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Sunmary

In summer 1975 an area of approximately 1900 km* was gampled in South-
vest Scotland. Attention was confined to hill grazing and zonifercus
vegetation, the aim being to determine floristic changes following
afforestation,

Indirect changes may result from the cessation of razing, but
in South-west Scotland afforestation has so far yeduced, rather than
eliminated, grazing on the higher hill pastures., Effects could not
be quant!iied with the limited data availsble. Within planted

forests charv.c were much greater, or were profeund and progressive,

The older plantings were almost exclusively on gites that would now

be regarded as too good for afforestation. An envircnmentally

based classification of stand types was constructed and the vegetaticn
of different age classes studied within each. As a precursor of the
‘environmental classification, the vegetation of unafforested stands was
aleo classified. With a few exceptions, the hill vegetation of South-
wast Scotland corresponded closely to that which has already been
described for similar altitudes in the highlands. Heather moor was

scarce, occupying only akout 4 per cent of the total.

when a site is planted, vegetation changes follow a characteristic pattern.
First the smaller plants of grass pasture decrease and the coarser species
increase, then as the crop canopy closes increasing shade eliminates

most of the higher plants, bryophytes may increase at this stage or if

the canopy is really dense then they may die. Finally the crog is thinned?
ferns, bryophytes and other woodlard plants may achieve relatively high
cover.

Within an afforested area roads, rides, streams, lakesides and walls may
provide habitats for various plants. Streams and rcads were found to
be the most important. Rides,on the other hand,often had 2 very high

cover, scme one or two species, but little else,




The firsg semn‘s work has elucidated the changes that take place in the
early stages after planting, especially during the first half of the
first rotation, 1t hag also identified the partsof pasture vegetation
that are being modified by afforestation in South-west Scotland. Two
main gaps need to be filled during next geason. The first is in our
knemledge of older planting, ef clear felling and of the sacond rotation.
The seoond iz in the gquantification of the effect of streams, roads and
rides which provide refuge for light-Cdemanding plants during the thicket
stege. To study these effects, attention will be shifted during

1976 from Scotland to Wales where there is 2 hicher proportion of

alder plantings.
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1. Background

The background iz not repeated here, as it is stated clearly in
the project plan (Appendix 1},

2. Objectives

It is convenient to have the objectives stated here. They are
repeated verbatim from the contract between N.C.C. and N.E.E.C.,
neral conditions of con ct poverning research commisgion

C .E.R.C., Appendix A, Impact of land-use on Mature
Congervation interest.

To describe in quantitative terms {he effects of afforestation on
the wildlife and ecosystems of Upland Britain, with special refer-
ence to the following:~

1. The extent and characteristics of land afforested at various
periods in the past, and the land still available for affore-
station., .

‘2. The fate of wildlife (native plants) present on the land
prior to afforestation.

3. The changes which take place in plantations from planting to
the felling of the final crop.

4. The wildlife found in subsidiary habitats within plantations.

5. The changes which may occur on land in the vicinity of plan-
tations where grazing patterns are changed by.afforestation.

6. To determine the main features of floristic succession during

the crop rotation, in relation to differences of soil types,
aspect and planted crop species.

3. Area of study

At the request of N.C.C., the 1975 sampling programme was concen-
trated on the Southern Uplands of Scotland. Fig. 1 shows the
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area studied and the sites sampled. Because of its special wilde
life interest, sampling was particularly concentrated on the tract
of land between Newton Stewart, New Galloway and Dalmellington.
Thiz is shown in greater detail im Fig. 2, The special features
of this western area are the granite hills and bogs of the regicn
between the Rhinns of Kells and the Merrick, and of the Cairns-
more of Fleet.

4. Stratification

4.1 The basic sampling units, referred to as sites, were Ordnance
Survey 1 km grid squares. Initially all such squares tn the

atudy area were congsidered, and a list made of those which were
depicted on the 1:50,000 maps as containing substfﬁf{&l propor-
tions (more than § of the total area) of unimprove zknd/or conie~
ferous plantations.* Each square was then classified with respect
to the following five criteria:-

{1) The altitude at the centre of the square. Four classes were
distinguished: below 230 m, 230-380 m, 380-460 m, 460-750 m.

"{2) The general steepness of the ground. The measure used here

was the maximum number of 50 ft. contour lines intersected
by & straight line through the centre of the square. There
were three classes: 0 to 4, 5 to 9, and more than 9.

(3) The occurrence of graunite as a parent material. Two classes:
present and absent. )

(4) The proportion of the square afforested. Two classes: O to
4+ and above %.

(5) The position of the square in relation to the east-west axis
of the study area. Two classes: a western block between

grid eastings 23 and 28, and an eastern block between east-
ings 28 and 33.

Thiz was estinzated bY use of @ transparent overlay zaried with a circle of diazeter equivalent to 1 km
and parvitioned into eight equal segmenis,
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4.2 In combination, the classes give rise to a possible 96 strata
(4 x3x2x 2x 2), of wvhich in practice only 63 were represén-
ted. The others did no exist., The final selection of gites was
made using random numbers with the constraint that one gite from
each stratum should be included. A few further gites were added
at the field-work stage when it was realised that forest stands
from the earliest plantings were not represented (four further
sites), and that-lakes in afforested areas were inadequately
covered (two- further sites). These were termed “specials®.

S, Sampling method

5.1 The method was designed in the hope that c;mplete recording
of a site could be accomplished by a pair of recorders in a
gingle day. Sampling was initially to be at six fixed locations
within each 1 km square, supplemented by locations on linear fea-
tures (roads, rides, streams. lake shores, walls etc.). The for-
mer were determined by the use of a regular pattern marked on a
template, and the latter by intersections between :the diagonals
of the square and linear features; each type of feature being

'.sampled only once. In practice it was found that even after

several days' experience with the routine, the full quota of
plots could not always be covered. The target was accordingly
modified so that linear samples should substitute for, rather
than supplement, regular ones; thereby keeping the target at

six plots for all sites. Where selection of plots, either for
exclusions or inclusions, was necessary, random numbers were used
for the purpose. All the points finally selected for sampling
were marked on either a 2} inch series map or sometimes on a
forest map, before going into the field.

8.2 Sampling was by means of a quadrat of the type used by Shaw
and Bunce (1971) in their National Woodlands Classificaiion.
This consists essentially of a central post with four radiating
strings representing the diagonals of a square. The ends of
these strings are also fastened to posts which form the corners
of a square of area 200 m2. In addition, coloured markers at
intervals along the strings demarcate concentric squares of 4 m2,
25 m2, 50 m2 and 100 m2. In setting up the quadrat, the central




&3

(4)

post was positioned so that it coincided as accurately as possible
with the sampling point marked on the map. The quadrat was
erientated in a standard way on a compass bearing for all regular
plots, and in the case of linear features with one of its sides
{vhat would normally have been its south side) placed along the
feature. The toss of a coin decided which side of the feature

was to be sampled.

5.3 The first items recorded were those making up the block of
information on the left-hand side of page 1 of the recording form
{see Appendix 2)., The oaly measurements involved were those of
aspect (with a compess), and slope (with a hypsometer ~ in degrees
or percent).

5.4 The species search was initially directed to the central 2 x
2 m square, woving around the fourr segments in turn. EFEach record
from this square was then struck off the species list oun page 1,
and the figure 1 entered againsi it to indicate its.square of
origin. This procedure was repeated in turn for each of the con-
centric squares, and where new records were encountered, marked
with the appropriate square identifying code (2 to $). In the

' case of samples on linear features, the zone associated with the

feature, but outside the quadral was also recorded, code number 6
being used as an identifier. The spécies recorded jincluded a1l
phanerogams, pteridophytes and bryophytes, together with terri-
colous lichens (mostly Cladonia species) and some corticolous
lichens, Saxicolous lichens were generally omitted because of
taxonomic difficulties. Species not on the list were writtexn in
by hand. Species encountered only in habitats other than the
so0il, were recorded with habitat code numbers (rock = 2, stump =
3, failen timber = 4, epiphyte = 5, aquatic = 6).

5.5 Estimates of species cover (page 72 of the recording form)
were obtained from ten placements of a wire 30 x 30 cm quadrat in
standard positions. Only species with cover estimated at greater
than about 5% were recorded, although in general the attempt was
made to keep the total figure at or near 100%. The exceptions to
this arose when trees or tall bracken were present, in which case
these were treated separately. There are therefore instances of
total cover values up to 200%. Measurements of maximum vegeta-

~t
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tion height (excluding inflorescences) were also made on each of
the cover quadrats, aund entered in the f£irs{ row of the table on
page 2 of the recording form.

5,6 At the bottom of the page 2 table were entered (where applice
able) the DBH measurements for all, or more usually, a known pro-
portion of the trees on the plot.

5.7 Th? third page of the recording form relates to a variety of
observations concerned with the general nature ol the plot - itg
tree crop, its physical features and its management.

5.8 The' fourth page of the recording form reiates to soils. Al-
most all the information here was cbtained from a soil pit dug at,
or very close to, the centre of the plot. This was about 30 cm
square, and up to a maximum of 30 cm deep (less if stones made a
hole of this depth impracticable). Layers within the profile
were distinguished on colour and/or texvure, and the main fea-
tures of each layer recorded separately., The items recorded were
thickness, colour (five classes), presence of mottling, texture

(organic plus four particulate classes), stoniness (three classes},

moisture on sampling (four classes), presence of earthworms, and
presence of an iron pan. In the early stages of the field work
it became apparent that inconsistencies were arising in relation
to the recording of L, F and H layers. It was difficult to dis-
tinguish L from F material, and H layers were being confused with
humic layers on the soil proper. A simplified procedure was
therefore adopted quite early on, by which the L and F layers
were combined for both descriptive and sampling purposes; and
the H layer, where it occurred in collectable quantity, was re-
garded as the uppermost of the soil-proper layers. The occurrence
of roots in most samples was recorded in the laboratory during
the preparation of the soils for chemical analysis. Soil samples
were taken from each layer described (about 400 g}, and packed
into carefully labelled polythene bags. These were to be used
later for measurements of pH, loss-on-ignition, and a variety of
chemical factors, as well as for the purpose of checking some ol
the field assessments.
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<] Strate of analysis

6.1 The main purpose of the survey was to determine the effects
of afforestation on the flora. The simplest and crudest method
of analysis would be to take all stands of a given age, and to
prepare mean species compositions of the ground flora in the
various age classes. By the end of the field season it was clear
that such an approach would be almost meaningless. For the crude
approach to work, the planted areas would have, on average, to
resemble the unplanted areas in their site ciaracteristics. This
they manifestly did not. In the older plantings, foresters had
prefersed loamy soilg; in the younger plantings there has per-
haps been a preference for deep peat, as this is easy to plough. '
There has always been a preference for lower altitudes: plant-
ings over 400 m were few, and most of those that we e:xamined had
growva poorly. .

8.2 The difference in average site characteristics of the various
age classes is almost inevitable; any system of analysis must
take account ~¢ it, The best way to surmount the difficulty is

to produce a classification of the plots based on environmental

' features that can readily be observed and which will not vary as

a result of planting. A problem arises immediately, as many
obvious and important environmental characteristics of unplanted
areas are drastically and irrevocably altered by the foresters*
ground preparation. For instance, a flushed peatl may largely dry
out as a result of deep ploughing. '

6.3 Xevertheless, even a crude environmental classification can
help to reduce the non-comparability of the planted and unplanted
samples. A crude classification, indeed, was all that we could
hope for given the very limited soil sampling in each plot. The
problem was: how to produce the best ~ albeit crude - environ-
mental classification given our data.

6:4 From the point of view of a plant ecologist, the best
environmental classification is that which agrees most closely
with the vegetation. Numerical methods for exploring the vege~
tation-environment relation are still not perfect. However,
numerical methods for classifying the vegetation have recently
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been developed by one of us (M.0. Hill - see Hill, Bunze and Shaw,
1975). Ve now have sufficient experience of these methods to
apply them with some confidence.

6,5 The general plan of the aaalysis has therefore been t6 pro=-
ceed in five stages, as follows.

(i} Classify the semi-natural vegetation types (Section 7
below).

{ii) Usgivg the vegetation classificztion as a basis, ordinate
‘he environmental data by multiple diseriminant analysis,
confining attention to variables that are not expected o
vary too much in responge to changes in land use (Sazction
8 below).

(11i) Classify the stands according to their environment, by
dividing up the environmental ordination diagram (latter
half of Section 8),

_{iv) Describe the change in vegetaticn during the crop rotationm,

’ each description being confined to a relatively limited
range of environmental types, as defined by the classes of
the environmental classification (Section 9).

(v) Examine and describe the environmentali differences between
differing age classes and floristic groups (Sectiom 10),

7. Classification of semi-natural vegetation

7.1 As we wished to compare the semi~natural vegetation with

that occurring in planted forests, we used a large (200 mz) quad-
rat size. Previous investigations in upland Scotland (e.g. McVean
and Ratcliffe, 1962) have frequently used a 4 m2 quadrat - which
is much smaller. Nevertheless, in the intcrests of comprehensi-
bility we were determined to achieve some compatibility beiween
our own vegetation classification and those previously published
(notably McVean and Ratcliffe, 1962; King and Nicholson, 1964;
and Birks, 1973). This led to difficulties which took us some

i me .to surmount.
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2,2 As a first attempt to achieve compatibility, our own species
ligts were combined inte a simngle data set along with synthetic
lists of species abstracted from published sources. The aim was
to zlassify our own lists in accordance with existing schemes, and
to encourage an adherence to these schemes, the synthetic data
vere wmaltiplied by repeating them three times. The lists were
then classified by a numerical technique, "indicator species
analysis® (Hill, Bunce and Shaw, 1975). Regrettiably, repetition
of the symthetic data had led to a number of spurious species

aszzociations. (If any list of species repeats itself sufficiently

often, then it must by definition count as an association.) A
second classification was therefore attempted, but this time not
repeating the synthetic species lists, The resulting classifica-
tion was examined in detail, to see whether it was suitable for
our purposes.

7.3 Though some of the broad outlines were acceptable, the re-
sulting classification had two defects., It did not agree well
with the published vegetation types, and it was clearly influ-
enced by heterogeneity within some of our large. quadrats. To
achieve compatibility, we required a way of reducing the influence
of within-plot variability. So the data were classified a third
time, this time paying attention to the abundance of the species
within our quadrats., The new classification was acceptable; it
agreed well with the previously published vegetation types, and
it had overcome the problem of heterogeneity by concentrating on
the dominant, not the subordinate, vegetation in our quadrats.

7.4 Of necessity the various classifications took time. There
was a heavy input of computer programming. Interpretation is not
quick, even after the machine has made its calculations. Never-
theless, we thought it worthwhile to ensure that we had a firm
phytosocioclogical basis on which to build; and our computer pro-
grams are likely to be useful in other contexts. The price we

bave paid, however, is an appreciable delay to our programme of
wWOTke.

7.3 The 19 semi-natural vegetation types are summarised in
Appendix 3. At the outset we were not sure how far it would be
possible to integrate our results with the Zurich-Montpellier

b
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scheme adopted by Birks (1973). In the event agreement was good,
80 we have modified the Braun-Blanquet hierarchy only slightly,
vwhere our data demanded it.

7.6 Ve must emphasise that we have used the Braun-Bianquet scheme
purely as a matter of convenience, and not from any conviction
that it is best. We did not adopt a standard Braun-Blanquet
system of data collesction; in our context subjective sampling
would have been quite inappropriate. The Braun- .lanquet hierarchy
merely provided us with a convenient pre-existing framework into
which to fit our results. Our data were obtained by an objective
system cf sampling, and were analysed by an objectiive numerical
method. Indeed, the only way in which our classification may

have been influenced by previous workers! picconceptions is that
we included 34 summary species lists (with mean domin numbers)
from previously published data., These were intended as markers,
to tell us where other authors' groups would key out in our
hierarchy. As the data set included 190 of our own lists, the
influence of other authors® preconceptions on our own findings
must have been minimal.

7.7 1t will be observed that the Braun-Blanquet scheme necessi-

tates a considerable rearrangement of the end groups. This is
inevitable, as any classification of vegetation involves the
drawing of lines of demarcation which - unless special precau-
tions are taken - are bound to differ from lines of demarcation
used by other authors. For example, western Molinia communities,
"Molinietum atlanticum", cccur on both sides of the first divi-
sion in our hierarchy. On inspection it becomes clear that the
computer has not been "stupid" in allowing this to happen. The
first division separates heaths and bogs from grasslands and
marsh.,  Molinia communities are often transitional between these
two types, and the separation of Molinia communities at the out-
set into a heathy type and a marshy type is quite consistent with
the main division. V¥hen, later, the groups have to be slotted
into a pre-existing framework, the different lines of demarcation
implicit in the pre-existing scheme demand a recombination of
some of the borderline groups that had been separated at the
first division of the computer hierarchy.
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Table 1. Estimated area (kmz) of semi-natural vegetation and of
afforestation. The four categories are: Gr - western
granite; W - wectern non-granite; E - eastern (i.e.
east of 0.8; National Grid easting 28); Tot - total.
Gr v B Tot %
1. S&phagreto-Juncetum effusi - 90 80 170 13
2. Melinietum atlanticum 12 170 3 185 14
a. myricosum 12 66
b. agrostidosum 55 -
e, Juncosum - 49 1
3. MNolirnieto-Callunetum 38 32 - 70 5
a. typicum 1 - -
‘b, moliniosum ef 32 -
4. Calluneto-Eriophoretum - 137 143 280 20
a. typicum - 104 90
b. moliniosum -~ 33 53
§. Kardus str.-Vacc. myrt. 4 23 - 27 2
a. typicum 3 18 -
b. low altitude facies 1, 5 -
6. Nardo-Juncetum squarrosi 4 48 116 168 12
: a. nardosum - 18 66 E
b.  Jjuncosum 2 26 50
¢. nartheciosum 2 4 -
7. Agrosto-Festucetum - 102 111 213  16::
a. typicum - 96 91
b. callunosum - 6. 10
¢. flushed - - 10
8. PFestuco-Molinietum 1 46 159 206 15
a. typicum ) 1 16 122 '
b. pteridosum - 30 37
9. Callunetum vulgaris 10 28 10 48 4
Total unplanted upland 69 676 622 1367 101
Planted within afforested areas 45 306 164 515
Unplanted within afforested areas 18 33 S5 56
Area afforested 63 339 169 571
% of total afforested 47 33 21 29
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1.8 The areas occupied by the various vegetation types are given
in Table 1. The estimates were made by taking the proportional
occurrence of each type in the standard (i.e. non-roadside, none
streamside) positions‘ot the 1 km squares in each stratum, and
sharing out the area of the stratum accordingly. For example,
the stratum coded 00000 (low altitude, flat, non-granite, non
forest, western) occupied 148 km“. The six quadrats sampled from
it were classified as:

Molinietum atlanticum myricosum 2
Molinietum atlanticum agrostidosum 2
Agrosto~Festucetum 2.

Pach of these types was therefore accorded an estimated area of
$(148) = 49.3 ka in stratum 00000, Adding up the estimated arcs
of each vegetation type across the strata, it was possible to get
an overall unbiased estimate of the area occupied by each type.
7.9 Estimation of an appropriate standard error has not been
possible, as our sampling programme included only one kilometre
square from each stratum. It is possible, however, to get some
idea of the reliability of the estimates, by looking at the terms
which have been added up to obtain the totals. For example, the
‘estimated area of Agrosto-Festucetum typicum is derived by adding
together terms .
49 + 4 + 32 4+ 85 + 11 + 6 = 187,

Clearly, one term - 85 ~ is dominant, but equally clearly a
sufficient number of terms have gone into the total that it is
not likely to be out by more than a factor of 2 at the worst, and
probably less. On the other hand, the estimated area of Molinietum
atlanticum juncosum is derived by adding together terms

: 49 + 1 = 50,
(A1l other occurrences were in special habitats such as stream-
sides.) Clearly this estimate is much less reliable, and could
be totally misleading., This particular type is certainly not
very common, but it could be substantially rarer or commoner than
the estimate suggests. This is, however, the most extreme example,
and for the most part the estimates can be regarded as right to
within about a factor of 2 for the smaller categories and about
1.5 for the larger categories.
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7.10 Kotwithstanding the uncertainty of the estimates, some
inferences can be made with reasonable confidence.

(1) There is less vegetational variation on the granite than on
the shales. At lower altitudes on the granite, Molinietum
atlanticum, Molinieto-Callunetum and Callunetum vulgaris are
overvhelmingly predeminant. At higher altitudes, Nardus
communities -« Nardo-Juncetum squarrosi and Nardus stricta-
Vaccinium myrtillus - prevail. The granite’accounts for a
considerable proportion of the total area of Molinieto-
Callunetum, thig beingz an important type in the basin be-
tween the Rhinns of Kells and the Merrick. Planting has
been particularly extensive on the granite, presumably owing
to‘the poor quality of the land as pasture.

{2) Three vegetation types are exclusively western - Molinietum
atlanticum, Molinieto-Callunetum and Nardus stricta-Vaccinium
myrtillus. The few eastern occurrences of Molinietum
atlanticum were from the granite near Dalbeattie, and do not

" therefore invalidate the generalization, as this is very
close to the sea.

{3) Sphegneto-Juncetum effusi, Agrosto-Festucetum and Callunetum
vulgaris are neither eastern nor western.

{4) Calluneto~Eriophoretum and Nardo-Juncetum squarrosi show a
distinct eastern tendency but are not absent in the west.
Festuco-Molinietum is strongly eastern. 1In the west it is
represented mainly by the fern~rich variant “pteridosum".
However, the "pteridosum®™ variant is rather doubtfully
lumped with the Festuco-Holinietum in any case. If more
samples were available, it might preferavly be raised to an
association Pterido-}iolinietum, being a biotic derivative of
flushed oceanic woodland on steep banks.

8. Environmental ordination and classification

8.1 The next stage of the analys., was to ordinate the stands
using variables that would be likely to remain fairly constant
even vhen land use alters. In this way it should be possible to
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trace the changes that have occurred, confining attention to a
relatively limited range of environments. The following vari-
ables were selected for the purpose:-

i. A 0/1 variable specifying whether the stand was from the
east or the west of the area

2. A 9/1 variable specifying whether the stand was on granite
or not

3. Altitude in metres

4., Slope in degrees

5. cos (aspect - W /4) x sin (slope)

6. Cover of rock %

7. Stoniness of lowest horizon (field record)

8. Weighted mean pH of all layers

9. Lloss-on-ignition of horizon at 10 cm

10. Loss-on-ignition.of horizon at 30 em. -

8.2 Multiple discriminant analysis is a dethod of ordination
which is mathematically similar to principal component analysis,
but with the important difference that it requires a pre-existing
classification as an input. Given the prior classification, the

-‘purpose of the ordination is to find linear combinations of the

data variables which concentrate the existing classification as
effectively as possible. 1In other words, the prior classifica-
tion is used as a touchstone by which to evaluate the '"goodness"®
of variables. A variable which has little or no relation to the
prior classification is "bad¥; one which is closely related to
it is "good". Given this criterion of goodness, multiple dis-~
criminant analysis is a technique for finding the "best” linmear
combinations of the variables., (For further details see Sneath
and Sokal, 1973, pp. 406-8.)

8.3 In the present context, the phytosociology presented in
Appendix 3 provided a convenient prior classification to be used
as input to¢ tiaw multiple discriminant analysis. Logically this
meant that the ordination amounted to a search for synthetic
environmental variables which were as closely related to the
variation in the undisturbed vegetation as possible., This was
more appropriate than principal component analysis, which would
have been concerned only with summarising the environmental vari-
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ables, without regard to the vegetation. The prior classifica-
tion applies only to the undisturbed plots. However, the vari-
ables derived in the envirommental ordination are merely linear
combinations of the data variables. As such they can be general-
iged to afforested plots.

8.4 The ordination of the unafforested plots is given in Fig, 3,
and its generalisation to the afforested plots is given in Fig. 4.
In Fig. 3, the centres of gravity of the vegetation types are
indicated, and these give a clear idea of the general interpreta-
tion of the ordination. Broadly speaking, lower altitude plots ’
occur on the left of the diagram and high altitude plots on the
right. .The better soils are at the top of the diagram, and the
worse soils at the bottom. Comparison with Fig. 4 shows that
there is an evident concentration of afforestation at the lower
altitudes. .

8.5 Figs. 5-8 shrw the distribution of the various vegetation
types in more detail. Clearly the ordination has succeeded in
concentrating some of the types better than others, In Fig. 7,
types 3a and 3b for example (Molinieto-Callumnetum), are fairly

“well concentrated towards the bottom left of the diagram. Type

% {Callonetum vulgaris), however, is widely scattered, and does
not seem to be restricted to a limited range of environments
(Fig., 8). ‘There are two possible exhlanations for this: either
that the relevant environmental factors have not been included in
our analysis, or that the vegetation type really can arise in a
wide variety of environments, being determined more by management
than by intrinsic site factors. : :

8.6 The ordination diagram, Fig, 9, is divided into 9 categories.
The progress of vegetational change in these categories after
planting is the topic of Section 9 below. Table 2 gives esti-
mates of the area occupied by the categories, derived in the same
way as Table 1 (cf. paragraph 7.8 above). There is a slight dis-
crepancy between the totals in th~ two tables. This is due to
the fact that the special 1 km squares were excluded from the
calculations presented here, but were included in those presented
above. The discrepancies are immaterial to any conclusions, and
can be ignored. Four points are worth noting here.
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Table 2., Estimated area (kmz) of environmental categories 1-9
(ct, Fig. 9), The columns are: Gr ~ western granite;
W - western non-granite; £ ~ eastern (i.e. east of
0.8, National Grid easting 28); Tot - total; % - per
cent of total area occupied by thiz category.

Gr ¥ E Tot %

1. Unplanted - 126 15 141
Planted . - 34 48 82
Total - 160 63 223 12
2. Unplanted - 95 Deps, 341
Planted - 58 2 60
s Total - 153 248 401 21 '
3. Unplanted - 13 106 139
Planted -~ 31 - 31
Total - 44 106 150 &
4, V. ated @ -0 99 2 101
¥yt Led - a2 5 47
.wial - 141 7 148 8
5., Unplanted 6 281 193 430
Planted - . 171 135 306
Total 6 452 328 786 41
6. Unplanted 6 30 34 70
Planted - 2 - 9
Total 6 39 34 79 4
7. Unplanted 12 - 4 16
Planted 36 - - 36
Total 48 - 4 52 3 -
8. Unplanted . 36 - T - 36 .
Planted 28 - - 28
Total 64 - - 64 3
9. Unplanted 10 - - 10
Planted 1 - - 1
Total 11 - - 11 1
Unplanted 70 644 600 1314
Planted 65 345 190 600
Total 135 989 790 1914 101
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The granite is mainly oo ‘ined to categories 7, 8 and 9,
The two lower altitude ¢ -e¢gories (7 and 8) are extensively
planted. )

Categories 1 and 2 are predominantly on better soils and
oftea support Agrosto-Festucetum. Many of the older plant-
ings are in these categories, but younger plantings are not
extensive, as the land is suitable for pasture.

Category 3, the central and most neutral in its characteris-
tics, accounts for more than half the total area of planting.

The ‘higher altitude categories, 3, 6 and 9 account for a
negligible percentage of the total planting.

9. Changes in species composition over the course of the rota-

tion

-8,1 First the trends within the environmental groups are sunmmare

iged separately. Then the general trends are considered.

s e
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Group 1

Unplanted. 12 stands. Unplanted stands approximate to Agrosto-
Pestucetum. The five ‘most frequent species were Agrostis canina,
Anthoxanthum odoratum, Festuea ovina, Galium saxatile and Potentilla
erecta; but Agrostis tenuis, Molinia caerulea and Pteridium
aquilinum often had high cover.

0-10 years. 1 stand. Apart from noting that the stand was
species~rich, with a large complement both of higher plants and
bryophytes, there is little to be said about this age class.

10-20 years. 3 stands. Molinia caerulea is the only flowering
‘plant remaining with appreciable over, though Deschampsia
flexuosa, Galium saxatile, Juncus effusus and Vaccinium myrtillus
persist in two out of the three stands. "The four most "prominent
bryophytes are Hypnum ericetorum, Plagiothecium undulatum,
Polytrichum commune/formosum and Lophocolea cuspidata.

20-30 years. 4 stands. The two most prominent plants are

Aprostis tenuis and Lophocolea cuspidata, but total cover is low.
‘Also present but with even less cover are A. canina, Anthoxanthum
odoratum, Dryopteris dilatata, Galium saxatile and Holecus lanatus.

30-45 years. 3 stands. The three most prominemt plants are
Holcus lanatus, Oxalis acetosella and Lophocolea cuspidata, with

Agrostis tenuis, Hypnum ericetorum and Plagiothecium undulatum
close behind them.

45-60 years. 5 stands. There is now a good cover of flowering
plants, with Agrostis canina, A. tenuis, Deschampsia cespitosa,
Galiun, saxatile, Holcus lanatus and Oxalis acetosella most pro-
minent. Lophocolea cuspidata is present in all stands but with
low cover. A wide variety of woodland plants are present but
without any one having high constancy - e.g. Digitalis purpurea,
Pteridium aquilinum, Rubus idaeus and Viola riviniana.

Several species of flowering plants have persisted more or less
throughout the rotation, notably Agrostis spp., Anthoxanthum

odoratum, Galium saxatile, Ho!cus lanatus and Potentilla erecta.




Group 2

Unplanted. 23 stands. These approximate to Agrosto-Festucetum.
The five most prominent species are Aprostis tenuis, Anthoxanthum

oo AT

adoratum, Fegtuca ovina, Galium saxatile and Nardus stricta.

0-10 vears. 2 stands. The four most prominent species are
Agrostis canina, A, tenuis, Calluna vulgaris and Degchampsia
flexuosa. With so small a sample it is hard to be sure that
there has been a real shift, but Calluna increases in other
groups after cessation of grazimg, and is likely to have done so
here algo. Characteristic bryophyte invaders have appeared,
notably Campvlopus flexuosus, C. riformis, Ceratodon purpureus,
Leptodontium flexifolium and Pohlia putans.

30-20 years. 3 stands. Deschampsia flexuosa and Galium saxatile
are now the most prominent species, but are present only with low
eover. Anthoxanthum odoratum, Calluna vulgaris and Vaccinium
myrtillus are present in even smaller quantity. The three princi-
pal bryophytes are Campvlopus flexuosus, -Bypnum ericetorum and
Rhytidiade.rhus squarrosus, but they are not very abundant.

20-30 years, 4 stands. The most prominent species is now the
moss Hypnum ericetorum, followed by the flowering plants Deschamp-
sia flexuosa, Molinia caerulea and Vaccinium myrtillus, which

persist in small quantity. Plagiothecium undulatum and Calypogeia
muellerana are present in 3 out of the 4 stands.
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Group 4

Unplanted. 10 stands. These correspond closely to Molinietum
atlanticum, with Molinia caerulea having a mean domin number of 7.7.

0-10 years. 3 stands. The main early change is a great increase
in the esbundance of Calluna vulgaris, so that dominance is shifted
from nearly pure lMolinia to a mixture of Calluna and Molinia,
There is also an increase in species of disturbed ground, mainly
bryophytes and lichens such as Cladonia chlorophaea, €. floerkeana,
Dicranella heteromalla, Pohlia nutans and Polytrichum aloides.

A A S S A et

10-20 years. 5 stands. (Calluna and Moliris persist as dominants
though with reduced vigour. Shade-bearing bryophytes such as
. Dicranum scoparium, Hypnum ericetorum, Polvtrichuan commune and

Lophocolea cuspidata have become more prominent. .

20-30 years. 7 stands, The dominant species are now mainly
bryophytes, notably Dicranum scoparium, Hypnum ericetorum,
Isoptervegium elegans, Mnium hornum, Plagiothecium undulatum and
Lophocolea cuspidata. Deschampsia flexuosa is the principal non-
bryophyte survivor, with some persistence also of Agrostis canina,
Blechnum spicani, Molinia caerulea and Vaccinium myrtillus,

40 years. 1 stand. The floristic composition of the stand is
consistent with the hypothesis of a general trend towards species
enrichment, but the stand also contained a stream, which provided
babitats for additional species.

e

[
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Sxoup B

Usplanted. 33 stands, Before planting no one species ig strongly
dominant in this rather heterogeneous group. Calluna vulgaris,
Deschampsia flexucsz, Molinmia caerulea, Potentilla erecta,
Vaccinium myrtillius and Polytrichum commune are common and often
prominent species. Some of the stands ia this group belong to

the Calluneto-Erieophoretum, but there is a strong admixture of
other types.

-

Q= & « 11 stands. C3llunas, Deschampsia and Molinia increase
relative to the other species, The increase of Calluna and

Molinia may be a response mainly to disturbance and cessation of '
grazing, but fertilizer applications almost certainly play a part

in the increase of Deschampsia. In some places it had increased
merkedly in swathes resulting from aerial pllication oY fertili-

ser. VWith these exceptions, changes at this stage are few,

though there is a small but evident increase in bryophytes of
digturbed ground.

310-20 vears. 11 stands. Calluna and Molinia remain prominent,
but not Deschampsia. Bryophytes, notably Hypnum ericetorum,
Plagiothecium undulatum ard Pleuromium schreberi have become more
prominent as higher plants decline; but the bryophytes are only
slightly more abundant than in unplanted plots.

20-30 vears. 5 stands. Mosses are now dominant, the chief
species being Hypnum ericetorum and Plagiothecium undulatum.
Blagiothecium has markedly increased, and is now the most pro-
minent species. Deschampsia flexuosa, Molinia caerulea and
Yaccinium myrtillus persist, but only patchily and with low cover.
Calluna vulgaris has almost vanished.
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Group 7

Unplanted. 9 stands. Calluna vulgaris and Molinia caerulea ave
the main dominants, and the group is transitional between the
Molinieto-Callunetum and Molinietum atlanticum.

$-10 vears. 1 stand, With only one stand available it ig
necessary to be cautious, but trends appear very similar to those
in Group 4; that is to say that there is a large increase in
Ealluna and an invasion of species associated with disturbance,
Among the invaders are Chamaenerion angustifolium, Cladonia
ghlorophaes, C. floerkeana, Lecidia granulosa, Campylopus pyri-
formis, Leptodontium flexifolium and Pohlia nufans.

20~ earg, 4 stands, Hypnum ericetorum is now the most pro-
minent species, with Calluna, Molinia and Myrica persisting in
some stands with low cover. The bryophytes Calypogeia fissa,
Cephalozia bicuspidata and Mnium hornum are frequent but not
abundant, )

.
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Group 8

Unplanted. 28 stands, These approximate to the Molinieto-
Callunetum. The four most prominent plants before planting are

Calluna vulgaris, Erica tetralix, Molinia caerulea and Tricho-
ito .

0=30 vears. 3 stands. Calluna and Molinia remain the most
prowminent species, and there are numerous cryptogamiec invaders,
including Cladonia coccifera, C. floerkeana, Lecidia granulosa,
Campvlopus flexuosus, C. introflexus, Dicranella heteromaila,
Pohlia nutans and Polytrichum aurantiacum.

30-20 yesrs., 6 stands. QCalluna and Molinia still have high
cover; Erica tetralix persists but with low cover; Trichophecrum
¢cespitosum has vanished, Of the invaders at the earliér stage
only the shade-tolerant Campvlopus flexuosus, Dicranella hetero-
malla and Pohlia nutans persist with appreciable frequency.

Qther shade-tolerant bryophytes are coming into prominence, not-
ably Hypnum ericetorum and the leafy liverworts Calypogeia fissa

.and Cephalozia bicuspidata.

20-30 vears. 2 stands. Flowering plants are very much reduced.
Degchampsia flexuosa, Molinia caerulea and Vaceinium myrtillus
persist with very low cover. The four most abundant species are
now bryophytes, the mosses Plagiothecium undulatum and Rhytidia-
delphus loreus and the leafy liverworts Calypogeia muellerana
and Cephalozia bicuspidata,
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9.2 Fig. 10 shows the mean number of specics per stand for each
environmental group plotted through the age classes. The numerals
below the columns give the number of plots on which the means are
based, Although some categories are severely undersampled, some
clear similarities and differences between the responses of
different groups do emerge.

8.3 Probably the most marked feature is the general decline in
species numbers up to about 30 years after planting. Five very
common species that disappear rapidly are Festuca ovina, Juncug
gquarrosus, Nardus stricta, Narthecium ossifragum and Trichophorum
cespitosum. Sl.ghtly less common species that also soon dig-
appear are Carex panicea, C. pilulifera, Empetrum nigrum, Cladonia
‘ impexa and Rhacomitrium lanuginosum. These plants decline so
rapidly that their frequency is much reduced within ten years of
planting. The reason is doubtless the same for all of them,
namely that they are intolerant of shade, and are of small sta-
ture and slow growth., Ploughing, fertilisation and cessation of
grazing favour larger and more competitive plants, notably
Agrostis spp., €alluna vulgaris, Deschampsia flexuosa, Galium
saxatile and Molinia caerulea.

8.4 The initial loss of small and slow-growing phanerogams is to
some extent offset by the invasion of bryophyte colonists. Five
of the commonest are Atrichum undulatum, Campvlopus flexuosus,

C. pyriformis, Dicranella heteromalla and Pohiia nutans, but
there are numerous others. Lichens also may become prominent,

particularly Cladonia species such as C. chlorophaea, C. )
coccifera and C. floerkeana. Flowering plants, however, do not
invade effectively at this stage. This is almost certainly due
to difficulties of dispersal, as Chamaenerion angustifolium -
wvhich is the only flowering plant to appear at all frequently -
has exceptionally effective dispersal by wind.

8.5 The earlier changes are mainly the result of disturbance,
fertilisation and cessation of grazing. After about ten years
the crop begins to have an increasing effect, and there is a pro-
gressive loss of grass and shrub species as shade intensifies and
the canopy closes. Some plants that had survived the initial
disturbance fairly effectively - e.g. Erica tetralix and
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Eriophorum angustifolium - now dis.ppear rapidly. The flowering
plants that had benefitted at the previous stage, however, die
aut only slowly, and a few individuals normally persist through-
out the rotation, in small gaps or on rocky knolls.

9,6 Unlike the flowering plants that had initially benefitted,
many of the early cryptogamic invaders are relatively light-
lemanding “weeds®, which soon vanish. By chance four out of the
five commonest invading bryophytes (Atrichum undulatum, Campy-
lopus flexuosus, Dicranella heteromalla, Pohlia nutang) are also
shade-tolerant, and may persist when the canopy closes., Many of
the others, however, (Campvlopus introflexus, Ceratodon purpureus,
Leptodontium flexifolium, Polytrichum aurantiacum, P, Jjuniperinum)
disappear, as do the Cladonia species. Meanwhile, many shade-
tolerant but non-weedy bryophytes are increasing as shade becomes
too intense for growth of higher plants. Th2 most notably in-
creasing species are Hypnum ericetorum, Plagiothecium undulatum
and Lophocolea cuspidata. Eventually, all three are normally
present; but there is a marked preference of Lophocolea for the
better soils at the earlier stages, and of plagiothecium for the
worse soils. In the case of Plagiothecium, which only rarely

“produces sporophytes, invasion may be delayed for many years on

sites where it did not previously occur.

8.7 As a result of the persistence of many species in small gaps,
and of the increase of several bryophytes, the total loss of
species-richness is much less than might be expected. The over-
all means in Fig. 11 (top diagram) show that the lowest value is
reached ia the 20-30 year age class, and that it represents a
reduetiz- of only 38% below the figure for unplanted plots. Con-
sidering that some really demse thickets really do sustain a few
species - even the bryophytes may be killed - the reduction of
species number in the majority of stands must be small indeed.
(Total plant cover does of course always drop.)

9.8 In the oldest plantings (i.e. in those exceeding 30 years),
species numbers increase. This happened in both groups (1 and 4)
for which data are available. Most stands of this age have been
thinned, at which point conditions suddenly become favourable fc-
the establishment of phanerogams and ferns. Hitherto most vascu-
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lar plants have been mere survivors from an earlier non-woodland
community, The invaders after thinning are woodland plants,

Typical of these are Athyrium filix-femina, Dipitalis purpurea,

Dryopteris dilatata, D, filix-mas, Oxalis acetosella, Rubus

fruticogus, R, idaeus and Viola riviniana, The restriction of
these older plantings to the better soils makes inference dififi-
cult, but it seems quite possible that species diversity in the
oldest plantings may exceed that of the original vegetation on
the site.

8.9 Figs. 11 and 12 show the trends in species abundance for
selected species, averaged across all plantable environmental
categories for which data are available. For example the figures
(mean domin numberg) for Cailuna vulgaris were derived as follows:-

Environmental Post | 1965 | 1955 | 1945 | 1930 | Pre
category Unplanted | 1970 | "-69 | -64 | -52 | -44 | 1930
1 2.8 50 | - |13 |o 0 1.0
2 0.8 40 { - |33 |15 | - -
4 2.9 6.5 | 7.0 [3.0 |o 2,0 | -
5 3.3 4.2 | ~ |29 |12 | - -
7 3.7 9.0 | - - |25 | - -
s 4.8 3.0 |65 |61 |10 | - -
Hean - 3.0 5.3 | 6.8 |33 |10 |10 |1.0

Blanks indicate no data. It can Le seen that the means are much
more reliable for some planting dates than for others, Thus

the mean for 1945-54 is taken across all plautable environmental
categories, whereas the mean for 1930-44 is based on only two
environmental categories, viz. 1 and 4. Consejuently, the appa-
rent increase of Agrostis tenuis in the oluer age classes of Fig.
11 may be much exaggerated. Categories 1 and 4 are the two most
favourable categories for Agrostis tenuis before planting. This
is an unsatisfactory situation; but given the differemce between
the site characteristics of old and young plantings, there was no
way of avoiding it in the present context.

.
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9.10 The stages of the succession may therefore be summarised as
follows.

0-10 vears. Elimination of small and slow-growing plants of open
pasture; increase of rank and fast-growing species; invasion of
bryophyte and lichen "weeds", egpeclally on the sides of furrows.

10-30 years. Progressive decrease ol Ilowering plant cover as
canopy closes; elimination of a few further flowering plant
species, but the majority persisting patchily in gaps; increase
of shade-tolerant bryophytes so that they may achieve high cover;
elimination of many of the cryptogamic "weeds" that had invaded
at the previous stage. VWhere the crop is really successful,
shade may become so intense that the initial increase of shade~
tolerant bryophytes is reversed, and qlmost all autotrophs vanish
from the forest floor. .

30-60 yvears. Increase of woodland plants following thinning;
maintenance or re-establishment of high bryophyte cover. Ferns
undoubtedly invade at this stage (prothalli are often visible in
thickets), but flowering plants may be mainly those that had sur-

‘vived in gaps aid on rides. The events following clear fellings

have not been recorded.

8.11 Finally it is worth drawing attention to Tables 3 and 4
which list the principal species and their preferences. These
results, while suggestive, must be treated with caution, as they
refer to the preferences o7 the species without regard to the
differences in site characteristics of planted and unplanted
siands, and without regard to whether the plots were on roads,
streams etc. From the commoner species, it is clear that the net
effect of afforesiition is to encouiage bryophytes at the expenée
of higher plants, while overall species numbers change little.
From the rare species (4-9 occurrences) it might well appear that
forestry has much increased the overall species complement. When
the rarer species are examined in more detail, however, it is
clear that most of them are lowland plants of relatively good
soils. Their apparent preferences for afforested stands may e~
flect merely the fact that we sampied some forests on potentially
good agricultural land, whereas such land was not sampled when
unafforested.
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Table 3. Incrcascs and decreases in response to afforestation (species with four or more occcurrences

only). Analysis of results by taxonomic category and life form.

“preferring unplanted®™ if its-chance of occurrence in the afforested plots was at least
twice that in the forested, and vice-versa.
rare species in the afforested arcas see text.

309 or more occurrences

¥outral
Preferring unplanted
rreferring planted

50-99 occurrences

Neutral
Preferring unplanted
Preferring planted

20-19 occuryences

Neutral
Preferring unplanted
Preferring planted

10-19 occurrences

Neutral
Preferring unplanted
Preferring planted

4-9 occurrences

Neutral
Preferring unplanted
Preferring planted
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Table 4. Commoner species, arranged according to their prefer-
ence for forested or unaiforested areas. A species is
counted as “favouring planted" if it was at least twice
as likely to occur in the aJliorested plots as in the
unafforested. A species is counted as "favouring un=-
planted® if it was at least twice as likely to occur in
the unafforested plots as in the forest plots. The re-
maining species are designated "neutral.

Common species (100 or more occurrences out of a total of 361
plots)
Neutral. Agrostis canina, A, tenuis, Anthoxanthum odoratum,
Calluna vulgaris, Deschampsia flexuosa, Erica totralix, Eriophorum
angustifolium, Galium saxatile, Holecus lanatus, Junews effusus,
Luzula multiflora, Molinia caerulea, Potentilla erecta, Vaccinium
wmyrtillus, Campylopus flexuosus, Dicranum scoparium, Hypnum
ericetorum, Pleurozium schreberi, Polytrichum commune, Rhytidia-
delphus loreus, R. squarrosus, Sphagnum papillosum, S. plumulosum,
$. recurvum, Calypogeia fissa.

Favouring unplanted. Festuca ovina, Juncus squarrosus, Nardus
stricta, Narthecium ossifragum, Trichophorum cespitosum.

Favouring planted. Dicranella heteromalla, Plagiothec1um
undulatum, Lophocolea cuspidata.

Frequent species (50-399 occurrences)

‘Heutral. Blechnum spicant, Carex binervis, C. echinata, C. nigra,

Cirsium palustre, Deschampsia cespitosa, Erica cinerea, Eriophorum
vaginatum, Juncus acutiflorus, J. bulbosus, Myrica gale, Rumex
acetosa, Viola palustris, Cladonia coccifera, C. chlorophaea,
Hyloconium splendens, Pseudoscleropodium purum, Rhacomitrium
heterostichum, Sphagnum auriculatum, S, capillaceum, S. palustre,
Tauidium tamariscinum, Diplophyllum albicans, Lophozia ventricosa,
Odontoschisma sphagni, Pellia epiphylla.

Favouring unpianted. Carex panicea, C. pilulifera, Empetrum
nigrum, Cladonia impexa, Rhacomitrium lanuginosum.

Favouring planted. Dryopteris dilatata, Parmelia physodes,
Atrichum undulatum, Campylopus pyriformis, Mnium hornum, Pohlia
nutans, Calypogeia muellerana, Cephalozia bicuspidata.

Fairly frequent species (20-49 occurrences)

Neutral. Campanula rotundifolia, Carex demissa, Cerastium
holosteoides, Epilobium palustre, Festuca rubra, Galium palustre,
Juncus conglomeratus, Plantago lanceolata, Prunella vulgaris,
Pteridium aquilinum, Ranunculus repens, Sagina procumbens,
Succisa pratensis, Thelypteris limbosperma, Viola riviniana,
Cladonia floerkeana, C. subecervicornis, Aulacom.ium palustre,
Leucobryum glaucum, Mnium punctatum, Polytrichum alpestre, Nardia
scalaris, Ptilidium ciliare, Scapania undulata,




1

(29)

Favouring unplanted. Drosera rotundifolia, Euphrasia spp.,
Lycopodium selago, Poa pratensis, Polygala serpyilifolia,
Ranunculus acris, Sieglingia decumbens, Trifolium repens, Cladonia
arbuscula.

Favouring planted. Athyrium filix-femina, Chamaenerion angustie
folium, Digitalis purpurea, Holcus mollis, Oxalis acetosella,
Rumex acetosella, Campylopus introflexus, Ceratodon purpureus,
Ditiichum heteromallum, Eurhynchium praelongum, Isopterygium

* ans, Polytrichum aloides, P. juniperinum, P. piliferum, P.
U.usgerum, Cephalozia connivens.

Occasional species (10-19 occurrences)

Keutral., Achillea millefolium, A. ptarmica, Cardamine pratensis,
Dactylis glomerata, Hypericum pulchrum, Lathyrus praternsis,
Leontodon autumnalis, Lysimachia nemorum, Myosotis secunda,
Pedicularis sylvatica, Poa annua, Ranunculus flammula, Salix
aurita, Stellaria alsine, Veronica officinalis, Bryum pseudo-
triguetrum, Dichodontium pellucidum, Dicranella palustris, Mnium
undulatum, Oligotrichum hercynicum, Rhacomitrium aciculare,
Pellia neesiana, Scapania irrigua,

Favouring unplanted. Carex bigelowii, C. rostrata, Cynosurus.
eristatus, Dactylorhiza maculata, Luzula sylvatica, Pinguicula
vulgaris, Thymus drucei, Vaccinium vitis-~idaea, Cladonia furcata,
Acrocladium cuspidatum, Andreaea rothii, A, rupestris, Mylia
taylori, Pleurozia purpurea.

Favouring planted. Betula pubescens, Cardamine flexuosa,

" Dryopteris filix-mas, Rubus fruticosus, Salix caprea, Sorbusg

aucuparia, Taraxacum officinale, Peltigera polydactyla,
Icmadophila ericetorum, Brachythecium rutabulum, Dicranum majus,
Hypnum cupressiforme var. cupressiforme, Leptodontium flexifolium,
Polytrichum aurantiacum, lLepidozia reptans, Marsupella emarginata.

Rare species (4-9 occurrences)

Neutral. Chrysosplenium oppositifolium, Cirsium vulgare, Crataegus
monogyna, Epilobium montanum, Filipendula ulmaria, Galium verum,
Geum rivale, Linum catharticum, Lotus uliginosus, Oxycoccus
palustris, Plantago major, Cladonia gracilis, Lecidia granulosa,
Peltigera canina, Acrocladium stramineum, Brachythecium plumosum,
Bryum pallens, Climacium dendroides, Ctenidium molluscum,
Dicranella rufescens, Eurhynchium riparioides, Fissidens taxi-
folius, Hyocomium flagellare, Polytrichum alpinum, Sphagnum
cuspidatum, S. fimbriatum, S. magellanicum, S, terss, Lepidozia
trichoclados, Mylia anomala, Riccardia pinguis, Scapania gracilis.

Favouring unplanted. Anemone nemorosa, Briza media, Carex
pulicaris, Carum verticillatum, Cryptogramma crispa, Galium
uliginosum, Lycopodium alpinum, Montia fontana, Phragmites
communis, Selaginella selaginelloides, Cetraria islandiea,
Cladonia bellidiflora, Sphaerophorus fragilis, S. globosus,
Andreaea alpina, Bracbythecium rivulare, Breutelia chrysocom2,
Anastrepta orcadensis, Scapania nemorosa.
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Favouring planted., Ajuga reptans, Alaus glutinosa, Angelica
sylvestris, arrhenatherum elatius, Centaurea nigra, Fraxinus
excelsior, Gaillum aparine, Hieracium pilosella, Hypochaeris
radicata, Lotus corniculatus, Luzula pilosa, Primula vulgaris,
Rubus idaeus, Rumex obtusifolius, Salix cinerea, Senecia jacobea,
Stellaria graminea, Teucrium scorodonia, Tussilage farfara,
Urtica dioiea, Valeriana officinalis, Veronica chamaedris, V.
zorpyllifolia, Cladonia polydactyla, Cetraria glauca, Dicranella
cerviculata, Dieranoweisia cirrata, Drepanocladus fluitans,
Foatinalis antipyretica, Fumaria hygrometrica, Grimmia doniana,
Hookeria lucens, Hygrobypnum ochraceum, Plagiothecium denticulatum,
Calypogeia trichomanis, Solenostoma crenulatum.
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10, Mfferences in zpil and other envirgnrental characteristics over the

rotation, {(X. L. Bocock end Jo £, Adacson)

30,1 Seil end ether eaw.ircmzen:al characteristiecs such as slope, altitude and
aspect Wwere exaumined to provide bases other than the flora for classification
and eonparison of our s2mpie plots, for comperison of our plots with areas
deseribed and/or planted by the Forestry Commission and for examination of
soil changes with affcrestation. vWe copsidered that the results of the
latter together with other datz on the environment and on the flora of an
area would allow proliction of changes in flora following afforestation.

30,2 A full zasessaent of the velue of the soil and other environmentel
characteristics measured in 1975«76, in relation to the requirements for

the sezpling programme in 1975~77 will be completed and reported on before

the 197077 field-work begins, Figs. 15, Teble 7 and the notes below give

a first description of the environmental characteristics of the aine
environmental groups created by sub-divisicn of the ordination diszgram

{pave. 8.6 above and Pig. §) and indicate changes in some of the characteristics
with afforestatioa.

10,3 Although the varisbility within each of nine groups is great several
trends are evident scross the goups (Fig. 15)s  Groups three, six end nine,
corresponding epproximately to respectively Sphagneto-Juncetum effusi, Lario-
Juncetum squarrcsi plus hardo-Vaccinietun myrtilli and Callunetun vulgaris
occur at the highest aititudes and have medium ratings for drainage. moisture
contest, organic matter (L.0.I.), texture, stoniness, nitrogen and ; .osghorus
contents. IF materiel tends $o accuzulzte on tihese sites largely because of
slow Jecomposition and the acidity of all layers tendsto be higher than at a
lower altitude.

10.4 Ire range of mean pH across ihe nine groups ic not great,withiu=-group
variabilizy is large (Fig. 15), so differeaces between grouns are apparently not
significant., (mn the average the least acid soils occur in groups cne (Agrosto-
Festucetun}, two (Agrosto-“estucetum plus Festuco~iolinietun plus some {phazno-
Juncetuzm effusi) and four {lolinietun stlanticuz),

10.5 A5 expected, the least orgzamic and stoniest soils at molerate altitude,
ETCUs3 One 3nl two, CRITY ~grosto=restusetis, Tue wost organic soils occur
at low to Zwoderete altitude in groups four {Nolinietu: etlanticum), five

(Calluneto erio.ncretun pius Molinievuz atlanticua plus represeantative plots of
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several other vegetation types), seven (nainly Callunsium eriopnoretun
vulgaris) and eiglt (mainly Molinieto cullunetus). The above conclusions
&re based not only on loss~on~ignition values but also on the comoletely

independent field eatimates of organic catter content ani texture (Fig. 15).

10.6 The nitrogen and phosphorus dste require further enalysis. The

nitrogen data for the LF layer show no clear trend but, for upensost

layer below the L¥, highest values occur for groups four, five, seven and
eight, which have the most orgznic soils. Exaectly the opposite trend cccurs
for phosphorus both in layer one and in the LF, Expression of trnésedata

on an agh-free basis,or & volume basis using the established loss-on-ignition/
bulk density relaticnship,may further clarify these results.

10.7 Preliminary examination of environmental characteristics of the 19
vegetation groups derived by classification of floristic date for unafforested
plots indicated some clear differences between plots, However, these
differences tended to become somemhat blurred by fusion of some of the 19 grouss
to give nine vegetation groups (Paras. 7.5~7.7 above) and blurred even further
by recozz‘:’f.nation of the sites into nine environcental groups using the vegetation
classification and ordination (Section 8 above).

10.8 Differences in environmental characteristics with ege of stand, which
parallel differences in the flora indicated in Seetion 9, are listed in
Table 7, Variability of the data is similar to that for thenine vegetaticn
groups (Fig. 15), Althousgi. sub~divisicn of the ordination dizgraz (Fiz. 9),
created groups which were less variszble environmentally than the whole data sets
for unafforested sites and subsequently for afforested sites, a2 within-group
association between age of stand and zltitude is evident with older stanids
occurring at the lower altitude. The older stands in a group also tend
slightly to be on more mineral~-rich soils than the younger stands and this is
supported by the assessments of texture, Stoniness thows no trend with age
of stend.

10.9 Vieighted mean pH for the whole soil profile showed no trend so plis of
the LF layer and of the uppermost unlsriring layer were exanined as these
were exrected to be more responsive to the influence of the trees. The
main tendency is for a rise in pH, especially in the L¥ layer, in the first

ten years after afforestation followed by a gradual fzli (Table 7). The pE

changes, if they are significant, are slight anl zay bte explanable jp ter:s
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of recoval of grezing with increased supply of grassy and herbacecus pleant
ressins to the soil surface follicwed by build-up of LF layer with age of
stand (Teble 7) but inferpretsticn is complicated by differences in altitude
and asscciated variables between unplanted and planted sub-groups of sites.

30410 Trends in totel nitrogen end phosphorus content with age of stand are
not apparent but re-exvression of the data on an ash-free or volume basis
(see para 10.6 above), may be revealing ana veluable in relation to nut-~ient
aveilability and vegetation composition. Clarification of the contribution
of roots to the tctal nitrogen end total phosphorus is required but the root
dete have not yet been anzlysed,




11. JEffect of streams, roads and rides

11.1 Linear features such as streams, roads and rides are clearly
of importance as a reservoir of native flora, particularly during
the thicket stage. For this reason, data from these habitats

were recovded in addition to the standard pogitions in each 1 km
square (cf. paragraph 5.1). But in the event there were only

Just enough regular plots to make satisfactory quantitative
summaries, and the treatment of the linear features is of necegsg-
ity somewhat sketchy. Further work is required to elucidate

their quantitative significance.

The stream habitat

11.2 The following observations refer to the scatter diagrams
{Fig. 13) in which the species complements of several categories
of streams (afforested, non-afforested, wide and narrow) are
plotted against the mean specizs complements of plots within the
same 1 km square but containing no linear features, and carrying

ka tree crop of approximately the same age class. Several points
should be noted. ‘

(i) Streams in general add considerably to the species-richness
of a site. Increases of 60% are typical.

(ii} There was no consistent difference in species-richness
between afforested and non-afforested streamsides.

The width of the planting gap did not apparently influence
species-richness. Unfortunately, data are lacking for
narrow gaps in the older age classes, so that the general
statement cannot be assumed to be true in forests older
than 25 years. It is notable that two out of three stream-
sides recorded with planting geps of 2 m or less in 22-
year-~old plantings had species complements close to their
non-stream afforested counterparts.

The effects of planting date on épecies—richness are
difficult to disentangle from the effects due to variation
in planting gap; but if attention is again confined to
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those plots with planting gaps of 2 m or less, some in-
ferences are possible. While the species complement shows
no;cleaf relationship to planting datc, there is only one
pldt having more than 50 species. This compares with nine
such plots in the wide planting gap and unplanted cate-
gories. .
‘ %
31,23 Table 5 summarises the species that appear to be preferen-
tial to streams, i.e. those which are at least 2.5 times as fre-
quent in i streamside category as in the data as a whole., In-
evitably some of these occurrences must be due to chance; but
when these lists are compared with comparable lists (paragrslb h.2)
for rides, it is clear that the number of occurrences due to
chance must be small, and that streamsides really do provide a
habitat for a large number of special species. Table 5 suggests
a nuwber of tentative conclusions, .

(i) Vide streams are considerably richer than narrow ones.

{ii) Karrow streams have their speci-s-richness reduced under
afforestation.

(iii) The species complement of wide streams is not greatly
°  reduced by planting. Species preferential to wide stream-~
sides both in planted and unplanted areas include Carex
echinata, Cirsium palustre, Deschampsia cespitosa,
Epilobium palustre, Plantago lanceolata, Ranunculus acris,

Succisa pratensis, Viola palustrisg, Atrichum undula»um, -
Diplophylium albicans and Pellia epipylla.

The forest road habitat

1l.4 A comparison of forest road samples with those taken from
the same 1 km squares but in regular plots lacking linear fea-
tures (Fig. 14) shows that in almost every case the species com-
plements are greater by forest roads. The most extreme cases of
species enrichmert occur in the earlier plantings -~ i.e. pre 1954
- although there are several instances of early plantings where
the increase is small or zero. Increases in the 10-20 year age
classes are fairly consistently in the range 0 to S0%. The

. P
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greatest percentage increase, about 600%, applies to two plantings
in the 20-30 year age class.

11.5 The construction of a road introduces at least two habitats
not otherwise common in the plantations we examined: exposures
of mineral (as opposed to peat) soils, and the hard-packed
gravelly surface of the road itself. Bryophytes are important
pioneer plants on both, with species such as Ceratodon purpureus,

Oligotrichum hercynicum, Polytrichum aloides and P. urnigerun
developing appreciable cover.

11.6 Table 6 summarises the species thal appear to be preferen-
tial to ,roads, i.e. those that are at least 2.5 times as frequent
in & roadside category as in the dotu as a whole, and which oceur
in 34% or more of the stands in their age class. Of the three
age-class categories, two contained too few plots (4 and 3) to
make generalisations possible. The post 1945 planting category
contains 15 plots, an adequate number; but few of the preferen-
tial species occur with any regularity. Only two, Sagina pro-~
cumbens and Polytri hum urnigerum occured in more than four of

the plots. The re-.sons for the absence of a well marked road
community are not clear. Perhaps the mineral exposures are poten-

tially suitable for a rather large number of species, so that the
assemblage appearing at any one site is ~ at least in the earlier
stages after the construction of the road - merely the result of

chance immigration. ' .

The ride habitat

11.7 The scatter diagram (Fig. 13) shows the relation between
the species complements found in rides and those found in regular
plots of the same age class in the same 1 km square. Here there
is a marked ditference from streams and roads, in that at first
rides differ hardly at 2all from the rest of the forest. There is
some indication that in the 20-30 year age classes the rides are
beginning to gain over the regular forest plots. But the evidence
is not conclusive, and it is clear that up to about 30 years the
species losses in the two habitats are more or less keeping pace
with one another. The species lost from rides are often the same
as those lost from regular habitats, with Anthoxanthum odoratum,
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Festues ovina and Nardus stricta being particularly affected.
Rides differ from forest plots mainly in the degree to which the
surviving species dominate the vegetation. Calluna vulgaris,
Deschampsia flexuosa, Holcus lanatus and Molinia caerulea often

attain very high cover value in rides.

311.8 ‘The list of preferential species for rides is very short
compared with that for roads and sireams, and contains only one
species with more than a single occurrence in the thirteen plots,
This was the livervort Ptitidium eiliare, which occurred four
times.

The lakeside habitat

11.9 A scatter diagram is given in Fig. 14, and indicates that
stands of high species-richness sometimes occur by lakes. The
small size of the sample precludes any firm conclusions. The
overall list of preferential species is quite long (70 species),
but most of these have only a single occurrence. The following
occurred in three or more of the six plots: (Caltha palustris,
ﬁzrica gale, Ranunculus flammula, Cephalozia connivens and

‘QOdontoschisma sphagni.

The wall habitat

11.310 Rhacomitrium heterostichum was the only preferential
species with more than four occurrences out of 13 plots. Im
general, walls had little influence on species composition, and
their main significance in plantations is that rides are often
positioned along them.
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Table 5. Species preferential fo s:reamside categories. A wide

stream is one that exceeds 2 m. A species is counted
as preferential to a catezory 4i7 it oceurs in at least
34% of the stands in the category, and is at least 2.5
times as likely to occur in the category as in the
sample at large.

(i) ¥ide unplanted (2 plots)
Carex echinata, Cirsium palustre, Dactylorhiza maculata,

Deschampsia cespitosa, Epilobium palustre, Hypericum pulchrum,
Hypochaeris radicata, Juncus acutiflorus, Plantago lanceolata,
Prunella vulgaris, Pteridium aquilinum, Ranunculus acris, R.
flammula, Succisa pratensis, Trifolium repens, Viola palustris,
V. riviniana, Atrichum undulatum, Cophalozia bicuspidata,
Diplophyllum albicans, Pellia epiphvlla.

(ii) ¥Wide planted (6 plots)

Achillea millefolium, Carex echinata, Cirsium palustre, Deschampsia
cespitosa, Digitalis purpurea, Epiliobium palustre, Holecus mollis,
Oxalis acetosella, Plantago lanceolata, Rannunculus acris, R.

repens, Rumex acetosa, Succisa pratensis, Viela palustris,
" Atrichum undulatum, Polytrichum alcides, Pseudoscleropodium purum,

Diplophyllum albicans, Pellia epipiylla, I, neesiana.

(iii) Narrow unplanted (21 plots)

Epilobium palustre, Festuca rubra, Ranunculus repens, Rumex
acetosa, Trifolium repens, Philonotis fontana, Pellia epiphylla,
Scarpania undulata.

(iv) Narrow pilanted (10 plots)

Hylocomium splendens, Pellia epiphylla, Scapania undulata.
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Table 6. Species preferential to rcad categories. A species is
counted as prefercential to a category if it occurs in
at least 34% of the stands in the category, and is at
least 2.5 times as likely to cccur in the category as
in the sample at large.

{1) pre-1945 plantinz (3 plots)
Arrhenatherum elatius, Centaurea nigra, Chamaenerion angustifolium,
Cirsium palustre, Deschampsia flexuosa, Digitalis purpurea,
Dryopteris dilatata, D. filix-mas, Galium palustre, Holcus lanatus,
Juncus effusus, Oxalis acetosella, Poa annua, Ranunculus repens,
Rubuz fruticosus, R. idaeus, Rumex acetosella, R. acetosa, Viola
rivinian:, Thuidium tamariscinum, Lophocolea cuspidata.

{1i) Post 1945 planting (15 plots)

Polytrichum urnigerum,

{i11i) Unplanted (4 plots)

Achillea ptarmica, Carex panicea, C. pilulifers, Cirsium palustre,
Epilobium palustre, Juncus acutiflorus, J. bulbosus, Plantago
major, Prunella wvulgaris, Pteridium aquilitum, Ranunculus aeris,
Rumex acetosa, Sagina procumbens, Senecio jacobaea, Taraxacum
officinale, Trifolium repens, Tussilago farfara, Veronica
officinalis, Cladonia chlorophaea, C. impexa, Atrichum undulatum,
Ceratodon purpureus, Philonotis fontana, Polytrichum urnigerum.
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The upland zonez, thet is the arce abveve the predominently wridle vallsy

Loteons sl pladns, escusdos about ono Lhird 6f 4hs Lotal iand arce of

dridain. elow the cliratic tres-line in ihe zone, Ia’

the southora Scoitish Uplands and parss of the Scotiisn iy

wnd nocisl fuctors anve wicuwuraged large-~scale com.werciel alferesialion with
conifers of many fomaer kill sheepewalks. The cursent raticnal and werli
snortuge of timber is likely to cncourage further allorsatation, pervicularly

private forestry.

2he e’fects of changes in land-use and menagement on the flora ol the uslanis

are of consilerable interest %o the NCC in relation %o its delirad s
Heuwever, thesa effects have been inadecuately described zad ave olten pouily

understoed. .
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Recent and current work by the PC and NC/IYE is providing some relevant
~
£
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information. The present project, which will be funded Ly the WL, is

designed to throw light on the eflfecis of Gifferent types of affcrastaticn

n the flora of upland areas. It will be linked as closely as possiule W
I
A}

monitoring of the effects of afforestation [ITE 9), survey of comusreial

[

forests in north~west England (ITE 43), study of effecis of birch {IWE S
and the Gisburn afforestation experiment (ITZ
with a study of effects of the new foresis on
is the objective of a separate NCC contract ix

and Dr. J. Lockie (Department of Forestry ard

in a supervisery role and D. loss or another as a grad

As part of the project, liaison will be mzintained ¥

Xa& syrace

are cvrrently examining difTerences in flirz and soils tetwsen sit

viobs within compariments makched in 2ll resgects excest zge.

In the retation of a forest crop there is 2 correspord

the cyule need to dbe knswm, as do the &ifforencss

resuliing from Eiffering site characteristies and

iloreover, even in heavily afforested areas, there

mropertion of the grourd whick is unplanicd. Fr

view, the unplanved ground, though less in exvent, =

izporiant than the planted. Henee, cuantitasive
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within forests are 1s relsvant as date from pianie




gata aye aviialls, sescther with data on the vepgetasien which the Zoresis

have worlaced, it sheuld Le possitls to taxe a Lalanced view of the oflect

¢

i) To compare site charactpristics of present and g5t plaentings

76 desermine the semienatural {loristic compesition of tre iyypes

. C ol ares which sre Being planted up.
l1i} To cempare thia with the floristic cemposiiion of compurable

areas which are current.y managed as forests.

iv)  To identify and estim:te the akundance of the mein habitat featurss

essociated with florisiic diversity in the unafiorested areas -
shes.

e Streans, rock outerops, togs, rarst

) To identify ard estimate the atundence of the main nebilat

4]

eatuTus

i

associated with florisiic variety in the forested area ~ e.g. roads,
=

rides, picnic sites and unplanted nreas; and Lo exanine what Uacoues

of the habitat features which had tesn assocated with floristic

variety belore afforestation.

w3} To determine the ma2in features of floristic succession

crop rotation, in relation to Aifleven

planted crop species. - -

vii) Te identify problems of species biolegical insercst which become

apparent during the course of the investigztion - e.5. mode of

L
E dispersal and establishment of higher plants and dryoghytes within .
‘ al"orested areazs.

N viii) To ideniify pricrities

vy

or contiruing work on the effects ol

alforestation.
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fedterin for Sugzens

Proparation of e report summarising chonges in Syses of ares planted.

Availability of data oa the overall range of veriaticn and florigiics

of the unplanted arcas.

Iy
I3
©

Availability of data on the cverall range of varisztion and floriszhi
of the planted arsas.

Availability of data on the natwre and abwdance 6f specisl habliias
features within the unaflorested area.

Availabiilvy of date on the natwe and abundance of special habited
features within the planited aree, and on the fate of forwey special
habisat features which are lozt. .

Availability of data which cover the main phases of the crop robaticn,

Preparation of a report stating ihe main lLiological pxodlems which ave
raised by the swrvey.
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The vellowing roses are insended az & Nirst indicatdion of Sho melis

will bo uzed in fhis proleste They will bo modilicd ond umar.&o:l as ra.:u‘.:‘cci
auring she plasning and early field work slages.

The abundunee of floristie Sypes and of haditat pategories can be estimated

5
anly by oblective mathods of sazpling. & systenm of stratilicatiocn ensurez

ecanozy of efforst, ond will Be used. Objectives (i), (4%) ang (i31) requize

sazpling to be extensive. Aius (3v) ard (v) reguire sampling which iz restrietsd
s 33 %0 concentrate on parsicular features of imtesest. For (iv), the

use of Ordnance Survey maps ds arprupriate. For (v), the use of maderm
forestry zZaps is necessary.

To satisfy dhe needs ol the NOC for information sbout eflects of aifforsstation
in particular parts of the southerxs lands and yet to examine the reglon

ey

as objectively as possidie, an arza ol i::‘aeres‘c, delinad by Orinance Survey
dationel Grid lines and including the major upland areas o interest to the
§GG, ras Tirst besn defined. Tnis extends from advout Newbon Lewars/
Glen T"ool in the west %o .ne Twesdsmuiz/NofTat acea in the east and covers
a total area of about 4600 ka® (2. ). 1 P sguares in $xis arsa will
e sub-sampled on the vasis of underliying xock (gra:_;:e/nan-gre*i c) )

slope (3 stra.ts.), altitude (3 or L sirata) znd forest cover (3 sirat a)
Cnly sgquares containing a high sercentoge (P ¢. 80 per cent) of forest or

bracken, heath and rough grass-iand (see 1" 0.S. =aps) will be considere

I8

o e - s w2 ceq s .
usable in his project. Each 1 K& ares salected will Be surveyed sy

3 s i oy :
exanining in Getail large quedrats {plots) cnd tramsechs across spesizl

¢
festures (strsazs, forest roads, etc.), the latier ab points selected durd

s
a standard walk across the area.

N 2
Lohoun 70 x 1.k sncluding LGG-5 3los ] werined inm this

ve considersd zs toses Jor
expected Lo cover all age-classes,

2z¢, soil or spescies sioculld

szres Will Be crosen so 28 to malngzin

CIEIT GleES.




e

f

b A A e e

Iozce svadres ()

- ey =

£4 Bangor indicated thab there is no snecia

quadrat in conilerous plantations, except perhaps that 1% iz inconveaiently

.t

darge when the fors:t is in tho thicket s‘-;aze'.
wiil give a wore reprouzentative portion of an arsa, thas wWill the 160 =
cuzdrat, particularly in mabure forest, and betauss 200 27 Is now prefizeed
zare fraequently within the Institute than other quadrat sizes, the 200 x

size has been sclacted for this project.

iuwa # ™

Shew (I2 13) used a semi-guantitetive local froguency reasure of abundancé.
Junce and Snaw (I72 1) used visual estimates of co se

i, is mot very easy to esiimate cover over e largs arsa such as 200 =",  Iven
in a2 stang where the Uvces ire well spaced, estimetion of the cover, e.g. of

the bryophyte species, is &ifficuli. Dr, S, D, Ward end M. 0. HIll experizgnied

with placing 3 0.25 2° quadrat in 25 systermadically placed pssiiions
-

cover within the sfglil

[1d
Hy
-]
[=
£3
(A1)
®
N
<
(o]
H
g
1
P
bed
&
-
i.;
s
£
<
P
41
]
o
|
o
®
%
'—;-
141 é!
I3
-
b
(3

esults were aighly encour

Cover of bryophyte species, and off Grashings, logs and stumps could be

. Cover fozr the 200

estimated with ~onfidence withi

guadrat was simply the average of thet in the smaller cuzdrais. There vas

bselufe measure, gulte

o 0
Iy
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a

wopiytes, nel are than o o

fostively pars of ihe

z a zeail one, In that Shoy cusnort sindilos
wpuoias. Nevertheleoss, 1% is Lnmposaidble o regand
abegory like otumps, as they pradually beesis covers

2t 0-5 ¢u and, sy 0-23 co

Y

& shallow {c. 30 om deep) pit will be dug using a =atisck cni she exposed
501l profile deseribud briefly in terms of Zorizen & colour,
stoniness, wotiress, textura., Samples of she /7 layer and otier upper soil
horizons will be taken for laboratory examinalicn ineluling devterzination

of pii, LJI, tosal N and total P. I, after inifial Digil txials, it axjears
that identification of norizons by project stafl is &ifficuls, soil samplss
for analysis will be %aken Gepilhia
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Cover ani tree recond. Cover of followin~
2 rock, 3 stumn, 4 failen tizber, 5 13

on a special habitat do not count oguis
Fallen timber 30, Hron curr (4} 15,
bryoshytes Iivonum and Izctrecium cons
which itzelf covers 30, of ihe guaira
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DezerTiba pesitien velat:ive $o lecal landfera. (ive informal
descrintior of vemetat.on siating ¥ ¢ than one itype svenent,
Coraent orn whethes thave ts vecent dizturbance {human or animal)
resulting 1 iavasion by swecialiic snecies o in 1@ TOMeneTation.
Ave drainace operations A es elimination? If trees

not prescnt is forvestry having indivect eoffect? Can you guess troxnds?

»t@ﬁ

SITE ¥UMB:R y) '? PLOT nwEER \

d

’1 Precy - u.&’!u@& snpeies

1 Lari lept (2 Tice site 3 Pice abie 4 Piru cont
5 Pinu sylv 5’Pwu meng
(iﬁf) Trews - managerent etc  (leyes;Oenojnc ploughing=d furrow depth)

Height (m) 2§ Furrow desth {em) L% Tunopy closed?U | Brashed? .
Thinned? o> Windthrouyy Planting date /‘“ S' ,92

300 Trees and shrube - Tereneration (*1%= 1-5 seen; "2V= 6 or more)

iu pend 1 Tatu pube 2 Cory avel 3 Prax exce 4
Lari lept 5 ice site 6 Pinu cont 7 Pinu gylv 8 )
" Pumen menz 9 Quer petr 10 Wer Tobu 11 Rhod pont 12 R
Zali cine 13 Jaro sccp 14 Sothb aucu 15 Ulex euro 16 N .

/493 ' LineaT habitate {show on skeich map with indication of how wide

3
1 wWall dry 2 Wall mort 3 uall ruined 4 Fence anl long)
§ Embankment & Rxde 7 Parmac Toad 3 Rough tvoad
9 Dry diteh 10 ot ditch @.’;low stream 12 Past strean

500 Roek habitats
1 Rocks 5«50 em 2 Boulders 3 Scree 4 Rock piles 5 Rock outcrop

800 Het and peaty habitats (excluding streams and ditches)

1 Blanket bog 2 Flat bog 3 Karsh 4 Swamp 5 Small pool £'1 m2
__.\6 Large pool/lake
700 Human influences (excluding linear habitat s)

1 Burning 2 4gric improvenment 3 Mining/quarrying 4 Dumping
(ﬁa\ﬂﬁ (1l=living,2=dsad, 3=dung,4= sisns such as molehills or wo}.l)

11 Skeep 12 Goat 13 Catile 14 Pony 15 =
16 Red deer {1TyRoe deer BE lole 19 F.ag 20 R




& 15 3 o ig
101 Tarsac road
102 Roush voad constructed for Tovestry
183 Roush vead mot gonstyueizd Tor Jovestyy
154 Ride (mugt b2 as least 5 = wide)
105 fiver fast {faster than 1 =ph, wider than 2a)
106 River slew (slowe® than 1 moh, wider than 2a)
177 Streasm fast (narTvowsr than Tivetv bul shonld be marked on map)

{iud) Streanm slow
109 Lakeside muddy
110 lLaksside sandy or gravelly
11l Lakeside vocky
112 Dry wall
11y rorsaved wall
i1 o fl- WidTh of habitat (-) {enter wO" if a lakeside;
L for straams and roads enter distance beiuween
. Banks 6T VATRS)
11% Feirht of habitat {apoliec only to walls)

(’/.’Q;O) If ¢here ave planted trees within 30m of line on side
o viol then Ting Tisd¥ and answer the following
“% Distance of treess from line (=)
£ Height of trees (3
k]

< Species of tvees {enter code rumbers as under “100" on plot shast)
-~
{3007 If there aTe dlanted tress within 30a of line on side
eanosite nla‘ thenr ring fisure and answer the following
*.;Dis.ancn of trees from line (m)
2 2 3Hulgbt of tress {a)

'L.anrecz-s of trees r

@ Give orientiatien of centye of ploi facing with back to line

\f0

Hotas on linear habifat vecoxding

Pae line ig defined as z vToad veToR, ride middle, simean bank,

laks mavrgin er foot of wall. Dlot is arrvan-ed so ¢hat one s‘de -
coincides with lirne. Decide which side to place plo» ny tossin

¢oin. (Does not apdly to lak :.) Record plot as usual, indicating
zonation {if any) on sketch zas. Having vecorded nlot, rgcord
prasgencas and ansences of any acditional species up o 1 m on

other side of line {rvom plot. Includ: both sides of a wall.

Indicate these sneciec with the code "0O" on the species presence
sheet. (The aim nere is %o cover waterwssds, bank rrecialities etc.)

than 60 en ing country.
1an 6.4 cm is : rainage

In unthinned p tatior : b or treo

e
statistics.




SIMPLIFIED S0IL KECORDLNG FORM

Site Ko Site name Grid Rer Date
1 m E km N Bay Year
, [ [Plot No Ghserver
, Profile Ho {Solid geology L layer thickness (ca) [F layer thickness (cwm)
|
-teatuds la L layer compozition Tﬂature o F layer
S1ope © Site drainage layeT composition

o Bsinfall (mm) No of layers H layer tnickness (cm)

[

Sample code l l ' 1 L—‘ f
layer no
layer depth cas (start) o
. e / / / /
(end)
LAYER COLOUR
| Yellowish nE ™ M ﬂx L
Brownish . 2 2 2 I 2

Beddigh 3 3 £ 3 3
Sreyish 4 __] 4 ]4 j 4
Black EE‘JQ ES_] l:—'

¥OTTLED

1
| L
i [ Ch %2 i D}_
I

vy, S

FHEDQEINANT TEXTURE

Organic D i [—11 r—‘ 1 [_‘ 13 Pﬁ

Sand 2 2 o 2 2
Silt : B3 3 3 3 = ;
Clay L __]4 k e mE
¥ixed (loan) Ch L5 s L Lk

CVERALL STCNINESS
Stenes rare/zbsent {— 1 F i r— ri F 1
Hoderately stony 2 2 2 .
Extremely stoay ___J _] 3 -

(8]
>

L
n

B
B
g
t




WOISTRE O $)WPLING
Py -
¥oist
et
#aterlogged

-BAJOR SQIL GROUP
if known)

% Cozments

]

L] ]

L 14

© - eeeEt
§ @ fize (4 == diem,)

N, . T

2 « mall (1o ms) L = large (1030 oa)
3 = matum (310.m) 5 ® very large (>3 mm)

L]
o s me Em e e

APTEIDIX S

e o N o A A A0

.

VEGETATICIT TYFES OF UIPLANTED STANDS

1.

2.

3
4.

Eynopsis of classification, with ordere anéd aliiances

Pierarchy generated by indicator species analyesis,
showing its relation to the named groups

Dichotomous key to vegetation iyves
pifferential tables showing the vegetation tyres

generated by indicator species analysis
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.

ST SATURAL VEGITATION TYrLS

The vegetation types were derived by an indicator species anelysis
of yeleves recorded from &00 =2 quadrats, For ease of corprehen=

gion the resulting [rouds are pigecnholed according to the Zurich-
¥ontpellier system. Nomenclatuve follows MeVesn & Raveliffe (1962)

except

where there i$ & statement to the contrary. Yumbera in

tinary code refer o the computer—generated higrarchye

SCEFIUCKZERIC~-CARICETEA

Caricion canescentis=fusese

1o

SrhpemetomJuncetun effusi (1100)

{(Junevs wouni Slowua-lerosciadiun cusnidatiun nodum occurred
& fou tiras, bub not oInen encugh o be digtinguished by
the coxpu-er anelysis.)

voliniesun stlestioun (2ssoc. nov.)

B myricosuz (G010 (= ¥olinie=Myrica)

v, agrostideswm (C011)

e. juncosum (1101)

QXYCQCCO*SE:’.AGZ"ETEA

Ericien tetrelicis

3.

Molinieto—-Callunetum
2. typicum (0C01)
b, moliniosum (0CC0)

Erieo~Spheznion

b,

SALICETEA HERBACEAR

Calluneto—%
%o typicum (0110}
b, moliniosum (0111}

Fardeto-Cericion bizelewil

B s e e i reime.

S

Kerdus stricte=Vaceiniim myrtillus (Birks, 1973, P. €0)
@ typicuz (1610}
b, low altitude Tacies (1011)

HARDO-CALLUSETEA

Hardc-Gelion saxetilis

&,

Hardo-Juncetun scusrrosi (Birks, 1973, p. 12h)

2, nercosua (16000) (= Lardetum subalpinum)

b. juncosum (10061) (= Juacetum squarrosi subelpinwz)

c. nartheciosun (0101) (includes Sthegneto=Caricetum sub-
alpinum as e mosaic element within it)

2, picw

b. 1u 01}

¢, & 2n } {= terb-rich Callunetum vulgeris)

Festuog~iln un {assoc. nov.

a. Gypicu ! {= Molinia-Festuca-Deschanmpsia, King
:olson, 1564, p. 216)

A EE I 3 LI O oW RS R Ea

UPLANDS OF SCOTLAND:

Ht'/dflr\ am( Bo‘r)

SEMT-NAY SETIT A
MI-NATURAL VEGETATION TYRES ARRARN

INDICATOR SPECIES AAlgors NGED IN HIERARCHY GEYE;

Grass ard Marsh

Dry heath
3 o

Callunetum
V’ﬂ.’ja ris

]

Haqf‘m Graﬁfan(,[
o J

otl

alo|

Narde - Juncetum
Squarrosi

CFrunh Q)

f:"soi:‘ml{o -
Callunetiom
(:vv {a.c'.u)

molinicfuml_

allanticum,

(tu: ‘{;.\cic,s)

161

.
Calluneto— Nardus slricka —

Ercphorebum K
(s {u.&) (tom facies)

Ve ceinmm rr_\vjfﬁ’[/us

1000

Nardo ~Tuncefum t
um Sphayneto—
G fqdesv“a resi g’unjujﬂﬂ‘. eifusi

(callunosum Festuco—
Meliniefum

Ajfos'k) — Festucetium

Moliniatim
+*

{

festuco - Malin/ pfimn
(F‘Ccr’:.l_csum}




shomeus ey %o veretniion tynes

ative indicaiors (heaih and tog)
Galluna volgzaris, Snica tetralix
B. vaginaium, '«r...c»...uz ossifen
ineluding S. "‘\:be‘lun).
.ivs. indicalors (grassland and zassh
x,a...exo. Pestuca ovina (5+%), Galium saxatile,
delphls SQUATTOSUS.

, Briovhorun angusiifoliuve,
sum, Sphagnun capillaceuz= (5.1.,

I$ indieazor csre is =1 o less then go %o division #) (heath
2n¢ bog group),if § or more then go to division #1 (grassland
and maxsh g=oup). .

Snepcies prefereniial o heath ané bom

A e -

Caliuna vu‘ga:';s, farex ceainata, Irscsera rotundifelia, ZIrica
cinerea, =. =, SriophoTus angusvifiiua, 3. vag;r. hun,

¥olinia caeru-ea., }:y:'ica gale, Naritheciun ossifragum, Filygala

sexpyllifelia, Trichorhorum cespitosum, Sphagaus auriculatum, S. capillaceum
’

S. papillofu:.,s. piuzulesuz, S. Tecurvuam,

8. tenelluzm, Cslypogeisz Jissa, (doniteschisma sphagni, Call

vulgarie (5+%). Molinia czerulea (5+7), Trichophorum cespiiosum (547),
Calluna vulgaris (2545}, ¥olinia caerulea (2543). .

Sveeies © : ! to oeassland and mawsh

AfTosiis IRONBRTAND oGoTawuRm, Carex binervis,

¢. pilulifera, Deschampsia cespifosa, Fesiuea ovina, Galiuam

gaxatile, poleus lanatus, Tuzula muliiflora, Rumex acetosa,

Eylocomiun splendens, Pleuroziun schreberi, Fseudoscleropodium

puzus, Rhytidiadelphus scua‘::-osx.s, Iophocolea cusnida‘ca,

Agrosiis canin (,-r,m), A. tenuis (5-}7), Anthoxenthun odorahun (S
Deschaspsia flexuosa (54%), Festuca ovina (54%), Calium saxatile (5"'/w~

Division %

Yegative indicator (we.. heath, bog and 1olinia moo"s)
Nolinia caemx’ ez {5+%), wolinia caerulea (254%), )yrica gale,
Odontoschisna s:hac, sni

Positive indicators (Sry heath, Fenznine blanket bog and hesihy
noorland}
Calluna vulgaris (2,-,'“), Deschampsia flexuosa, JWicus SCUarrToOSus,

Vaceiniua myriiilius, Jicranuam scoperium, rolyirichuz cozmas

If indicator score is -1 or less then go to division #00 (wet
hezth, bog and Tolirniz meo?d group), if 0 or more ihen so to
divisien #Q1 {4y neath, pennine blanket bYog and heaihy moorlaad
group).

o

Species rreferential %o wet hezths, T Z ¥oliria mco

TLorusg,

Irpsera rowundilolla, mrice cirerea, Jun agusiil
Zalg, Polygala sechyllifclie, \,ar.t‘._y'.topas airovirens, Srhagmuz
auriadatum:, Cdentos chisza aﬁnag‘:x Zrica tetralix (5+7),
¥olinia caerulea {(5+/), > a caerulea (25+7).

0o Hn
BAY]

ot

lw.c:.:u\..u sy=tillus

.

Jivigisn 9

Kegative indicators (neathy srassliands, 1,6. Marde-Galion saxatilis)
calluna vulgaris (547). Yaccinium ::.ywtillus, Dicranus
scopavium, Hypnv‘. ericedorun

Positive indicators ‘marches a..d eutrojhic grasslands)

- . KHolcus lanatus, Juncus acuiifloxnus, Jj. e 5, Twifcliua

repens, Viola palusiris, rseudoscleropodiua purus

If indicator score is -1 or less then go to iivision #10 (eathy
&rasslands), if D or mor: Yhen go %o division #11 (me1zhes and
eniropiic grasslands)

.Svecies vtreferential 4o heathyv prasslande
M

ITycopodiun selago, Trichophozun ecaspifosun, Vascinium myrsill
Cladonia impexa, C. uneialis, Campylepus flewuosus, .»,:.c:'a..u::
scoparium, Fypmin ericetorunm, Znacemiirium lanuginesum,
Rhytidiadelphus loreus, Deschanpsia flexussa (5+%1), Vaceiniuz
myrtillus (5464). .

Species Hreferential 4o mavehes

Cazpanula rosunaifoiia, Carex ec }
holesteoides, Oix s..\.:a pa st:' ; ps;a ceap; tose,

palusire, ¥ U, Juacus acutill

J. bulbosus, J. e-.\xsus, Foa © ngis, Ranunculus ac-....,

R. revens, :-:::.A.ex acetosa, Sie;,;:.n ia decunmbenz, Succisa pruic
Teifnliux repens, Viola paivsiris, V. rivinizna, Atrichus
undma‘m:., Fhilonotis fonti we. Fsewdoseleropodium puwuzm,
Spazgmam palusire, S. recurvu., Tauwidiuz tazari scinux, Zuphresiz
fficinalis amg., Antnoxanthuz cdorasum (5+9), Eoleus lanatue (5+%),

Juneus acutifloxus {545).




Group #00  Wet heatl,

Division *00
)‘mga“ e indi
ichop}:o
(‘m":uc:. ehi
Poaiiive ind ~c1‘c“s
$phagman TICUTVLSD

If indicatex meove ie

Mvision #0300

Yepative indieatowrs:

vog and Molinia moors:

lung valgarie (54¢1), Brica tetralix (5470,

Az, ’Maca"* toivs lanuginesum, $phagnum tenellum,

canina, Cavex echinata, Juncus acutiflermus

=1 ¢cr less ihen go %o division ¥00)
P ox more thea go to divisioa )01

oresera rotundifolia, Folinia czerulea (258+), Yyrica gele

Campylopue atrovireas, Sphagnum auriculatunm

Pogitive indicators:
If indicator scere is

3£ indicator score is

If indicator sco:é

18 indicator scoze

Caxaex panicea, Caliuna vulgaris (257%+)

=2 or less thez assign to group *DOPD (Molinietowm
Calluretun molinicsun

=1 o more then assign to group *0PP1 (Molinieto-
Calluzetun typicum) 5

Yyzica gale (5,.»- Yo Sphgo..x.zx plumulesum
Deschazssia flexuosa, Galium saxatile, Calypogeia
Iopaccolea cuspida.':a, Folytrichun cozmune

9 oz less then assign %o sroup ¥0PP10 (Molinietuxs
atlantionm =ywicosux

1 or more thes assign o group ¥P011 (Molinietun
atlanticun agrostidosum)

AR A,

.
3

i
%
.
g

s on 68 58 um
.

s,

i

Group *¥01 Dy heath,

Divicion #01

Hepgavive indicators:
Pogitive indicators:

£ indicator score is
£ indicator score is

Division #0i0

Yegative indicators:
Fositive indicators:

1f indicabor score is

If indicator scorxe is

Division #¥011

wegative indicators:
Positive indicators:

indicator score

indicator scoxe

pennine vlanket tog and heatiy

stricta (5'1‘.3)
amy w055 (5441), Zrica Setralix,
‘*":.opnorw; vaii m.u.:x, 2 vaginatun (545),
Pleurozium schrebveri

ess then go € i *f"g
ore then go to divisicn

.

Calluna vulrrﬂ'-'irs (2545)
Carex aschinata, Irloprowus vag
Juneus mua:r:oaus (,+%), e
H. ossifr = (e /,,, aphagrus
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Appendix 4
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PROCEDULES ADQPTED FOR PREPARATION AND ANALYSIS OF SOIL SAMPLES

Storage of fresh samples

Sumples were received at Merlewood in consigmments of varying size
and immediately put into cold storage.

Consignment Site iampling Samples Samples
No. Keme numbers ates into cold air dried
1973 storage between

Kewton Stewart 1 1-12 15,.7-24.7 26.7 6.8-15.8
Hewton Stewart Il  13-30 25.7-9.8 15.8 5.9-19.9
Dumfries 31-42 10.8~-14.8 15.8 20.9-27.9
R.vox 45-62 25.8-4.8 5.8 28.9-19.10

Table 1. Storage dates to indicate sample freshness

K.B. Sampling dates are approximate, exmact dates on field sheets.
Some samples from some of sites 1-12 were in consignment 2 and
therefore laboratory processing of gll the samples from
these particular sites was delayed. The consignment name
indicates only the base used by the fisld workers and not
the gampling district.

Samples from comsiguments 1 2ad 2 wore taken Irom cold storage and sorted
end dried in ord:r, but consignments 3 and 4 were sorted in numerical
order. Such orjanisation facilivates sampie bandling in general,

and checking on sample labelling in particular.

Samnle sorting

Fresh samples were tipped from the polythene bags into shallow aluminium
or stainless steel trays (sizes from 18 x 20 e to 25 x 31 cm). Sods
were broken up ard any above-ground material was discarded if it had
cbviously been alive prior t» sample collection. Live roots greater
thar 1 mm in diameter were discarded (i.e. roots in categories 2 to 5

on the fieid sheet). Any roots which were less than 1 mn in diameter

or were obviously dead were left in the sample. Large stones bigger
than about 3 cm in diameter were removed., The remaining material

was spread over one or more trays so that it was less than about 3 cm

in depth.

Ideally, all roots 5:1d be removed from samples prior to chemical
analysis. This was not possible with Project 368 samples. 1 mm
diameter seemed to be a2 suitable lcwer limit for the size of roots
removed, because roots larger than this could be removed with ease
manually whereas the smaller roots die and begin to decompose quickiy
naturally and in sStorage, thus creating a soriing problea if we

had chosen to remcve them.

Field sheet entries

Field entries were checked in the lazboratory where pogsible. Texture
was the only characteristic which could be censidered unaltered by
sampling and storage so the field entry for this was the entry

most frequently altered in the laboratory. The most frequent
difference between field and laboratory textural diagnoses wag on

the question of organic matter versus sili{/clay contents. Differences
in assgessment of colour also becamz apparent but the field assessment was
usugzlly taken ag correct because (a) colour vizion is known to differ
between individuals so that a field colour assessment bears an unknown
relationship to laboratory colour assessment; and (b) sauple colour,
particularly that of orgaunic-rich wet samples, changes during storage.

If large earthworms werc observed in 2 numbered 30il layer during sorting
the appropriate field entry was altered if necessary. Other earthworns
were mentioned in the comments section. The division between “small”
and "large" in the laboratory was 3 c¢m in length, but, in field
degeriptions, this division was not defined clearly. In geaneral, a field
entry was altered only if the laboratory worker thought that the field-
worker was out by a considerable amount or if the error was in the
reverse direction to the effect of sampling and storage, e.g. storage

is unlikely to make a sample wetter. V\hen such alterations were made,
the incorrect tick was not rubbed out but a large cross put cver it

and the new tick put in the appropriate box.

The laboratory worker also entered root information. In the early
stages of sorting there was discussion and cross-reference between
workers to ensure a uniform assessment of frequency aand type. If an

H layer had occurred in the profile and oalythe depth had been recorded,
the other characteristics were assessed in the laboratory. Thiz was

to allow the H layer to be treated as a numbered layer during computing.
Any other relevant general information was written on the sheets,
usually in the comments section. Because the appropriate field sheets
were pot available at Merlewood at the time of sorting, sites 46 and 47
were described fully in the laboratory. These laboratory descriptions,
made completely independently of the field descriptions, were found
subsequently to agree well with the original fieid descriptions.

21

Sub-samples of moist s0il or LF material were taken from the cormers and
the middle of each tray and transferred to a 100 ml glass beaker.
Sufficient sample was taken so that, after sample wetting, the beaker
was about half full. Measurcoent was made within two days of the sample
drying dates given in Table 1. 30-60 minutes before measurement,
de-ionised water was adced to the beaker so that, after stirring, the
sample was just saturated with no standing water on its surface. This
approximately 1:1 dilution by volume gave the mineral soils and peats

a pasty consistency It was often necessary to use scissors to chocp
the L/F samples before wetting. Note that our 1:1 dilutiorn is different
from some published so-called 1l:1 dilutions which involve adding x cm
depth of water to x cm depth of soil. Particularly for poorly buffered
soils, it is important to add the minimal guantity of water required

to give a pH reading, as in our method, if a pH near to the natural field
pH is to be recorded.

Measurement was made using glass and reference electrodes in conjunctien




with an EIL 388 meter and a temperature compensation probe. Before - Beferences

beginning neasurements, meter calibration was adjusted using BDH

steadard buifer solutions of pH 4 and pH 7. After approximately every Allen, 8. E., Grimshaw, H., M., Parkinson, J. A. ard Quarmby, C. (1874)
Zour measurements, calibration was checked using the pH 4 buffer. Care . : Chemical analysis of ecological materials. 192-~3. Oxford-London-Edinburgh:
was taken to immerse the ¢lectrodes to a uniform depth throughout . Blaeckwell Scientific Publications.
calibration and zeessurezent. On an average, about three measurenents

were taken per sample to ensure an accurate stable reading. Due to : . Eitson, R. E. and Mellon, M. G. (1944)
gazpie shortage, about £ifty pH samples had to be returned to the , 379.

appropriate mazin sample for drying, and subsequent chemical analysis.

Ind. Engng. Chem. analyt. Edn. 16,

Drying

On the gay of sortirg, the samples in metal trays (see 2) were put into
2 1.4 2 Unitherm Drying Qven. Air recirculation was set at 90 per

cent and temperature at 40 C. Samples were removed and bagged after

48 hours. On two occasions, the oven over-shot and the temperature
reached abcut 650, but in both cases this was for no more than two hours.

Szmple grinding and sieving

About 65 por cent of samples were put through the Christie and Norris
hemmer mill, fitted with a 0.7 mm sieve. 'This machine was preferred
because it was easiest and quickest to use, but its use was limited

to organic-rich samples. Small organic-rich samples (about 1 per cent
of all samples) were put through the Glen Creston micro-hamuer mill

to facilitate high retrieval. 3Hineral-rich samples were put through
the ¥erlewood-built roller-sieve which censists of revolving, perforated
steel drums into which are piaced the sample and iwo heavy steel rollers.
Haterial falling through the 2 mm perforaticns was saved for analysis.
Roots less than 1 mm in diameter were separated from the mineral
material remaining in the drum for sieving, and then chopped with
scigsors or put through the Glen Creston before being included for
analysis. When necessary, material from all machines was sub-samplgd
By quartering or Bristol Board with a 30 cm ruler so tnat one 50 cm

tub could be filled with material from each sample. Remz2ining material
was re~-bagged for storage and tubs batched in groups of 25 before

be.. , submitted for analysis.

Approximate time spent in soil processing

Sorting, pHing and drying 85 man days
Grinding 2nd sieving 4G man days

Total 125 man days

Chemical anzlysis

Loss on ignition wz: de-armined by ashing dried, milled and weighed
sub-samples of LF material or other soil layers at 550 C for two hours.
Total nitrogen was determined using a Kjeldahl digestion with mercuric
oxide as a catalyst followed by a colorimetric method using indophenol
blue in the Autoanalyser (Allen et al, 1974). Total phosphorus was
deterpined using a nitric, perchloric and sulphuric acid digestion
followed by an adaptation of the phosphomolybdovanadate method

{Eitson zand Mellon, 1944) in the Autosnalyser.
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lean values and ranges of envirommental variabiss for the nine groups of unaffrrestes
sites created by sub-division c¢f the ordination diagram (Fig. 9}).
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Fig. 15 (continued)
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