostis ocanina

CLUSTER

Carex capillaris
Carex panicea
Carex lepidocarpa
BEuphrasia micrantha
Potentilla erecta
Ctenidium mollusoum
Thymus drucei
Selaginella selaginoides
Kobresia simpliociuscula
Linum catharticum
Prunella wvulgaris
Sagina nodosa
Tofieldla pusilla
B pseudotriquetrum
gulicula vulgaris
Plantago maritima
Junocus articulatus

occurrence

100
100
100

100

68
68
68

58

100
100
100

100
93

93
86

72
72

Equisetum arvense
Galium saxatile
Galium stermeri
Junous squarrosus
Viola ocanina

Prunella vulgaris
Campanula rotundifolia
Carex capillaris

Carex pulicaris
Galium sterneri
Cardamine pratensis
Equisetum variegatum
Festuca rubra
Sagina nodosa
Bellis perennis
Peltigera apthosa
Festuca ovina
Philonotis fontana
Linum ocathartiocum

Carex pulicaris
Festuca rubra

Juncus triglumis
Riccardia pinguis
Cardamine pratensis
Tortella tortuosa
Hypnum cupressifiorme
Cirsium palustre
Equisetum variegatum
Pseudoscleropodium purum
Campanula rotundifolia
Calluna vulgaris
Bellis perennis
Rhytidiadelphus loreus
Pleurozium schreberi
Festuca ovina

gccurrence

53
7
&7
7
37
37
37
37

50
50
50
50
50
50
50
50
50
50
50

50
50
50
50



CLUSTER 8

Festuoca ovina
Selaginella selaginoides
Pleurozium schreberi
Cladonia arbusocula
Calluna wvulgaris
Potentilla erecta
Campanula rotundifolia

CLUSTER 6

Sesleria caerulea
Cladonia arbuscula
Festuca ovina

Linum catharticum
Potentilla erecta
Kobresia simpliciuscula
Anthoxanthum odoratum
Selaginella selaginoides
Galium sterneri

oocurrence

100
100

100
100

83

100
100
100
100
100
80
80
80
60

Galium saxatile
Agrostis tenuis
Rhytidiadelphus loreus
Koeleria oristata
Anthoxanthum odoratum
Hylocomium splendens

Campanula rotundifolia
Pleurozium schrebexri
Calluna vulgaris
Gentliana verma
Tortella tortuosa
Thymus drucei

Carex caryophyllea
Certraria islandica

occurrence

5
58
50
42
42
33

60
60
60

133333



Fig. 24 Normal assoclation analysis dendrogran
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« 2 Inverse association analysis dendrogram
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C. POLYTHETIC AGGLOMERATIVE METHODS

(1) Ward's Hierarchic Fusion Method

In the analysis of the grid data using this method (Wishart 1969)
there were initially 80 clustegs each representing a single quadrat.

In each of (80-1) fusion steps those two clusters which were most
similar were fused.

The initial measurement of 'similarity' betwsen the quadrats was
‘derived from a coefficient of squared Fuclidean distance. Each quadrat
was represented by a point in an 89 dimensional Buclidean space (there
were 89 attributes or species) whose co-ordinates were the values of the
89 variables. The Buoclidean distance between any two points is an
acocepted measure of the similarity between those two points (quadrats).

The 79 fusion steps are illustrated in Figure 26. A computer
printout of the eight ocluster stage was obtained but these groups are
not reproduced here as they were submitted to a refining procedure,

"Iterative Relocation".

(1i) Iterative Relocation Procedure (Wishart 1969)

The eight clusters derived from the Ward's analysis were used as
the starting point.

During one relocation scan each quadrat was considered in turn and
its affinity with each of the eight clusters was computed. Where the
similarity between a quadrat and its parent cluster was not so great as
the similarity between that quadrat and an adjacent cluster, then the
program moved that quadrat to the new cluster. The centroids of the two
clusters involved were recaloulated to allow for this change.

The population was repeatedly scanned until no quadrats were
relocated during one full scan, at which stage a local optimum for the
elight clusters had been obtained.

To compensate for the possibility of overclassification, i.e. the



Pig. 26 Ward's Hierarchic Fusion Method dendrogram
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eight clusters may have been an oversensitive result not necessarily
meaningful in an ecological context, a fusion procedure for the cluéters
was adopted using the iterative relocation program.

The similarities were computed between all pairs of clusters and
those two which were the most similar were fused, thereby reducing the
classification to seven olusters.

The relocation phase was repeated, and a local optimum for the
seven oclusters was obtained. These fusion and relocation phases were
repeated until only one cluster remained.

Computer printouts were obtained listing the species composition

of the clusters at each local optimum. These will be discussed later.
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D. DISCUSSION OF RESULTS OF ANALYSIS

The grid has been examined by a variety of methods. It remains

to test the validity of the clusters derived from these methods.

(i) Comparison of Cluster Analysés Results

Initially the clusters derived from the various analyses were
compared on theoretical grounds alone before consideration of the
ecological and sociological implications,

The relationships between the clusters derived from different
analyses were simply demonstrated by a consideretion of the quadrats
that composed the respective clusters. Matrices were constructed that
indicated how the quadrats contained within each cluster of one analysis
compared with those delimited in another.

In no case did clusters derived from the normal association analysis
coincide exactly with that obtained from the group analysis (Figure 27).
Although both methods are monothetic divisive procedures the group
analysis tends to form groups of wider ecological amplitude than the
relatively homogenseous units derived from association analysis.

There was a greater similarity between the groups obtained by the
two polythetic agglomerative procedures even though one method (Figure 28)
was based on a measure of interstand distance and the other was a method
of delimitating spheroid clusters.

The correspondence between the association analysis and the results
of the iterative relocation procedure was closer than that between the
two divisive methods but not as close as the similarities of the results
from the two agglomerative methods (Figure 29).

The arrangements of the groups of quadrats on the ground map of
the grid show the fragmentary nature of the group analysis clusters as
compared to the more extensive quadrat groups shown by the association

analysis (Figure 30) and the relocation 8 cluster stage (Figure 31).



Fig, 27 Relationships between the Clusters derived from
Normal Association Analysis and Group Analysis in
terms of common quadrats

GROUP ANALYSIS

CLUSTER
NO. 1l 4 3 5 6 7 2 8
1 15 1
5 5 6 3
7 1 1
NORMAL
ASSOCIATION 2 1 2 1l 2
ANALYSIS
4 7 4 3 5
8 7 5
6 1 2 2
3 3 1 1

Fig. 28 Relationship between the Clusters derived from the
Iterative Relocation Procedure and Ward's Method in
terms of common quadrats

RELOCATION
CLUSTER
NO. 1 2 3 4 5 6 7 8
1 11
2 1 12
3 6
WARD'S 4 A 1
METHOD
5 1 1
6 8 2
7 n
8 1 3



Fig. 29 Relationship between the Clusters derived from the
Iterative Relocation Procedure and Normal Assoeiation
Analysis in terms of common quadrats

RELOCATION
CLUSTER
NO. 1 2 3 L, 5 6 7 8
1 12
5 7 6 1
2 1 1
NORMAL IN 5 1
ASSOCIATION
ANALYSIS 3 2 3
7 3 4
8 12
6 2 3



Fig,

0

The arrangement of the gquadrat groups derived from

Group Analysis and Association Analysis on the grid ma
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Pig. 31 The arrangement of the quadrat groups derived
from Relocation after Ward's Analysis
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The above analysis gave an indication as to the relative similarities
between the results of the various methods, but gave no indication of
the definition of each cluster. Definition, in this context, is taken
to imply a combination of two factors. The first pertains to the
insularity of each cluster. What is the degree of overlap if any with
other groups? The second is a reflection of the range of variation
encountered within each group, the within group heterogeneity.

Crawford and Wishart (1968) have desoribed a means of representing
the variance both within and between the terminal groups by an ordination
procedure.

The principal components analysis as previously described was used
as a base graph. The points on that graph which correspond to those
quadrats of a particular group or cluster can be compared with the points
obtained from another group, since the within group heterogeneity and
between group homogeneity is demonstrated by the spread and affinity of
the points. This may be shown symbollcally by plotting a circle for each
group whose centre is the mean position of the:group's points and the
radius the standard deviation of the points' radii from the group mean.
It follows that providing the efficiency ratio is reasonably high, the
size of each circle provides an indication of the heterogeneity of the
corresponding group while the distance between circles shows the groups'
mutual homogeneity.

The efficiency ratio is equivalent to the percentage of variance
which is explained by the plane of the graph. In the principal components
analysis, the first two axes accounted for 25% of the variance, a not
unusual level in vegetation analyses, indicating that the plane of the
grapﬁ is a suitable bass.

It follows that the smaller the diameter of each group's cirecle and
the greater the distance separating them, the better the classification.

A program was used (Wishart 1969) that enabled direct plotting by |
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computer with the use of an on-line digital plotter.

The eight clusters produced by each of the classificatory
techniques were put to this form of eanalysis and the resultant graphs
are represented in Figures 32 and 33. Each cluster is diagnosed
acocording to its original reference number.

When the normal assoclation analysis clusters are compared with
the group analysis clusters it becomes apparent that the variation
between the groups is maximised (distance between circles) and the
variation within the groups minimised (radii of circles) in the former,
while the latter presents a view of a more diffuse conglomeration of
groupse

The superiority of the polythetic agglomerative techniques becomes
apparent when Figure 33 is examined. Ward's method showed eight groups
with minimum within group variation end maximum between group variation,
indicating a good classification.

The relocation procedure, although producing a more exacting classi-
fication from a theoretical point of view, did not approach the clarity
of the Ward's method groups when illustrated on the plane between
principal components one and two.

The progressive resolution of the eight relocated clusters during
the agglomerative procedure from the six cluster stage to the four
cluster stage is illustrated in Pigure 3.

It is apparent that at the three cluster stage the variation
between groups 1is maximised and from a genetic point of view three main
types of vegetation are concerned, clusters 1, 4 and the fusion product
of 6 and 7. However at this stage the variation within each group is
maximised as indicated by large diameter circles and in fact a reasonable
compromise is attained in the six cluster relocation phase where there
are three pairs of clusters, each cluster with minimum internal variation,

but each pair relatively disjunct from its neighbours.






Fig. 22 Ordination of groups obtained by Normal Association
Analysis and Group Analysis
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Pig. 33 Oxrdination of groups obtained by Normal
Assoociation A sis and Relocation
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Fig. 34 Ordination of groups obtained by Relocation
(6 Cluster and 4 Cluster)
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On the above criteria alone it would appear that the six cluster
relocation phase is the optimal solution to the classification of the
grid in terms of discrete homogeneous groups of quadrats. However the
normal association analysis eight cluster stage did not present an
incoherent picture and the two-way table derived from both the normal
and inverse analysis provides an equally powerful classification with
the added advantage that each of its units is distinguished by a

characteristic species and quadrat.

The 6 Clusters derived by Iterative Relocation

Each quadrat was identified by a cluster code and the resultant
locations of the clusters of gquadrats on the first two principal compo-
nent axes is shown (Fig. 35).

The three different symbols in Fig. 35 represent the groups at the
three cluster stage. The differential shading within each group of
symbols serves to separate the pairs of clusters that subsequently fused
at the three cluster stage.

Each cluster of the.six olusters (Table 6) in turn will be con-
sidered in terms of its biotic and abiotic characteristics. Short notes
are added indicating the general synsystematic affinities of these groups.
The comparisons with the continental phytosociological groups are
tentative only as (a) the methods used were not those standard continental
phytosociological practice (Braun Blanquet 1964) and (b) the phytosocio-
logiocal nomenclature is generally derived from the deseription of
assoclations from the European mainland and phytogeographical diffeerences

on particular communities no doubt occur across its range.

Cluster 1
The eleven quadrats of this group were characterised by a wetland
flora, having high percentage occurrences of Eriophorum angustifolium,

Juncus articulatus, Eleocharis quinqueflora and Pinguioula vulgaris.




Fig. 35 Ordination and map of the component guadrats of
the 6 Clusters derived by Relocation
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TABLE 6

The floristic composition of clusters at the six cluster
stage as segregated by the Iterative Relocation Procedure

CLUSTER 1 . & ogcurrence % occurrence
Carex lepidocarpa 100 Anthoxanthum odoratum 50
Prunella vulgaris 100 Br pseudotriquetrum 42
Ctenidium molluscum 100 lia epiphylla 42
Carex panicea 100 Philonotis fontana 33
Potentilla erecta 100  Leontodon hispidus “swu rian.: 25
Eriophorum angustifolium 100  Junocus triglumis "F .25
Euphrasia micrantha 100 Carex capillaris 25
Festuca rubra 100 Deschampsia caespitosa 17
Equisetum variegatum 100 Plantago lanceolata 17
Juncus artioculatus 100 Linum cathartioum 17
Pinguicula vulgaris 100 Rumex acetosella 17
Eleocharis quinqueflora 92 Thymus drucei 17
Sagina nodosa 83 Ricoardia multifida 17
Selaginella selaginoides 75 Carex pulicaris 17
Kobresia simpliciuscula 67 Preissia quadrata 8
Plantago maritima 67 Lophocolea bidentata 8
Primula farinosa 67 Bellis perennis 8
Tofieldia pusilla 58 Junous squarrosus 8
Cardamine pratensis 50 Carex echinata 8
Agrostis canina 50 Rhacomitrium lanuginosum 8
CLUSTER 2

Carex panicea - 100 Sagina nodosa : 50
Ctenidium molluscum 100 Bellis perennis 50
Selaginella selaginoides 100 Philonotis fontana 45
Euphrasia miocrantha 100 Linum catharticum 45
Potentilla ereota 100 Galium stermeri 39
Eriophorum angustifiolium 95 Carex echinata 33
Prunella vulgaris 89 Tofieldia pusilla 33
Thymus drucei 83 Pinguicula vulgaris 28
Carex lepidocarpa 83 Primala farinosa 28
Juncus artioulatus 78 Plantago maritima 28
Carex capillaris 78 Peltigera apthosa 28
Carex pulicaris 72 Festuca ovina 22
Agrostis canina 61 Pleurozium schreberi 17
Equisetum variegatum 61 Juncus squarrosus 17
Cardamine pratensis 56 Carex dioica 17
Festuca rubra 56 Brium pseudotriquetrum 17
Ricocardia pinguis 17 Lebntodon hispidaia iwaalabey 6
Juncus triglumis 17 Preissia quadrata 6
Anthoxanthum odoratum 17 Kobresia simplioiuscula 6
Riccardia multifida 1n Dicranum bonjeani 6
Ranunculus acris 11 Rhacomitrium lanuginosum 6
Deschampsia ceespitosa 11 Lotus corniculatus 6
Carex nigra 11 Rhytidiadelphus loreus 6
Cladonia chlorophea 1 Eurdmchium prolongem 6
Calluna vulgaris 1 Hylocomium splendens 6
Nardus stricta 6 Fissidens adianthoides 6



CLUSTER 4
Thymus drucei

Festuoa ovina
Euphrasia miorantha
Selaginella selaginoides
Carex panicea
Potentilla erecta
Carex lepildocarpa
Prunella wulgaris
Carex capillaris
Galium sterneri
Pleurozium schreberi
Campanula rotundifelia
Carex pulicaris
Trifolium repens

Rhacomitrium lanuginosum -

Rhytidiadelphus loreus
Nardus striocta
Thuidium tamariscinum
Agrostis tenuis
Calluna vulgaris
Bellis perennis
Kobresia simpliciuscula
Cardamine pratense
Ctenidium molluscum
Ranunculus aoris

CLUSTER 5

Thymus drucel

Festuca ovina
Selaginella selaginoides
Carex panicea
Potentilla ereota
Rhytidiadelphus loreus
Agrostis tenuis
Euphrasia miorantha
Pleurozium schreberi
Juncus squarrosus
Hylocomium splendens
Galium saxatile-
Equisetum arvense
Viola ogn-jna X TITARY RV.N N
Campanula rotundifolia
Galiunm sterneri
Cladonia chlorophea
Trifolium repens

0QCUrTence

100 Hypnum oupressiforme
100 Gentiana verma
100 Linum cathartioum
100 Carex dioica
100 Viola canina tww.cora/ s )
100 Equisetum arvense

89 Sesleria caerulea

89 Hylocomium splendens

78 Plantago lanceolata

67  Plantago maritima

45  Lycopodium clavatum = . '¢w=
45 Agrostis canina

33 Galium saxatile

33 Leontodon hispida ~=w*w- >
33 Tortella tortuosa

33 Philonotis fontana

33 Brjum pseudotriquetrum
33  Cirsium gisseotum ? “,uiiil.
33 Psoudoscleropodium purum
33 Eriophorum angustifiolium
33 Juncus articulatus

33 Cladonia chlorophea

22 Polytrichum commune

22 Primula farinosa

22
100 Bellis perennis
100 Polytrichum commune

100 Calluna vulgaris
100 Prunella vulgaris -

100 Thuidium tamariscinum

86 Hypnum ocupressiforme

e Carex capillaris

79 Botrychium lunaria

72 Linum catharticum

64 Deschampsia caespitosa
64 Pseudosoleropodium purum
57 Carex pulicaris

57 Plantago maritima

43 Nardus stricta

36 Dioranum bonjeani

36 Carex dioica

36 Certraria islandica

29 .

ocourrence

22
22
22
22
22
22
22
22
11
1l
11
11l
11
11
11
11l
11
11
11
11
11l
11
11
11

~~~~~FFEFRE



CLUSTER 6

Festuca ovina

Sesleria caerulea
Linum catharticum
Selaginella selaginoides
Thymus drucei

Cladonia arbuscula
Anthoxanthum odoratum
Potentilla erecta
Campanula rotundifolia
Kobresia simpliciuscula
Carex panicea

Galium sterneri

Carex caryophyllea
Gentiana verna

Calluna vulgaris
Pleurozium schreberi
Tortella tortuosa
Rhacomitrium lamuginosum
Plantago maritima

viola e,an'ina F \J‘| (2N '\(L-.\ [AY
Polytrichum commune
Buphrasla micrantha
Certraria islandica

CLUSTER 7

Festuca ovina
Selaginella selaginoides
Pleurozium schreberi
Cladonia arbuscula
Calluna vulgaris
Potentilla erecta
Campanula rotundifolia
Galium saxatile
Agrostis tenuis
Rhytidiadelphus loreus
Koeleria cristata
Anthoxanthum odoratum
Hylocomium splendens
Sesleria caerulea
Polytrichum commune

100
100
100
93
80
80
3
[£]
13
4]
67
60
60
53

53

53
47
47
40
40
33
33
27

100
100
100
100
100
100
84
&
58
50

33
25
25

OCCUrrancs

Hylocomium splendens
Galium saxatile
Trifolium repens
Cornicularia aculeata
Agrostis tenuis
Prunella vulgaris
Polygala ajdmara
Hieraclium pilosella
Luzula sylvatica
Rhytidiadelphus loreus
Carex pulicaris
Pinguicula vulgaris
Carex ocapillaris
Ditrichum flexicaule
Plantago lanceolata
Primula farinosa

Junocus articulatus
Galium boreale

Preissla quadrata

Bellis perennis
Gentianella amarella
Helianthemum chamaegistus
Deschampsia caeSpitésaf

Viola lutea

Thymus druocei
Dicranum scoparium
Hypnum oupressiforme
Galium sterneri
Polygala serpiflifolia
Empetrum

Luzula sylvatica
Carex caryophyllea
Helianthemum chamaecistus
Gentiana verna ’
Gentianslla amarella
Thuidium tamariscinum
Trifolium repens

’,-_g,lﬁf [ ~ I

o _oceurrence

27
27
20
20
13
135
13
15
13
13
135

~J
N NN N N N N N NN

0o 00 0 0o 00 00 0o 0o



The rarities were well represented in this cluster not only in
terms of numbers of species but also their frequency of occurrence.
These included Bquisetum variesgatum (occurring in 100% of quadrats),
Kobresia simpliciuscula (67%), Plantago maritima (67%), Primula farinosa
(67%), Tofieldia pusilla (58%), Juncus triglumis (25%) and Carex
capillaris (25%).

These quadrats were located at the lowest end of the grid and,
being nearest the sike, were subjected to periodic and intense flooding
which removed much of the organic material from the "soil" and deposited
calcareous gravels in its place. This effect is shown by referring to
the grid map of Exchangeable Calcium (Fig. 36) and organic material
(Pig. 37).

Synsystematically the vegetation of these quadrats appeared to be

related to the Class Eriophorium Latifolii. Class characters present

were Eriophorum angustifolium and in the immediate vicinity in the same
community but not on the grid Trig;oohin palustre and Drepanocladus
revolvens.

Within this Class the vegetation could be further related to the

Order Tofieldietalia, Preisg. apud Oberd. 49. by the presence of

Equisetum variegatum, Carex capillaris and nearby Juncus alpino-articulatus

and Scorpidium scorpiocdes. The high presence of Carex lepidocarpa, Eleocharis
uinqueflora, Primula farinosa and Selaginella selaginoides enabled this

group to be referred to the Alliance Caricion Davallianae Klika 34.

This sedge marsh group also contains such species as Rumex acetosells,
Deschampsia caespitosa, Cardamine pratensis, Festuca rubra, Leontodon
k hispidus and Prunella vulgaris. These species are indicative of the Class

Molinlo-Arrhenatheretea, Tx. 37, but many other character species of this

grassland class are absent.



Fig. 36 Distribution of Exchangeable Calcium on grid
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Fig. 37 Distribution of organic material in soil on grid
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Cluster 2

The same wetland species as in the previous cluster occur in this
group of 19 quadrats though the frequency of their occurrenbe.is
generally lower. More grassland species were found in this group,
Festuca ovina and Rhytidiadelphus loreus.

The rarities present in Cluster 1 were all present in this cluster.
All had lower frequencies of occurrence with the exception of Carex
capillaris.

The synsystematios were as for cluster 1, but the affinity to the

Class Molindo-Arrhenatheretea was developed further as witnessed by the

introduction of the above Bryophytse.
This group was further from the scouring end flushing effects of
the sike and organic material has acoumulated in the soil (up to 80%)
and exchangeable Calcium reduced to between 0.1 and 0.2 meq/100 ce soil.
The higher organic content of the soil resulted in a high water retention

as illustrated in Fig. 38.

Cluster 4
This cluster of eight quadrats shows a further reduction in the

character species of the Tofieldietalia and an increase in the importance

of species which typify group 5 below.

Rarities present include Carexcapillaris, Kobresia simpliciuscula,
Gentiana verna and Plantago maritima,

This group's soil samples indicated a lower calcium level (less
than 0.1 meq Ca/100 cc soil) than the preceding group and also a reduction

in organiec content.

Cluster 5

This cluster of 15 quadrats contained few rarities, only Carex

capillaris and Flantago maritima.



Fig., 38 Distribution of soil water "under normal epnditions"

on grid






This vegetation was referable to the Nardo-Gallion Preisg. 49.

This vegetation was typified by the Class characters of the Nardo-
(Oberd:iS) Preisg. 49, namely Potentilla erecta, Nardus stricta and
Botrychium lunaria. The Alliance character species present were
Polygala serpylifolia, Viola canina, Galium saxatile, Juncus squarrosus
and Thymus drucei.

Exchangeable calcium levels were relatively low in this group (less
than O,1 meq per 100 cc coil) with variable organic content.

This grades into the heath vegetation of cluster 7.

Cluster 7

The iegetation of this area appeared very heterogeneous but was
referable to the Vaccinium myrtillus heath described by Bridgewater
(1970), as typical of Northern Britain and Upland Wales.

The only rarity present was Gentiana verna and this with only low
frequenoy.

This dwarf shrub heath graded away into Cluster type 6.

Cluster 6

This collection of quadrats was located on steep slopes of friable
sugar limestone outcrops and was characterised by high exchangeable
Caloium (greater than 0.30 meq/100 cc soil) and low organic content
(less than 20%). Where the surface mat of vegetation was damaged due
to trampling considerable wind erosion had occurred.

This sugar limestone grassland was rich in the rarities. These
included Kobresia simpliciuscula, Gentiana verna, Flantago maritima,
Carex capillaris and Primula farinosa.

This vegetation was typical of the association Seslerio-Caricetum

Pulicarii Shimwell 1969.

The association was comparatively poor in character species of the
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Seslerio Mesobromium due partly to the gregarity of Sesleria caerulea.

Only Helianthemum chamaeéigtus was present on the grid and Poterium
sanguisorba and Helictotrichon pratense were found in
vegetation nearby.

Caricetum pulicerii lyling between the southern lowland grasslands of the

Festuco-Brometea Br. Bl. & R. Tx. 43 and the arctic-alpine grasslands of

the Elyno-Seslerietea Br. Bl. 48. This association described for Upper

Teesdale by Shimwell would appear to be a boundary or contact: zone.
This overall boundary nature of the vegetation of Upper Teesdale may
explain the abundance of such species as Tofieldia pusilla and Kobresia
simpliciuscula in pure associations (sensue Br. Bl.) including examples

such as the Seslerio-Caricetum Pulicarii. That is a large scale example

of a boundary complex of vegetation types fluctuating with changes in
macro and micro climate - a constantly varying complex, unstable in

detailed pattern but stable in overall makeﬁp, and approximating to a
large scale "limes divergens" situation in which many rare plents and

rare combinations of plants may be expected (V. Leeuwan 1965).

Y
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Two-Way Table ‘Table ﬁl —

The two-way tables derived from the Association analysis produced
groups broadly compatible with those obtained by the relocation prodedure.
The remarks made above regarding those groups of the latter procedure
are pertinent when considering the groups derived from normal association
analysis.

The main feature of interest in the two-way table is the Quadrat/
Species nodum 3D which is found in a midway position between the two main
end types of vegetation depiocted in the table as noda 1C, 5C and 6B, 8B,
4B, 6E, 8E, L4E.

This 3D node together with the other assembled species in Quadrat

group 3 is synonymous with the sugar limestone grassland Cluster No. 6
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depicted in the Relocation Procedure.

Not only does this community represent a phytosociological
geographical boundary (see above) but it also represents a local boundary
community in its own right.

This community must not be confused with the limes convergens
boundary types previously described. This community was not a spatial
transition zone but formed a homogeneous assoolation type in its own

right, the Seslerio-Caricetum Pulicarii Shimwell 1969.

Summary

An area was selected which covered much of the immediately visible
range.of variation of the vegetation in the Cow Green area of Upper
Teesdale. This area included both types of boundary situations as
determined in Section I.

The area was comprehensively gridded using 2 x 2 m quadrats, each
of which was used as a basic vegetetion unit.

Various agglomerative and divisive techniques of vegetation were
applied. The most "convenient" classification was supplied by the six
cluster stage of an iterative relocation procedure derived from the
eight clusters obtained by Ward's agglomerative method.

These six olusters, however, formed a continuum of vegetation
variation as witnessed by the prinecipal components ordination, and
appeared to be correlated with certain edaphic factors, notably
exchangeable calcium.

This study was based on a restricted site but the analyses produced
units which had affinities with certain synsystematic groups as described
by the Zurich-Montpellier school .. phytosociology.

However, as the two—r-y table from association analysis and the
P.C.A. showed, £here was a complete range of variation. It could be
argued that the intermingling is simply a result from the coarse sampling

teochnique, i.e. the size and regular shape of the samples.
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The original boundary analysis, howevér, was taken from small
25 x 25 om quadrats and nodal analysis produced relatively similar
floristic units even though 64 of these small sampling units would
nest in a single 2 x 2 metre quadrat, use@ in the main study.

It is therefore concluded that the area under investigation
represented a complex admixture of vegetation types in an area where
edaphic factofs preclude the domination of any one type.

Two main extremes of floristic variation represented by Clusters
1 and 6 (Reloc.) were recognised that held large numbers of rare species.
These were the communitiessof the friable sugar limestone skeletal soils;
the one subjected to extensive wind erosion, whilst the other was
vigorously flushed.

These two independent erosive phenomena precluded the complete
development of plant cover over all of the quadrats in which these two
communities were found.

The persistence of the rare species, which are considered to be
intolerant of competition, within the base areas is easily understood.
They represent habitats, albeit severe, which are open to colonisation
by any orgenism which can gain and maintain a foothold under the
prevailing ecological restraints.

The frequency of occurrence of the rarities in the closed areas
within these two communities must be accounted for. To investigate this
phenomenon more fully, those areas of quadrats in Clusters 1 and 6 with
complete vegetation cover were selected to form the basis of the
following production study. To afford a local comparison, the grassland
of Cluster 5 was also analysed.

The sedge-marsh site represented by Cluster 1 was particularly rich
in rare species. To investigate the role of interspecific competition
and interference in the survival of these rarities, two further sites

were selected. These represented a trend of increasing standing crop as
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followss~
(i) Cluster 1 quadrats; with low standing crop and exposed
tracts of ground.
(ii) Lower Slapestone Sike; sedge-marsh providing complete
ground cover.
(iii) Nameless/Red Sike; sedge-marsh providing a very dense

sward of sedge-marsh species.



PART IV

PRODUCTION STUDIES




IHE SITES

The five sites selected for production studies were:-

l. Upper Slapestone Sike, Tofieldietalia.

2. Lower Slapestone Sike, Tofieldetalia-Molinio Arrhen-

atheratea.

3 Nameless/hed Sike, Tofieldetalia-Molinio Arrhenatheratea.

4. Upper Slapestone Siks, Nardo Gallion.

5. Upper Slapestone Sike, Seslerietalia.

)

Sites 1, 4 & 5 (Plate V) correspond closely to the groups 1, 5, 6
by the Relocation procedure at the 6 cluster stage, as desoribed in the
previous section of the thesis.

Sites 1, 2 & 3 represent stages in a sedge marsh continuum,
progressing from Sife 1, with very little organic soil material, through
Site 2 to Site 3 (PlateVI), where the soil is composed almost entirely
of organio materiai. These three wetland sites ultimately provided a
good basis for comparison of the effects of differing productivity and
differential performance of the Teesdale rarities.

Not only were the sites required to be large enough to contain all
the key elements of the vegetation, but also they were required to be of
a sufficient area to enable continual destructive cropping of plots
within the sites tﬁroughout the period of the study.

In view of the relatively limited nature of certain of the study
areas, the destruotive oropping had to be restricted, and methods
developed that enabled the maximum information to be gained from minimal
disturbance.

The efficient usage of limited areas to be investigated was of
importance. Newb%}d (1967) has suggested a schems for woodland work,

and a similar approach to site layout has been adopted.



PLATE V Upper Slapestone Production Study Area
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The measurement area was the area in which vegetation and roots
wore harvested. Each measurement area was surrounded by a buffer area
which was subjected to as little disturbance as possible. Exclosures
were erescted to prevent the grazing and trampling of the vegetation of

the measurement areas by large herbivores such as sheep.
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THE HARVEST METHOD

The harvest method adopted required the measurement of standing
crop at time intervals and in these grazed situations this involved
the protection of the accumulated growth from sheep, to prevent an
under-estimate of net primary production. However, the exclusion of
these grazing animals imposes a different set of environmental conditions
on the community which could affect the net primary production. Since
it was obviouély necessary to exoclude large grazing animals, this effect
had to be accepted.

The effect of cages has been reported as raising the dry matter
production by more than 10% (Miléi/;,& Hughes 1968). Not only may this
effect by attributed to reduction in wind velooity, increased humidity,
and lowered transpiration rate, but also to the removal of the effect of
soil compaction by grazing aotion.

The exclosures were oonstrudted of galvanized wire netting (
supported at intervals by angle iron standards.

The netting was pegged to the ground to prevent sheep from forcing
up the wire. These@ exclosures proved adequate for the short (
duration of the s_tudy- period, although at the beginning of each season
damage caused by drifting snow had to be repaired.

Galvanized wire netting can give rise ;bo ginc toxleity or contami-
nation of the herbage (Mi‘f\;e\,‘& Hughes 1968). Consequently the exclosures
were made larger than woult:l. have been necessary with a non galvanized
superstruocture so as to minimise possible edge effects due to this factor.

The net primary production was theoretically not difficult to
determine. The weight of herbage produced within the exclosure was the
difference between the biomass at the commsncement of the season, and at
the end of it. This figure did not inolude primary production channelled
into invertebrate and small vertebrate herbivores, nor did it include

dead material.
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In practice the determination of the net primary production was
complicated by several factors not necessarily limited to Teesdale.

The cropping area may be oonside_red homogenous according to species
abundance criteria, but in terms of biomass content the standing crop
may vary ':'gr_eatly. To avoid complications caused by the small scale
agglomeration of certain species the classical methods of cropping unit
areas of vegetation, which require homogeneity, not only of species
occurrence but also of biomass, were not considered applicable.

As previously stated, the net primary production per unit area
provides a measure of the total primary production of each species within
that area. The net primary production of each species is a function of
the product of the number of individuals within the area and the mean
increase of their individual weights.

The choice of sample size and shape to be harvested was subject to
two main considerations. These were the necesasity of obtaining an
acceptable level of acouracy in determining the standing crop of the
study area; and the practicability of harvesting the sample required.

In most studies, the time required in the field to clip the sample
plots and for laboratory sorting, is the limiting factor which determines
the number clipped and hence the accuracy of the estimate. Consequently
a ocompromise was required between accuracy and the time available for
field sampling and plant sorting.

This diffioculty was overocoms in part by the removal of turfs of the
required size, with vegetation in situ, and transporting the ocomplete
turfs in large polythene bags to the laboratory. Here the vegetation
could be removed in a more favourable environment. The turfs were stored
in a dark room at 4°c, and the vegetation removed as soon as possible

after cropping.
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Traditionally large numbers of square sample plots are cropped,
to keep variance at a minimum. However, a balance had to be struck
between the possible lower varlance of a large number of small plots,
and the increased edge effects that will occur.

These difficulties were overcome by cropping on & unit plant
individual basis as opposed to a unit ai-ea approach as is the normal
procedure,.

In general, variability between plots randomly distributed over
an area of sedge marsh proved high, and emphasis was placed on finding

apparently homogenous areas for study.

Single species individual inecrement cropping
This method depended on determining the standing crop of the

"mean individual" of each species at each site, and simultaneously,
determining the number of individuals of that species per unit area for
each site.

The product of the mean individual standing crop and the density
of individuals for that site gives a measure of the standing crop of
that species per unit area.

Although this 1s theoretically a simple procedure, practical
difficulties became apparent. The determination of what constitutes a
plant "individual® proved difficult, particularly with those species of
a gregarious nature. Tufted habits of Festuca ovina and Nardus stricta
together with specles of straggling habit such as Galium saxatile and
Thymus drucei, were typical of species exhibiting these difficulties.

In general, most plants could be divided into recognisable discrete
units. Also determination of the aerial portion of a plant often proved
difficult, with no sharp demarcation between s0il and Bryophyte layer.
A relatively arbitrary yet constant level of demarcation was chosen for

each species and adhered to where possible.
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Cropping procedure
Turfs of 30x30 cms. dimensions were taken from limited areas of

several square metres at each site, rendering the edaphic factors and
floristic composition for the series of samples from the site relatively
constant. Care was taken that the sample units were not closer than a
half metre to minimise the trampling of future samples. The approach

to the sample area, and movement within it, were restricted to well
defined paths, to minimise trampling and soil compaction.

The samples were prepared by sliding a metre rule along at ground
level and then lifting it to separate the vegetation, which was pushed
aside by hand, thus providing a distinct furrow in the vegetation. The
rule was then replaced in the furrow and a sharp knife used to incise
vertically along the rule, cutting through soil, horizontal rumners,
rhizomes and roots. The remaining three sides of the sample were cut in
the same way, and the 30 om. square of vegetation could be separated
from its surroundings. A small pit was dug alongside the turf to allow
a spade to-be slid under the turf.

The turf8Swere lifted and placed in large polythene bags, with the
surface bearing the vegetation uppermost. Care was taken to minimise
vertical or horizontal compression of the sample, which was immediately
returned to the laboratory and placed in a dark cold room until required.
No sample was stored for more than one week before being sorted. It was
decided that under these conditions relatively little storage products

would have been metabolised, and little dieback occurred.

Sorting

The sorting procedure was the same in all cases for aerial standing
crop. The tur¥dswere trimmed, in the laboratory, to a measured surface
area. Cutting was always upwards from ground level to separate the

vegetation and avoid severing leaves.



The purposes of standardising the sample area were

(a) To facilitate subsequent calculations, and

(b) To enable further density counts of individuals to supplement
the counts made in the field.

Removal of plants from the sample turf wes as follows:-

(a) Bryophytes were removed en masse.

(b) The higher plants with spreading habit were removed
individually. These included Selaginella selaginoides,
Potentilla ereota and Thymus drucei.

(c¢) The remaining vegetation, mainly Monocotyledons with a few
Dicotyledons, was remoyed species by species.

(d) Pragile plants that were prone to leaf loss, e.g. Eriophorum
angustifolium were packeted individually.

(e) Robust plants with strongly adhering dead leaves were bulk

packeted species by species.

To standardise the weight the packeted dried material was dried in
an oven at 105°C for three days. The oven was fitted with an internal
fan which kept a forced draught flowing over the samples whilst drying.
The dried plants were kept in a dry atmosphere until they were weighedf
Individual plants were then divided into dead and live leaves (dead and
live at the time of cropping) and each category weighed separately.

For each ocropping twenty to thirty plants of each species were
individually weighed as above, and the mean individual weights of live
and dead tissue, together with their standard deviations, were caloulated.
This sample size was found to be sufficient to reduce the error margin

of the mean to within 5% of the mean in most species (Fig. 39).

Chemical analysis
After weighing, dead and live material from each species was wet-

ashed separately, and determinations of the concentrations of certain



Fig. 39 Carex lepidocarpa
Graph illustrating the effeoct of increasing the sample size to decrease

the error margin of the mean
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cations carried out. (See Appendix 1)
The method of calculation of net aerial production is best

illustrated by a consideration of several species in detail.
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ERIOPHORUM ANGUSTIFOLIUM

This plant was common on the wet uplands, and occurred in all
three wetland sites, providing & possible basis for comparison between
them.

Individual aerial shoots of the plant were readily distinguished
and removed for sorting and drying. Dead leaves tended to detach them-
selves during handling, and therefore each individual aerial shoot was

packeted separately to prevent loss of those parts.

The "mean" individual

The aerial biomass, with standard deviation, per mean individual
at each site 1s shown in Tables 7, 8 and 9, and is shown graphically
in Fig. 40.

The three sites show differential performance at the individual
level. The Eriophorum of the Upper Slapestone site shows relatively
little incremental change throughout the season, the growth rate
maintaining a quasi equilibrium with the senescence and dying off of
old leaves. However, towards the end of the growing season the standard
deviation of the mean of the live leaves inoreases considerably as the
spread of the sample includes young tillers and old mature individuals.

The Lower Slapestone Sike site exhibits slightly larger individuals,
but shows no major differences from the previous site with regard to
biomass acorual. The Eriophorum from the site between Nameless and Red
Sike produced individuals of nearly twice the size of the other two sites.

From chemical analyses the content of the ions in the "mean

individual" from each site are shown in Tables 7, 8 and 9.

Frequency of Occurrence
The frequency of occurrence of Eriophorum angustifolium was found

to be:~



TABLE 7

Eriophorum angustifolium, aerial standing crop per "mean"

individual at Upper Slapestone Sike Site.

Lt
DL -

T



ERTOPHORUM ANGUSTIFOLIUM

Upper Slapestone Sike Site 1969
Date STANDING CROP PER "MEAN INDIVIDUAL"
Dry Wt. g. K Mg/plant Ca Mg/plant Mg Mg/plant Na Mg/plant
LL 0.022 0.127 0.045 0.019 0.003
9 May DL 0,012 0.019 0,040 0.007 0.022
7 0.034 0146 0.085 0.026 0.025
LL 0.026 0.150 0,053 - 0.023 0.003
19 May DL 0.017 0.028 0,057 0.010 0.031
T 0,043 0.178 0.110 0.033 0.034
LL 0,047 0.272 0.096 0.041 0,006
2 June DL 0,052 04084 0.176 0.031 0.096
T 0.099 0.356 0.272 0,072 0.102
LL 0.049 0.272 0.100 0,043 0.006
19 June DL 0.039 0.063 0.131 0.023 0.072
T 0.088 0.335 0.231 0.066 0.078
1L 0.033 0,190 0.068 0.029 0.004
L, July DL 0.018 0.029 0.061 0,011 0.033
T 0.051 0.219 0.129 0.040 0.037
LL 0.039 0.225 0.078 0,034 0,005
4 Aug DL 0,036 0,058 0.122 0.022 0.067
P 0.075 0.283 0.200 0.056 0.072
LL 0.086 0.497 0.178 0,076 0.011
} Sept DL 0.035 0.057 0,118 0.021 0.065
T 0.121 0.554 0.294 0.097 0.076
LL 0.028 0.162 0.057 0,025 0.004.
9 Oct - DL 0,037 0.060 0.125 0.022 0.068
T 0.065 0.222 0.182 0.047 0.072



TABLE 8

Eriophorum angustifolium, aerial standing orop per "mean"
individual at Lower Slapestocne Sike Site.



ERTQPHORUM ANGUSTIFOLIUM

Lower Slapestone Sike Site

Date

19 May

2l May

2 June

19 June

25 June

L, July

4 Aug

Dry Wt. g.

0.048
0.036
0,084

0,067
0,020
0.087

0.041
0.075
0.116

0. 083
0. 096
0.179

0.062
0.032
0,094

0,079
0.039
0.118

0,081
0,062
0.143

STANDING CROP PER

K Mg/plant

0.295
0.074
0.369

0.412
0.041
0,453

0.252
0.155
0.407

0.510
0.199
0.709

0. 381
0.066
Y

0.486
0,081
0.567

0.167
0.128
0.295

Ca Mg/plant

0.142
0.273
Oe4l5

04264
0.152
0.416

0.162
1.178
1.340

0.327
1.512
1.839

0,244,
0,502

0,746

0.311
0.616
0.927

0,319
0.471
0.790

“"MEAN INDIVIDUAL"

Mg Mg/plant

0,062
0.029
0.091

0.087
0.016
0.103

0,055
0.061
0.116

0.108
0,078
0.186

0,081
0.625
0.106

0.103
0.031
0.134

0.105
0.050
0.155

1969

Na Mg/plant

0.058
0,033
0.091

0.081
0.018
0.099

0,050
0.069
0.119

0,100
0.088
0.188

0.075
0,029

0.104

0.096
0.036
0.132

0.098
0.057
0.155



Eriophorum angustifolium, aerial standing orop per "mean"
individual at Bed Sike Site.



ERTOPHORUM ANGUSTIFOLIUM

Red Sike Site
Date
LL
9 May DL
T
LL
2 June DL
T
LL
4 Aug DL
T
LL
4 Sept DL
T
LL
9 Ooct DL
T

Dry Wt. g.

0,034
0.053
0.087

0.063
0.11l1
0.174

0.199
0.111
0,310

0.163
0.115
0.278

0.160
0.114
0.274

STANDING CROP FPER

K Mg/plant

0.233
0.087
0. 320

0.431
0.183
0.614

1,361
0.183
1.54%

1.115
0.185
1.300

1,094
0.188
1.282

Ca Mg/plant

0.122
0o 341
0.463

0.227
0.716
00943

0,716
1.180
1.896

0.587
0o 741
1.328

0.576
0.735
1.311

"MEAN INDIVIDUAL"

Mg Mg/plant

0.049
0.0‘{-6
0.095

0.090
0.096
0.186

0.284
0,096
0.370

0.233
0,100

0.333

0.229
0.099
0. 328

1969

Ne Mg/plent

0.052
0. 0L
0.096

0.096
0.092
0,188

0,302
0.092
0394

0.247
0.095
0. 342

0,043
0.095
0.338



Fig. 40 Eriophorum angustifolium
"Mean" individual aerial standing crop for 1969 growing season at

Upper Slapestone Sike Site (upper)
Lower Slapestone Sike Site (middle)

Nameless/Red Sike Site (1lower)

Vertical scale: gms dry wt, unshaded - live material

shaded - dead material
spread of limits - 2 x Standard deviation of mean

Horizontal scale: months
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Date

9 May

19 May

2 June

19 June

1 July

4 Aug

4 Sept

9 Oct

TABLE 10

Eriophorum angustifolium

Standing crop fér Upper Slapestons Sike site
during 1969 growing season

Total Dry Wt.g.
8.67

10,96

25425

22,4

13.00

19.13

30.85

16.6

STANDING CROP G/m2

Kg/hz

0,037
0.045
0.090
0.085
0.055
0.072
0.140

0.056

Ca g/m2

0,021
0,028
0.069
0.059
0.033
0.051
0.075

0 047

Mg g/hz

0.006
0,008
0.018
0,017
0.010
0,014

0.025

0,012

Na g/h?

0.006
0,009
0.026
0.020
0,009
0,018
0.019

' 0,018



TABLE 11

Eriophorum angustifolium

Standing crop for Lower Slapestone Sike site
during 1969 growing season

Date STANDING CROP G/m’
Total Dry Wt.g. Kg/m> Ca g/m2 Mg g/m2 Na g/m°
19 May 26.71 0.118 0.132 0.029 0.029
24 May 27.66 0.14 0.132 0,033 0,031
2 June 36.89 0.129 0e426 0.037 0,038
19 June 56492 0.225 0.585 0.059 0.059
25 June 29,90 0.142 0.238 0.034 0,033
14 July 37.52 0.181 06294 0.043 0,042
4 Aug 45.48 0.0938 0.251 0.049 0,049
ZABLE 12

Eriophorum angustifolium

Standing orop for Red Sike site
during 1969 growing season

Date STANDING GROP G/m°

Total Dry Wt.g. Kg/u Ca &/n’ Mg &/n’ Na g/u’
9 May 41.32 0.052 0.220 0.045 0.046
2 June B2.65 0,292 O 448 0.088 0.089
4 Aug 147.25 0.733 0.900 0.176 0.187
4 Sept 132.06 0.618 0.631 0.158 0,162

9 Oct 130.15 0.609 0.623 0.156 0.161



TABLE 1

Eriophorum angustifolium
Growth increment for 1969 (gns/mz)

Aerial
Biomass K ca** Mg™t nat Zn*t

Upper Slapestone Sike 22,2 0.10 0.05 0.02 0,02 0,00
Lower Slapestone Sike 30.2 0.13 045 0.03 0.03 0,00

Nameless/Red Sike 106.0 0.58 0.68 0.13 0.14 0,01



Fig, 41 Eriophorum angustifolium

Graph of standing orop per m2 for 1968, Upper Slapestone (lower) and
Lower Slapestone (upper), and 1969, Upper Slapestone (lower), Lower
Slapestone (middle) and Nameless/Red Sike (upper).
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(a) Upper Slapestons 255 plants per m/ 2 ¢ 36
(b) Lower Slapestone 318 " v v Xusg
(0) Nameless/Red Sike 475 " n w1t 3g

Not only do the plants in these three sites show differences in weight
per mean individual, but also in frequency. The area of highest density
of E. angustifolium, Red Sike, is also the area containing the largest
individuals of this species.

Since Eriophorum angustifolium at Red Sike showed not only the’
highest incremental increase in dry matter per mean individual in 1969
as well as the largest number of individuals, the net aerial production
of this species was highest of all the three sites (Table 13).

The growth inocrements for each of the three sites is shown in
Tables 10, 11 and 12.

The cotton grass of Upper Slapestone contributed 22 gms. of dry
matter/m2 to the community in 1969, whereas the contribution at the
Lower Slapestone Sike was over 30 g./m2 for the same perilod. At
Red/Nameless Sike site this contribution was over 100 g. dry matter.
Fig. 41.
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Carex panicea

The carnation sedge was abundant at each of the three wetland sites,
together with Eriophorum angustifolium and Carex lepidocarpa. Carex
panicea proved amenable to the same "mean individual increment cropping
technique" as desoribed for E. angustifolium.

The aerial biomass figures for the "mean individual" of the sample
populations at the three sites at various time intervals throughout the
growing season were determined. These results are tabulated in Table 1,
and represented graphically in Fig. 42.

From the graph it may be seen that there was relatively little net-
inorease in dry weight throughout the growing season of the "mean
individual®™ from the Upper Slapestone population sample, oompared to the
increases at the other two sites. On average, the Upper Slapestone Sike
population was composed of the smallest individuals, whereas the
Red/Nameless Sike population contained the largest, with those individuals
from the Lower Slapestone site ocoupying an intermediate position. This
pattern of differential standing crop between sites was very similar to
that shown by E. angustifolium, and indicative of possible major
environmental difference between the sites.

Population density counts, as for E. angustifolium, gave variable
results, spatial variation concealing any temporal fluctuations. Means
and standard deviations of the number of individuals were calculated
(Table 15). Here the population densities are not directly comparable
to that of E. angustifolium and when standing crops per matre2 are cal-
culated the highest biomasses are shown by the Nameless/Red Sike sample
and the Upper Slapestone Sike sample; the former having larger but
sparsely distributed individuals whilst the latter site has smaller but
more numerous plants.

Chemical analyses of the tissue from live and dead leaves were

determined separateiy (Table 16) and the total standing orop per metre



Fig. L2 Carex panicea

"Mean individual aerial standing crop through 1969 growing season at
Upper Slapestone (upper), Lower Slapestone (middle) and Nameless/Red

Sike sites.

(Scale and Format as in Fig. 40)
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Site

Upper
Slapestone
Sike

Lower
Slapestone
Sike

Red/

Nameless
Sike

Upper Slapestone Sike

Lower Slapestone Sike

19.5.69
2,6.69
19.6.69
14.7.69
4..8.69
4e9.69
9.10.69

174469
11.6.69
4+8.69
4e9.69

9¢5+69
2,6.69
4.8.69
4.9.69
9.10.69

TABLE 1

Carex panicea

Mean aerial dry weights of individual plants
from sample populations of three wetland sites

STANDING CROP (g dry wt.)

Live

mean S.D.
0,027 0,018
0.025 0.016
0,050 0.020
0.029 0,034
0.068  0.029
0.073  0.030
0.052 0,032
0.033 0,013
0,035  0.035
0.108 0,048
0.105 0,073
0.095  0.056
0.070 0,028
0.146 0,067
0,132 0,074
0.104 0,046

TABLE 15

Carex panicea

Dead
mean S.D.
0.050 0.018
0.028 0.013
0,023 0.019
0,039 0.024
0.022 0.017
0,034 0,021
0.042 0,014
0.025 0.008
0.038 0.033
0.093 0.068
0,064 0.051
0,034 0,035
0.055 0,028
0,062 0,056
0.049 0.029
O. 077 00 0‘0-7

Mean number of individuals per metra2 from sample
populations of three wetland sites (rounded to nearest 5)

Nameless/Red Sike

No. of plants

per metre2

510
165
295

Total

0. 077
0.053
0.073
0.068
0,090
0,107
0. 094

0.058
0.073
0.201
0.169

0.129
0.125
0.208
0.181
0.181

Standard

Deviation

180
70
90



wt.

Potassium

Calcium

Magnesium

Sodium

Zine

TABLE 16

Carex panicea

Concentration of Potassium, Calcium, Magnesium,
Sodium and Zinc in dead and live material from
three sites in mg per g dry wt (with standard deviations)

Live
Dead

Live
Dead

Live
Dead

Live
Dead

Live
Dead

Upper Slapestone Lower Slapestone Red/Nameless
Sike Sike Sike
11.76 ?"65; 15.9. $1.91; 11.14 2.61;
3043 (lolb 647 (3.30 337 (1.27
21,86 (1.923 19,69 2.38; 17.15 217. 5;

33.58 (12.40 2,,98 (3.01 25,00

1,72 (0.60 2,25 o.173 1.605 g
1.10 (0.46 1.635 (0.06 1.20

0.65 20.03; 0.66 50.55; 0.38 éo.os;
0.85 (0.43 0.92 (0.21 0.86 (0.25
0.19 00.05; 0.11 éo.oug 0.13 fo.o7;
0.22 (0.06 0.34 (0.07 0.38 (0.11



TABLE -1

Carex panicea

Standing crop (g per m2) for three sites
through 1969 growing season

Site Date STANDING CROP
Biomass Potassium Caleium Magnesium Sodium

19.5.69 39.4 0.25 1.20 0.05 0,03
2.6.69 27.1 0.20 0.80 0.0L 0.02

Upper 19.6.69 373 Ou 34 1.03 0.06 0.02
Slapestone 1‘0-.7.69 3"-.8 0.2&- 1.010- 0005 0,02
Sike 4.8.69 46.0 Oolils 2,15 0,07 0,03

4e9.69 546 0.49 1.51 0,08 0.0l
9.10.69 48.0 0.38 1.38 0.07 0.04

17.4.69 9¢5 0,11 0,21 0,02 0.01

Lower 11.6.69 11.9 0.13 0.27 0,02 0.01
Slapestone L.8.69 33.0 0.38 0.38 0,06 0.03
Sike L.9.69 27.7 Qs34 034 0,05 0,02
9¢5469 38.1 0.35 0.73 0.06 0.02

Nameless/ 2.6.69 3649 0629 VA ] 0.05 0.02
Red 4e8.69 61l.4 0.54 1,19 0.09 0.03
Sike 4.9.69 53l O.48 1,03 0.08 0.03

9.10.69 53¢k 0.42 1.09 0.08 0.03

Net aerial production and net mineral flux
for 1969 growing season
g dry wt/metre</annum

Site Biomass Potassium Calcium Magnesium Sodium
Upper Slapestone Sike 275 0.39 1.35 0404 0.02
Lower Slapestone Sike 23¢5 0.27 0.17 0.04 0,02

Nameless/Red Sike 245 0,26 0.79 0.04 0.01
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square of C. panicea in terms of biomass and certain chemical oconstituents
is shown in Table 17.

No significant statistical variations in concentration per gram
dry weight of any of the elements analysed were detectable throughout
the growing season. The quantity of the elements that were analysed was
not directly proportional to the standing crop at any one time, since the
standing crop was composed of two variables, the live and the dead tis&ues
both of which had their own characteristic concentration of chemical
constituents. For example, potassium is of relatively low concentration
in dead tissue since it is presumably exported from senescing tissues into
the younger parts of the plant where higher concentrations are found.
Therefore the final concentration of these elements in the total standing
orop is dependent on the dead to live ratio, as well as the concentrations
of the elements within those portions.

The net primary aerial production of this species was then calculated
as the increment between the highest and lowest standing orops for each
of the three sites (Table 18). The net acorual of certain elements is
also tabulated but this does not necessarily indicate the gross movement
of those elements as evidenced by the shunting of potassium from dying / .
to the living leaves and the reverse passage of ocalcium. {

The "performance", net primary production of aerial parts per unit
area, of Carex panicea aoross the three wetland sites was very simllar
in that it ranged from 20 to 25 g per m2 per annum even though there were
marked inter-site differences in abundance and size of the individual

plants.
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Carsx lepidooarpa

This sedge also occurred with the preceding two species at the
three wetland sites. The cropping procedure adopted was as before.

The aerial biomass of the mean individual was again calculated
(Table 19) for each site and these are shown graphically in Fig. 43.

A similar pattern emerged to that of Carex panicea and Eriophorum
angustifolium; namely the Upper Slapestone Sike site supporting
relatively small plants, Lower Slapsstone individuals of intermediate
size, and Red/Nameless Sike site large individuals.

From these "mean individual" standing crops and the respective
frequencies of individuals at the three sites the standing crop per metre
square of the aerial biomass was calculated in similar fashion to the
preceding species. These results are tabulated together with "standing
orop" of certain cations (Tables 20 and 21).

The net annual aerial production for Carex lepidocarpa was
calculated to be 10, 28 and 38 g/hz for Upper Slapestone, Lower
Slapestone and Nameless/Red Sike sites respectively. This differential

performance is similar to that of the previous species.

e e -



Site

Upper
Slapestone
Sike

Lower
Slapestone
Sike

Red/

Nameless
Sike

TABLE 19

Carex lepidocarpa

Mean aerial dry weights of individual plants
from sample populations of three wetland sites (g)

Date

1.5.69
945.69
19.5.69
4o8.69
549469
9.10.69

174469
9569
2.6.69

11,6469

19.6.69

1407.69
4.8.69
14+9.69

95469
2,6.69
4.8.69
27.8069
9.10.69

Live

mean

0,041
0,037
0.029
0.050
0,045
0,031

Oel4l

0.050
0,062
0.107
0.140
0. 086
0,075
0.109

0.108
0.161
0£1.89
0.093
0,136

S.D.

0,020
0.017
0,020
0.019
0,018
0.020

0.019

0,024
0,012
0.037
0,052
0.048

0.038

0.038
0.189

0.046

Dead

mean

0,017
0.016
0.019
0.018
0,033
0,029

0.033
0,029
0.072
0.033
0.033
0.053
0,064
0,016

0,022
0,017
0.074
0,060
0.060

S.D.

0,008
0.011
0.017
0,014
0,025
0,021

0,015

0.017
0,033
0.037
0,005
0,010

0,011
0,017
0,079

0,03

Total

0,058
0,053

0.068
0.078
0,060

0.074
0.079
0.132
0.140
0,173
0.139
0.139
0.125

0.130
0.118
0,264
0,153
0.196



Fig. 43 Carex lepidocarpa

"Mean" individual aerial standing crop through 1969 growing
season at Upper Slapestone (upper), Lower Slapestone(middle) and

Nameless/Red Sike sites.

(Scales and Format as in Fig. 40)
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m dry wt

Potassium

Calecium

Magnesium

Sodium

plant materisl (with standard deviations)

Live
Dead

Live
Dead

Live
Dead

Live
Doad

TABLE 20

Carex lepidocarpa

Mean conventration of Potessium, Calcium, Magnesium and Sodium
in dead and live material from three sites in mg per gm dry wt

Upper Slapestone Lower Slapestone Red/Nameless
Sike Sike Sike
10.50 i1.27) 16.88 Ss.alg 11.03 20.923
9.40 (2.35) 12,70 (3.18 14.42 (3.60
19.60 51.263 17.08. (2.63; .75 (1.10
33435 (3.31 32,92 (17.06 26.90 (2.24
1.38 o.zzg 1.22 20.11; 1.18 §0°12§
0.88 (0.16 0.67 (0.32 0.8y (0.43
0.58 o.153 0.32 o.13; 0.30 Eo.oeg
0.86 (0.19 0.57 (0.23 0.81 (0.30



TABLE 21

Carex lepidocarpa

Aerial standing crop for three wetland sites
through 1969 growing season (g/m2)

Standing
Site Date Crop Potassium Calcium Magnesium Sodium

1.5.69 22,3 0.23 0.53 0.03 0.02

9.5.69 2044 0,21 0.50 0.01 0.01

Upper 19 05. 69 18.5 0020 0551 0.02 0.02
Slapestone 1+08069 26.2 0.29 0067 0005 0.02
Sike 3.9.69 30,0 - 0.30 0.76 0.0k 0.02
9.10,69 23.0 0.23 0.61 0.03 0.02

174469 19,1 0,30 0.49 0.02 0.01

9.5.69 19.0 0.30 0.41 0.02 0.01

2.6.69 36e4 0.53 0.93 0.03 0.02

Lower 11,6.69 38.2 0.50 0.79 0.04 0.01
Slapestone 19.6.69 47.0 0.76 0.95 0.05 0,02
Sike " 1he7.69 38,0 O.48 0.88 0.04 0.02
4.8.69 38.0 0.56 0.92 0.04 0,02

49,69 3.0 0.55 0.65 0.04 0.01

9.5469 33.8 0.39 0.57 0.04 0.01

Red/ 2.6.69 30,7 0,29 Oull 0.04 0,01
Nameless l‘-oB. 69 68."- 0. 82 102“- 0007 O. 06
Sike 27.8.69 39.8 0.49 0.77 0.04 0.02

9.10,69 41.0 0.62 0.9 0.06 0.02
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Narrow Leaved Grasses and Sedges

This category of plants consisted of those species having super-
fiocial morphological similarities in the vegetative condition, sufficient
to make the sorting procedure of this group into their component species
a tedious and laborious operation.

Diffioculty in distinguishing between component species of this
category is not necessarily encountered when considering good "type
specimens" but, due to the ranges of fluctuations and variations
oxhibited by individuals selected at random in the field, it was not
feasible to use a rapid sorting procedure to deal with the large bulk
of material required for production and chemical analyses studies.

The species embraced within this category included Carex dioica,
C. pulicaris, Festuca ovina, F. rubra, Deschampsia flexuosa as well as
occasional small forms of atypical Nardus stricta.

This heterogensous collection of species was encountered at two
of the wetland sites, Lower Slapestone Sike and Nameless/Red Sike, as
the narrow leaved species from other sites were readily sorted into
their component species.

The standard procedure so far adopted for determining the biomass
of a mean individual proved impractical due to the low dry weight of
individual plants. Therefore plants were weighed in batches of ten and
these were recorded as the basic unit (Table 22).

The fluctuations in frequency of these narrow leaved grasses and
sedges were high, resulting in a high standard deviation of the mean
frequency, but as before, the means from numerous counts were used to
provide data for the model community.

Nameless/ked Sike had a mean of 4,380 individuals per metre square
with a standard deviation of the mean of 1,808.

Lower Slapestone was typified by a mean of 3,445 narrow leaved

individuals per metre square with a standard deviation of the mean of

2,108.



TABLE 22

Narrow Leaved Grasses & Sedges

Mean aerial dry weights per 10 individual plants
from sample populations of two wetland sites,
and concentrations of certain elements ¢n the plant tissue

Stan Cro r 10 plants

Site Date Dry wt. S.D. Phosphorus Potassium Calecium Magnesium Sodium

9.5.69 0.195 0,033 0.04 1.3, 1.13 0.2,  0.06
19.5.69 0.193 0.013 0,04 1.3 1.13 0.24  0.06
Lower 2.6.69 0.393 0,026 0,09 2,72 2.3 048  0.11
Slapestone 14.7.69 0.410 0,037 0,09 2.8, 241 0.50  0.12
Sike 4e8.69 0,460 0,096 0.10 3.18  2.70 0.57 0.13
4e9.69 0.577 0.017 0.12 4.00  3.39 0.71  0.16
9.5.69 0,318 0,000 0,07 1.85 2,27 0.40  0.14
Nameloss/  2.6.69 0.463 0,006 0,10 2,69 3.30 0.59  0.20
Red 4e9.69 0,450 0,073 0.10 2.62  3.21 0,57  0.20

Sike 9.10,69 0.680 0,049 0.15 3496 4.85 0.86 0.30
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The standing crop per metre square was calculated as before

(Table 23).



TABLE 2

Narrow Leaved Grasses & Sedges

Aerial Standing Crop for two wetland sites
through 1969 growing season (g/m2)

Standing Crop per m2

Site Date Dry wt. Phosphorus Potassium Calcium Magnesium Sodium
9.5.69 6645 0.01 0.6 0.3 0,08 0,02

19.5.69  66.5 0,01 0.46 0.39 0,08 0,02

Lover 2.6.69 13503 0.03 0,94 0,79  0.17 0404
gﬁf’“m 14.7.69 141.2 0.03 0.98 0,83 0,17 0,04
4eB.69 158.4 004 1,10 0.95 0,19 0,05

4.9.69 198.7 0,04 1.37 1,17 0.2 0,06

9.5.69 139.3 0.03 0.81 0,99  0.18 0,06

Nameless/  2.6.69 202.8 0.05 1.18 1.45 0.26 0.09
o 4e9.69 197.1  0.04 115 1.4l 025 0,09

9.10.69 297.8 0.06 1.73 2.12 0.38 0.13
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Carex nigra

This common sedge was abundant on the Nameless/Red Sike site.

Mean individual weights were calculated as for the other sedges
(Table 24) and the frequency of ocourrence of individuals of this
species was determined at each of the two sites.

Lower Slapestone Sike site 799 with S.D. of mean 245

Nameless/Red Sike site 278 with S.D. of mean 169

The standing crops per metre square were caloulated and the net
annual aerial production was calculated as for the previous species
(Table 26).

The net aerial production for Carex nigra was calculated for the
two sites and was found to be 46.3 gm per m2 at Lower Slapestone and

23,1 gm per m° at Nameless/Red Sike regpectively.



TABLE 24

Carex nigra

Mean serial dry weight of individual plants from populations
sampled throughout growing season from two wetland sites

Site Date Live Leaves Dead Leaves ‘Potal
Mean S.D. Mean S.D. Aerial Biomass

19.5.69 0.014 0.013 0,082 0.049 0.096

2.6.69 0,039  0.021 0,031  0.026 0,070

Lover 19.6.69 0.065  0.019 0,055 0053 0.116

gm’“““" 25.6.69 0.049 0,024 0,042 0,015 0,091

14.7.69 0,052  0.030 0.045  0.040 0,098

48469 0,076 0,035 0,052  0.046 0.128

4.9.69 0.086  0.04L0 0.080  0.044 0.167

Y 2.6.69 0.062  0.047 0,021 0,027 0.083
Re

N 2 ess 4.B.69 0,104  0.043 0,025 0,021 0.129

Sike 4969 0.081 0,058 0.085  0.055 0.165

9.10.69 0,027 0,030 0.052 0.014 0.079



TABLE 2

Carex nigra

Mean concentrations of Potassium, Calcium, Magnesium and Sodium
in dead and live material from two sites in mg per gm dry weight
of parent plant material (with standard deviations of meen)

M dry wt Lower Slapestone Sike Red/Nameless Sills
Leaves ' ' |
Potassium Live 13.2 24.4} 9.7 El.ag
Dead 406 10‘.. l‘-oll- 2 5
Caloium Live Ul 21,93 21.9 28.1
" Dead 20,7 8.5 2543 5.8
Magnesium Live 1ok o.z; 2.1 so.zg
Dead 103 0.2 1.6 003
Sodium Live 0.5 0.13 0s5 20.13
Dead 0.7 (0.2 0.8 (0.1

Flowering Shoots

Potassium | 13.2 (1.0) 154 (*)
Caloium 21,0 (5.2) 17.3 (*)
Magnesium 1.5 (0.1) 2.4 ()
Sodium 1.1 (0.3) 0.6 (*)

( * ) Standard deviation not caloulated on 3 or less samples.



TABLE 26

Carex nigra

Aerial Standing Crop for two wetland sites
through 1969 growing season (g/m2)

Standing _
Site Date Crop Potassium Caloium Magnesium Sodium

19.5.69 7647 0.45 1,52 0,09 0.05
2,6469 559 0,52 0.96 0.07 0.03

Lower 19.6.69 92,7 0.86 1.60 0.12 0.06
§§;§°st°“° 2506.69 7247 0.67 1.26 0,10 0. Ok

Lye7.69 775 0.1 134 0.10 0.05
4.8.69 102.3 0.99 1.73 0.14 0.06

4e9.69 72,6  1.20 2,31 0.17 0.08
2.6.69 23.1 0.20 0.53 0,05 0.01
Namelass/ 4eB.69 3549 0e31 0.81 0,07 0.02
‘;::e 49.69 4642 0.33 1,09 0.09 0,03

9410, 69 22,0 0e 14 Oolt3 0.04 0,02
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Equisetum sp.
This species was the only Pteridophyte with a net production

of more than 5 gm per m2 and this level was, however, only attained
at one site, Slapestone Sike.

The standard cropping procedure previously desoribed was adopted,
but great oare was taken not to fragment the stems of these delicate
plants during handling (Table 27).

Although perennial, most aerial shoots of this plant die back
to ground level over winter, so there is no standing crop in the spring.
Readily'determinable amounts of Equisetum were 6onsequently not available
until June. |

The highest aerial standing crop is the season's net annual aerial
production, and in Lower Slapestone Sike this had & value of 13 gm per m?

in 1969.



TABLE 2

Equisetum sp

Mean aerial standing corop per m2 at Lower Slapestone Sike
through 1969 growing season

Date Stg::inz ® Phosphorus Potassium Calecium Magnesium Sodium
2. 6.69 bk 0.001 | 0.08 0,09 0.01 0.003
1. 7.69 9.8 0,003 0.17 0.19 0.03 0.008

448,69 8.8 0,003 0.15 0.17 0.03 0,007

409,69 12,7 0,004 0.22 0.25 0.04 0,010
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Agrostis canina

This grass was only suffioiently abundant to be considered in
the Lower Slapestone site.

Here frequency counts revealed & mean density of 266 plants per
metre square, but because of its gregarious habit this plant's distri-
bution tended to be irregular, as is shown by the high standard
deviation of the mean, 200,

It is suggested that the dense stands of Carices in which this
grass was found allowed considerable shading, resulting in the Agrostis

remaining at a relatively constant level throughout the season (Table 28).



TABLE 28

Agrostis canina

Mean aerial standing crop j:er 'm2 in Lower Slapestone Sike
through 1969 growing season (g/m?

Date Dry wt. Phosphorus Potassium Calecium Magnesium Sodium
19.5.69 19.2 0.003 0.10 0.10 0.05 0.01
2.6469 19.7 0,003 O.11 0.10 0,03 0.01
1. 7.69 19.7 0,003 0.11 0.10 0.03 0.01

4+8.69 25,0 0.003 0.13 0.13 0,04 0.01
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Eleocharis quinqueflora

This plant grew in quantity only in the Upper Slapestone sedge
marsh site. This species was amenable to the standard cropping
procedure.

The mean number of plants at this site was calculated to be 410
plants per metre square with the standard deviation of the mean 240.

The standing crop per mean individuai plant was calculated as
b;fore and chemical analysis was carried out on the dried plant
material.

From Table 29, which summarises the standing crop per metre square
of the aerial biomass in terms of mass and certain chemical components,
it can be seen that the standing crop decreased rapidly at the end of
May due to senescence and death of shoots produced in the previous
season. The effeots of the 1969 growth become apparent and growth
continues throughout the season.

The net annual aerial production was approximated to by determining
the increment between highest and lowest standing crop as for the
previous species. Eleocharis guinqueflora contributed 4O gm/hz aerial
biomass to the 1969 production budget for the Upper Slapestone Sike

sedge community.



TABLE 29

Eleocharis guinguefolia

Mean aerial standing orop per metre square in UB r Slapestone Sike
through 1969 growing season (g/m sxe

Date Dry wt. fhosmoms Potassium Caloium Magnesium Sodium
945.69 30,8 0.005 0.09 0u 5k 0.0k | 0.0
246469 12,3  0.002 0.0k 0022 0.02 0.0L
19.6.69 18.0 0,003 0.05 032 003 0.01
4.8.69 41.0 0,007 0.12 0.72 0406 0,02

4.9.69 52.1 0,009 0.16 0.91 0.07 0,02
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Juncus articulatus

As with the preceding species, Juncus articulatus was common in
the Upper Slapestone sedge marsh site, but less frequent in the
Nameless/Red Sike site. Their mean frequencies of occurrence in
these sites were 960 with standard deviation of the mean 280, and 98
with standard deviation of the mean 42 respectively.

Standing crop determinations were calculated from bulked samples,
each composed of 10 individuals, as for the narrow leaved grasses and
sedges (Table 30).

The net aerial production for the growing season was determined
as the increment at each site. The net production for the aerial
biomass at Nameless/Red Sike and Upper Slapestone sedge sites were

respectively & g/mei:re2 and 18 ymetrez.



TABLE 30

Junous articulatus

Mean aerial standing crop per metre2 in Nameless/Red Sike

and Upper Slapestone Sedge sites through 1969 growing season (g/m )

Site Date
 9.5.69

Nameless/
ned 306069
Sike 49469
9,10,69
12.5.69
2.6.69

Upper

Slapestone 19.6.69
Sike 14.7.69
4.8.69
4.10.69

Dry wt. Phosphorus Potassium Caloium Magnesium Sodiug
1.30 - 0,002 0,003 - -

1.64 - 0,002 0,005 0,001 -

bo2ly 0.001 0,006 0,008 0,002 0,001
5.10 0,001 0,007 0,010 0,002 0,002
15,36 0,003 0,091  0.154  0.026 0,050
111 0.003 0,084  0.141 0,024 0,046
19.49 0. 00 - 0,116 0,195 0,033 0,063
19.47 0,004 0,116 0,195 0,035 0,063
24,67 0.005 0.147 0,247  O.041 0,080
31.97 0.006 06320 0,05, 0,057

0.190
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Tofieldia pusilla

This Teesdale rarity was restricted to the calcareous gravel
sedge marsh of Upper Slapestone Sike with the exception of a few
isolated plants in the Lower Slapestone Sike.

At Upper 81apesfone Sike there was a mean of 75 plants per metre
square and since the mean standing crop for an individual plant was
0.05 gms in May, increasing to 0.078 gm in October, the net aerial
productivity was not high. The increment between the May standing
crop (3.80 g/hz) and the October crop (5.70 g/hz) was 1,9 g/hz.

The low productivity of this species as well as its general and
local geographical restriction are indicative of the precarious
existence of this species in Upper Teesdale. However since reproduc-
tive rates and capacities do not come within the scope of this study

it is not appropriate to speculate further along these lines.



69

Kobresia simpliciuscula

This Teesdale rarity was confined to the two most highly
calcareous sites, the wet sedge marsh and the drier sugar limestone
grassland of the Upper Slapestone Sike sites.

This specles was cropped by the standard procedure but difficulty
in determining an individual plant was encountered. Many aerial shoots
shared common underground organs; the aerdial portion fusing at or just
below ground level. In practice the plants were divided, albeit
arbitrarily, where these bifurcations occurred and each was treated as

a plant unit for frequency and weighing purposes.

The data was treated in the normal way (Table 31) and the Kobresia

of the grassland was found to have had a net aerial production of 24 g
whereas plants of the sedge marsh produced 12 g/hz during the 1969
growing season.

The Kobresia from the calcareous grassland was found to have a
net aerial production of 24 g/hz whereas those of the Upper Slapestone

sedge marsh site produced 12 g/h? per annum.

A

R .

"



TABLE 31

Kobresia simpliciuscula

Mean aerial standing erop per metrez in Upper Slapestone Sedge

site and Upper Slapestone caloareous grassland site

Site Date
206069
Sedge
Marsh 14.8.69
9.10.69
2,6.69

Calcareous L4e7.69
Grassland
9.10.69

through 1969 growing season (g/m?)

Dry wt. Phosphorus Potassium Caloium Magnesium Sodium

52.6
538
642

574k
78.8
81.2

0.005
0.005
0.006

0.006
0.008
0,008

0.218
0.223

0,265

0.399
0.550
04565

0.458
0.468
0.560

1.200

1.645
1.693

0.237
0.242
0.289

0.068
05093
0.095

0.027
0.028

0.033

0.0,
0.056

0.057
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Sesleria caerulea
This plant was restricted to the calcareous grassland of Upper

Slapestone where it was codominant with Kobresia simpliciuscula and

Festuca ovina.

The standard procedure was adopted and it was found that there
was a mean frequency of 1,820 individual plants per metre square with
a standara deviation of the mean at 703.

In view of the significant contribution that this species
provides to the community in which it is found the data for dead and
live tissue.is presented (Table 32).

The net annual aerial production for 1969 was determined as being

91 g/hz.



TABLE 32

Sesleris saerulea

Mean aerial standing crop per m? in Upper Slapestone
Calocarsous Grassland Site throughout 1969 growing season (g/h )

Live Leaves)

Date Dead leayes)pry wt. Potassium Caloium Magnesium Sodium
Total

25.8 0o 34 0034

945469 9.1 odl L3k
6545 0.45 1,68 0.05 0.02
2605 0035 0'55

19.5.69 45.8 0ol 1,53
72.3 0.48 1.89 0.06 0,02
31.6 0.1 0e42

2.6.69 47,0 0,13 1.0
78.6 0. 54 1.83 0.06 0,02
85.7 1.12 1.15

LeT469 82,3 0,23 2,77
168.0 1.35 3,92 0.14 0.05
91.9 1018 1.2‘6

4210.69 60,6 0,19 1.85

15245 1.37 3409 0.13 0.04
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Carex capillaris

Carex capillaris was confined to only one site in any quantity,
the calcareous grassland of Upper Slapestone. Here the occurrences
were only 175 per metre square and from the standard procedure the
net annual aerial production was determined as being 27 g/h? for

1969 growing season (Table 33).



TABLE

Carex capillaris

Mean aerial standing orop in Upper Slapestone
Calcareous Grassland Site through 1969 growing season (dm )

Date Dry wt. Phosphorus Potassium Calecium Magnesium Sodium
9+5469 26.1 0.006 0.10 0.66 0.033 0.003
19.5.69 52.2 0.012 0.20 1.35 0.065 0,007
4.8.69 4045 0.010 0.15 1.04 0,051 0. 005

4.10,69 34.8 0,008 0.13 0.89 0, Ol 0.005
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Festuca ovina

This grass occurred predominantly at two sites, Upper Slapestone

calcareous grassland and Upper Slapestone Agrostis-Fescue grassland

sites.

The procedure adopted was that used to determine the standing
crops of the narrow leaved grasses and sedges, i.e. batches of ten
plants were used as a basic unit (Table 3L).

The net aerial production for 1969 was determined as 8 g/'m2 for

the calcareous grassland, and l.3 g in the case of the Agrostis-Fescue

grasslang.

This apparently low figure for this grass, one of the apparent
dominants, is not so surprising when it is considered that the dry
weights of 2,125 plants from the Agrostis-Fescue grassland weighed 56 g

at peak standing crop.



TABLE 34

Festuca ovina

Mean aerial standing ecrop for Upper Slapestone Calcareous
grassland site and Upper Slapestone m%ﬁ%gg_ug
grassland site for 1969 growing season m

Site Date Dry wt. Potassium Calcium Magnesium
20.5.69 5004 0.126 0.63 0.06
Agrostis~Fescue .
Grassland 48469 633 0,158 0.79 0.08
410,69 5645 0.141 0.7 0.07

19.5.69 9345 0.327 1.79 0.02
Calocareous

Grassland
27.9.69 101.9 0,357 1.94 0.02
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Agrostis tenuis

This species, together with the prece-ding, gives the poorer,
more acid grassland of the Pennines its common name, Bent-Fescue
grassland.

Here again about two thousand plants are encountered per metre
square (mean 1905, standard deviation of mean 818).

The standing crops were calculated by the standard procedure

and are recorded in Tgble 35.

The net aerial production for the 1969 growing season was

calculated to be 12 g/mz.



TABLE 35

Agrostis tenuis

Mean aerial standing crop for Bent-Fescue grassland,site,
Upper Slapestone, for 1969 growing season (&/x?)
Date Dry wt. Phosphorus _Potassium Calcium Magnesium Sodium
905469 99.1 0.027 0.69 0.40 0.13 0.07
19.5.69 S 1l1. 0.030 0.77 0.45 0.14 0.08
4.8.69 . 10044 0,027 0.70 0.4l 0.13 0.08

4.10.69 1l11.1 0.030 0.77 0.45 014 0.08
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Selaginella seleginoides
In the Upper Slapestone sedge marsh this species was found to

contribute little over 1 gm/hz per annum but in the Upper Slapestone
Agrostis-Fescue grassland 3.9 g/h? was the net aerial production for
1969. This species was cropped from three twenty-five centimetre
square plots at each harvest as the difficulties of determining

individuals and determining frequency of occurrence were not possible.



TABLE

Selaginella selaginoides

6

Mean aerial standing crop for Upper Slapestone Sedge Marsh
and Upper Slapestone Bent~Fesocue Grassland

Site Date
345.69
Sedge
Marsh 4869
410,69
19.5.69
Bent 2,6.69
Foscue

Grassland 4.7.69
410,69

Dry wt. Phosphorus Potassium Calcium Magnesium. Sodium

L8
6.1
4.8

3.8
Te7
6e4s
5.1

0,001
0,001
0,001

0,001
0,002
0,001
0.001

0,018
0,023
0,018

0.027
0.053

00 Ol
0.036

0,069
0,086
0.069

0.053
0.106
0,089
0,071

0.011

0,014
0,011

0,009
0,017
0.01%
0.012

0.007
0,008
0,007

0, 00
0,007
0,006
0,005
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Bryo es

Bryophytes in general are not a convenient group for production
studies. Relatively little work has been published on Bryophyte
production in the community context. Detailed investigations have
usually been confined to single species or to a group of species, e.g.
Sphagnum sp. Clymo 1970.

The major difficulties encountered were:-

(1) erratic distribution of the various species
(ii) gregarity
(iii) determination of growth increments
(iv) separation of litter and humus

(v) 1laborious sorting

(vi) determination of an individual standard cropping unit

Fluctuations between standing crops from adjacent crops at any
one time were sufficient to swamp any increment theugh growth should
theoretically become apparent in temporal studies. Increase of sample
size should decrease this spatial fluctuation but results in samples
becoming uneconomic in terms of sorting and removal of litter, etc.

The mean standing crop throughout the season was calculated from

monthly samples of several plots from each site.
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These were:-

Mean S.D.
Upper Slapestone Sedge Marsh T 400 205
Agrostis~Fescue 590 145

Grassland
Calcareous 65 22

Grassland
Lower Slapestone Sedge Marsh 320 135
Namelesﬁ/Red Sike Sedge Marsh 432 272

The material had been collected and dried in the normal way after
removal of litter, though this presented difficulty in certain
species, e.g. Cinclydium stygium.

The difficulty in detecting growth increments relative to spatial
variation indicated that the net annual production was not high.

Live material represented in general approximately one third of
total Bryophyte dry weight. The Bryophyte communities of all sites
showed this trend irrespective of cropping time.

It was not practical to age the Bryophytes, with the exception
of Fissidens adiantoides, Hylocomium splendens and Thuidium tamariscinum.

An estimate may therefore be obtained for new growth, but this does
not take into account senescence or death of old tissue. Consequently
the net annual primary production of these species are not readily
obtainable.

It may be surmised that when the dieback is taken into account the
figure for the net primary production would be in the 10-20% range of
the maximum standing crop.

In the absence of an objective method of Bryophyte biomass determi-
nation it will be assumed that the level of net primary production is
comparable to that attained by the higher plants. It must be emphasised
that this is an approximation only but in the absence of accurate methods

it must suffice though its limitations should be borme in mind.
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Chemical analysis of the bulked Bryophytes indicated that the
levels of calcium in the material were reflected in the calcium levels
of the soils on which they grew (Tables 37 and 38). Hence the
Bryophyte flora of the sugar limestone and wet calcareous gravel sites

were higher than those elsewhere.



Uss

USK

UsSG

USK
UsSG

TABLE 37

Bryo as

Mean concentrations (with standard deviations)
of certain ions (mg/g)

P K Ca Mg
M 0.119 0.878 32.020 2.213
SD 0.001 0.059 0.769 0,130
J/ 0.152 1.559 10.904 2,242
SD 0.006 0,227 1,238 0,195
¥ 0.100 1.800 18.647 2.496
SD 0.036 0.422 10,982 1.730
M 0.1l 1.034 390654 1.396
SD 0.003 0o 345 0.000 0.082
M 0.126 1.250 9.500 1.428
SD
TABLE 38
Bryo K]

Estimated increment for 1969 growing season (g/mz)

P K Ca Mg
398 0.047 0.349 12.74 0.881
322 0.049 0.502 3.511 0,722
432 04043 0.776 8406 1,078
65 0,009 0.067 2.58 0.091

Na

0.873
0,029

0.660
0,017

0,675
0.529

0.716
0. 035

04325

Na
0347
0,213
0.292
0.046
0.191
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Synthesis

The species by species biomess determinations described above
provide information regarding the contribution of eaoh species to each
of the relevant sites. The summation of the differences between the
maximum and minimum standing orops for each species at each site enables
the community increment to be calculated, Table 39 and Table 40.

The sum of these individual species increments provides a measure
of the net aerial production of the communities for the 1969 growing
season.

The net above ground production in terms of g dry weight per m2
(exoluding all species with less than 2 g production) is tabulated
together with a list of the rare species associated with the vegetation
at each site (Table 41).

The net annual aerial production of higher plants of both the
comminities that contain appreciable numbers of rarities was below 150 g
per m2 per annum. The "absolute" exclusion limit for the rare species
listed would appear to be less than 350 g per m2 per annum, i.e. less
than 2 g per m2 per day based on a 175 day growing season.

The absence of rarities from Site 4 could be explained by the
gregarity of the two dominant species which form a dense tussocky mass.
Although of low productivity this vegetation was rooted in a shallow but
tough fibrous humic matrix which covered the bedrock completely and was
devoid of any bare areas that would be open to colonisation by the
rarities.

The problem of colonisation by arctic alpine species in these closed
situations is further complicated by the effect of "competition" from
root and underground organs.

The following investigation to determine vertical biomass distri-

butions was carried out.



Upper Slapestone Sike Site 1

Species

Eriophorum angustifolium
Carex panicea

Carex lepidocarpa
Eleocharis quinqueflora
Festuca rubra

Tofieldia pusilla
Juncus articulatus
Kobresia simpliciuscula
Selaginella selaginoides

Bryophytes
Total vascular plants
All plants

Lower Slapestone Sike Site 2

Species

Eriophorum angustifolium
Carex panicea

Carex lepidocarpa

Carex nigra

Agrostis canina

Narrow leaved grasses & sedges
Equisetum arvense ’
Bryophytes

Total vascular plants

All plants

Nameless Red Sike Site 3

Species-

Carex panicea

Carex lepidocarpa

Carex nigra

Eriophorum angustifolium
Narrow leaved grasses & sedges
Juncus articulatus

Bryophytes

Total vascular plants
All plants

TABLE

Sedge Sites

Maximum

Maximum

45.5
330
47.0
102.3
25.0
199.0
12.7
322.0

464.5
786.5

Maximum

6l.4
68.4
46.2
147.3
297.8
5.1
432.0

626.2
1,078.2

Minimum

2647
9¢5
19.1
559
19.2
66.5
Loy
154.0

222,1
376.1

Minimum

36.9
30.7
2301
4.5
139.3
1.3
273.

271.9
bhe9

1969

Increment

1969

Increment

1969
Increment

2L.5
37.7
23.1
106.0
158.5
3.8
159.0

353.6
513.1



Upper Slapestone Sike Site 4
Species
Festuca ovina

Agrostis tenuis
Selaginella selaginoides

Bryophytes
Total higher plants
Total

Upper Slapestone Sike Site 5
Species

Kobresia simpliciusoula
Sesleria caerulea
Carex capillaris
Festuca ovina

Bryophytes
Total higher plants
Total

TABLE %O
Grassland Sites

Maximm

63.3
111.1
17

Maximum

81.2
168.0
52.2
101.9

Minimum

5044
99.1
3.8

Minimum

57k
6545
26.1
93.5

1969
Increment
12,9
12,0
3¢9
132.0
28,8

170.8

1969
Increment

23.8
102,2
26.1
84

43
160.5

20345



TABLE 41

Net above ground production gms dry wt/'m2 (excluding all species
with less than 2 gms/m? production)

~ Eriophorum angustifolium
+Carex panicea
- Carex lepidocarpa
Narrow leaved grasses &
sedges
~Carex nigra
Equisetum sp.
Juncus articulatus
Tofieldia pusilla
Eleocharis quinqueflora
Agrostis canina
Kobresia simpliciuscula
Sesleria caerulea
-Carex capillaris
Festuca ovina
Agrostis tenuis
Selaginella selaginoides

Bryophytes
Total higher plants

Total

Distribution of the
rarities

Equisetum variegatum
Kobresia simpliciuscula
Tofieldia pusilla
Juncus triglumis
Primula farinosa
Plantago maritima
Armeria maritima

Carex ericetorum
Gentiana verna

Viola rupestris
Polygala amara

Carex capillaris
Juncus alpino-articulatus
Saxifraga aizoides
Cynclidium syygium

Total

286

I + 4+ 4+ 11

[
o

L+ ++ 4+ +++ +

INER

2

2l

106
25

159

15
12
123
28

151

102

161

204

+

-J

REEEEEEEN
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Vertical Biomass Distribution

The method of obtaining root samples was similar to that adopted
by Kotanska (1967) and the three sites investigated were:-

a) Upper Slapestone Sedge Marsh

b) Upper Slapestone Agrostis-Fescue Grassland

c) Lower Slapestone Sedge Marsh

Monoliths, % m?, were cut out to a depth of 20 oms or to bedrock
at each site.

These soil blocks together with their attendant vegetation were
removed to the laboratory, care being taken that the blocks were not
compacted in transit.

The aerial vegetation was removed and sorted into the following
categories:-

i) Pteridophytes
ii) Bryophytes
iii) Angiosperms, Monocots

iv) Angiosperms, Dicots

Each category was individually packeted and dried in a forced
draught oven.

The soil blocks were then cut into 1 cm thick horizontal slices
with a sharp knife. Each section in turn was then vigorously washed
under a running tap in a 1 mm sieve to remove fine sand and soil particles.

The roots and other underground organs were separated from the
remaining inorganic fraction of gravel and larger stones by differential
flotation.

The separation of live root material from the dead proved laborious
and was effected by hand sorting using fine forceps. In general live
roots were tough and springy, ranging from white to red-brown in colour,

whereas the dead roots were flaccid or fragile and black in colour.



Pige 44t Sorting categories for vertical biomass distribution
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The live roots were packeted and dried in a forced draught oven
for three days and the vertical distribution of biomass within and
above the soil is illustrated in Fig. 45.

The bulk of the root material was concentrated in the upper few
centimetres of the soil. In each example illustrated the above ground
standing crop was far smaller than the below ground standing crop.

The Uppef Slapestone sedge marsh site had a below ground standing
crop of approximately 1200 g dry wt. per m2, whereas the Upper Slapestone
had a standing crop of 1250 g per m2. These values were exceeded in
the Lower Slapestone Sike site where a standing crop of 1400 g per m2
was attained.

These simple determinations indicate that the aerial standing crop
represents a small proportion of the biomass and the effect of rooting
competition may be of significance in the establishment of the Teesdale
rarities.

In view of the inherent inaccuracy of the method for the determi-
nation of root standing crop the values obtained should be regarded as
approximations which nevertheless illustrate the general pattern of the
vertical distribution of biomass.

The commmities rich in the Teesdale rarities have been ;H;;n to
be of low net annual aerial production with the bulk of their biomass

underground.



Fige 45
Vertical biomass distribution in August 1969 at Upper Slapestone

Sedge Marsh, Upper Slapestone Agrostis-Fescue grasslands and Lower

Slapestone Sike Sedge Marsh.
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What limits the productivity of these communities?

Although it did not come within the scope of the work to study
the possible factorsin great detail, some experimental evidence is

given below under the following headings:-

i) The climate
ii) The biotie

iii) The Edaphic
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(1) The Climate

As previously indicated the climate of the Fells of Upper
Teesdale has long besn known for its inhospitable and marginally sub-
arotic nature (Manley 1933).

Regular climatological observations have only been taken on
Widdybank Fell since January 1968 and so far these have indicated that
the general climatic differences from the Moor House Station are slight.
The growing season, if loosely defined as the number of days with the
mean tempsrature above 6°C,is about 180 per annum, which is at least
60 days shorter than in the Eden Valley (Millar 1970).

Air frost can occwr in any month of the year and lowest minimum
air temperatures on Widdybank Fell (509 m) often prove to be lower
than even those on Great Dun Fell (847 m).

These general observations indicate that the climate may contribute
in part to the restriction of production.

However the presence of much more productive vegetation in close
proximity to the low production communities indicated the need at least
for detailed microclimatological studies in the area.

To test the effect of climatic restraint on the vegetation a simple
experiment was devised to demonstrate the possible effects of short

term amelioration of the microclimate.

Cold Frame Experiment
A cold frame similar to that used in horticultural practice was

located on Bent-Fescue grassland on Widdybank Fell bef'ore the commence-
ment of the 1969 growing se#son. A similar area was enclosed to prevent
the grazing of herbage by sheep and other large animals,

At the conelusion of the experiment in October 1969 the vegetation
from, the experimental areas was harvested from both plots in three

400bm2 cropping units and also from an adjacent grazed area.



PLATE VII Cold Frame Experiment

Bent Fescue grassland sample
(i) from within cold frame, and

(ii) from ungrazed sward.

Scale ~ The vertical scale is graduated at 5 cm intervals.
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These crops were transported back to the laboratory where the
herbage was sorted, dried and weighed and the mesan aerial standing crop
calculated on a per metre square basis. The figures so obtained were
only crude estimates but they do serve to illustrate the difference
between treatments.

The only visual difference between the samples from the grazed
and ungrazed swards not enclosed within the cold frame was a few
"clibped" ends on the grazed sample. No obvious differences in standing
crop were evident.

The difference between the grassland enclosed within the cold frame
and that outside was visually striking (Plategg%). The plot from within
the cold frame had a high standing orop composed of tall sward of grasses
interwoven with straggling stems of Thymus drucei and flowering shoots
of Prunella vulgaris (Table 42). The grazed and ungrazed vegetation
consisted of compact short swards. The Cirsium palustre rosettes
measured 5-10 cms in diameter in the area around the cold frame as
compared to 30 cms inside it (Platewvlb .

The internal climate of the cold frame was not monitored, but the
main effects of the cold frame would have been to reduce wind speed and
direct precipitation and increase internal temperatures especially by
reducing the inecidence and duration of frosts.

The general conclusion to be drawn from this crude qualitative
experiment was that short term modification of the climate would be
sufficient to produce dramatic changes in the growth rate and physiognomy
of the vegetation. 'Shozt term removal of grazing and trampling pressure

would have little effect.



TABLE

October standing crop of Bent Fescue Sward
. (1) sample from within cold frame
(ii) ungrazed sample
expressed in gm dry wt per metre2 and excluding Bryophytes

(1) (1)
Festuca ovina 720 370
Carex sp. 140 12
Agrostis tenuis 205 B
Achillea millefolium 45 | 1
Thymus drucei 16 15
Prunella vulgaris 20 5

Selaginella selaginoides - 9



PLATE VIII Cold Frame Experiment

Cirsium palustre from

(i) within cold frame (above)

(ii) ungrazed sward (below).

Scale - Largest rosette 28 cms diameter.
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(ii) The Biotic

Exclusion of grazing for a single growing season showed little
ef fect on the vegetation but exclusion for more than three seasons
produced noticeable changes in the physiognomy of the vegetation.
However no major change in the floristic content of the enclosed areas
was recorded.

Exclosures had been erected in 1965 around spring head "brown
moss" communities on Widdybank Fell during an earlier investigation.

These spring head communities consisted of hummocks ranging in
diameter from 3 to 5 metres and in each case there was at least one
similar, but unfenced, formation within 10 metres distance of the
exclosure.

Aufnahmen were recorded of the fenced and the unfenced adjacent
hummocks and these are listed in Tables 43a and 43b.

Assuming (i) that the hummocks were of similar floristic composition
initially before fencing and (ii) that the present floristio composition
is not due to chance, several general observations may be made.

The floristic diversity inoreases in terms of numbers of species

due to the appearance of species such as:

Primula farinosa Linum catharticum
Veronica beccabunga Caltha palustris

Irifolium repens

Whilst Bryophytes decreased in cover-abundance the values for
Festuca rubra and Carex nigra increased. This change in floristic
composition was accompanied by an increase in height of the herbage.

Observation alone made it evident that the plants within the
exclosures had the added advantage of abundant production of flower,

fruits and seeds.



TABLE 43a

Floristic composition of two unfenced springhead hummocks
and an adjacent fenced hummock on Widdybank Fell

(Doing Cover Abundance Scale; see Appendix II)

Area (m)
Aspect

Slope

No. of species

Species

Cratonsuron commutatum
Agrostis canina
Cardamine pratensis
Cratonsuron filicinum
Philonotlis calcarea
Equisetum palustre
Junous articulatis
Carex lepidocarpa
Bryum pseudotrigquetrum
Carex panicea

Festuca rubra
Leontodon leysseri
Carex dioica

Primula farinosa
Carex nigra

Linum catharticum
Deschampsia ocaespitosa

Aufnahmen 1
Grazed
3x3
S.E.
5°
11

+++++++8883

Aufnahmen 2
Grazed
2x2
S.B.
50
10

SR8

g+ ++

+++

Aufnahmen 3
Ungrazed

3x3

S.B.
50
14

SRg

o+ ++

O +
A% ]

++8++



Floristic composition of an unfenced springhead hummock

and an adjacent fenced hummock on Widdybank Fell
(Doing Cover Abundance Scale; see Appendix II)

Area (m)
Aspeot

Slope

No. of speoies

Species

Philonotis calcarea
Cratoneuron filiclinum
Agrostis canina

Carex lepidocarpa
Equisetum palustre
Carex panicea

Carex flacoca

Br pseudotriquetrum
Cr&toneuron commutatum
Festuca rubra

Prunells vulgaris
Cardamine pratensis
Juncus artioculatus
Carex nigra

Veronica becoabunga
Acrocladium cuspidatum
Mnium affine

Carex echinata

Juncus conglomeratus
Juncus squarrosus

Eriophorum angustifiolium

Festuca ovina

Briza media cin
Taraxacum offim,gale
Holous lanatus

Caltha palustris
Deschampsia caespitosa
Anthoxanthum odoratum
Pellia epiphylla
Nardus striecta

Carex dloica,
Trifolium pratense

Aufnahmen U

Grazed
3x3
S.E.

50
13

+++PRRRRABRRKRES

Aufnahmen 5
Ungrazed
33
S.E.
5°
31

0CQO+ 0+
++++++++++++++++ B80T ,8
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These observations indicate that it would be dubious to argue
the persistence of arctic-alpines under present climatic conditions
without the specific effects of heavy grajing and trampling.

However grazing itself cannot directly control the productivity of
a community, it can only affect the final standing crop. Also grazing
unless selective must also affect both the rarities and their competitors.
Bradshaw (1970) has noted that approximately 10% of the individuals of
Gentiana verna, Tofieldia pusilla and Carex ericetorum produced flowers,

but almost none set fruit in the unfenced communities in 1969.
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(iii) Edaphic Factors

The idea of an edaphic factor contributing in part to the survival
of relict arctic-alpine species is in keeping with the continuous pollen
record for such species. Of the seventeen Teesdale rarities which have
recognisable pollen, eleven have been recorded from the time of maximum
forest development (Turner and Hewetson, 1970). Jeffrey and Pigott
(1970) argued that during the Atlantioc period of climatic amelioration
when competition from fast growing species would have been potentially
high, an edaphic restriction on growth may have operated on particular
sites.

Low phosphate availability has been indicated as a factor limiting
the growth of possible competitors, thus permitting the growth of shade
intolerant arctic-alpines. However the investigations of Jeffrey and
Pigott of the soils on which Kobresia simpliciuscula grow in abundance
did not reveal low levels of total phosphate but they maintained that
there was a possibility of the interaction of high levels of lead or
soms other heavy metal in the soil affecting the availability of this
nutrient.

Prom the analytical data obtained it is possible to make the
following comments. The Kobresia-Sesleria grassland (as typified by
Cluster 6 of the Relocation Procedure) was associated with the highest
levels of exchangeable lead in the soil. Since this level was only
0.004 milli equivalents per 100 c.c. soil; and no traces of lead were
detectable in any of the plant material analysed, the implication of
lead acting directly as a growth inhibitor or indirectly by suppressing
phosphate uptake remains to be proven.

Exchangeable zinc, while not specifically associated with any
particular soil or vegetation type, showed high concentrations in soils

of low organic content which were not subjected to periodic flushing.
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The zinc content of the plant material differed markedly between
live and dead tissue,in a similar manner to calcium (see below).

Comparisons of zino levels were possible for some species which
ocourred across the range of wetland sedge communities. The zinc
levels (ppm) for dead and live leaves of Eriophorum angustifolium and
Carex lepidocarpa are shown together with the net aerial productivity
. of these species for the 1969 growing season in Table 4.

' In these two species levels of zinc appear to be correlated with
net eerial production; high concentrations of over 100 ppm zinc in the
live tissue and 400 ppm in the dead are paralleled by low production
both for the species concerned and the total community.

Although there appears to be an inverse correlation between zinc
ooncentration and productivity in the wetland sites, there was no indi-
cation that zinc toxicity was the causal agent of these production levels.
None of the classic symptoms were apparente.

Turning to elements of more direct nutritional value, namely calcium
and potassium, it was found that significant differences are indicated
between the concentration of these elements when comparing live and dead
tissue as shown in Tables 4% hq

It would appsar that species in the table and all others analysed
tended to retain potassium in the live tissue, presumably removing
potassium from senescing tissue. Conversely calcium appeared to be
shunted into the dying tissue.

The marked retention of potassium by Sesleria caerulea espscially
in the live leaves is noteworthy. Although not a Teesdale rarity, it
is of restricted edaphic range in Britain, ooourring only in areas of

high soil calcium.



TABLE L4

Net aerial production for 1969 growing season and Zinc concentrations
for dead and live leaves of Eriophorum angustifolium and
Carex lepidocarpa for three wetland sites in Upper Teesdale

Zinc Concentration Net aerial
. ppm production
Live leaves Dead leaves 1969 gmw;l;lzx season

Epiophorum angustifolium
Nameless Red Sike 81 183 106
Lower Slapestaone 183 588 18
Upper Slapestone 115 L34 22
Carex lepidocarpa
Nameless Red Sike 78 101 38
Lower Slapestone 55 139 28

Upper Slapestone 160 460 12



TABLE 45

The rare species found in, and associated with, the six clusters
derived by relocation with main abiotic trends

CLUSTER 1 2 5 L 7 6

Data from Grid

Equisetum variegatum 100 61 - - - -
Primila fiarinosa 67 28 - - - -
.Juncus triglumis 25 17 - - - -
Tofieldia pusilla 58 33 - - - -
Plantago maritima 67 28 7 11 - -
Carex capillaris 25 78 14 78 - 7
Kobresia simpliciuscula 67 6 - 33 - 73
Gentiena verna - - - 22 8 53
Sesleria caerulea - - - 22 25 100
Galhium boreale - - - - - 7
Polygala amara: p' "t - - - - - 13 .
Comparative data of
other species PRESENCE -
Minuartia stricte * - - - - -
Thalictrum alpinum 0 ® - - - -
Bartsia alpina L # # - - -
Juncus alpina-articulatus - # & - - -
Viole rupestris - - - ® - “
Carex ericetorum - - - # - &
Helianthemum canum - - - - # #
Dryas octopetala - - - - - @
Wet Dry
Abiotic trends Low Organic High Organic Low Organic
High Ca Low Ca High Ca
Flushing No Flushing

Scouring Wind Erosion
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Two of the Teesdale rarities did in fact have low potassium
levels in their live leaves. Kobresia simpliciuscula had a concentra-
tion of 6.9 mg per g of potassium (S.D. 5.0) in the Upper Slapestone
calcareous grassland and 4.l mg per g (S.D. 4.0) in Upper Slapestone
sedge marsh. Tofieldia pusilla contained only 3.3 mg per g (S.D. 1.7)
in its live leaves at the Upper Slapestone sedge marsh.

These observations indicate that further work on the role of
potassium in these communities would be worth while.

This section of the work is summarised in Table 46 where the data
for standing crop and uptake of nutrient by each community studied is
given. Table 47 shows a crude estimate of production efficiency,
production per unit upteke of Calcium, Magnesium and Potassium.

No outstanding differencesbetween sites are indicated and the
number of analyses which would be necessary to obtain statistiocally
significant results indicate this to be a less profitable sphere for
further work.



Site

Upper Slapestone Sike

Lower Slapestone Sike

Nameless/Red Sike

Upper Slapestone Sike

Upper Slapestone Sike

Summary of Mineral stending crop and uptake area (g/mz)

Phytosociological Affinity

Tofieldietalia

Tofieldietalia/Molinio-
Arrhenatheretea

Tofieldietalia/Molinio~
Arrhenatheretea

Nardo Gallion

Seslerietalia

TABLE

No. of
Rare

Species

10

" Net
Peak Aerial
Standing Produc-

Crops tion

276 134

L6l 263

626 354
123 29

403 161

Standing Crop

Ca

k.5

5.2

6.6

1.3

1.3

Mg

0.5

0.7

0.8

0.2

0.3

K

1.4

43

Sely

1.0

2.0

Ca

1.5

2.8

4.1

0.2

Uptake
Mg

0.2

Ol

0.5

0.0

0.1

0.8

2.5

2.4

0.1

1.1



TABLE

Biomass produced per gram of calcium,
magnesium and potassium at each site.

1 2 3 4 5
Calcium 92 87 88 145 65
Magnesium 660 620 750 725 146
Potassium 173 98 18 221, 150

No. of rarities 10 4 2 - 7



TABLE

Concentration of Calcium in dried material
from sedges and grasses at various sites

mg/g

(standard
Species Site Live déaviation) Dead (S.D.)
Carex nigra Lower Slapestone Ll 21.9) 20.7 (8.5)
Upper Slapestone 21.9 8.1) 25.3 (3.8)
Carex panicea Upper Slapestone 24..9 1.9 33.6 (12.4)
Lower Slapestone 19.7 2.4 25.0 (3.0
Nameless/Red Sike 17.2 1.7 25.0 -
Eriophorum Upper Slapestone 19.6 (1.3) 33.4 (3.3)
angustifolium  Lower Slapestone 17.1 §2.63 32.9 (17.0§
Nameless/Red Sike 14.1 1.1 26.9 (2.3
Sesleria caerulea Upper Slapestone 13.5 (1.7) 3346 (14.1)

(Sesl/Kob. grassland)

TABLE

Concentration of Potassium in dried material of
Carex panicea and Sesleria caerulea at various sites

mg/g
Species Site Live (S.D.) Dead (S.D.)
Carex panicea Upper Slapestone 11.8 4.6 3.4 (1.5
Lower Slapestone 15.9 1.9 6.5 é}.}
Nameless Red Sike 1101 l.6 3.3 1-3
Sesleria caerulea Upper Slapestone 13.0 (2.2) 2.9 (1.1)

(Sesl/Kob. grassland)



PART V

CONCLUSION
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Although the contemporary climate of the high western ridge of
Upper Teesdale is marginally sub arctic, the climate of the main area
in which the Teesdale Rarities are found appears to differ little from
that of other large stretches of the Pennines.

Why then is the rich assemblage of relict spscies present only in
Upper Teesdale?

Earlier work (Bellamy and Tickle 1965) had indicated that in
Upper Teesdale there exists a complex of vegetation types characterised
by low levels of production. These "low production" communities offer
niches in which competitive effects are minimel and in which the
Teesdale rarities are able to survive.

This study was designed to test this hypothesis by answering three
questions:

i) What are the communities?
ii) What is their productivity?

iii) What are the reasons for this level of production?
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(i) The Communities

Detailed study of two transects, which appeared to include a wide
range of the constituent vegetation of the area, indicated the importance
of boundary situations to the presence of certain of the rarities. These
were typified by sharp zZones of both biotic and abiotic transition of
the limes convergens type situation as defined by Van Leeuwen (1966).

It is suggested that the status of the boundary complexes holds, at least
in part, the key to the Teesdale problem.

The association of certain of the Teesdale rarities with limes
convergens situations enabled the construction of the following hypothesis.

A vegetation boundary may be considered as a separator of adjacent
but different vegetation systems. The area of interaction between them
must be a zone of ecologiocal transition where neither end-state community
may f£ind its full expression, that is its total species complement, nor
their full viability. It is here in this zone of lowered potential that
rare species and species from totally unrelated habitats may survive
together in this "niche" which is characterised by low competition.

As previously stated, Upper Teesdale represents a large scale
example of a boundary complex of vegetation types fluctuating with changes
in maoro and micro climate - a constantly varying complex, unstable in
detailed pattern, but stable in overall make-up, approximating to the
“"limes convergens" situation, in which many rare plants and rare combina-
tions of plants may be expected (Van Leeuwen 1966).

Typical of the "limes divergens" situation are the associations of

the Trifolio-Geranietea. These appear to represent the seral stages

between grassland and forest, but there are basic and integral differences.

The true seral communities are classified in the order Prunetalia Spinosae,

margins of cultivated land where succession is prevented by man's
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influence; it must be made clear that they are distinct communities
characterised by certain regionally restricted species.

Upper Teesdale bears abundant evidence of the effect of man as
witnessed by numerous spoil heaps, trails and concentrated sheep
grazing.

This effect could well account for the contemporary stabilisation
of the boundary complex and thus for the existence of considerable
tracts of unique vegetation in this area.

In Teesdale the communities may not represent the stabilisation of
early seral stages held by grazing and climatic pressures, but
specialised phytosociologically distinct communities analagous to the

communities of the Trifolio-Geranietea.

It does, at first, seem somewhat dubious to argue the existence of
relict species over long periods of time in such restricted and unstable
habitats particularly times involving appreciable climatic change.
However the very nature of the limes convergens situation, being a
separator of highly dissimilar opposing systems, ensures a high degree
of temporal stability (Van Leeuwen 1966). The breakdown of such
transition zones would require relatively massive environmental or
habitat changes.

The limes divergens situation, being a gradual transition between
not necessarily markedly different, is more susceptible to modification
through slight environmental change. This type of boundary system is
therefore more prone to the rawages of time, especially if accompanied
by elimatic change.

The persistence of a limes convergens over a long period of time,
theoretical considerations apart, is still a matter of conjecture. Only
bg detailed examination of fossil material in very local peat deposits

will evidence be found supporting the above hypothesis.
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0f the seventeen Teesdale rare species with recognisable pollen
the following have left a more or less continuous record of their
presence on Widdybank Fell since the time of forest maxima (Turner and

Hewetson 1970).

Betula nana Dryas octopetala
Gentiana verna Helienthemum canum
Plantago maritima Polemonium caeruleum
Rubus chamaemorus Saxifraga stellaris
Saxifraga hirouluszgxgnoides Saxifraga aizoides type

Pblyggnum vivipagggzgistorta

The fact that so many have been recorded indicates that the rarities
may have been in the area since the late glacial period.

Sufficient evidence has accrued from the adjacent Cronkley Fell to
indicate that a principal feature of the Flandrian history of the area
was the marked instability since late glacial times both in terms of
local mire dynamics and woodland (Squires 1970).

The following relevant picture is constructed from Squires' work.
During the late glacial there is evidence of solifluction, where the
upper part of the waste mantle of the retreating glaciers crept over the
underlying frozen ground, even on areas of low gradient. Consequently
solifluotion deposits or creep soil would collect extensively in hollows
and at the foot of slopes; such deposits are widespread in Upper Teesdale
(Johnson 1965).

These unstable areas would have provided habitats for ploneer
species, including possibly the present day rarities, in much the same
way as plants encroach almost on to the ice sheet of Greenland today.

During the Late Glacial, the rare species were not confined to the
Fell tops of Upper Teesdale. There is considerable evidence that they

formed the components of widespread vegetation types and numerous records
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of their remains have been found in lowland Britain (Allison, Godwin
and Wabbews 1952) (Mitchell 1953).

Later climatic amelioration evidently resulted in the withdrawal
of the flora of the "park tundra" to high altitudes until finally
restricted into the disjunct localities in which they are found today.

In Pollen Zone VI the edaphic instability of the Fell tops gave way
to instability brought about by water level fluctuations which, as the
study has shown, are a pertinent feature of certdin boundary situations
in the area even today.

The period of forest maximum would appear to have been the most
critical for the survival of the relict species. The fact that many of
the rarities are found only in a very short tutf on limestone outerops
would indicate their intolerance to the shaded condition of woodland.
However under the blanket bog which surrounds the outcrops there is
abundant evidence of well developed forest which would have undoubtedly
reduced wind erosion and woil wastage on such limited limestone outcrops.

Although the limestone may have been covered by open forest or scrub,
the peculgﬂrflora need not necessarily have been exterminated under these
conditions. Viola rupestris, Carex ericetorum and Dryas octopetala can
survive under scrub on small outcrops, and Polygala amara and Gentiana
verna have both been noted in fruit in small openings in the canopy of
sub-elpine Picea abies forest in the Alps (Piggot 1956). Similarly the
calcareous flushes in sub-alpine river valleys (siebert 1958).

Bven at its maximum development the Upper Teesdale woodland was
never closed (Turner and Hewetson 1970). Providing that local movements
of rarities could occur to evacuate old habitats as they became untenable
and exploit new and different niches as they became available, the relict

species could have survived throughout the forest maximum.
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Again survival through the main period 6f blanket bog development
must be considered. Presumably restricted localities of limestone
outcrops would have been available. It is interesting to note that
limes convergens and limes divergens boundaries would have been a
widespread feature of that time,

Although the boundary hypothesis may neatly explain the persistence
of many of the rarities in certain situations it does not in others.

There is the abundance of species such as Tofieldia pusilla and
Kobresia simpliciuscula which are not restricted to such zones of
environmental instability. Species such as these may in fact be
definitive plants of certain communities (see page 21).

The detailed phytosociologiocal investigation of the grid on
Slapestone Sike produced an optimum clessification of 6 clustersall of
which contained an admixture of rarities, though some more so thét others.

Two main types of community, the sedge marsh (Clusters 1 and 2) and
the sugar limestone grassland (Cluster 6) have a high proportion of
arctic-alpine species occurring within them not only in terms of numbers
of species but also in terms of frequency of occurrence. Table 45 lists
these species under their appropriate cluster code with their frequency
of occurrence as well as comparative data of distributions of other rare
species from similar communities. Abiotic trends are also shown.

In general those communities with complete vegetation cover that
are rich in the rarities appear to be admixtures of two or more phyto-
sociologically recognisable vegetation taxa. These mixed communities
are found where the soils are low in organic material and high in calcium.

Some of these aresas have been classified into the association

Seslerietum-Caricetum pulicariae Shimwell 1968. This association, together

with its variants, forms a phytogeographical link between the lowland

base rich grasslands of the class Festuco-Brometea Br. Bl. and R.Tx. and

the arctic alpine grasslands of the class Elyno Seslerietea Br. Bl. and

further emphasise the boundary nature of Upper Teesdale.
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(ii) The Productivity of the Communities

The phytosociological study not only indicated the relevance of
vegetational transitions to the survival of rarities, but also delineated
the commnities and sites for production studies.

The performance of each species at these sites was determined, by
the single species increment cropping technique, and a composite picture
was obtained of each community's dynamics in terms of biomass and
mineral flux.

These investigations have indicated that those communities rich in
rare species are typified by low levels of net aerial primary production
(Table 41), though all areas of low productivity do not necessarily
contain rarities, unless ecological, environmental and phytosociological
factors are favourable.

Previous studies have indicated that Upper Teesdale plant communities
containing arctic-alpine species have an annual dry weight shoot
production of less than 150 gm per m? per annum (Bellamy and Tickle 1964).
In the light of the present study this would appear an oversimplification.
The rarities are certainly most abundant in the %?st productive areas,
provided other environmental factors are suitable. They are common in
communities with less than 150 g per m2 per annum, but they do occur in
communities whose productivity exceeds this level.

The relationship between net aerial primary production and the
number of rare species was found to be an inverse relationship; the higher
the productivity, the lower the number of rare species. Only two rarities
were present in the Nameless/Red Sike site whose net annual aerial

production for higher plants was 355 g per m2 per 1969 growing season.

(iii) What maintains this low level of productivity?

The vulnerability of the presumed contemporary stabilised communities

to modification by environmental modification was demonstrated.
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The simple cold frame experiment illustrated the effect of short
term amelioration of the climate. Lowland species in the Teesdale
community studied showed a rapid response by doubling overall community
standing crop in the length of a single growing season. The response of
the Teesdale rarities under these experimental conditions remains to be
investigated.

This response to climate would tend to depreciate an argument
maintaining the inhibition of growth due to edaphic factor(s), assuming
that such a factor(s) is not temperature sensitive.

This experiment also indicated the effect of climatic restraint in
maintaining the production level below its maximum potential.

The importance of another environmental factor, heavy grazing, was
emphasised by the observations of the fenced and unfenced spring head
"brown moss" hummocks. The removal of grazing pressure on these particular
communities resulted in changes in the physiognomy, reproductive modes
and composition of the flora. This further demonstrated the delicate
balance of the contemporary plant communities.

Chemical analysis of soil and plant extracts, apart from providing
information of mineral flux within each species, were inconclusive,
failing to produce evidence of the role of most of the heavy metals in
inhibiting community productivity. Zinc levels were higher in plant
material from the less productive sugar limestone communities. These are
the communities which contain certain large numbers of rare species, and
it is tentatively suggested that further investigations of this metal

may be rewarding.
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The Teesdale rarities are located in two basic types of situation:-
(a) various boundary and transition zones,
and (b) communities of low net annual aerial production, particularly
those associated with sugar limestone soils.

What have these two basic situations in common?

They are both situations in which the vitality and viability of the
lowland species are impaired by factors of ecology and climate. It is
here in the face of lowered competition that the rare species, supposedly
intolerant of competition, have been able to maintain a foothold.

The construction of the Cow Green Reservoir although flooding soms
of the present localities of the rarities, may provide new environments
rich in boundary situations on the new shore line. Against this must be
set any possible unfavourable changes in microclimate. It remains to be
seen which influence will prove the stronger for the future of the

Teesdale Rarities.



APPENDIX I

PLANT AND SOIL ANALYSIS
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Gravimetric and chemical analysis were carried out on plant and
soil material.

Preparation

The plant material was cropped according to the method previously
outlined.

The soil samples were obtained by inverting aluminium canisters
over the soil surface previously denuded ofvegetation. The surface of
the soil around the circumference of the can was cut with a sharp knife.
This allowed the introduction of the can into the soil. Care was taken
to avoid compaction and when the top 10 cm of soil filled the can the
core was removed. Two samples were taken from each quadrat.

The soil samples were immediately returned to the laboratory with
minimum soil water loss. The cans and soil were then weighed on a top
loading balance.

The packeted plant material and the soil samples still in situ in
their cans were loaded into hot air ovens set at 105°C. A constant flow
of air was forced over the samples by an intermal extractor fan integral
to the oven. The samples were dried for three days.

In practice it was flound not possible to dry samples to constant
weight due to the loss of volatile organic compounds from the plant
material and soil organic fraction. Three days at 105°C sufficed to
drive off the aqueous content with minimum loss of volatile substances.

The dried packets of plant material were then stored in new polythene
bags which were kept tightly sealed with a few crystals of silica gel
inside. These crystals served to indicate if water vapour entered the
bag, in which case the contents were transferred to a new bag with a
larger quantity of gel to remove the vapour.

The soil samples were weighed again as soon as they were removed
from the oven and the perfentage of water loss from the soil was calcu-

lated.



99

The two soil samples from each quadrat were then bulked and gently
ground in a clean pestle and mortar to break down the larger soil crumb
structure and then sieved through a 2 mm gauge sieve. These samples were

then packeted and stored in the same way as the plant material.

Soil Analysis and Preparation
Soil Organic content. Approximately 10 gms of each of the dried,

lightly ground and sieved soil samples were accurately weighed into clean
porcelain crucibles with lids. These crucibles were then placed in a
muf'fle furnace and heated to 52500 for 24 hours. These were then removed
and allowed to cool in a large dessicator. The ash was themweighed and the

weight loss attributable to the organic fraction calculated.

Soil Extracts

(1) Exchangeable

The "exchangeable" ions in the soil were extracted with N. ammonium
acetate at room temperature. The extraction procedure consisted of
steeping 2.5 gms of the soil sample in 250 mls of the ammonium acetate
solution for 24 hours. The soil particles were then filtered off and the
filtrate evaporated almost to dryness to drive off the ammonia. The
remaining solution was made up to 250 cc in & calibrated flask. Two
exchangeable extracts of each soil sample were prepared and the analysis

results were derived from the means of these samples.

(ii) Total
The "total" soil extracts were prepared by wet ashing (for method
see Jeffries and Willis 196)4). Again duplicates of each soil sample were

prepared.
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Plant Extracts

The dried plant material was cut into small pieces and wet ashed

as above. Replicates and blank "controls" were prepared for analysis.

Cations

The monovalent cations, Sodium and Potassium, were determined by
flame photometry using an EBL flame photometer.

Magnesium, Calcium, Zinc, Lead were determined by atomic absorption
spectrophotometry (David 1960). Precautions were taken to suppress

possible phosphate interference in the analysis of calcium (David 1959).

Anion
Phosphate was determined by a single solution method (Murphy and

Riley).



APPENDIX II

THE "DOING" SCALE
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This scale was developed to overcome the main weaknesses of the
Braun-Blanquet system (Barkman, et al. 1964). These were considered
to be:-

(i) the use of a combined scale for estimation of abundance
and cover.
(ii) the lack of equivalence in the range of values of each class

with most other existing scales.

(iii) the inexact definition of degrees of abundance and

sociability.

The "Doing" scale treats cover and abundance separately. It is
perhaps an oversensitive method for gemeral phytosociological usage but
for detailed comparisons in either temporal or spatial contexts it is a
more precise tool than the Braun-Blanquet method.

The cover scale only was used in this study.

vegetation cover Doing Cover Scale

2 -
2-5 00
5-15 01
15-25 02
25-35 05
35-45 Ol
45-55 05
55-65 06
65-75 07
75-85 08
85-95 09

295 10
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instability.

UppeR Teesdale in the Northern Pennines of England has
long been famous for its rich and peculiar florat.2, which
includes prealpine, alpine, arctic alpine and sub-arctic
plantg3—'“I'eesdale rarities”. Most of these are fairly
abundant between the 300 and 600 m contours, which in
an area at approximately latitude 54° 40’ N .on the Atlantic
coast of E urope is remarkable.

* Manley* has described the climate at 840 m on the
western boundary of Upper Teesdale: “We therefore form

5190, pp. 238-243, April 19,"1969)

On the basis of field evidence, two hypotheses are advanced to
account for the existence of “‘arctic alpine” plants in Upper Teesdale.
They involve a critical limit of primary production and boundary

a conception of an excessively windy and pervasively wet
autumn, & very variable and stormy winter with long
spells of snow-cover, high humidity and extremely bitter
wind, alternating with brief periods of rain and thaw.
April has a mean temperature little above freezing point
and sunny days in May are offset by cold polar air, while
the short and cloudy.swmmer is not quite warm enough to
support the growth of trees. Throughout the year indeed
the summits are frequently covered in cloud”. He calls



the climate of the high western ridge sub-arctic, but
emphasizes the marginal nature of this upland climate:
“A relatively slight increase in the frequency of warm
anticyclonic summer weather would allow & rise in mean
temperature almost sufficient to permit the growth of
trees’’.

Yet more than 300 m lower on both north and south
facing slopes, ccosystems harbouring aretic alpine plants
are widespread in conditions which might therefore he
regarded as marginal for their survival.

The proportion of English gardens situated below the
300 m contour and the abundance of aretie alpines in seed
catalogues should be proof enough that these plants will
grow at even low altitudes and in dryer situations, with
much longer growing periods than the *arctic wastes”
of Upper "Teesdule.

‘We have two hypotheses to acecount for the restriction
of the range of these plants in natural situations, and
their relative abundance in Upper Teesdale. These
involve, first, a eritical limit of primary production, and,
sceond, boundary instability.

Critical Limit of Primary Production

The importance of competition, or at least the lack of
it, to the survival of arctic alpine plants has been dis-
cussed widely (refs. 3 and 5 are directly relevant). There
are, however, few or no empirical data available concerning
this important factor.

We have studied the floristic make-up and productivity
of the “wetland ecosystems” of Upper Teesdale in relation
to their mineral supply®. Wetland eccosystems in the
limited sense of this work are defined as ecosystems with a
watertable, above, at or very near the substrate surface,
the substrate remaining saturated throughout the year.
These can be subdivided into two prineipal groups.
(e) BlanEket mires, which occupy watorsheds which are
covered with a blanket of peat (varying in thickness from
a fow centimetres to 4 m), with water and minerals supplied
directly in rainfall’. (b) Flushed ecosystems, which can be
subdivided into those which (1) occupy the drainage axes
of the blanket mire and are afiected by run-off from peat
covered catehments; (2) are supplied with run-off or spring
water from the acid rocks of the area (mainly quartz
dolerite) and from glacial drift formed from quartz
dolerite; and (3) are supplied with spring water derived
from the extensive deposits of Carboniferous Limestone in
the ares and from glacial drift and boulder clay formed
from the limestone.

We mapped representative series of the “wetland
ecosystems’ and described theijr vegetation using standard
phytosociological techniques?, combined with the use of
point quadvrats.

Differential analysis of the foristic dats using Kulezyn-
ski’s formula® revealed a cline of wetland communities
falling into seven groups, each with its own character-
istic species. The direction of variation of this cline
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Fig. 1. Floristic groups of wetland ecosyvstems and their shc;ol. production.
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seems to be related to the increase in the effect of ﬂowiug
bicarbonate-rich ground water'® passing from the blanket
mire ecosystems to those developed in spring waters
derived from the limestone.

The Kulezynski diagram in Fig. 1 shows the results of
the differential analysis of the reduced matrix of sites
used in the production studies.

Soil samples, collected from each community, were
dried and aliquots were extracted with 2 N ammonium
acetate!!, and analysed for calcium and magnesium
(atomic absorption spectrophotometer) and sodium and
potassinm using a flame photometer. Total carbonates
were determined by shaking dried soil with standard acid
followed by back titration using bromothymol blue as
indicator. The pH was determined on fresh soil samples
made liquid with distilled water,

Sixteen wetland communities covering the seven
floristic types were fenced in early 1965 against grazing by
sheep and cattle. THese ranged in altitude from 440 to
640 m Ordnance Datum. To minimize damage to rare
comununities, regular cropping was curried out on only
two sites. For this the exclosures at ecither end of the

altitudinal range were sited around communities which

are widespread in the area, and which contain no rare
plants. These were sampled monthly by paired, clipped
quadrats, each 0-5 m® in size. As soon as the aerial
standing crop became constant in the highest exclosure,
cropping of the other enclosed communities began,
gradually working downwards. All the crops were
sorted into monocotyledons, dicotyledons and bryo-
phytes, and then each component was sorted into current
and previous year’s growth. The components were dried
to constant weight: at 100° C. From the results a mean
figure for the net annual aerial production per square
metre was calculated. We shall refer to this simply as
“‘shoot: production™.

The Hypothesis

.Many Teesdale communities which contain arctic
nlpine species have a total vegetation cover of less than
30 per cent. Interspecific competition seems likely to be
greatest in communities with maximum cover value, and
30 only results for communities with 100 pe1 cenb cover are
discussed here.

Tig. 2 shows the values for shoot productlon plotited :
(@) against the combined content of calcium and total
carbonate /100 g dry weight of soil (as a rough edaphic
scaler), and (b) against altibude (as a rough climatic
scaler). Manley!? states that for the Nouslu,m Pennines,

“a slight increase in elevation is accompanied by a
rémarkably large decrease in tho length of the growing
season (a shortening of 10 days for 80 m)”.

Clearly there is no correlation between shoot production
and either of these factors. But all communities containing
arctic alpine species (shown on the figuresin solid symbols)
have an annual dry weight shoot production of less than
150 g/m?.

Comparable figures for the shoot production of a whole
range of true alpine tundra ecosystems are given in Table 1.
The figures are all taken from Bliss'* and 75 per cent of

~Table 1. SHOOT PRODUGCTION

Bliss (1060) Upper Tcesdale
579 Grass spring
548 ‘Brown moss_spring
461 Grass spring
449
431 'alytrwlmm heath
422 Brown moss spring
415 Tall rush mire
414 Brown moss spring
383 Fall rush mire
344 Grass spring
323 W
310 Tall rush mire
205 Brown moss spring

Heath 283 272 Heather moor
272 Grass spring
272 Brown moss spring

268 Tall rush mire
266 Brown moss spring
Snowbank 200
Saxifrapa—~Antennaria 193 193 Brown moss spring
Artemesia dry meadow 192
Calamogrostis wet meadow 180
Sedge meadow , 176

164 Sedge—rush sward
150 Cushion community

150 Sedge-rush sward

142 Cushion comminity

140 Carez turl

Carer dry meadow 150
Sibbaldia-Agrostis 141

136 " ”
Molst swales 24-125
Heath-rush meadow 124
118 Sedge-rush sward
Sedge~rush heath 112
Carex—Deschampsia wet meadow 112
Geum~sedge, South slope 112 .
108 Cushion community

Carez-Deschampsis,
moist meadow 13-102
Arenaria-Eriogonum, dry meadow 78
Heath—rush fellficld 74

99 Carex turf

‘T'urf sites 11-68
Diapensia 67
Carex—Geum turf 6-60
Geum~—Saliz mendow 58 .
. 53 Cushion community
Geum—Sedge, north slope 45
Darex~Deschampsia 40
Cushlon plants 28
Carez—~Sibbaldia—Erigeron 21

Shoot production 1s measured in g (dry wi/m?).



Table 2

Calories/g ash free dry wi
Mt Washington  Upper Teesdale
Tvergreen shrubs 5 008 5,239
Herbs 601 4,710
Mosses 4,410 4,419

them have a shoot production of less than 150 g/m?/annum.
It is interesting that the highest-shoot production given by
Bliss is from a community dominated by woody perennials
(tundra heath). This is certainly ecologically similar to
the blanket mire ecosystems of Upper Teesdale, dominated
by Calluna vulgaris, which have a shoot production of
272 g/m*fannum. Upper Teesdale ecosystems containing
arctic alpines and true tundra ecosystems are also similar
in the calorific value of the plant materials.

Table 2 gives comparative figures for Upper Teesdale
and Mount Washington't. Bliss comments on the high
calorific values of tundra plants, linking them to the
storage of fats and surmising on the importance of energy-
rich food stores in ecosystems with a short growing
season.

Teesdale ecosystems seem to have much in common
with true alpine tundra ecosystems, and it seems reason-
able to speculate that the critical figure of 150 g dry
weight shoot production/m? is of more than local signific-
ance in the survival of the type of plants in question. -

In true arctic and alpine areas, harshness of climate and
especially the short growing season must limit the
production of the ecosystems. Also, instability of the
substrate due to frost action and wind, rain and rime
erosion could easily account for the maintenance of the
ecosystem in an open *‘‘skeletal” form. In Upper Teesdale
the action of herbivores; chiefly sheep, could well account
for the latter effect®.

Boundary Instability

Against this background of low productivity we
considered the floristic make-up of the region using phyto-
sociology, sensu Braun-Blanquet®, and the descriptive
ecological approach of Williams and Lambert!s-17.
Phytosociology considers the floristic- structure of the
communities, from which sociological units are abstracted.
The basic unit is the “association’ (analogous to the term
‘“‘species”’), numbers of which are combined into a hier-
archy of alliances, orders and finally classes. Lohmeyer®

smn.ma.rued the umts described for north-west Lm ope. and 3
his nomenclature is used -throughout. .
Two typically Alpine orders, the Seslerneta.lm. and the
Tofieldietalia, although of restricted occurrence in the
Britigh Isles, mcet in Upper Teesdale, pa.rtleula.rly in the
Cow Green area destined to.be flooded.” In Europe the
“Teesdale rarities” ocour in the associations of these two

orders. The relationship between these. two orders was
explored by a study of the west-facing §lope of Slapestone
Syke on Widdybank Fell (grid ref. 35/812303, 480 m 0.D.).
The syke (emall strearn) drains a partially peat covered
catchment and cuts down thirough the overlying glacial.
driftinto the Melmerby Limestone beneath. The soils of
the valley side form a catena from peat covered drift
through various admixtures to limestone; they also
become progressively wotter downslope due to seépage
from limestone aquifers draining into the-syke.

The upper part supports species-rich open heath and
gragsland communities dominated by Sesleria caerulea
referable to the Seslerietalia, and the lower part sedge
dominated communities referable to the Tofieldietalia.

The area was studied by means of a transect of contigu-
ous 1/4 m? quadrats, the date being subjected to normal
inverse and nodal analysis?®-!s. Normal analysis compares
homogeneity of quadrats based on their species content
and divides them into related groups (Fig. 3), while
inverse analysis in similar fashion divides the species into
groups (Fig. 4). The combination and refining of the
results of these two analyses produce a doubly defined
set of units, or noda, sensw Lambert and Williams??, of
differing quantitative and qualitative definition. These
have been rearranged to clarify their relationships in
Fig. 5, from which two principal types of community have
been defined.

Type 1, defined by the following noda, 4/12, 4/1, 4/7,
has the same floristic composition throughout, that is
Juncus articulatus, Kobresia simplicuiscula, Carex panicea
and Carex lepidocarpa. All these species are found in
associations of the order Toficldietalia and C. lepidocarpa
is a “charakterarten™ of the Alliance Eriophorion latifolii
of that order. .

Type 2, defined by the noda 24/23, 24/31, 24/28, contains
Hylocomium splendens, Sesleria caerulea, Festuca ovina,
Thynius diucet and, except in noda 24/31, Gallium saxatile
and Rhytidiadelphus loreus. This more difficult social
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grouping is referable to any of the orders Seslerietalia,
Nardetalia or Brometalia. ~

A transition zone separates these two principal types
and is characterized by many minor sub-noda and weak,
poorly defined specios groups. These constitute a distinet
abrupt definable boundary zone much resembling the
“limes convergens’ situation, a zone of vegetational
instability rather than a zone of continuous transition!0.2,
Here occur three of the “Teesdale rarities”” which are
more widespread in the British Isles, being typical of open
skeletul pioneer communities, Plantago maritima (Junceta-
lia maritimae of Saltmarsh), Eguisetum variegatum
(Scheuzerio-Csriceten fuscae of Montane flush and dune-
slack) and Minuartia verna (Violetalia calaminariac of
heavy metal spoil heaps). In this zone of instability they
exist, however, in a closed cominunity with complete
plant cover. One environmental variable which could
account.for this zone -of instability by preventing the
stabilization of either of the two principal vegetational
types is the oscillation of the ground water in this wet to
dry boundary zone. '

This phenomenon is not restricted to Slapstone Syke.
Pigott? described the chief habitat of Minuartia stricta as
a narrow zone around the bases of Gymnostomium re-
curvirostrum hummocks in open gravel flushes. M. stricta
also occurs along Red Syke on Widdybank Fell in a closed
bryophyte turf which forms a distinet boundary zone
between the flushed vegetation of the syke and the bank
above the normal level of flowing water. Table 3 gives
the results of 100 point quadrats spaced at 0-5 cm intervals
in a linear frame along the three chief zones at two sites.
The communities of zone 3 at both sites belong to the
Tofieldietalia, while those of zone 1 at site 1 belong to the
Erico Sphagnetalia (blanket mire) and at site 2 to the
Seslerietalia. o

Perhaps the classic example of houndary zone speciés
are the mosses Paludella squarrosa, Oynclidium stygium
and Camptothecium nitens. Although widespread in the
arctic®! their relict localities are typical of a transition
zone between associations of the ¥rico Sphagnetalia and
Tofieldetalia, & zone of abrupt ecological transition?s.
The effect of changes in water regime brought about by
drainage has been used to explain the disappearance of
these species from numerous relict localities??:24,

The importance of such boundaries to the existence of

certain species is thus indicated, and it is suggested that
all such species are intolerant of competition. It does,
however, seem somewhat dubious to argue the existence
of relict species over long periods of time involving
appreciable climatic changes in such restricted unstuble
habitats.

"There is also the presence, and indeed abundance, of
species such as T'oficldia pusilla and Kobresia simplicin-
scula, which are not restricted to such zones and in fact are
defining species for the type 1 community, yet to be ex-
plained. These points can be partly answered by consider-
ing the overall boundary nature of the vegetation of
Upper Teesdale, representing as it does an area of contact
between associations of two orders of vegetation developed
in a climatieally marginal situation. That is a large scale
example of a boundary complex of vegetation types

fluctuating with changes in macro and micro climate—a

constantly varying complex, unstable in detailed pattern,
but stable in overall make-up, approximating to the “limes
divergens” situation, in which many rare plants and rare
combinations of plants may be expected!?:20,

Typical of the “limes divergens” situation are the
associations of the class Trifolio-Geranietea. These appear
to represent the seral stages between grassland and forest,
but there are basic and integral differences. The true
soral communities are classified in the order Prunetalia
spinosae, whose associations do not contain the character
species of the Trifolio-Geranietea. The associations of
this class are all restricted to the margins of cultivated
land where succession is prevented by man’s influence; it
must be made clear they are distinet communities,
characterized by certain regionally restricted species.

Upper Teesdale bears abundant evidence of the effect
of man, for example, trails, spoil heaps and concentrated
sheep grazing. This effect could well account for the
contemporary stabilization of the boundary complex,
and thus for the existence of considerable tracts of unique
vegetation in this area.

We therefore suggest that in Teesdale we are not simply
dealing with the stabilization of early seral stages, but .
with the production of specialized communities which are
phytosociologically distinct. Only the complete phyto-
sociological description of the area will clarify this. So
far, however, results indicate the need to erect a new class
of _vegetation, analogous to the Trifolio-Geranietea. This
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poses the following problem: Is the special vegetation of
Upper Teesdale truly relict, or is it a product of recent
land uwse ? If the former, what stabilized the boundary

Table 3
Zone 1 Site 1 Site 2
Order Erico Sphagnetalla Seslerictalia
Calluna vulgaris 2 Agrostis stolonifera 1
Erica tetraliz 14 Carex panicea 9
Primula farinosa 1 C. pulicaris 24
Sphagnum Festuca ovina 7
capillaceum 22 Linum catharticum- 3
8. papillosum 47 DMinuartia verna 9
8. robustum 3 Primula farinosa b
Bare ground 11 Sesleria caerulea 21
Riccardia pinguis 7
Bare ground 14
Width of zono More than 10 m 4-6m
Zone 2
Armeria maritima 1 0
Minuartia stricta 4 7
Thalictrum alpinum 0 3
Sclaginella selaginoides 11 0
Blepharostoma trichophyllum 0 1
Bryum pseudolriquetrum 1 , 9
Campylium stellalum 2 41
Catascopium nigritum 30 -0
Critoneuron commutalum var.

. _falcatum 17 19
Preissia quadrala 21 4
Riccardia pinguis 2 16
Bare ground 5 0
Width of zone 8 cm: 24 em,

Zone 3 .
Order ‘Toficldietalia . Tofieldielalia
Carez dioica 4 9
C. lepidocarpa 8 3
Kobresia simpliciuscula 21 11
Primula farinosa 3 .11

. Thalictrum alpinum 4 3
Tofieldia pusilia 2 3
Egquizetum varicgglum 0 9
Crat on lal 8 0
C. commulatum var. falcalum 28 21
Drepanocladus revolvens 9 0
D. revolvens var. intermedius 0 1
Scorpidium scorpioides 0 4
Bare ground 18 26
Width of zone 47m 2:2m

complex; if the latter, where did the “Teesdalo rarities”,
now acting as adventives, exist before the advent of man
on the catchment ?.

This work was carried out while two of us (W. T.
and P, B.) held NERC research studentships, and
while D. J. B. and C. M. were working under a grant from
the ICI Teesdale Trust Fund. We thank the Raby and
Strathmore Estates for permission to work on their lands,
the Nature Conservancy for permission to work in the
Upper Teesdale N.N.R., and John Peters, Flugh Proctor
and Tom Buffey, for their assistance and hospitality.
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(Reprinted from Nature, Vol. 224, No. 5219, pp. 619620,
November 8, 1969)

Teesdale Rarities

S1ms! suggests that instability of substrate resulting from
wind and water erosion could be a factor relevant to the
existence of the Teesddle rarities, and asks the question,

. “Have the bare areas been the subject of critical study ?”’

In his classic paper on the vegetation of Upper Teesdale,
Pigott® described the vegetation of the bare areas in detail
and critically discussed the role of erosion by water and
wind in the maintenance of their skeletal comrnunities.
He emphasized the important part played by herbivores,
especially their trampling in the erosional process.
Reference to his lists shows that the meagre flora of these
areas includes both raré and common species, indicating
that they simply represent habitats, albeit severe, which
are open to colonization by any organism which can gain
and maintain a foothold.

The vegetation of Widdybank Fell consists of the follow-
ing. (1) The pure communities, all of which are of wide-
spread occurrence in northern Britain® and each of which is
refernble to one of several orders sensu Braun Blanquet*.
The Teesdale rarities are poorly represented in these
communities. (2) Skeletal, retrogressive and pioneer
communities, subject to the erosion phenomena under
discussion. (3) Areas of closed vegetation dominated by
Sesleria caerulea (L.) Ard., which can be classified into the
association Seslerietum—Caricetum pulicariae Shim®. This
association, together with its variants, forms a phytogeo-
graphical link between the lowland base rich grasslands
of the class Festuco-Brometea Br.-Bl. and R.Tx., and the
arctic’ alpine grasslands of the class Elyno-Seslerietea
Br.-Bls. The Teesdale rarities are well represented in
theso communities. (4)- Tracts of closed vegetation, which
consist of either patchworks of the pure communities, or °
admixtures of species from two, rarely more, of the pure
communities. These boundary complexes, which include .
some of the variants of (3), are, however, not just admix-
tures, they are characterized by the presence, abundance
and even dominance of the Teesdale rarities.

' The existence of species, which are considered to be
intolerant of competition, within the bare areas, is easily
understood. The widespread occurrence of closed com-
munities, which are rich in these species, must be accounted
for. It is suggested that analysis of the status of the
boundary complexes holds the key to that of the Teesdale
rarities.

There seems little doubt that the active erosion taking
place today is a retrogressive process arnd as such repre-
sents a threat to certain plant populations. But the



relationship, if any, between the stable boundary com-
plexes and past erosion phenomena (for example, crosion
surfaces and loess and outwash deposits) is an important
facet of the study of the Teesdale problem. Detailed
phytosociologicul, ecological and pedological studies, which

include exclosure experiments, are under way within tho .

aren.
D. J. BELLamy
P. BRIDGEWATER
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C. MARSHALL
Department of Botany,
University of Durham.
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