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1. INTRODUCTION

Naddle Low Forest is a birch/oak/ash/hazel wood situated on
steep, rocky, NW-E facing slopes 200-400m a.s.1. above
Haweswater Reservoir, in the eastern part of the English Lake
District (OS Grid Reference NY 4813-5015) (Map 1).

In 1986 a 36 hectare block in the eastern part of the wood
was fenced into 12 compartments (Map 2), for the purposes of
a Nature Conservancy Council/Macaulay Land Use Research
Institute study to examine the effects of sheep-grazing on
the vegetation of upland woods. Sheep grazing varies in
intensity (low, medium or heavy) and season (summer or
winter) between the 12 compartments. Scattered around the
wood are also 6 small plots fenced off to completely
eliminate grazing. The results of the NCC/MLURI study in the
period 1986-1989 have been reported (Mitchell, 1991). The
grazing system set up in 1986 will continue until 1994, by
when it 1is hoped that relationships between grazing
intensity/season and vegetation will be more apparent.
BN

Frequency and abundance of bryophytes were recorded in the
NCC/MLURI study, but with no indication of the species
present, so in October 1986 I set up 130 quadrats to monitor
changes in the species composition of the bryophyte flora. I
revisited the wood in October 1988, and wrote a short report
based on the changes I found when comparing the 1986 and 1988
data. I revisited the wood again in January 1992, and the
results of this visit are reported here.

1.1 Climate

The climate is wet, but less so than in the western-central
parts of the Lake District. Annual rainfall is c¢.2000mm
compared with up to c.5000mm about 25-30km further west
(Climatological Atlas, 1952). There are c.180 wet days(>imm
rain) annually, compared with over 200 wet days further west
in the Lake District, and over 220 in parts of western
Scotland and Ireland (Ratcliffe, 1968).

The February mean daily minimum temperature in this area 1is
c.-1.2°C, and the July mean daily maximum temperature
c.17.5°C (Meteorological Office, 1975). Because of the
northerly aspect, the temperatures (especially the summer
maximum) are probably lower than the values given above.

Mean annual windspeed 1in this area 1is <c¢.12.5 m.p.h.
(Climatological Atlas, 1952). This figure is less than in
more westerly parts of Britain.
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Map 1. Location of Naddle Low Forest
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Map 2. Management compartments and location of ixim bryophyte
quadrats at Naddle Low Forest
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sulphur dioxide is at a low concentration (Page, 1982), but
there is much nitrate deposition by rain (Pitcairn & Fowler,
1989). Nitrate deposition is high in the Lake District, mid
and south Pennines, parts of wales and Southern Scotland, and
the part of the Highlands nearest to Glasgow (Pitcairn &
Fowler, 1989) - all areas which combine high rainfall with
close proximity to urban and industrial areas.

1.2 Vegetation

The upper slopes are mostly acidic birchwood with abundant
bryophytes, Deschampsia flexuosa and Vaccinium myrtillus

(National Vegetation Classification type Wi7b - Quercus
petraea-Betula pubescens-Dicranum majus woodland, typical
sub-community, and, very locally, the more western,
bryophyte-rich Wwi7a - Isothecium myosuroides-Diplophylilum

albicans sub-community). Lower down, the canopy is mostly oak
and birch, and the ground flora is grass and fern-dominated,
but still with an abundance of bryophytes (NVC type wtia -
Quercus petraea-Betula pubescens-0Oxalis acetosella woodliand,
Dryopteris- dilatata sub-community, locally showing
transitions towards the more north-western, bryophyte-rich
Wiib - Blechnum spicant sub-community). There are several
areas of ash/hazel wood with a more herb-rich ground ~flora
(NVC type W9b - Fraxinus excelsior-Sorbus
aucuparia-Mercurialis perennis woodland, Crepis. paludosa
sub-community) forming narrow bands running down the slope.
The vegetation of the wood has been mapped in-detail, using
the National Vegetation Classification, by John Day (Royal
Society for the Protection of Birds warden).

1.3 Bryophyte flora

Bryophytes are abundant on the ground, rocks and trees. At
least 134 bryophyte species have been recorded at Naddle
woods (Appendix 1). Most of these are nationally common
species. The bulk of the bryo-mass is also made up of common
species, especially large mosses.

Some oceanic (sensu Averis, 1991) Tliverworts occur here
Atlantic groups of Ratcliffe (1968) are given in brackets):
Plagiochila punctata, Saccogyna viticulosa, Lepidozia
cupressina (all Widespread Atlantic), Lepidozia pearsonii
(Northern Atlantic), Breutelia chrysocoma, Scapania gracilis,
Plagiochila spinulosa, Anastrepta orcadensis, Lejeunea
patens, L.ulicina and Douinia ovata (all Sub-Atlantic). These
all occur in small quantity only, except Scapania gracilis
and Plagiochila spinulosa, which are quite frequent.
Lepidozia cupressina is of particular interest in being
surprisingly rare (only one other Kknown site) in the Lake
District.
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Less oceanic on a European scale, but western in the British
Isles (defined as Western British by Ratcliffe, 1968), are
Hy iocomium umbratum, Hypnum callichroum, Sphagnum
guinquefarium, Thuidium delicatulum, Barbilophozia atlantica,
Bazzania tricrenata, B.trilobata, Cololejeunea calcarea,
Frullania fragilifolia, Metzgeria fruticulosa, Riccardia

palmata and Scapania umbrosa.

Although Cumbria is relatively rich in oceanic and Western
British bryophytes, these plants are not as well represented
at Naddle as in some woods further west, especially in the
Borrowdale area, where the <climate 1is more favourable
(wetter, with milder winters and cooler summers). An index of
oceanicity calculated by dividing the annual number of wet
days by the annual temperature range (July mean daily maximum
temperature minus February mean daily minimum temperature),
gives values of c.10 and >11 in the Naddlie and Borrowdale
areas respectively. 1In the British Isles as a whole, values
of this oceanicity index range from below 6 (SE England) to
over 15 (extreme NW Scotland and W Ireland). Not
surprisingly, the latter areas are richer than Cumbria in
oceanic bryophytes and lichens. The scarcity or absence of
lichens of the Lobarion community (James et al, 1977) and
some bryophytes at Naddle (and in the Lake District as a
whole) when compared with the western Scottish Highlands,
appears to be at least partly a result of the higher degree
of acidification in the Lake District. The epiphytic flora at
Naddle is not rich, but does include very small quantities of
Lobaria pulmonaria.



2. METHODS

130 bryophyte quadrats were set up and recorded 1in October
1986. 66 of these are 1 x 1m quadrats on the ground. The
remaining 64 quadrats measure 21 x 2icm, and are located on
tree trunks and rocks.

2.1 Ground quadrats

Five of these 1 x 1m quadrats were recorded in each of the
twelve compartments. The remaining six 1 x 1m ground quadrats
were located in the six small ungrazed plots (one quadrat in
each plot). In each of these 66 quadrats, the estimated per
cent cover of each bryophyte species was recorded (maximum
per cent cover of 100% for all species together 1in a
quadrat).

2.2 Rock and tree quadrats

44 of these 21 x 21cm quadrats were located on tree trunks
(height up the trunk varying from 20 to 150cm above ground),
and 64 quadrats were located on the lower parts of steep rock
faces, 20-40cm above the ground. In both tree and rock
quadrats, bryophytes (and, where present, lichens) were
recorded by drawing the extent of each species, to produce a
“map” of the quadrat. This method was found to be more
appropriate on trees and rocks because bryophytes here often
form discreet patches of just one or two species, and the
patterns of their extent are not obscured by vascular plants.

e



3. RESULTS
3.1 Revisit in 1988

I revisited the wood in October 1988, and refound 55 of the
66 ground quadrats, 18 of the 20 rock guadrats, and 39 of the
44 tree quadrats.

3.1.1 Ground gquadrats

On the ground, 1increases 1in total per cent cover and nhumber
of species of bryophytes were mostly recorded in heavily
grazed plots. This is consistent with the NCC/MLURI study
(Mitchell, 1991) and the general observation by many people
that bryophytes are especially prominent on the ground 1n
heavily-grazed upland woods. Associations between individual
species and grazing intensity were found for Polytrichum

formosum, Thuidium tamariscinum, Rhytidiadelphus loreus,
Plagiothecium undulatum and Mnium hornum (positive
association), Pseudoscleropodium purum, Plagiochila
aspleniodes, Dicranum majus and Lophocolea bidentata

(negative association). Summer grazing appeared to have had
more effect on the bryophytes than winter grazing.

3.1.2 Rock quadrats

Total per cent cover of bryophytes in rock quadrats was found
to have increased 1in heavily-grazed compartments, and
decreased in lightly-grazed compartments (similar pattern to
that on the ground).. About half of the more marked increases
or decreases in extent of a bryophyte species involved one
species taking over from another. The mosses Rhytidiadelphus
loreus, Polytrichum formosum and Dicranum scoparium showed
increases on rocks where heavily-grazed. Mnium hornum showed
decreases associated with increases in R.loreus. On -some
rocks, the smal Heterocladium heteropterum, Diplophy 1 1lum
albicans and Plagiochila porelloides had become taken over by
the larger R.loreus, P.formosum and M.hornum - similar to the
bryophyte succesion noted by Richards (1938) in Derrycunihy
Wood, Co. Kerry, SW Ireland.

3.1.3 Tree quadrats

Total per cent bryophyte cover in tree quadrats had mostly
increased, especially where 1ightly-grazed or more than 20cm
up the tree trunk. Most increases of a bryophyte species
involved colonisation of previously bare bark. Most decreases
involved plants having broken away from the tree trunk. No
notable relationships were found between grazing intensity or
season and the behaviour of individual bryophyte species,
although Mnium hornum had only increased on trees in
heavily-grazed plots (consistent with the resuits for this
species on the ground and on rocks).



3.2 Revisit in 1992

I visited the wood again in January 1992, and refound 47 of
the 66 ground guadrats, 13 of the 20 rock quadrats, and 27 of
the 44 tree quadrats (see raw data in Appendices 2-7).

3.2.1 Ground quadrats

The raw data for ground quadrats is in Appendix 3. Table 1
gives the number of bryophyte species, and per cent bryophyte
cover 1in the ground quadrats, from both the 1986 and 1992
data. Table 2 gives the mean number of bryophyte species and
mean per cent bryophyte cover in ground quadrats in 1986 and
1992, 1indicating the amount of change 1in the five year
period. Table 3 summarizes the data in Table 2 for each
grazing intensity/season class (seven classes based on
combinations of grazing intensity and season). Table 4 shows
changes of 5% cover or more between 1986 and 1992, of
bryophyte species. Recorded changes of less than 5% are
likely to be within the 1imits of expected recording error.
‘Only one of the six quadrats in ungrazed plots was refound in
1992, so the results for. the ungrazed class are very
tentative.

The mean number of bryophyte species per quadrat is overall
very slightly higher (0.16 spp) in the 1992 data than in the
1986 data. In relation to grazing intensity this increase is
greatest in the heavily-grazed quadrats (0.3 spp), and least
in - the 1lightly-grazed and ungrazed quadrats (0.15 spp
increase and 2 spp decrease respectively). In relation to
grazing season the increase is greatest in the quadrats with
summer grazing (0.22 spp). Of the seven classes based on
combinations of ‘grazing intensity and season, the highest
increases in mean number of bryophyte species per quadrat are
for medium summer grazing (0.67 spp) and heavy summer grazing
(0.63 spp). The ungrazed quadrat showed a loss of 2 species
and the 1ight summer grazed quadrats a loss of 0.20 species.

The mean per cent cover of bryophytes per quadrat is overall
2.51% lower 1in the 1992 data. 1In relation to grazing, this
increase 1is greatest (2.69%) in the lightly-grazed quadrats.
The heavily-grazed quadrats show a mean 1increase of only
0.06% bryophyte cover, and the medium-grazed quadrats a mean
loss of 9.93% cover. In relation to grazing season, there is
a recorded increase of 0.42% bryophyte cover 1in quadrats with
summer grazing, and a loss of 4.66% cover 1in those with
winter grazing. Of the seven classes based on combinations of
grazing intensity and season, the highest increases in mean
per cent cover of bryophytes per quadrat are for 1light summer
grazing (9.5%) and heavy summer grazing (4.13%). The greatest
losses recorded are for medium winter grazing (13.23%) and
medium summer grazing (5%). The ungrazed quadrat refound in
1992 showed no change 1n the per cent bryophyte cover.
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Table 1 Number of species and per cent bryophyte cover in 1m?2
ground quadrats, 1986 and 1992.

Quadrats

com Graz 1 2 3 4 5
par.-ing 86 '92 ’86 ’'92 ’86 '92 ’'85 '92 ’'86 '92
1 HS No.of spp 3 4 8 7 9 - 5 7 5 5
% cover 95 95 65 88 100 - 100 100 4 4

2 LW No.of spp 3 - 6 7 3 2 4 4 10 -

% cover 100 - 85 100 1 1 100 100 100 -
3 HW No.of spp 8 9 15 14 8 5 5 - 2 6
% cover 95 95 70 68 100 100 95 - 60 70
4 MS No.of spp 9 9 7 8 9 - 3 - 5 7
% cover 95 95 90 60 50 - 3 - 100 100
5 MW No.of spp| 12 11 4 5 3 - 8 9 3 3
% cover 90 76 95 85 99 - 100 100 100 100

6 LS No.of sppl t1 11 9 7 8 - 11 - 12 -

% cover 100 100 95 98 80 - 95 - 100 -

7 HW No.of spp| 11 10 11 10 15 15 6 7 9 9
% cover 95 100 60 26 90 79 95 95 95 95

8 MS No.of spp| 11 - 6 71 9 9 2 - 8 8
% cover 90 - 95 95 100 100 75 - 100 100

9 MW No.of spp 7 6 11 11 7 8 8 9 14 12
% cover 95 100 80 80 100 100 100 100 100 100

10 LS No.of spp 6 7 18 - 13 13 9 9 13 -
% cover 50 47 85 - 95 100 100 100 95 -

11 LW No.of spp 7 9 10 11 17 16 9 8 14 16
% cover 100 100 90 100 100 100 S5 100 100 100

12 HS No.of spp 8 10 10 10 9 9 10 11 11 -
% cover 100 100 100 100 100 100 90 100 100 -~

Comp.3 Comp.4 Comp.6 Comp.9E Comp.9Ww

.U No.of spp 8 - 1 - 6 - 8 6 6
% cover 100 - 100 - 90 - 95 95 85 -
Comp.11
U No.of spp 8 -
% cover S0 -
H heavy grazing M medium grazing L 1ight grazing

S summer grazing W winter grazing U ungrazed
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Table 2 Mean number of species and mean per cent bryophyte
cover in 1m?2 ground quadrats, 1986 and 1992.

Com Graz Mean Change since 1986
par.-ing 1986a*x 1986bx 1992 ax b
n 1 HS (4) No.of spp 6.00 5.25 5.75 -0.25 +0.50
% cover 72.80 66.00 71.75 -1.05 +5.75

2 LW (3) No.of spp 5.20 4.33 4.33 -0.87 0.00
% cover 77.20 62.00 67.00 |-10.20 +5.00

3 HW (4) No.of spp 7.60 8.25 8.50 -1.10 +0.25
% cover 84.00 81.25 83.25 -0.75 +2.00

4 MS (3) No.of spp 6.60 7.00 8.00 +1.40 +1.00
% cover 67.60 95.00 85.00 |+17.40 -10.00

5 MW (4) No.of spp 6.00 6.75 7.00 | +1.00 +0.25
% cover 96.80 96.25 90.25 -6.55 -6.00

6 LS (2) No.of spp 10.20 10.00 9.00 -1.20 -1.00
% cover 94.00 65.00 66.00 | -28.00 +1.00

7 HW (5) No.of spp 10.40 10.40 10.20 -0.20 -0.20
% cover 87.00 87.00 79.00 -8.00 -8.00

8 MS (3) No.of spp 7.20 7.67 8.00 +0.80 +0.33
% cover 92.00 98.33 98.33 | +6.33 0.00

9 MW (5) No.of spp 9.40 9.40 9.20 -0.20 -0.20
' % cover 895.00 95.00 86.00 +1.00 +1.00

10 LS (3) No.of spp| 11.80 9.11 9.22 | -2.58 +0.11
: % cover 65.00 81.67 82.33 | +17.33 +0.66

11 LW (5) No.of spp 11.40 11.40 12.00 +0.60 +0.60
% cover 97.00 97.00 100.00 +3.00 +3.00

12 HS (4) No.of spp 9.60 g9.25 10.00 +0.40 +0.75
% cover 98.00 97.50 100.00 +2.00 +2.50

U (1) No.of spp 6.17 8.00 6.00 -0.17 -2.00

% cover 95.00 95.00 95.00 0.00 0.00

H heavy grazing M medium grazing L 1ight grazing
S summer grazing W winter grazing U ungrazed
The number of quadrats refound in 1992 is given in brackets
x 3 calculated using data from all 1986 quadrats
b calculated using data only from quadrats which were
refound in 1992 (therefore more meaningful than "a")
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Table 3. Mean number of bryophyte species and mean per cent
bryophyte cover in 1m? ground gquadrats in 1986 and 1992, in
classes based on grazing intensity and season.

Graz Change since 1986
-1ing 1986ax% 1986bx 1992 ax bx
HS (8) No.of spp 7.80 7.25 7.88 +0.08 +0.63
% cover 85.40 81.75 85.88 +0.48 +4.13
HW (9) No.of spp 9.00 9.44 9.44 +0.44 0.00
% cover 85.50 84.40 80.89 ~-4.61 -3.51
MS (6) No.of spp 6.90 7.33 8.00 +1.10 +0.67
% cover 79.80 96.67 91.67 +11.87 -5.00
MW (9) No.of spp 7.70 8.22 8.22 +0.52 0.00
% cover 95.90 95.56 82.33 -13.57 -13.23
LS (5) No.of spp| 11.00 9.60 9.40 -1.60 -0.20
% cover 79.50 88.00 89.00 +1.00 +9.50
LW (8) No.of spp 8.30 8.75 9.13 '+0.83 +0.38
% cover 87.10 83.88 87.63 +3.75 +0.53
U (1) No.of spp 6.17 8.00 6.00 -0.17 -2.00
% cover 95.00 95.00 95.00 0.00 0.00
H (17) No.of spp 8.40 8.41 8.71 +0.31 +0.30
% cover 85.45 83.18 83.24 -2.21 +0.06
M (15) No.of spp 7.30 7.87 8.13 -0.83 +0.26
% cover 87.85 96.00 86.07 -1.78 -9.93
L (13) No.of spp 9.65 9.08 9.23 -0.42 +0.15
% cover 83.30 85.46 88.15 +4.85 +2.69
S (19) No.of spp| 13.53 7.89 8.11 -5.42 +0.22
% cover 128.79 88.11 88.53 -40.26 +0.42
W (26) No.of spp 9.77 8.81 8.92 -0.85 +0.11
% cover 103.27 88.12 83.46 -19.81 -4.66

H heavy grazing

M medium grazing L light grazing
S summer grazing W winter grazing U ungrazed
The number of quadrats refound in 1992 is given in brackets
* a calculated using data from all 1986 quadrats
b calculated using data only from guadrats which were
refound in 1992 (therefore more meaningful than "a")
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Table 4 Changes of 5% cover or more between 1986 and

of

bryophyte

species

in

im2

ground

quadrats,

compartments grouped by grazing intensity and season.

Heavy summer
grazing

Q1

Compartment i
Q2 @3 Q4

Q5

Q1

Compartment 12

Q2 Q3 Q4

1992,
with

Q5

Cpil
Dmaj
Epra
Mhor
Pfor
Pm.u
Ppur
Pund
Rlor
Rsqu
Ttam

Heavy winter
grazing

Q1

-10

+15

+24

Compartment 3
Q2 Q3 @4

Q5

Q1

+15
+6 -8
-5

-10

+15

-8

=31
+5

+7
=17
+34

-20
+10

Compartment 7
Q2 Q3 Q4

Q5

Epra
Estr
Imyu
Pfor
Psch
Rlor
Rsqu
Rtri
Ttam
Lbid

Medium summer
grazing

+7
-20

+19

Q1

-9
-25
-5 =35
+15
-6

" Compartment 4

Q2 Q3 Q4

+6

Q5

+19
-15

+5

Q1

+9
-20
-7

+17

-48 -22

Compartment 8
Q2 Q3 @4

Q5

Dmaj
Epra
Hcup
Hspl
Mhor
Ppur
Psch
Pund
Rior
Rsaqu
Ttam
Pasp

=5

-5
~15
-25

=10

+5

-14
+10

+15

+10
-18 -34

+8

=11
+23

Quadrat numbers in italics are those not refound in Jan.1992.
See Appendix 2 for key to abbreviated names of species.



Table 4 (cont.)

Medium winter
grazing Q1

13

Compartment 5
Q2 3 Q4

Q5

Q1

Compartment 9
Q2 Q3 Q4 Q5

Epra
Estr -32
Hspl
Mhor
Pm.u
Ppur
Rlor
Rsqu
Ttam +17
Lbid

Light summer
grazing Q1

+5

+5

-28
=20

Compartment 6
Q2 Q3 Q4

+7

Q5

+10
+10
-40
+27

Q1

-40

-26
+5
+6
+13 +14
-36 -9 -8
+10 +8

Compartment 10
Q2 Q3 Q4 @5

Epra
Humb -10
Mhor
Pcri
Pfor
Ppur
Psch
Pund -5
Rlor
sSqui
squi
Ttam
Lbid
Pasp +7

-10

+25

-10

+5
-14
+10

-20

+12

+5

+10
+10
+10

+5
+5

Quadrat numbers in italics are those not refound in Jan.1992
See Appendix 2 for key to abbreviated names of species.



Table 4 (cont.)

Light winter
grazing Q1

14

Compartment 2
Q2 Q3 Q4

05 Q1

Compartment 11

Q2

Q3

Q4 Q5

Dmaj
Epra
Estr
Hcup
Hsp1l
Pund
Rlor
Rsqu
Rtri
Ttam

Ungrazed Cc3

+10

+15 +9

Compartment

- C4 c6 - CSE

+15

-15

cow C11

-10

Ppur
Pund
Rsqu

+68
-29
-30

-10

+16
+10

+6

=10

-55 -5
+5
+46

Quadrat numbers in italics are those not refound in Jan.1992
See Appendix 2 for key to abbreviated names of species.
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Table 5 (based on the data 1in table 4) lists the bryophyte
species showing changes of at least 10% cover in at least one
ground quadrat, in relation to grazing intensity and season.

In relation to intensity of grazing, cirriphylilum piliferum,
Hypnum cupressiforme, Hy locomium splendens, H.umbratum,
Plagiothecium undulatum and Lophocolea bidentata appear to
prefer heavy grazing, while Dicranum majus, Eurhynchium
praelongum, E.striatum, Ptilium cristacastrensis,
Rhytidiadelphus triquetrus and perhaps R.loreus appear to
prefer light grazing. pPleurozium schreberi shows an increase
in association with medium-intensity grazing. Mnium hornum,
Polytrichum formosum, Pseudosc leropodium purum,
Rhytidiadelphus squarrosus and Thuidium tamariscinum show
sufficiently varied associations in table 5 as 1o appear
relatively indifferent to grazing intensity. R.squarrosus has
decreased much more than it has increased in heavily-grazed
(-194%, +69%) and medium-grazed (-203%, +46%) quadrats, and
has increased more (+46%) than it has decreased (-8%) in the
lightly-grazed quadrats (table 4), suggesting a preference
for 1lighter grazing. P.purum has shown its most dramatic
increase in an ungrazed quadrat.

In relation to grazing season, cirriphyllum piliferum,
Eurhynchium striatum, Hypnum cupressiforme, Hy locomium
splendens, Ptilium cristacastrensis, Polytrichum formosum and
Pleurozium schreberi appear to prefer summer grazing, while
Dicranum majus, Eurhunchium praelongum, Hy locomium umbratum,
Mnium hornum, Lophocolea bidentata and Plagiochila
asplenioides appear to prefer winter grazing. In table 5,
Pseudosc leropodium purum, Plagiothecium undulatum,
Rhytidiadelphus Jloreus, R.squarrosus, R. triquetrus and
Thuidium tamariscinum appear indifferent to grazing season.
Of these 6 species, P.purum shows some bias in favour of
summer grazing, and R.lJloreus a bias in favour of winter
grazing (table 4).

Table 6 summarizes the apparent grazing preferences mentioned
above, for each species.
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Table 5 Species showing changes of at least 10% cover in at
least one ground quadrat, 1in relation to grazing intensity
and season.

. heavy mediqm ligh; summer wintgr
Species grazing grazing grazing grazing grazing
Cpil H S
Dmaj L1 Ww
Epra h Ll Ww
Estr X 1 s
Hcup h s
Hspl h M Ss
Humb h w
Mhor h X 1 W
Pcri L S

. Pfor H L S
Ppur H M L S ]
Psch M -8
Pund h s w
Rlor Mx L S Ww
Rsqu H Mx L1 Ss Ww
Rtri L1 s W
Ttam H M 1 S W
Lbid h w
Pasp 'A X w
Upper case = 1increase associated with this grazing class
Lower case = decrease associated with the opposite grazing
class (i.e. heavy/light; summer/winter)
X = decrease associated with medium grazing

intensity (this could mean either "h” or "1")
See Appendix 2 for key to abbreviated names of species.
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Table 6 Summary table of apparent grazing preferences
by bryophyte species in ground quadrats

Grazing Grazing
Species intensity season
Cirriphylium piliferum heavy summer
Dicranum majus light winter
Eurhynchium praelongum light winter
Eurhynchium striatum light summer
Hypnum cupressiforme heavy summer
Hy]ocohium splendens medium—-heavy summer
Hylocomium umbratum heavy winter
Mnium hornum ? winter
Ptilium crisﬁacastrensis light summer
Polytrichum formosum ? summer
Pseudoscleropodium purum ? summer?
Pleurozium schreberi medium summer
Plagiothecium undulatum heavy ?
Rhytidiadelphus loreus medium-1ight ?
Rhytidiadelphus squarrosus | light ?
Rhytidiadelphus triquetrus | 1ight ?
Thuidium tamariscinum . ? ?
Lophocolea bidentata heavy winter
Plagiochila asplenioides ? winter

and light grazing,
or

(P.asplenioides)

shown

= situation is confused by associations with both heavy

or both summer and winter grazing,

change

medium-grazed intensity class.

recorded

only

in

the
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3.2.2 Rock quadrats

Appendix 4 gives the area (expressed as hundredths of a
quadrat; one-hundredth of a quadrat = 4.84 cm?2) of each
bryophyte species in each rock quadrat in October 1986 and
January 1992. Quadrats not refound 1in January 1992 are
omitted. Appendix 6 gives the original drawings (1986 and
1992) for rock quadrats.

Table 7 shows the number of bryophyte species and per cent
bryophyte cover 1in each rock quadrat (again, Qquadrats not
refound 1in 1992 are omitted). Rock quadrats were recorded
only 1in compartments 6 (1light summer grazing) and 7 (heavy
winter grazing). The mean number of bryophyte species has
risen slightly since 1986 in rock quadrats in compartments 6
and 7, with a slightly greater increase 1in compartment 6
(+1.2spp.) than in compartment 7 (+0.13spp.). The mean per
cent bryophyte cover has increased by 5.6% in rock quadrats
in compartment 6, and decreased by 2.5% in rock quadrats in
compartment 7.

Table 8 shows the summed per cent increase and decrease in
rock gquadrats between 1986 and 1992, with compartments (6 and
7) treated separately. Dicranum majus, Pleurozium schreberi,
Rhytidiadelphus Jloreus and, to a lesser extent Dicranum
scoparium, Hypnum cupressiforme and Sphagnum quinquefarium
show an apparent preference for heavy winter grazing.
Isopterygium elegans, Thuidium tamariscinum, Oipiophyllum
albicans, Lepidozia reptans, Scapania gracilis, Parmelia
saxatilis and, to a lesser extent Plagiothecium undulatum
show an apparent preference for light summer grazing.

Fosr;
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Table 7 Number of bryophyte species and per cent bryophyte
cover in rock quadrats in October 1986 and January 1992.

Compartment 6 (light summer grazing)

Number of species |Per cent plant cover
Quadrat 1986 1992 DIFF 1986 1992 DIFF
2 4 5 +1 100 100 0]
4 4 6 +2 100 90 -10
5a 6 6 0 88 98 +10
5b* 5 7 +2 38 66 +28
5c 3 4 +1 100 100 0
Mean* 4.40 5.60 +1.20 85.2 90.8 +5.6

Compartment 7 (heavy winter grazing)

Number of species | Per cent plant cover

Quadrat 1986 1992 DIFF 1986 1992 DIFF
1a 7 7 0 91 86 -5
1b 6 4 -2 100 100 0
2 4 5 +1 96 90 -6
3 5 7 +2 87 84 -3
4 5 5 0 85 84 -1
5a 3 3 0 95 90 -5
5b 3 3 0 94 100 +6
5c 5 5 0 99 93 -6
Mean 4.75 4.88 +0.13 93.4 90.9 -2.5
DIFF Change since 1986

includes the 1lichen Parmelia saxatilis, found in
quadrat 5b, compartment 6, in January 1992.
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Table '8 Total increase and decrease of bryophyte species 1in
rock quadrats, between October 1986 and January 1992.

14

Compartment 6 Compartment 7

light summer graz. | heavy winter graz. apparent
Species decrease 1increase | decrease increase |preference
p—————
Campylopus parad. | 2 - - - -
Dicranum majus 13 - - - hw
Dicranum scoparium 3 2 - 5 HW?
Heterocladiom het. - - 7 8 -
Hypnum cupressif. | - 10 5 2 -
Isopterygium eleg.| - - - 8 HW?
Isothecium myosu. | - 7 33 - 1s
Mnium hornum 3 - 34 43 -
Plagiothecium suc. - - - 3 -
Plagiothecium undJ) - 7 3 - LS?
Pleurozium schreb] 1 - - - -
Polytrichum form. {43 - - 3 hw
Racomitrium heterJ O 0 - - -
Rhizomnium punctad - - - 3 -
Rhytidiadelph.lord 6 - 14 9 62 HW
Sphagnum quinque. | 6 - i —— - hw?
Thuidium tamariscd - 30 1 2 LS
Diplophy1lum alb. | - 8 48 - 1s
Lepidozia reptans| -: 10 - - LS
Plagiochila asplel] - - - 3 -
Plagiochila poreil] - - 1 - -
Scapania gracilis]| - 43 1 - LS
Parmelia saxatilis - 10 - - LS

HW =
Upper case =
Lower case =

heavy winter grazing;

decrease

SL

light summer grazing
increase associated with this grazing class
associated with the

other

grazing

?

class.

total of <10% increase or decrease
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3.2.3 Tree quadrats

As well as bryophytes, lichens are an important component of
the epiphytic vegetation 1in many quadrats, so they are
included 1in the analysis of these quadrats. Tree quadrats
were recorded only in compartments 2 (light winter grazing),
3 (heavy winter grazing), 6 (light summer grazing), 7 (heavy
winter grazing) and 8 (medium-intensity summer grazing).

Appendix 5 gives the area (expressed as hundredths of a
gquadrat; one-hundredth of a quadrat = 4.84 cm?2) of each
bryophyte and lichen species (also in a few cases some
vascular plants) 1in each tree guadrat in October 1986 and
January 1992. Quadrats not refound in January 1992 are
omitted. Appendix 7 gives the original drawings (1986 and
1992) for tree quadrats.

Table 9 shows the number of species (bryophytes and 1lichens)
and per cent cover of bryophytes and lichens in each tree
quadrat (again, quadrats not refound in 1992 are omitted).
The mean number of bryophyte + lichen species, and per cent
bryophyte + lichen cover in tree quadrats have both increased
in just over 50% of quadrats, but the changes that have taken
place show no clear relationships with grazing intensity or
season.

Table 10 shows the summed per cent increase and decrease 1in
tree quadrats between 1986 and 1992, with each compartment
(2, 3, 6, 7 and 8) treated separately. Cladonia coniocraea,
Hypogymnia physodes, Ochrolechia sp., Rhytidiadelphus loreus,
Thuidium tamariscinum and, to a lesser extent, Dicranum majus
have increased 1in compartments with 1light summer grazing.
Isothecium myosuroides and Dicranum scoparium have increased
in compartments with light summer grazing and  compartments
with 1ight winter grazing. The lichen Peltigera sp. has
increased in a heavily-grazed compartment. Poiytrichum
formosum and Lophocolea bidentata have decreased in
lightly-grazed compartments. :
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Table 9 Number of bryophyte and lichen species and per

bryophyte

and January 1992.

and lichen cover in tree quadrats in October

Compartment 2 (1light winter grazing)

Number of species

Per cent plant cover

Quadrat 1986 1992 DIFF 1986 1992 DIFF
ic 2 1 -1 32 96 +64
1d 2 3 +1 57 97 +40
Mean 2.00 2.00 0 44.5 96.5 +52.0

Compartment 3 (heavy winter grazing)

Number of species

Per cent plant cover

Quadrat 1986 1992 DIFF 1986 1992 DIFF
2 1 1 0 100 75 -25
3 3 3 0 100 100 0
5b 2 4 4+2 73 95 +22
6 3 5 +2 67 84 +17
Mean 2.25 3.25 +1.00 85.0 88.5 +3.5

Compartment 6 (1ight summer grazing)

Number of species

Per cént plant cover

cent
1986

Quadrat 1986 1992 DIFF 1986 1992 DIFF

" 1l1a 4 6 +2 62 90 +28
1b 5 6 +1 90 91  +1
1c 3 4 +1 62 83 +21
2 3 6 +3 52 91 +39
3a 1 1 0 100 100 0
4 4 4 0 100 85 =15
5a 3 4 +1 100 100 0
5b 2 3 +1 100 100 0
6 3 2 -1 98 90 -8
Mean 3.11 4.00 +0.89 84.9 92.2 +7.3
DIFF = Change since 1986
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Table 9 (cont.)

Compartment 7

(heavy winter grazing)

Number of species

Per cent plant cover

Quadrat 1986 1992 DIFF 1986 1992 DIFF
2 2 2 0 100 100 0
3 1 1 0 70 81 +11
4 2 2 (0] 82 98 +16
S5a 1 2 +1 80 96 +16
6 3 4 +1 40 38 +6
7 2 2 0 80 86 +6
9b 3 4 +1 77 100 +23
10 4 3 -1 85 82 -3
12 3 3 (0] 54 54 0
Mean 2.33 2.56 +0.23 74.2 92.8 +18.6

Compartment 8 (medium-intensity summer grazing)

Number of species | Per cent plant cover
Quadrat 1986 1992 DIFF 1986 1992 DIFF
2 4 4 0 100 100 0
4a 4 5 +1 100 100 0
4c 2 2 0 100 100 0
Mean 3.33 3.67 +0.34 100.0 100.0 0
DIFF = Change since 1986
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Table 10 Total increase and decrease of bryophyte and 1lichen
species 1in tree quadrats between October 1986 and January
1992.

Comp.2 Comp.3 Comp.6 Comp.7 Comp.8|Poss.

(Lw) (HW) (LS) (HW) (MS) prefe
Species| - + - + - + - + - +| rence
Imyo 83 33 32 123 4 147 9 1 L
Ccon 2 - - - 26 - 1 - - LS
Dsco - 11 - 5 14 14 1 - g L1
Hphy - - 9 - - 15 - - - - LS
Psul - - - 10 - 11 - - - - -
Hcup - - 16 28 75 37 55 - - - -
Mhor - - - 15 13 - 19 6 4 - -
Ftam - - - - 4 - 14 3 1 - -
Pund - - - . - - 3 - - - - -
Dmaj - - - - - 8 1 - - - LS?
Hsp1 - - - - - 1 - - - - -
Oand - - - - - 10 - - - - LS
Pfor - - - - 70 - - - - - hw
Rlor - - - - - 25 - - - 4 LS
Fovi - - - - - 8 - - - - -
Lbid - - - - 30 - - - - - hw
Ttam- - - - - - .34 - - 2 - LS
Pelt - - - - - - - 20 - - HW
Ffra - - - - - - 5 _ - - - -
Oace - - - - - - - - - 2 -
HW/hw heavy winter grazing; SL light summer grazing

Upper case
Lower case

?

See Appendix 2

increase associated with this grazing class

decrease

Class

associated with opposite

grazing

total of <10% increase or decrease

for key to abbreviated names of species.
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4. DISCUSSION

Table 11 summarizes the changes found between 1886 and 1992
in the mean number of bryophyte species and mean per cent
bryophyte cover per quadrat in different habitats, in
relation to grazing intensity and season. Table 12 gives a
summary of apparent grazing preferences shown by bryophyte
and lichen species 1in relation to grazing intensity and
season, based on changes recorded between 1986 and 1992.

It should be noted that some of the changes recorded in these
guadrats are likely to be influenced by variation in acidity
(which varies considerably 1in the study area), wetness,
aspect and other factors which certainly affect the
‘distribution of bryophyte species within the site and may
also affect their responses to grazing. 1 have not attempted
to deal with these factors here.

Table 11 Summary of main changes between 1986 and 1992 in the
mean number of bryophyte species and mean per cent bryophyte
cover per quadrat in different habitats.

Greatest Greatest
increase loss
ground HS MS s u

Mean number
of species rocks* LS no loss
per quadrat
trees - -

ground LS HS MW MS
Mean per tent
bryophyte cover rocks* LS HW
per quadrat

trees - -
H heavy grazing M medium grazing L light grazing
S summer grazing W winter grazing U ungrazed

*

LS and HW only
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Table 12 Summary of apparent grazing preferences shown by N\
bryophyte and lichen species in relation to grazing intensity
and season, based on changes recorded in quadrats between

1986 and 1992. re
Mosses Ground Rocks Trees
Cirriphyllum piliferum HS
Dicranum majus LW HW LS?
Dicranum scoparium A - HW? L
Eurhynchium praelongum Lw
Eurhynchium striatum LS -—
Hylocomium splendens MS,HS
Hylocomium umbratum HW
Hypnum cupressiforme HS - -
Isopterygium elegans HW?
Isothecium myosuroides - LS L
Mnium hornum W - -
Plagiothecium undulatum H LS -
Pleurozium schreberi MS
Polytrichum formosum S HW HW .-
Pseudoscleropodium purum s?
Ptilium cristacastrensis LS
Rhytidiadelphus loreus M-L HW LS
" Rhytidiadelphus squarrosus L
Rhytidiadelphus triquetrus L
Sphagnum quinquefarium - Hw?
Thuidium tamariscinum I HW LS
Liverworts
Lepidozia reptans - LS
Lophocolea bidentata Hw HW
Plagiochila asplenioides ] -
Scapania gracilis LS
Lichens
Cladonia coniocraea LS —
Diplophyl1lum albicans - LS
Hypogymnia physodes LS
Ochrolechia sp. LS
Parmelia saxatilis LS -
Peltigera sp. HwW
H heavy grazing M medium grazing L light grazing
S summer grazing W winter grazing U ungrazed

- recorded in quadrats (excluding those not refound in 1982)
in this habitat but not showing any noticeable change 1in
relation to grazing
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4.1 Bryophytes on the ground

In the NCC/MLURI study at Naddle, Mitchell (1991) found an
increase 1in bryophyte cover on the ground 1in compartments
with heavy winter, heavy summer and medium summer grazing,
and a decrease 1in compartments with 1light summer, 1light
winter and medium winter grazing, and also in the ungrazed
plots. This positive association with heavy grazing and, to a
lesser extent, summer grazing (which reduces. vascular plant
growth, and, therefore, competition for several bryophyte
species, more than winter grazing), is to be expected given
the prominence of bryophytes on the ground in heavily-grazed
upland woods. My results do not show such a clear pattern,
and actually show the highest mean increase in lightly-grazed
compartments. The NCC/MLURI study had many more quadrats than
my study, and was carried out over a period of 3 Vyears (5
years in my study). After two years, my quadrats did show a
mean increase 1in per cent bryophyte cover in quadrats 1in
heavily-grazed compartments only, but after five years the
situation appears to have reversed. This may be at Jleast
partly a result of the decreasing sample size as some
guadrats refound in 1988 were not refound in 1992. However, I
have found the overall differences in relation to grazing
season (bryophyte cover increased in compartments with summer
grazing, as was found in the NCC/MLURI study) have become
. more marked after 5 years than after 2 years. These recorded
changes are only small in relation to the very high mean per
cent bryophyte cover 1in quadrats in compartments of all
grazing types. It should also be noted that in less grazed
woodland, bryophyte cover may still be 90-100%, but is more
hidden beneath grass and herbs, and often composed of a
different assemblage of species. The mean number of bryophyte
species per quadrat in my study is positively associated with
medium and heavy summer grazing, and therefore fits the
expected pattern better than does the mean per cent cover of
bryophytes. B

The <change 1in mean per.cent cover of bryophytes is not
positively associated with the intensity of grazing, but the
greatest increase is in compartments with summer grazing. The
grazing intensity may have more effect on the
species-richness of the bryophyte flora than on the amount of
bryophyte cover.

The changes I have recorded in the species composition of the
bryophyte flora on the ground show several relationships with
grazing which accord with the habitats of bryophyte species
in the British Isles. The apparent preference for heavy
grazing shown by the calcifuge mosses Hypnum cupressiforme,
Hy locomium splendens, H.umbratum and Plagiothecium undulatum
is consistent with their prominence in grazed acidic woodland
in the British uplands. These plants are also able to grow
among or beneath auite lush vascular plant growth, such as
tall heather, and indeed P.undulatum is often well-hidden
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beneath dense grass. heather and bryophytes. The apparent
preference for 1light grazing by the non-calcifuge mosses

Eurhynchium praelongum, E.striatum, Rhytidiadelphus
squarrosus and R.triquetrus 1is consistent with their
association with lusher, less acidic vegetation. The

calcifuge moss Dricranum majus appears here to favour 1light
winter grazing, and, although common in many grazed upland
woods, it is usually most plentiful among vascular plants or
other large bryophytes on steeper banks, which are probably
less grazed than most parts of the woodland floor.

Some other apparent grazing preferences are not as one might
expect, 1i.e. Cirriphyllum pi1liferum (heavy summer grazing),
Lophocolea bidentata (heavy winter grazing), Ptilium
cristacastrensis (1ight summer grazing) and Rhytidiadeiphus
lJoreus (medium-light grazing). For L.bidentata, which 1is
common beneath quite tall vascular plant growth in a variety
of habitats, winter grazing may be important in not reducing
vascular cover too much. Conversely, for P.cristacastrensis,
which 1is common on the ground in many grazed woods 1inh the
Scottish Highlands, grazing in summer may be beneficial (in
reducing vascular plant growth more than winter grazing),
although this species can be found in quantity beneath tall
‘heather. Polytrichum formosum and Pleurozium schreberi show
no noticeable relationship with grazing intensity, but their
apparent preference for summer grazing may be related to an
intolerance of too much vascular plant growth (although
P.schreberi is often very plentiful beneath tall heather).

Most bryophytes recorded in ground quadrats are nationally
common, -except for a few records of the western Hylocomium
umbratum, Lepidozia pearsonii and Anastrepta orcadensis, and
the boreal moss Ptilium cristacastrensis.

4.2 Bryophytes on rocks

The mean number of bryophyte species per quadrat has
increased more in the compartment with light summer grazing
than 1in that with heavy winter grazing (rock quadrats were
only recorded 1in compartments with these two grazing
regimes). The mean per cent cover of bryophytes per quadrat
has 1increased in the compartment with light summer grazing,
but decreased in that with heavy winter grazing. The vascular
plant growth resulting from 1ight summer grazing may provide
a good balance of reduced competition for rock-dwelling
bryophytes and enough grass/fern/herb growth to help keep
humidity high around the lower parts of rock faces. This is
consistent with the increase of Scapania gracilis associated
with 1light summer grazing. From its habitats in the British
Isles, this oceanic liverwort appears to need at Jleast
moderate Jlevels of both light and humidity, though not to
such a marked degree as some other oceanic bryophytes.
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The apparent preference shown by Rhytidiadelphus Iloreus,
Polytrichum formosum, Dicranum scoparium and, to a Jlesser
extent, Sphagnum guinguefarium for heavy grazing is
consistent with their abundance in grazed woods, although in
the ground quadrats R.loreus appears to prefer medium to
light grazing. Dicranum majus appears to prefer heavier
grazing in rock gquadrats than in ground quadrats, but this 1is
because it decreased 1in rock quadrats with 1light summer
grazing - possibly an effect of summer grazing reducing the
vascular plant cover too much, which would be consistent with
its increase in lightly—-grazed ground quadrats.

Many of the changes 1in rock quadrats (in both compartments
sampled) appear to indicate a cyclical succession. Thin mats
of small “"pioneer” species (Diplophyllum albicans,
Heterocladium heteropterum, Plagiochila porelloides, Parmelia
saxatilis, Isothecium myosuroides, Hypnum cupressiforme and
Isopterygium elegans) later become taken over by the larger
Mnium hornum, Polytrichum formosum, Plagiochila aspleniodes,
Dicranum scoparium and Rhytidiadelphus loreus, Dicranum majus
and Thuidium tamariscinum, with M.hornum usually an earlier
coloniser than R.loreus, D.majus and T.tamariscinum. The
larger species eventually fall off, leaving a bare rock face
for the cycle to begin again. This cyclical succession is
shown diagramatically in Figure 1, and must be a major factor
governing changes in the bryophyte flora of rock faces, and
may be at least as important as the grazing regime.

Most bryophytes recorded in rock quadrats are nationally
common, but there are a few records for the western, oceanic
liverworts Scapania gracilis and Plagiochila spinuliosa.
Neither of these species show a clear response to grazing in
these rock quadrats, although an increase of S.gracilis might
be related to light grazing (see above), or may just be part
of a process of bryophyte succession.

4.3 Bryophytes and lichens on trees

The changes in mean number of bryophyte and 1lichen species
per guadrat and mean per cent cover of bryophytes and lichens
per quadrat do not show any clear relationship with grazing
intensity or season. '

Among the 11 individual species for which there is a change
in abundance associated with a particular grazing class, more
species have increased in the 1lightly-grazed compartments.
These include Dicranum majus, for which there is also an
increase 1in lightly-grazed ground quadrats (consistent with
its habitats in British woods generally), - but a decrease 1in
lightiy-grazed rock quadrats. Polytrichum formosum has
decreased 1in rock and tree quadrats 1in heavily-grazed
compartments. Although it showed no noticeable preference for
heavy grazing in the ground quadrats, there was there an
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increase in compartments with summer grazing, which reduces
vascular plant growth more than winter grazing. From 'its
habitats generally, P.formosum might be expected to favour
little competition from vascular plants, and, therefore,
heavy and/or summer grazing. It seems unlikely that the
increases of Cladonia coniocraea, Hypogymnia physodes,
Ochrolechia sp., Rhytidiadeiphus loreus, Thuidium
tamariscinum, Dicranum majus, D.scoparium and Isothecium
myosuroides 1in compartments with light grazing are a direct
result of taller vascular plant growth and the shade it
casts, but there may be an 1indirect effect through an
increase in humidity at, and just above ground level, caused
by lusher plant growth. Such an increase in humidity (which
is 1ikely to be greater if there is also an increased growth
of the shrub 1layer) would probably be beneficial to the
growth of epiphytic bryophytes generally. Epiphytic bryophyte
communities are much richer and more luxuriant in sheltered
woodlands 1in the western Scottish Highlands. Lophocoliea
bidentata and Peltigera sp. show a possible preference for
heavy winter grazing in tree quadrats, but this does not
clearly match any known aspects of their ecology.

It may well be expected that many associations found between
grazing type and change in epiphytic communities will be
merely coincidental, as (i) the epiphytic communities sampied
are mostly above the direct influence of vascular plant
growth (it is also assumed that these bryophytes and 1lichens
were not eaten by sheep in this study), and (ii) these
communities appear to be subject to a cyclical succession,
similar to that described above on rocks._ In this bryophyte
and 1lichen succession, the small "pioneer” species which
mostly form thin mats are Isothecium myosuroides (growing
first in thin mats, but later becoming thicker and bushier),

Hypnum cupressiforme (often taken over later by
I.myosuroides, but the reverse was found in two quadrats),
Frulania tamarisci, Cladonia coniocraea and Hypogymnia

physodes. These species grow a long way up the tree trunks,
but in the bottom 50cm or so, can be taken over by the larger
Mnium hornum, Dicranum scoparium and Polytrichum formosum.
These last three sometimes die away and/or fall off, leaving
the process to begin again, or sometimes are taken over by
Rhytidiadelphus Iloreus, Thuidium tamariscinum and vascular
plants. R.loreus and T.tamariscinum may eventually break away
from the tree base. This cyclie is shown diagramatically 1in
Figure 2.

The only uncommon species found in these tree quadrats was
the small western liverwort Fruilania fragilifolia. It was
present 1in very small quantity on an ash trunk in 1986 and
1988, high up enough the trunk to be above the expected
influence of grazing. It had gone by 1992, having been taken
over by the larger F.tamarisci and Isothecium myosuroides.
F.fragilifolia was found on a few other ash trees (not in
quadrats) in January 1992.

~



31

Figure 1 ‘Cych’ca] succession of bryophytes on rocks at
Naddle Low Forest, 1986-1992.
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Figure 2 Cyclical succession of bryophytes on tree trunks at
Naddle Low Forest, 1986-1992.
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4.4 Re-measuring of management compartment areas

The areas of the management compartments at Naddle Low Forest
have recently been re-measured by John Day (RSPB warden), who
found some differences between his results and the area
measurements given by Mitchell (1991), particularly for
compartments 1 (J.Day’'s result is greater), 4 (JD = lower),
11 (JD = lower) and possibly 12/13 (JD = lower).

Compartment 12 was fenced internally into two different sized
areas between 1986 and 1992. Mitchell’s area for compartment
12 1is too high to be realistically comparable with Dav’s
figure for the smaller part (which Day calls compartment 12)
and too low to be likely to refer to either the larger part
(which Day calls compartment 13) or to both areas taken
together. The measurements of compartment 12 are therefore
rather confusing. In this bryophyte study compartment 12
refers to both areas, taken together.

In the light of John Day’s area measurements the foilowing
compartments might be equally well or better placed 1in a
different grazing intensity class:

Compartment 1 heavily-grazed, but could be medium-grazed

Compartment 4 medium-grazed, but could be heavily-grazed

Compartment 11 lightly-grazed, but could be medium-grazed

Compartment 12 (12+13) heavily-grazed but could be medium
-grazed

If the grazing intensity of these compartments is changed as
above, it does not appear to change the resulits in this study
so as to make the relationships with grazing 1intensity  any
clearer. Indeed it appears to make them if anything less
clear because the sample sizes for the relevant
lightly-grazed and heavily-grazed classes are smaller, giving
resluts which are probably less meaningful, while the
increased sample size in other grazing intensity classes does
not clarify matters because they have medium-intensity
grazing.

¥ This  bhes ben meluded  lecarne oL a
NuseJ etx JAn Dhts ~ th, eures ;q, Z;:f?i“;

2:/4/9%‘
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APPENDIX 2
Bryophytes and lichens recorded in quadrats.
Abbreviations

Rock/ ‘ Presence 1n quadrats
Ground Tree Species name (mosses) Ground Rock Tree

Aund Atrichum undulatum +
Briv Brachythecium rivulare +
Brut Br B.rutabulum + +
Bpse Bryum pseudotriquetrum +
Ccus Calliergon cuspidatum +
Cpar Cp Campy lopus paradoxus + +
Cpil Cirriphyllum piliferum +
Cmol Ctenidium molluscum +
Dmaj Dm Dicranum majus + + +
Dsco Ds D.scoparium + + +
Epra Eurhynchium praelongum +
Estr Es E.striatum + +
Ftax Fissidens taxifolius +
Hhet Hh  Heterocladium heteropterum + +
Hcup Hc Hypnum cupressiforme + + +
Hjut H.jutlandicum +
Hbre Hylocomium brevirostre +
Hspl Hs H.splendens + + +
Humb H.umbratum +
Ie Isopterygium elegans +
Imyo Im Isothecium myosuroides + + +
Imyu Imu I.myurum + +
Mhor Mh Mnium hornum + + +
Pfor Pf Polytrichum formosum + + +
Pm.a : Plagiomnium affine +
Pm.u Pm.u P.undulatum + +
Pund Pu Plagiothecium undulatum + + +
Pden Pd P.denticulentum + +
Psuc P.succulentum +
Psch Ps Pleurozium schreberi + +
Ppur Pseudoscleropodium purum +
Pcri Ptilium cristacastrensis +
Raqu Racomitrium aquaticum +
Rfas R.fasciculare +
Rhet Rh R.heterostichum + +
Rpun Rp Rhizomnium punctatum + +
Rlor R1 Rhytidiadelphus loreus + + +
Rsqu R.squarrosus +
Rtri R.triquetrus . +
Squi Sq Sphagnum guinquefarium + +
Tpel Tetraphis pellucida +
Ttam Tt Thuidium tamariscinum’ + + +



APPENDIX 2 (cont).

Abbreviations
Rock/ Presence in qgquadrats
Ground Tree Species name (liverworts) Ground Rock Tree

Aorc Anastrepta orcadensis +

Bflo Barbilophozia floerkei +

Btri Bazzania trilobata +

Cmue Calypogeia muelleriana +

Cbic Cephalozia bicuspidata +

Clun Cephalozia lunulifolia +

Cpol Chiloscyphos polyanthos

var.pallescens +

Dalb Da Diplophylium albicans + +
Ff Frullania fragilifolia +
Ft F.tamarisci +

Lpea Lepidozia pearsonii +

Lrep  Lr L.reptans + + +

Lbid Lb Lophocolea bidentata + +

Linc Lophozia incisa +

Lven L.ventricosa +

Mema Marsupella emarginata +

Pepi Pellia epiphylla +

Pasp Pa Plagiochila asplenioides + +

Ppor Pp P.porelloides + + +
Ps P.spinulosa +

Rmul Riccardia multifida +
Sg Scapania gracilis +

Snem Sn S.nemorosa + +

Sumb S.umbrosa +
Tq Tritomaria quinguedentata +

Lichens

Cc Cladonia coniocraea +
Hp Hypogymnia physodes +
Oa Ochrolechia androgyna +
Pe Peltigera sp. +
Pg Platismatia glauca +
Psax Parmelia saxatilis + +
Psul P.sulcata +
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Ground_quodrat_dota

These guadtats each measuce | x Im. There ace 5 such
quad(ats in each  compactment o) the wood/, plus ope more

quadcont in each gf the Sy 20 x 20 m ungcazed plots (total
of 66 ground cluadrouts).

TheSe Quadrats are moarked with o wooolen peg in the
uppec-left comer (viewed from down-S\ope) . Syme quadcats

also have % smald pegs in the other arners, but the smald
peas have proved very ofl'-ffn'th& to refind on the ground .

The lom&ion of each ground quadmat s described

@\'v(ng the diSance jato the Compatment (oub L0° to the

fence) from a pacticulor post a(ama gne g the margia
fenws,

The quadcats wewe placed on the ojround, am«'d('n@(as far
as possibe) rocks andt bomders, buk Some quadcats

contain Swall rocks .

The fo\(ow(n@ dota were rewrded for each guadrat : -

- Estimated total pec cent brysphyte cover

— Estmated pec cent cover df each bryoplyte Species
(cover totals add«'ﬂg up e a maximum dol (00 %)

— Qenecal pryminence q) Syophytes in the quad cox
i€ dominant | mixed with vafcular

()(W\?(‘S L, aC
hidea benearh vasaar plonts

Abbreviatms ¢f) SpecieS names ace given i Ap(neno(«‘x 2.



Plot 1, quadrat 1. 15m up-slope from "A". Large pegs "M1" and "Q2"
mark top-left and bottom-right (seen from down-slope) corners of
quadrat respectively. 95% cover (0ct’86), mixed with/beneath short
grass.

Oct’86 Oct’88 Tun' 92
Pund 2 2 2
Ppur 10 10 5
Rsqu 83 83 87
Lbid - - __ L

95
Plot 1, quadrat 2. 6m in from 33rd post up N fence from “A". 65%
cover (Oct’86), mixed with grass/litter/bracken.

Oct’86 oct’ss  Jan 92
Epra 1
Mhor <1
Psch
Pund
Rlor
Rsqu 4
Ttam
Lbid
Pour

| WWwo o ww

Rl s wEanw ) p—

8
Plot 1, quadrat 3. 3m in from 22nd post up w fence. 100% cover
(Oct’86), bryophytes dominant. Occasional litter/grass.

Oct’86 oct’8s  Ja'82

Dmaj 22 15
Dsco 1 -
Mhor <1 -
Psch 10 10
Pund 12 15
Pfor 5 15
Rlor 40 35
sSqui 10 10
Lbid <1 <1

Piot 1, quadrat 4. 6m in from 44th post (3 posts down from bend in

fence) up W fence. 100% cover (Oct’86), bryo. dominant. Occ.
litter/grass.

(
Oct’86 oct’ss  JanI2

Dmaj 20 10 10
Pfor 20 30 35
Pund 5 5 <l
Rlor 55 55 55
Lbid <1 - -
Psch - <1 <|
Pasp - <1 < |
Mho - - <|

—
L00
—



e

Plot 1,

of wood.

plot,

1*51‘p05fo(own
quadrat 5. 8m 1in fromASE fence,c.12m down from upper margin
Holly tree 5m further along (& slightly up) slope into
c.12m from fence. 4% cover (Oct’86) on small, v.low rocks.

Most of quadrat- is soil, litter and short grass.

Oct’86 oct’ss  Jan'92
Dmaj <1 <1 <l
Hhet <1 <1 <l
Hcup 2 2 |
Imyo 1 1 2
Mhor 1 1 |
S -
4
N
Plot 2, quadrat 1. 7m up-slope from 21st post SE along bottom
fence. 4 pegs. 100% cover (Oct’86), well-hidden beneath grass.
Oct’86 oct’s8  TJan'92
Epra 1 <1
Rsqu 99 99
Lbid <1 <1
Ppur - <1
Plot 2, quadrat 2. 8m in from 14th post up SE fence from "A". 4
pegs. 85% cover (Oct’86), well-hidden beneath grass.
Oct’86 oct’88  Jan92.
Epra 15 20 25
Humb 4 2 1
Pund 3 1 3
Rsqu 58 50 50
Lbid 4 10 5
Pasp 1 2 |
Ror - T
Plot 2, quadrat 3. 8m in (along slope) from bend in SE fence. 1m
up-slope from large oak tree. 4 pegs. 1% cover (Oct’86) beneath
grass/litter.
Oct’86 Oct’88 Jan'92.
Heup <1 <1 <)
Rsqu <1 <1 <|
Lbid <1 . <1 R
Plot 2, quadrat 4. 10m in from 8th post down W fence from "F". 4
pegs. 100% cover (Oct’86), mixed with/beneath grass.
Oct’86 Oct’88 TJan ‘92
Pfor <1 - -
Pund 4 - 3
Rlor 81 85 90
Rsqu 15 15 7
Hspl - <1 < |
Lpea - <1 -
_ 100,



Plot 2, quadrat 5. 20m in from W fence c<.60m down-slope from
gyadrat 4. Standing dead tree trunk (4m x 45cms) just across fence,
in plot 3. Quadrat is on sloping ground above v.steep, rocky bank.
4 pegs (large peg at top right corner of quadrat). 100% cover
(Oct’86), mixed with grass.

Oct’86 Oct'88 Tan92
Hspl 1
Hcup 1
Ppur 1
Pshr 25
Pund 10
Pcri <1
. Rlor 25
Rsqu 35
Aorc 1
Lbid 1

Plot 3, quadrat 1. 40m up from road. 20m in from stone wall (E

edge). 3m E of fallen rowan. 4 pegs. 95% cover (Oct’86), beneath
grass.

{
Oct’86 oct’ss  JanSL
|

Dmaj 1 1
Pund 2 - < |
Psch 1 - -
Pfor 15 15 7
Rior 23 23 30
Rsqu 50 50 30
Ttam 1 4 2.0
;as'.:b 2 3 4
] ’ - - o
Mhor = 3 %

Plat 3, quadrat 2. 12m in from 10th fence post up from “T". Near

bottom of rock face. 4 pegs. 70% cover (Oct’86), mixed with/beneath
grass/herbaceous/bracken.

Oct’86 Oct’88 = Jan'92
Dmaj 3 3 3
Mhor 5 5 2
Heup <1 - <l
Hspl 1 2 |
pfor 2 2 !
Pund 1 2 i
Rpun <1 - -
Rlor 15 15 15
Rsqu 6 5 \
Squi 1 1 <l
Hhet <1 <1 <
Ttam 25 35 40
Cmue <1 - -
Lbid 10 10 4
Pasp 1 2 <]
Lrep - <1 -
Da& - - < l
—_—
68



Plot 3, quadrat 3. im NE of fence midway between N and S corners of
20 x 30m ungrazed plot in plot 3. 4 pegs. 100% cover (Oct’86),
bryophytes dominant/mixed with grass/litter.

Oct’86 Oct’'88 ‘Jan',OQ
Dmaj <1 <1 -
Hsp) 1 <1 |
Humb <1 <1 <|
Psch 11 10 2
Pfor <1 - -
Pund <1 - -
Rior 85 84 60
Rsqu 2 6 37
-
100
.

Plot 3, quadrat 4. Midway betwecn E and W fences, 8m up-slope from
20 x 30m ungrazed clot in plot 3. 4 pegs. 95% cover (Oct’86),
beneath grass.

Oct’s6 oct’88  Jan92

Humb 4 6
Ppur 15 15 ‘
Ror 2 -
Rsqu 73 75
Lbid 1 -
pfor - <1
Pasp - 3

Plot 3, quadrat 5. 6m in from SE corner of 20 x 30m ungrazed plot
in plot 4. 4 pegs. 60% cover (Oct’86), well-hidden beneath
grass/herbaceous.

Oct’86 oct’88 Jan92

Rsqu 58 60 64
Ttam 2 1 |
Pasp - 2 2
Epra - 3 l
Pund - 1 |
Pur - - - _L

_20,
Piot 4, quadrat 1. 40m in from 30th post up W fence. Very close to
pegs marking vascular plant quadrat. 95% cover (Oct’86), mixed with
grass.

Oct’86 oct’88  Jan’02

Humb 2 3 2
Heup 5 4 —_
Mhor 3 - -
Pund 10 - \
Psch 7 - |
pPfor 3 - '
Rlor 3 - lg
Rsqu 60 65 76
Pasp . 2 - l.
Dma, - - I
Chic - - <l !
—_—
95



Plot 4, quadrat 2. 40m in from 50th post up W fence. c.30m up-slope
from quadrat 1. On gently-sloping ground 3m below steep rock face.
90% cover (Oct’86), mixed with grass/litter.

Oct’86 oct’ss  Jan'92
Mhor 25 25 20
Hcup <1 <1 < |
Pund 10 10 : 5
Rsqu 35 30 - L0
Rlor <1 8 L5
Pasp 20 20 \0
épi% <1 g -
’5Ch - - <l
Plor - z d b0

Plot 4, quadrat 3. 12m in from point where stone wall within plot
meets E fence (c.2/3 way up the slope). 50% cover (Oct’86), mixed
with grass, bracken and fallen branches.

Oct’86 oct’ss  Jan'$2

Dmaj <1 -
Humb 3 3
Hcup <1 <1
Mhor 6 6
Pund 3 4
Rsqu 29 15
Rlor 1 1
Ttam 2 2
Lbid 6 6 '
(red paint oo %)

Plot 4, quadrat 4. 25m in from 30th poséz;p E fence from point
where stone wall meets fence (see quadrat 3, above). Midway between
€ and W fences. Just below remnants of old stone wall. 3& cover.
mixed with grass/litter.

Oct’86 oct’ss  Jan9y

Hcup <1 -
- Pund 2 -
Rsqu 1 -

No bryophytes found in this quadrat in October 1988.

Plot 4, quadrat 5. 15m up-slope from fence at lay-by (road). 100%
cover (Oct’86), mixed with grass/herbaceous/litter.

Oct’86 Oct’88 ]'an(ﬂz
Epra 10 10 15
Pm.u 2 2 < |
Rlor <1 - <1 -
Rsqu 73 72 59
Ttam 15 15 5%5
Pasp - 1 1
AV"d, - - 2l
Rt - - <}
JE—

oo



Plot 5, quadrat 1. C. 16m in from 17th post up E fence. Next to 70
x 40cms rock covered with Thuidium. 90% cover (Oct’86), mixed with

grass/herbaceous/1litter. Qd.adfwt T4 W@v\ 2,‘«0&'59/( .QU-S‘&”

Oct’86 oct’se  Jar'92 dead
Aund 2 z <{ me
Brut <1 <1 -
Ftax <1 <1 pa|
Estr 67 50 35 ;‘5(
Hcup 2 2 2 hﬂl?-e't
Imyo 1 1 2
Hspl <1 <1 -
Ttam 8 8 25 binch
Raqu <1 - - S
Pfor 2 6 s 7
Rtri 4 3 2 )
| myw - - <'| R 4
Plot 5, quadrat 2. 30m in from 37th post up E fence. 95% cover
(Oct’86), beneath/mixed with grass/litter. E

Oct’86 oct’ss  Jan'92
Epra 3 - 3
Ppur 1 2 3
Rlor 1 2 2
Rsau 90 90 20
Ttam - - 2

J5

Plot §, quadrat 3. 10m in from 50th post up E fence. 99% cover
(Oct’86), mixed with grass and occasional litter.

Oct’86 "0ct’88 Jan'92

Dmaj <1 <1
Rlor 97 97
Rtri 2 2

Plot 5, quadrat 4. 7m in from c.80th post up W fence. 30m in from

c.80th post up E fence. 100% cover (Oct’86), beneath/mixed with
grass and occasional liter. '

Oct’86 Oct’88 Jan 92

Rlor 67 67 29

Dmaj 10 10 20

Pund 14 14 15

Pcri 3 3 5

Hspl 5 5 10

Psch <1 <1 10

Pasp 1 1 |

Lbea <1 - -

Neur - - <l } o v fmold g
L.bw( - - <l 9



Plot 5, quadrat 5. About midway between E and W fences (c.10m from
£ fence, c.8m from W fence), Jjust above vary large, old oak tree
near upper (S) margin of wood. 1.5m up-slope from vascular plant
quadrat. 100% cover (0Oct’86), beneath grass/litter.

Oct’86 oct’88  Jqa'92
Ppur 49 49 40
Rsqu 50 50 57
Rlor 1. 1 3
100

Plot 6, duadrat 1. 10m up-slope from fence at lay-by (straight

up-slope from ("no parking sign). 100% cover (Oct’86) beneath
9ras§/11tter. sign by Jan‘1992.. \
Oct’86 oct’ss  Jwn'82
Hspl 2 5
Humb 30 25
Psch <1 <1 4
Ppur <1 <1 |
Pund 15 15 10
Pfor 3 3 {
Rlor 30 30 )
Rtri <1 <1 <|
Rsqu 5 5 5
Lbid 1 1 1
Pasp 13 13 2.0
(ag

Plot 6, quadrat 2. 20m in from 32nd post up E fence. 95% cover
(Oct’86) beneath grass/litter.

Oct’86 Oct’88 ’J?zn’ﬂz

Epra 10 10 -
Ppur 20 30
Pund 10 - 5 4?
Pm.u 1 - -
Rior 1 1 {
Rsqu 18 18 15
Ttam 20 20 25
Lbid 15 5 1
P%‘sp - 10 to
mMhov — - b
) 8

Plot 6, quadrat 3. 30m in from 60th post up E fence. 80% cover
(Oct’86) beneath grass/herbaceuous/male-ferns.

Oct’86 oct’ss  Tan A2
Mhor 16 \ ‘
Pund 16
Pden <1
Pm.u 1
Rsqu 10
Rpun <1
Ttam 30
Lbid 7




Plot 6, quadrat 4. 50m in from 91st post up E. fence. 95%

cover, beneath grass.

Oct’86  Oct’88 Jan'92

Dmaj 2

Dsco 1 \
Mhor 1

Pund 16

Rlor 40

sSqui 2

Ttam 30

Dalb <1

Mema <1

Lbid 1

Sumb <1 |

Plot 6, quadrat 5. 50m further into plot from from quadrat 4.
100% cover, mixed with a 1little grass and Vaccinium
myrtillus.

Oct’86  Oct’s8  Jan92.

Dmaj 35
Hspl 1
Imyo 1
Pfor 3
Pund 2
Psch 16
Rlor 35
Rtri 1
Squi 4
Aorc 1
Lrep 1
Pasp <1

Plot 7, quadrat 1. C?. 15m in from 10th post up W fence. 4
pegs. 95% cover, well-hidden beneath grass.

oct’ss  oct’s8 Jan'22

Aund <1 - ¢ﬁl
Dmaj 2 <1 |
Mhor 1 <1 <|
Pm.u <1 <1 —
Ppur 4 <1 ‘;]
Rsqu 1 15 20
Rtri 85 75 20
Ttam 1 <1 5
Dalb <1 - =
Lbid <1 <1 55
Pasp <1 <1 Zl
Psch  — - <«




Plot 7,
cover,

quadrat 2.
mixed with & beneath litter/herbaceous.

C. 9m in from 25th post up W fence. 60%

low rocks/stones within the quadrat.

Cmo1l
Epra
Estr
Hcup
Imyo
Imyu
Mhor
Raqu
Rlor
Ttam
Ppor
Hbre

Oct’86

Oct’88

<1
<1
25
<1

5
<1
<1
<1
<1
<1
<1

1

:jan@72-

l

20
<[
|
!

<]

1
<l

Five small,

Plot 7, quadrat 3. 25m in from 42nd post up W fence. 4 pegs.
90% cover, beneath/mixed with grass + 2 small rocks.

Dmaj
Hecup
Mhor
Pund
Pfor
Pcri
Rsqu
Rlor
Rhet
Ttam
Psch
Dalb
Mema
Lbid
Pasp
Linc

Oct’86

A

(o]
Ntk OOV W = O

A

A A AN
[ R e e

!

Oct’88

<1
<1
<1
<1
3
60
3
<1
<1
<1

<1
<1

—

Tanlo2,

_-jtligL__}IEEB:]gn\n(n3-4300

Lk

\;:



Plot 7, quadrat 4. 16m in from 72nd post up W fence. T7m
down-slope from W 'end of large, E-W-orientated fallen
decaying tree trunk which is raised conspicuously (by rocks)
c.1m above the ground. 95% cover, very well hidded beneath
coarse grass and occasional bracken and leaf litter.

oct’s6  Oct’ss  Jan'92

Epra 1 5 1o
Pm.u <1 <1 )
Ppur 1 2 5
Rsqu 88 75 §6
Lbid 5 8 |
Pasp <1 - -~
Aund <1 <|
Mhor <1 -
Ttam 5 2
95

Plot 7, quadrat 5. C. 30m in from 85th post up W fence. 2m W
of N-S-orientated fallen tree trunk (ash?) which measures
c.7m long and c.20cm diameter. 95% cover, beneath
grass/herbaceous.

Oct’86  Oct’8s Jan'92
Bpse <1 - i
Briv 1 <1 <
Ccus 90 90 S0
Paff 1 <1 i)
Rpun <1 <1 -
Ttam <1 - -
Rsqu 1 <1 -
Cpol <1 <1 <|
Rmul <1 - "
Apin - . <1 ‘l
. ’—
S5

Plot 8, quadrat 1. 15m in from 15th post up W fence. 90%
cover beneath grass/herbaceous/leaf litter.

Oct’86  Oct’88

Dmaj 3 In Oct’88, the quadrat marking
Hspl <1 post was found “uprooted”,

Hcup 2 “1ying on the ground away from
Imyo <1 the quadrat (as judged from the
Mhor 4 very different kind of

Ppur 17 vegetation in which it was

Rsqu 55 found. Bryophytes have grown on
Rtri <1 the post:

Ttam 12 Rhytidiadelphus loreus (5cm),
Lbid 1 Lophocolea bidentata (2cm) and

Snem <1 Hylocomium splendens (<1cm)



Plot 8, quadrat 2. 2Em in from 40th post up W fence. 95%
cover, well-hidden beneath grass/leaf-litter.

oct'se  oct’ss Jan'92

Dmaj <1 1 |
Ppur 50 65 65
Pund 10 5 S5
Rlor <1 10 10
Rsqu 33 10 1)
Ttam 2 1 {
Pscw - - <l
95 .
Plot 8, quadrat 3. 30m in from E and W fences (72nd post up W
fence, = upper corner of 20m x 3Cm ungrazed area in Plot 9).

100% cover, mixed with grass, litter and fallen branches.

oct’se  oct’ss Jan'92

Hsp1 1 1 5

Hcup <1 <1 A
Psch 1 1 15
Pund 4 8 )
pfor 20 20 20
Ppur 1 1 1O
Rlor. 3 5 8
Rsqu 70 55 36
Dalb <1 - -
DSco - - |
.
: 100
———— .

Piot 8, quadrét 4. 25m in from bend in W fence (i.e. 25m E"?&-"g‘::k
proceeding at right angles to W fence S of bend). 2m E of &1e

large fallen birch tree. 4 pegs (1 big, 3 small). 75% cover,
beneath grass + a few fallen bracken stems.

oct’ss  oct’ss Jan92 ’f’ﬂf QC Ok
Ppur 5 5 21 L fallon
Rsqu 70 75 g .,f{':,"f

‘(R(A{en

Plot 8, quadrat 5. 15m in from 30th post up from bend along W
fence. 4 pegs (1 big, 3 small). 100% cover (often 1lush),
mixed with bilberry, grass and litter.

oct’ss  oct’ss Jan' 22

Dmaj 28 20 2.0
Hspl 2 <1 1o
Psch 30 25 20
Rlor 35 30 24
Rsqu 2 5 2.5
Squi 2 <1 el
Lpea <1 - -
Lbid 1 - (
Clun - - <l
—
100

a—



Plot 9, quadrat 1. 15m in from 10th post up W fence. 6m
up-slope from large sycamore tree.

oct’86  Oct’88  Jan 92

Humb 2 - <
Pund 2 <1 -
Ppur 5 <1 (5
Rsqu 75 70 35
Ttam 8 15 35
Pasp 3 <1 3
Shem <1 - -
Epra - <1 -
Pm.u - <1 -
Rlor - - to

—_—

100

Plot 9, quadrat 2. 30m in from 26th post up W fence (SE
corner of 20m x 30m ungrazed area in Plot 9). 4m SW of large
ash tree. 80% cover, beneath herbaceous/grass/litter.

Ock 86 OkE8  TJanS2

Dsco 1 1

Estr 2 2 3
Epra 1 1 -
Aund 1 1 -
Mhor - 40 40 14
pfor 1 1 {
Rpun <1 <1 P
Ttam 30 30 40
Rlor 2 2 15
Lbid <1 <1 <l
Pasp 1 1 2
Snem <1 <1 <|
Pund - 1 -_
me“ - - 5
Rl - - <

8o
Piot 9, quadrat 3. 50m in from 41st post up W fence. 3m SE of
large (6m x 50cm) standing birch with top broken off. 100%
cover, very well hidden beneath grass/litter (making it
difficult to assess percentage cover of each species).

Oct’86  Oct’88 Tae'22

Estr 45 35 5
Pund 1 1 -
Rlor 4 4 2
Rsqu 44 50 80
Ttam 2 2 1O
Lbid 3 5 2
Pasp 1 - <|
Cpil - 2 i
Pm.u - 1



Plot 9, quadrat 4. 20m in from 83rd post up W fence. 15m

down-slope from partiy-fallen rowan tree. 100% cover,

well-hidden beneath grass/litter. Stitk fownd baken, lying om g,
ia Jan 92, btk sbll managed ®

0ct’86  0ct’88  Tan'92 L@kt kot m gmand wheeTit badt been .
Pund 1 <1 {
pPfor 1 <1 5
Ppur 44 50 50
Rsqu 48 40 39
Ttam 1 <1 <l
Dalb <1 <1(rock) «|
Lbid 3 X1 s
Snem <1 <i(rock) <l
Psch - - <l
(00

a——

Piot 9, quadrat 5. 25m in from 103rc post up w fence. 12m SE
of 1large oak with trunk divided (from 1m up) into two. 100%
cover, beneath grass/bilberry/leaf-litter.

Oct’86  Oct’88  Jan'92

Dmaj <1 <1 2.

Hjut 1 <1 -

Mhor <1 - |

Pund 30 30 30

Psch 23 23 25

Rlor 6 6 20

Rsqu 23 23 15

Aorc <1 <1 -

Cbic <1 <1 -

Lbid 10 10 2
“Lven <1 <1 -

Lpea <1 <1 -

Pasp 5 5 2

Pfor - <1 .

H spl - - 4

‘Da‘b - - < | "‘5‘0‘
P@(. - - <| -
Sqwnit - -

<l
Plot 10, quadrat 1. 20m in from 10th post up E fence. 50%
cover, beneath/mixed with litter/grass/herbaceous.

oct’86  Oct’ss  Jan 92

Dmaj 1 1 {
Mhor 40 35 20
Pfor 3 5 ‘5
Pund 5 4 {
Rlor 2 5
Ttam <1 1 5
Pasp - 1 |
1,



Plot 10, quadrat 2. 35m in from 26th post up E fence. 3m NW
of W end of large (10m x 45cm) fallen ash trunk. 85% cover,
beneath grass. 2 small rocks in quadrat.

Oct’86  Oct’88  JanS2

Dmaj 1 1
Epra <1 -
Humb <1 <1
Hcup 4 -
Hhet <1 -
Imyo <1 -
Mhor 41 20
Pm.u 10 15
Pund 6 6
Rpun <1 -
Rsqu 2 2
Rlor 2 -
"Ttam 6 6
Cbic <1 <1
Dalb 3 <1
Lbid 2 <1
Pasp 6 20
Snem <1 <1
Hspl - 1

Plot 10, quadrat 3. 7m in from 50th post up E fence. 9%%
cover, mixed with/beneath grass.

Oct’86  Oct’88  ~Jan'92

Hspl 2 2 2
Humb <1 <1 <
Hcup <1 <1 <|
Mhor 5 5 )
Ppur 33 33 43
Pfor 8 8 8
Pund 20 20 15
Rsqu 10 10 10
Rlor 1 1 2
Squi 2 4 7
Ttam 7 7 6
Dalb <1 <1 <l
Lbid 1 1

100

|



Plot 10, quadrat 4. 50m in from 68th post up E fence. 5m
up-slope from large oak. 100% cover, mixed with grass/litter.

Oct’86 Oct’88 Tan'92

Cpar <1 <1 P
Dmaj 17 12 10
Mhor 5 5 <l
Pcri 30 30 40
Psch’ 16 16 1o
Pund 1 1 <
Rlor 30 35 40
Bflo <1 <1 <
Clun <1 <1 <

100

Plot 10, quadrat 5. 30m up-slope from quadrat 4. 5m
down-slope from fairly large exposed rocks with cave-like
hole in middle. 95% cover, mixed with/beneath grass/male
fern/herbaceous/litter.

Oct’86  Oct’88  Jan'92

Dmaj 1 f
Epra <1
Hspl 20
Mhor 4
Pund 10
pfor 5
Psch 30
Rpun <1
Rlor 5
Rsqu 16
Ttam 2
Dalb <1
Lbid 1

E
Plot 11, quadrat 1. 10m in (up-slope) from 36th post/\a]ong
bottom fence. 4 pegs. 100% cover, beneath grass/litter.
Oct’86 Oct’s8 Jan '92

Dmaj <1 g3 t5

Mhor 2 2 2
pfor 31 1 |
Pund 5 35

Rlor 41 25 %g
Dalb <1 <1 <|
Pasp <1 <1 < |
RSqu - - 4
Lbid — - <l

100

Pt



Plot 11, quadrat 2. 25m up-slope from quadrat 1. 5m up-siope
from fallen birch. 5m NNW from birch with main trunk at 45°
(N) and thinner, white-barked vertical branch/trunk arising
from tree-base. 4 pegs. 90% cover, beneath
grass/litter/bracken.

oct’86  Oct’88  Jam'92

Dmaj <1 <1 <
Hcup <1 - {
Mhor 2 2 [
Pund 60 40 50
Rsqu 23 23 2.5
Ttam 1 1 §
Clun <1 <1 < |
Bflo <1 <1 < |
Dalb 1 1 <
Lbid 1 20 9]

- Pasp - - é

100
Plot 11, quadrat 3. “C". 4m in from point along W fence 40m
down-slope from bend in (W) fence. Under hawthorn Jjust
up-slope from large fallen ash. 4 pegs. 100% cover, beneath
herbaceous/grass/litter.

Oct’86  Oct’88 ~Jan’92

Aund 2 - -
Cpil <1 <1 <!
Dmaj 3 3 2
Epra 1 1 <]
Estr 10 10 3
Hspl 20 10 o)
Hecup <1 - -
Mhor <1 <1 </
Pund 1 1 <
Rlor 2 2 2
Rsqu 21 21 20
Rtri 4 4 20
Ttam 10 10 20
Lbid 20 30 20
Pepi 1 1 |
Pasp 5 5 2
Snem <1 <1 <]
I pur - - <1

100



Plot 11, quadrat 4. 40m in from bend in W fence. 4n ENE of
fairly 1large birch with trunk sloping at 45° towards N. 4
pegs. 95% cover, well-hidden beneath grass.

Oct’86  0Oct’88 TJan'92
|

~ Dmaj 2 2 3
Hcup <1 - -
Pund 60 25 5
Psch 1 - 3
Pfor 2 2 |
Rlor 2 2 2
Rsqu 27 40 7 3
Bflo <1 - —
Lbid 1 20 5
T+am - - 3. at = anoehe bend
Smtau 100 iza. o aﬂ*.\ jcfa

Plot 11, quadrat 5. 15m}in from 20th post up from bend in W
‘fence. 6m down-slope fromfloak tree. 4 pegs. 100% cover, mixed
with grass/bilberry/litter.

Oct’86  Oct’88  Jgn'92

Dmaj 2 2 3
Dsco 1 1 |
Hcup 15 15 5
Hspl 156 15 5
Pund 30 30 35
Pfor 2 2 2
Psch 15 15 16
Rlor 15 15 20
Cmue <1 <1 <|
Clun 1 1 l
Lpea <1 1 {
Linc 1 1 < |
Lven 1 1 </
Dalb 1 1 </
Btric - <1 -
Squi — - !
Meay — - <




Plot 12, quadrat 1. 5m in from 7th post up E fence. 4 pegs.
100% cover, mixed with grass/leaf litter.

Oct’86  Oct’88 Jan’92

Mhor 25 25 {o
Pm.u 10 10 4
Pund 25 25 2.0
Ppur 3 5 (52
Rsqu 30 26 40
Rlor 1 1 -
Ttam 2 2 )
Pasp 5 5 I
Cpil - 1 |
Epra - 1 |
‘myo - — </
100

Plot 12, quadrat 2. 30m in from 26th post up E fence. 1im
below 1 x 1.5m boulder covered with Polytrichum formosum. &
pegs. 100% cover, beneath grass/litter. :

Oct’86  Oct’88  Jun'92

Dmaj <1 <1 6
Hcup <1 <1 < |
pPfor <1 1 2
Ppur 5 5 20
Pund 2 - 2 <
Rior 10 10 2
Rsqu 36 36 5
- Squi <1 <1 10
Ttam 45 45 50
Lbid 1 1 \

o
o

% G 53d glﬂ: > Juhemn 5

Plot 12, quadrat 3. 25m in from 6§7th post up E fence. 2m NE
from 1large ash. 7m ENE from large sycamore. 4 pegs. 100%
cover. mixed with/beneath grass/litter. Quad('wb-c.ﬂm wp~Slope feor
¢ Mien)ﬂl( 60 WLCC‘\ NAS *a‘gng
Oct’86  Oct’ss  Jan 92 sloge, within Pk 12

Cpil 10 30+ 25
Dmaj 10 2 2
Epra 7 5 5
Mhor 2 2 2
Pm.u <1 <1 <
Rsqu 60 48 40
Ttam 10 7+ 20
Lbid 4 5
Pasp 2 1 [
oo

¥ o & gﬁ’: poad et Iy d ~E L e

tas i, 54 otz

fost has be gme wp(m,l: o m%mmpm.‘. hnmauﬂo\'\wf\
by Janwary \9972. . mﬂ




fence
Plot 12, quadrat 4. ,At bottom of steep rock face 12m in from
point near bend in EA.Gm up from triangular, skyward-pointing
2x2x2m slab of ock. 90% cover, mixed with/beneath
grass/herbaceaous/litter.

Oct’86 oct’88  Jgn @2

Dmaj 3 3 5
Epra 10 10 s
Hcup <1 <1 <
Mhor 15 15 5
Rlor 8 20 |
Rsqu 52 40 3%55
Rfas <1 <1 -
Dalb 2 2 |
Mema <1 <1 <|
Snem <1 A <|
Ttam - 10 34
- Pfor - 1 < |
160

Plot 12, quadrat 5. 6m up-slope from 44th post W along bottom
fence. 3m from rather dead rowan tree 4m tall. 100 % cover,
mixed with/beneath grass/bilberry/litter.

Oct’86  Oct’88  Jgn'92 Rb@fm%n 2"?’&3"-'/31@
Dmaj 6 6 _ wo IMQ':V)G( [enoe v/b".c[)
Dsco 5 5 5 ™MnS a‘nagmmub wp~
Mhor 4 4 3 slope waels SE .
Pund 25 15 10
Psch 12 12 0 Quador Stpololog
Rsqu 25 25
o 25 % 20 vixs mijvial femce .
Cmue <1 <1 2|
Cmed <1 <1 <
Btril 18 18 15
Lbid 5 10 -
Ppur - 1 -
Lrep - <1 <l
Dalt - - 15 (om o0k)
Hewp — — 2
Squi — - 4

24



-

Cl‘mund %,{cv(fats M 2L0x30m vw\gm@eo( (3(0’(3 ((oM)

Compactmeat § (E) %

Mhor
Poucr
PI(Dmd
Pfor
Rsqu
Dalb
Lbid
Snem
Hspl
THtam

Ot'86 Ocr'88
2 —
|O 35

34 30
2 —
35 20
l (
| -
< r
- 2
- S

Yo cover, foicdy well-hiddlen ke ngakh tald gmss /

Tan 92
78
5

I =1 = U |

5

Lmden .

Purd, Ppu( & Ttam
[qao(grywn [OCcm up
matke past by Ock
/g& . i

QMPQ%M 9(‘/\/) 95% oY, Weu-‘n(‘dd‘en ‘39092*(“ gmss/[itée/

O 0% Tan 92

OALE + Ot'8R  Jan'92

\

la’)% v/, well~hidden beneath qu/Q%a(ewf .

Epra (
Ppur 277
Rsgu 27
Ttam 20
Liid 2
Posp | |
Corpotment L]
Hspl 2 -
Hcup 2 -
Caus 5 \5
Ptor < -
Ppuc 20 20
Rsqu 57 57
“Itam 2 o3
Lbid l (
Aund — <l
Pmn-u — 5




Ground quada@its m 20x20m ung myed plots

Ompactent R

lOO?O ove(, Aomninant /M (xed with grass .

O'38 Ok '8E TJon'92

Humb 20
P for (5
Ptf?\o( -
DSC.L\ |
HSpl |
Rlor Z5
RS@M 2
Dmaj < |

|

|

Camparérvt‘er\?t 4 \w 7 Cover, well-hidden ponoosts 3mSS/

0t'8 0 8% TJom' 92

squ 100

|

@m]}a(‘émenf o1 0% OV bencah qmgs/ backen
Or'&6 0a'2%  Jun'92

H‘Sp(

Ppur

Rlor (
Rsqu 53
Lbid 20

l
Psch 5 I
5




APPENDIX 4

Rock quadrat data (1986 and 1982)






Compartment 6

rock 2

Dmaj 66
Mhor 23
Pfor 11
Rlor 0
Ttam 0

Compartment 6
rock 4

Cpar
Dalb
Dmaj
Imyo
Lrep
Mhor
Puna
Squi
Rock/soi1

®
oO0OoO0OOOCOONON

-

Compartment 6

rock 5a

Dalb 0
Dsco 8
Pfor 14
Psch 1
Rhet 4
Rlor 16
Sgra 45
Rock/so1i1 12

Compartment 6
rock 5b

Dsco
Hcup
Imyo
Pfor
Psax
Rhet
Rlor
Sgra
Rock/soi1

-
NONMN-=OPOON

Q) -

Oct’86

Oct’86

Oct’86

Oct’86

Jan’92

~ -
Hp=2OO0OONO MO

10

Jan’92

10
14

10
56

Jan’92

Change
since 1986

-11
-16
-5
+2
+30

Change
since 1986

-2
+4
-2
+5
+10
-16
+1
-6
+10

Change
since 1986

+4
+2

Change
since 1986

-3
+10
+2



Compartment € Change

rock 5c Oct’86 Jan’'92 since 1986
Pfor 48 10 -38

Pund 4 i0 +6

Rlor 48 6C +12

Sgra 0 20 +20
Compartment 7 Change
rock tla Oct’86 Jan’982 since 1986
Dalb 18 0 -18

Hcup 3 2 -1

Hhet 8 14 -7

Imyo 18 8 -10

Mhor 42 49 +7

Pasp ] 2 +2

Pund 1 2 -1

Rlor 1 16 +15
Rock/soi1 9 14 +5
Compartment 7 Change
rock 1b Oct’86 Jan’92 since 1986
Hcup 3 o -3

Imyo 6 0 -6

Mhor 25 0 -25

Pasp 0 <1 +1

Pund 2 <1 -2

Rlor 60 96 +36

Ttam 4 3 -1
Compartment 7 Change
rock 2 Oct’86 Jan’92 since 1986
Dailb 40 32 -8

Hcup 0 2 +2

Hhet 4. 8 +4

Imyo 31 19 -12

Mhor 15 29 +14

Rock/soi1 4 10 +6



Compartment 7 Change

rock 3 Oct’86 - Jan’92 since 1986
Dalb 63 60 -3

Hcup 1 0 -1

Hhet 0 4 +4

Iele 0 6 +6

Imyo 7 3 -4

Mhor 5 4 -1

Pfor 1 4 +3

Rpun 0 3 +3
Rock/soil 13 16 +3
Compartment 7 Change
rock 4 Oct’86 Jan’92 since 1986
Dalb 14 8 -4

Dsco 2 7 +5
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Sgra 2 1 -1
Rock/soi1 15 16 +1
Compartment 7 Change
rock 5a Oct’86 Jan’92 since 1986
Dalb 2 0 -2
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Rock/soi 1l 5 10 +5
Compartment 7 Change
rock 5b Oct’86 Jan’92 since 1986
Dalb 3 0 -3

Mhor 4 0 -4
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Compartment 7 Change
rock 5c Oct’86 Jan’9z since 1986
Dalb 15 5 -10

Imyo 7 0] -7

Mhor 3 20 +17

Ppor 10 9 -1

Psuc 0 3 +3

Rlor 64 56 -8

Rock/soi 1 1 7 +6
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Tree quadrat data (1986 and 1992)






Compartment 2

tree 1c

Imyo 30
Ccon 2
Bark 68

Compartment 2

tree 1d
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Digitalis pur. O
Bark 43

Compartment 3

tree 2
Imyo 100
Bark 0

Compartment 3

tree 3

Imyo 37
Hphy 52
Psul 11

Compartmént 3

tree 5b

Dsco 0
Imyo 38
Psul 0
Hcup 35
Bark 27

Oct’86

Oct’86

Oct’86

Oct’86

Oct’86

Jan’82
70

13
14

Jan’92

75
25

Jan'92

37
43
20

Change
since 1986

+66
-2
-64

Change
since 1986

+17

+9
+14
-40

Change
since 1986

-25
+25

Change
since 1986

0
-9
+9

Change
since 1986

+1
-8
+1
+28
=22



Compartment 3 Change

tree 6 Oct’'86 Jan'g?2 since 1986
Dsco 44 53 -11

Hcup 17 1 -16

Mhor 6 21 +15

Imyo 0 4 +4

Ccon 0 5 +5

Bark 33 16 -17
Compartment 6 Change
tree la Oct’86 Jan’92 since 1986
Ftam 22 18 -4

Dsco 3 7 +4

Hcup 34 14 -20

Imyo 3 39 +36

Psul 0 11 +11

Ccon 0 1 +1

Bark 38 10 -28
Compartment 6 Change
tree 1b Oct’86 Jan’92 since 1986
Imyo 36 31 -5

Dsco 29 34 +5

Mhor 14 6 -8

Pund 2 5 +3

Dmaj 9 14 +5

Hspl 0 1 +1

Bark 10 9 -1
Compartment 6 Change
tree 1c Oct’86 Jan’92 since 1986
Ftam 4 4 0

Dsco 5 2 -3

Imyo 53 67 +14
Ochrolechia

sp.? 0 10 +10

Bark 38 17 -21



Compartment 6

tree 2 Oct ' 86

Hcup
Pfor
Dsco
Ccon
Rlor
Hphy
Festuca ov.
Bark

N O
OO0 OWw-—=mM

IS

Compartment 6

tree 4 Oct’86
Lbid 30
Mhor 13
Imyo 21
Hcup 36
Bark 0

Compartment 6

tree 5a Oct’86
Pfor 53
Imyo 45
Dsco 2
Dmaj 0
Ttam 0

Compartment 6

tree 5b Oct’86
Pfor 26
Imyo 74
Ttam 0

Compartment 6

tree 6 Oct’86
Imyo 34
Hcup 46
Bark 2

Jan’g2

14
25
23

16

Jan’92
<1
74

15

Jan’92

13

54

30

Jan’92

11

85

Jan’92

83
10

Change
since 1986

-22
-15

+5
+25
+23
+15

+8
-39

Change
since 1986

-30

-5
+53
-33
+15

Change
since 1986

-40
+9
=2
+3

+30

Change
since 1986

-15
+11
+4

Change
since 1986

=27
+37
+8



Compartment 7

tree 2

Mhor 18
Imyo 82
Compartment 7
tree 3

Imyo 70
Bark 30
Compartment 7
tree 4

Ftam 10
Imyo 72
Bark 18
Compartment 7
tree 5a

Imyo 80
Peitigera sp. O
Bark 20
Compartment 7
tree 6

Dsco 5
Imyo - 30
Ftam 5
Ccon 0
Bark 60
Compartment 7
tree 7

Ftam 30
Imyo 50
Bark 20

Oct’86

Oct’ 86

Oct’86

Oct’86

Oct’86

Oct’86

Jan’92

10
90

Jan’92

81
19

Jan’92

76

Jan’92

23
63
14

Change
since 1986

-8
+8

Change
since 1986

+11
-1

Change
since 1986

-1
+17
-16

Change
since 1986

-4
+20
-16

Change
since 1986

-3
+3
-3
+1
+2

Change
since 1986



Compartment 7

tree 9b Oct’86

Mhor
Hcup 6
Ftam
Dsco
Imyo
Bark
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N

Compartment 7

tree 10 Oct’'86
Dmaj 1
Mhor 21
Dsco 22
Imyo 41
Bark 15

Compartment 7

tree 12 Oct’86
Ftam 27
Ffra 5
Imyo 22
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Compartment 8
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Compartment 8

tree 4a Oct’86
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Ttam 9
Mhor 48
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Oxalis

acetosella 0

Compartment 8
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Ftam 16
Imyo 84

® - oW

Jan’98z

Jan’92

10
10
62
18

Jan’92
30
22

2
46

Jan’'92

156
85

Change
since 1986

+6
-55
-3
+1
+74
-23

Change
since 1986

-1
-11
-12
+21

+3

Change
since 1986

+3
-5
0
+2
0

Change
since 1986

+7
-4
+4
-7

Change
since 1986

+2
Change
since 1986

-1
+1
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Rock gquadrat drawings (1986 and 1992)
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Tree quadrat drawings (1985 and 1992)
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