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3.

19705 July and August have wuch lower values {Fig. 2l). Fig. 2 m demonstrates
the large weekly fluctuations that characterise these data.. June is alse

the driest wmonth with 114 wms precipitation: August, with 178 mms, hes almost
as much rain as the monthg from September to December. The rainfall tends
to be frequent and of relatively low. intensity, rather than as short periods
of heavy rain. Low cloud is a fregquent occurrence and windspeeds are .
relatively high during all the summer months, with z wean of about 12 knots.

2.4 Water deficit

Potential evaporation, calculated by E. J. White (pers. comm,) for 196170

by the method of Penman, shows that on a 1C year mean basis in no month is
there a water deficit; evaporation is always exceedad. by précipitation
(Pig. °f)., . In only three of these years, on a monthly mean bagis, did a
water deficit cccur (in June 1967, July 1969 and Mey 197C). Green (1959)
meaguled potential evaporation from grass swards gt Moor House and other
gstations in Britain using & lysimeter, snd found a water deficit on a montly
wean bagls in 1957 but not in 1958, an exceptionally wet year, He regarded
Moor Eouse as having a glight water deficit in an average year, but.considered
caleulated values for potential evaporation during the summer months {by
Perman's fermula and frowes adaptation of Thornthwaites formula ) were too

low, later measurements since 1967 by lys: .eter at Moor House (Rawes 1968-
71) give wather higher values for potential evaporation than the Penman
calculated values (Fig. 2g) for the same time period. This dis algo supported
by the work of Crisp (1966) who found lysimeter measurements were higher than
Penman calculated values of potential evaporatien during twelve wmonths in
1962 and 1963, Cdap (1966) also egtimated evaporation ag the difference
between stream discharge and precipitation input on & blanket beg dominated
catchment at Mocr House. Evaporation derived thus was much lower than
eilther measured or Penman calculated values, doubtless because the catchment
method gives actual rather than potential evaporation. None of these three
methods used by (risp gave a water deficit in any mcnth over the time period
studied. - ' - : o - ‘ '

However use of monthly mean data disregards day to day vadation which may well
produce ecclogically important relatively short periods of water deficit. -
Green and Millar (manuscript) overcame this problem by calculating the water
deficit on a pentads (5 day period) basis. On this basis the years 1957-
1966 had only 8 months (from April to September inclusive) lacking a pentade
with a water deficit, whercas on a monthly basis enly 7 months in this period
showed a:deficit. The same authors also remark on the occcasional occurrence
of extremely low humidities of < 10% at Moor House, & result of subsidence

of high level air. These occasions may be very important in producing
conditions of extreme potential water deficit. '

2,5 Winter climate

In wintera similar pattern of wet cloudy weather emerges, fairly cold by
British siaridards, although warm in cowparison to most of the other
International Biological Programme Tundra siies which are characterised by

& more continental or more northerly_climate.;;'The_meén_tempexaturé_is helow
freezing for three months, December, January and February, ithe February mean
veing ~1.3°C.  The mean lowest minimum is -11.8°C in February and the lowest




temperature in the 10-year records is -18.3°¢C. Ground frost occurs on an
average of 26 days in January and on only slightly fewer days in Noveuwber,
December, February,.March ard April, Air frost occurs on about five days
fewer per month than ground frosz. Snow cover is prolonged, a wmean value
of 82 days per annum. Snow lies on an average of 19 days in January and
February and cccasionally falls in October and May although November to a
April are the main months. :

. A : : .
Tn each of %he months November, December, March and April there is approximately
12 days when there is ground frogt but no snow; this is the time of mos?
severe damage to the vegetation when there is no protective covering of snow.
However in many areas this pericd of. damage is nuch longer- -than that defined
solely by overall snow cover/ground frost relationships, since dhe snow is
irregularly distributed, being rapdly removed from the more exposed ridges
etc. by the.strong winds and redeposited in heollows and on lem slopes. : -
Also, unless the snow cover iz deeper than about 25 cms (not.very frequent)
the tops of the Callura bushes (i.e. the frost susceptible current year's
shoots) proirude through the miow and are dameged by desiccation {Forrest
1971), frost, and wind. In contrast, on the areas where snow tends 1o
accunulate, the straggly Cailuns branches are protected from frost damage
but tend to be pressed onto the bog surface, This ig believed to be one
of the main factors encouraging their owergrowth by Sphagnum and comseguent
rejuvenation (p. 36).

Winter precipitation is very high from September to Janupary with a maximum

mean of 208 mms in November. Potential evaporation calculationsagive

spurious negative values from Yoveuwber to January; for these months and

also for February mean evaporation is negligible and low cloud ig frequent.

gunshine totals are exceedingly low in- the winter, being ouly 30 hours in

January. Radiant energy input is also extremely low from October to

February, the total, recorded by Lintroanic solarimeter, being-only 1174 gm

oal/cm2 in December 1970, but rising considerably in March and April with

the longer daylength and sun at a higher angle. Windspeeds are high during »
the winter months, particularly in February and March, probably because of

the prevalence of windg from an Eesterly quarier in these months, Meor House

being relatively- sheltered from the more frequent and stronger Wegterlies. .
The average windspeed in February is 17 knots,

2.0 Radiation-predicfioﬁ : . S

Regressions were establisheds(4a. B. Bailey, pers. coum.) of radiation input

on sunshine duration on a monthly basis, and cf the ratio of actual radiation

input to total possible vadiation fom  the meouth, on a gimilar ratdioc for

sunshine duration, From the reversed form of these regressions (Table 2b)

it is possible to predict radiation input from sunshine duration for months

in which there are no radiation recordings. A rather better prediction

should be obtained using the regression which incorporates maximum posgible. |

values of the parameterg, than with that utilising only actual values.

Hewever to-date neither the significance of these regresaions has been _
cstablished nor the smount of between-year variability in the relationships..- -

2.7. Comparison of specific years with.the 10-year teans

Comparisons of the years 1968, 1969 and 1970 when most of the primary . .
production sampling was carried out, with the 1O0-year means for various
climatic parameters, reveal that 1969 and 1970 were in wmany ways atypical.
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1968

Considering 1966 Tirst; this wes on the whole g fairly average vear with
climatic - parawveters close to the 1lC-vear mean values (Table 2a ), '
This was certainly generally true for all the summer months, except August
which was Ttelatively much drier than normsl, There was no water deficit

in any motth when calculated on 4 monthly mean basis,  The winter of 1968 -
wag alsd fairly typical although January was rather more ¢loudy and frostier
than nermal, whereas February was relatively cold and sunny with bunger +than -

usuad gaow cover, October was comparatively wet and wild, Foveuwber and

fha

December ‘much drier but also cloudier than usual,

1969

1969 was characterised by a warmer July and August than the 10-year mean
and these months plus June were slso sunnier than usual, The unusually
varm summer is emphasised by the temperature { > 5.69C) sum of 767 ¢© for
the year (with a meximum in August, Fig. 2b), the 10-year mean being 621°C,
Rainfall waa wmuch lower than normal in both July and August but was similar
to the mean in June. The cowbination of warmth and presumably low humidity
in July resulted in this month showing the relatively unusual occurrence

of a water deficit of 20 mms (Fig. 23). The winter months of 1965 were

in general rather col@er than usual, the mean (3 wax. + min, ) temperature
being less thsn the 10-year mesn values in February, March and April. The
ocenrrence of ground and air frost was also greater for these months,
particularly March, and snow lie was wuch more than normal in February and
Mazxrch, November was also colder with an vnusually high snow lie reflecting
the extremely high precipitation of 350 mms recorded in this wonth, but in
the rest of the year precipitation per month was less than normal, Winter
sunshine was also less than the mean in Becember, January and Novewber.

Thus in sumnmary 1969 was a year with an anugually warm and dry summer,
preceded by a cold and snowy winter. It would thus be expected that winter
damage of vegetation would be gevere, but summer growth rate comparatively
high.

1970

1970 was also an anomalous Year, The summer meonths May, June, August and
September were again warmer than usual with a teLperature sum of 75200
(waximum August), and suashine was higher in May, June and August., Rainfall
was lower in May and June but was higher in July and August, and July was
extremely windy. There was a water deficit of 16 wms in May cf this year
(Fig. 2k). The winter was also colder than normel, at lesst in February,
March and april. TFrosts were more in these months and snow lie also in
Pebruary and April (as was precipitation). The autumn was windy, wet and
relatively wild., Thus again it would be expected that in 1970 winter
vegetation dawage would be more severe than usual and in this year too the
sumner was warm, though the favourable weather came rather earlier than in
1969, July was no warmer than normal and was wet and windy in 1970,
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1971

1971 was characterised by mild winter months; January, February and also
December had higher mean temperatures, less snow lie, and fewer days with

air and ground frosts than the 10-year mean values. The spring of this

year was Tairly typical and this, combined with the wild winter, probably
resulted in relatively little winter Ve@eﬁation‘damage. June of 1971 was
much colder, wetter and cloudier than normal; July in contrast was extrewely
warm, dry and sunny in cowparison to the lO—year mean figures. Apart from
June and August every month of this year had a lower rainfall than normal;

in September and December the precipitation was only one third of that uswl
for these months.
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'3 MICROCLIMATE

3.1 Introduction

The general microclimatic charscteristics of a typical Calluna :domirated
dwarf shrub community have been discussed by Gimingham 31964, 1972}, The
zain characieristics are determined by the cancpy structure which causges
reduction of light intensity and wind velocity, the latiter effect causing
stratification of relative humidity and-*temperature profiles. However the
influence of the cancpy is wmuch less in the open conditions of 8 wat hedth
typical of Moor House than in the closed dense canopy- of the even aged dry
heaths which Giminghan inveatigated, but any Sphaghum carpet present in the
former has a significant influence by causing a layer of humid air at ground
level, - ”' ' ' '

The principel wicroclimatic documentation on the IBP sites at Moor House
National Nature Reserve has been of temperaturas; this has- been .recordeg
hourly during various periods on three sites using probes linked to (rant
recorders. The sites were Sike Hill (0. W. Heal), Burnt Hill (R. S. Clymo,
J. Reddaway) and Hard Hill (¥. Taylor and T. Marks), Direct comparison
between these results is difficult because of problems of non~unifornity
of,and definition of, microhabitat position of probesg. At the time of
writing limited data are available and analysis of results from the three
recorders is in progress. Soil temperature has also been recorded by
Horobin (1971), at several sites used in hig Tipulid studies. . These data
were recorded on Cambridge mercury in gteel thermographs, and also by
measuring the rate of inversion of a sucrose solution,  Other microclima tic
investigationg in the area have included records of light intensity (Grace

1970).

3,2 Grant temperature recordings — Sike Hill

3.2.1 . Bxperimental details

Temperatures were recorded hourly on blanket bog and Juncus
grassland at Siko Hill from April 1948-December 1971, with
occagional breaks due to failure of the recorder. . Thermistor
probes were sited in various microhabitats and at different -
depths in the profile (Table 3a).  The recorded temperatures
were corrected for the calibration factor of the probes, which
deviate by + 3C% from the actual temperature over the range
~15 to + 30%C, o SR

3.2.2 ‘Plots of daily means .

Various approdches were used -for characteriging and comparing the
data but were restricted to anelysis of weekly, monthly and

- seasonal variation and included no investigmtion of diurral -
porindicity © (0. W. Heal, pers. comm.). A4 plot of daily means
for selected probes over a month {June, 1970) (Fig. 3a) shows
some of the main features of the temperature variation at
different positions in the air/soil profile. The main




3.2.3
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characteristic is the increase of temperature stability with depth;
thig apparently holds for the whole profile from +152 cum to -25 cm.
This contradicts the normal situation of greatest temperature
variation at the ground/air interface possibly because of absence
of probes positioned at the interface, and 2 dzmpening due to the
presence of the vegetation canopy. Sowe lag {up to one day), -
Tor the effect of change in air temperatures to be reflected in the

goil temperature, also shows in the -25 cm and ~10 cm probes, and

this may be up to 3 days for the -25 cm prcbe during extreme

variations in air temperafure.

Tourier analysis on weekly meang

The #nnual variation of temperature considered on a weekly mean
bagis (Fig. 3b) approxiumates to a harmonic wave form. The harmonic
wave with closest fit to a particular set of data can be obtained
using a Fourier anslysis (J. 4. Webster, pers. comm.), and provides

a useful way of comparing the general pattern of seasonal temperature
variation of different probes. Although a series of harmonics can

. be-obtained, each approximating closer to the actual variaticn of

the data, in this case the first harmonic has been found to include .
80% of the Tesdings within a + 2C° error range (Fig. 3b). The

meteorological data may alsco be characterised in a gimilar

fashion. '

Tempers ture characteristics of profiles

Plots of harmonics (¥igs. 3¢ and %2d) for prrbes at a range of

depths in various profils reveal several interesting features.

In general, with the exception of the metecrological data (Fig.

3¢), the curves all bear a similar relationship to each other

over tha whole range of temperatures. The temperature values of

the meteorological data are relatively slightly lower than those

from the probes; this probably reflects differences in temperature

regime between Sike Hill and Moor House meteorological station, The .
two most obviocus criteria for compazison of these curves are the

range of temperature variation of éach probe wave (i.e. the amplitude)
and the lag of each with reference to a standard, (i.e. tho phass ghift).
The standard was taken here as the +152 cms probe {i.e. Stevcnsen
screen height). Ccusidering swplitude first; plots of logg
amplitude against depth for the Calluna and Juncus profiles, shows

an approximately linear relationship in both profiles (Fig. 3e).

This is the relationship one would expect for a perfectly homogeneous
medium (Carsen, 1961), opparently the blanket peat approximates

to thisg ideal. However in the Juncus profile the upper 6 cms are
subjected to a somewhat larger iemperature range, expressed mainly

as high maxima. The lag of the peak of each curve increases with
depth for both profiles (Figs. 3c and 3d) as would be expected.

Pemperature characterisbtics of different litters

The weekly mean temperatures of different litters may differ by wmore .
than 4¢0,  Comparisons of Figs. 3%c and 3d reveal that the upper
layers of the Juncug profile have higher maxima than corresponding
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layers in the Calluna profile. However a graph of harmonicg for

the full range - of litters examined (Fig. Ef) shows that the relation-
ships between each are quite complex, altering st different phases

of the seasonal temperature variation. In the highest range the
warmest litters were Eriophorum, Juncus and Sphagnum (~0.5 cm)
followed by Sphagnfin (~5.0 em), and the coldest was Calluna (-1.0 em ).
In the cold phase the differences between the probes were congiderably
less; the Cglluna was still the coldest but was little different

to the Briophorum and Sphagnum {~0.5 cm and -5,0 cm);  rather

warmer was Juncus. The position of Sphagnum litter is probably

nost closely represented by the ~5.0 cm probe.

3,246 Temnperature sums and piots of maxima and minima

The plotting of curves on the basis of weekly means tends however

to obsgcure the extremes of variation. Thig difficulty was partly
‘overcome by comparing accumulated tewperature sums (day degrees
above 0°C) and by examinstion of weekly mean maxima and minima.
Accunulated temperature sums (Table 3b) for all litters cxamin:d show
the rather higher temperatures of +the Juncus, Eriophorum aad

Y Sphagnum (0.5 cm). Gravhs of weekly mean maxima and minima for
Juncug and Sphagoum (-5.0 em) snd B, vaginatum and Calluna, (Figs.

3g and 3h) reflect generally the conclugions of Fig., 3T, namely

the warmest litter being Eriophorum followed by Juncus. However
~the Celluna litter had a hWigher wmaximum than Sphagnum (~5 0 cm),

in contrast to the relationship between the mean values (Flg 3f),

The differences between maxima were about 2C°, There were smaller
differences between minima, although there was a tendency for the .
warmer speclies to have the lowest minima. These differences

between the temperature ranges of various litter types probably

result, apart from differences in the degree of exposure of the

probes, from differences in reflective properties, surface areas
available for heat loss and absorption, and surface area:volume

ratios, of the different litters. S

3.2.7 Isotherm ﬁlqts

Although it is apparent from these Fourier plots that there is some
lag of transfer of air temperature changes, both within the canopy
and below the bog surface, the precise spatial relationship with
profile depth has not been determined, This relationship was
illustrated by plotiing 2 degree isotherms Tor weekly means through-
out the year {Fig. 3i}. Here a long-term lag of temperature’
transfer of up to three wecks is apparent, particularly at more
then 10 cms below the bog surface. However short-term temperature
fluctuations are not illustrated on s weskly nean basis, dut are if
daily means are plotted. These plots (Fig. 3j), for one winter
week and one summer week, show a more pronounced lag of ‘heat .
;transfer, there being little temperature varietion below 10 cms

.depth in the peat, Hornung (1968) observes that the $oil temper~
“ature at 1 foot is always above freezing point. In contraast to

. the tautochrome plots the temperature lag as represented by iso-

© ‘therms is greéater at low temperatures than high.
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2,2.8 | Temperature prediction

T+ has been found possible to utilise the closeness of fit of the

‘seasonal variation of different probes to a harmonic wave-form,

for predictive puriu-es. This enables temperatures in a .
particular microhabitat over a period to be predicted from the

meteorological data for that period, providing a relationship

between the deviation of the metecrological readings from the

taverage'! Fourier meteorological plot, and the deviation of the

probe readings fron the average Tourier plot for that probe, has beam
determined. The relationship must be based on three mraneters:

(a) Level of meteorological variation at which correction shoud
start _

(b) Amount and type of correction

(¢) Whether congider calculated results for previous weeks.

o

'The relationsnips have been determined by computer (0. W, Eeal,
persf.comm.)'and_good agrecment has been obtained between predicted
and actual temperature values (Table 3c). R N

Z.% Grant tempera ture recoi&iﬁus ~ Burnt Hill

R. §. Clymo and J. Reddavay recorded temperatures at Burnt Mill for 44 months
during 1968-1972 with probes positioned as shown in Table 3d., 4 small sample
of preliminary results {Table 3e) showed that pools were of ten warmer than
lawn and hummock Sphagnum habitats, thexe being a similar difference (about
2¢O} at night as during the day (Clymo and Reddaway, 1968). The south wast
gide of a hummock was warmer than the top, +he north was the coldest, and
slightly warmer, at least during the afternoon, was the north west aspect
(Table 3e).

Emphasis in Clymo's treatment of the dote was however on mathematical
gimulation of ihe daily temperaturs variation (R. 8. Clymo, pers. comm, ) .
He obtained a good prediction, accounting for 72% of the variance, by
extending a Fourier analysis to the Gth harmonic, but did not favour this
approach because the nineteen coefficients produced were meaningless
parameters, He therefore used a mathematical modelling approach, with
coefficients representing the mean temnerature, clapsed time, and the ampli-
tude and phase of the curve. The first eguation used repregented a gine
wave with a curvilinear trend, but this accounted for only 25% of -the
variance. 0lyme then tried to characterise the observed variaticon in terms
of a gquadratic equation. Further analysig 18 in Progress.

3,4 Grant tempersture recordings - Hard Hill

¥X. Tayior and T. Marks recorded temperatures on the Hard Hill experimental

plots for 79 days in 1970y The probes were in corresponding pogitions in

short rotation burnt and contrel unburnt areas (Table-ﬁf). The analysis

of these data was mainly with the aim of comparing the temperature regimes

in the two areas, and &lso to find the probes at Sike Hill with the moszt s
gimilar temperature variation and mean t6 each of the Hard Hill probes, thus

enabling extrapolation of the 1atter set of readings to cover a longer time

period {T. Marks, pers. comn. ). .
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Comparison of probes in gimilar microhabitats on the burnt and unburnt treat-
ments revealed that any corresponding pair of probes were mere closely

related than any other two probes in different wmicrnhabitats on the same
treatment, There wag little difference between the two treatments, the mean
temperature on the burnt area being slightly higher than on the unburnt,
However there was no replication; thus any teumperature differences may be

due to slight differences in the microhabitats of corresponding probes.

Plots of daily temperature variation of each probe for a day with large diurnal
fluctation (Fig. 3k), showed (T. Marks, pers. comm.) that the layer close

to the ground (+ 8 cm probes) attained a higher femperature on the burnt than
the unburnt plot, presumably the Calluna canopy on the latter area prevented
radiant energy penetration. However in the case of the surface (0 cm) probes
the temperature was lower, and the range less, on the burnt plot in comparlson
to -the unburnt, beliewved (T. MarkKs, pers. couwm. ) tc reflect the insulating
properties of the thick Eriophorum mat on the burnt area. This patiern was
repeated on all the days with large temperathre fluctuation, on days with
legs dirnal variation the temperature differences between the two areas were
also reduced - R

Taylor and Marks also compared the freguency with which each probe recorded
a particular teuperature (Flg. 31, This again demonstrated the much reduced
temperature variation at depth in the profile.

3.5 Grant tewmperature recording — between gite compériscns

No conclusions are yet availabe from these comparisons, but analysis of the
data is in progress.

Z,6 Thermograph and chemical invergion bemperature recordings - ﬁipulid gites

Horobin (1971) recorded soil temperatures. on thermographs at 1 cm depth on
five sites at different altitudes during various periods in 1967-69, He
compared the results on the basis of weekly means, and weekly mean maxima and
minima. * He found that in general mean temperatures decreaged with altitude
but there were occasional anomalies, These he did not think resulted from
inversions, but rather from between-~site differences cof water conﬁent or
windspeed. e S :

Horobin (1971) also obtained values for srithm>iic mean soil temperatures at
-1 cm on eight sites at differesnt altitudes on Great Dun Fell, and seven
sites on different vegetation types near Moor House, by measuring the wate of
inver=ion of a sucroge solution to fructose and glucose, dependent on
temperature and pH. These arithmetic mean temperatures covered periods from
two weeks to five months and the temperature:sltitude relationship anomalies,
found by the thermograph readings, were absent in the arithmetic mean data
taken over a longer time pericd. Maximum and wminimum values alsc generally
decreased rith altitude, ss did the range of temperature variation. There
was a lapse rate of 0.1C on the mean annual tewmperature, for every 100 ft
altitude increase.

The arithmetic mean temperature data for the sites near Moor House showed
only small differences betwesn vegetation types. The caricetum and peaty
podsol (Juncetum) were generslly warmer than the mean, with blanket bog and
Above Netherhearth site (on the edge of the blanket bog) rather cooler.




The limestone grassland and peaty gley (Juncetum) wers fairly. close-to the mean
values.,  The caricetum was situated within a sheltered valley, ‘the peaty
podsol on-a south facing slopa. The melative celdness of the blanket beg sifte
is attributed by Horobin (1971) to its woiness, evaporation from.the Sphagnum
dominated surface, and the shads provided by the canopy of Calluna and

E. vaginatum, The Above Netherhsath site was also shaded. :

2.7 Lishst intensiﬁy measuremants

Grace (1970) sxamined the interception of light by the Calluna cawopy, both
in terms of the speciral distribution of the intercepted light, and the
variation of light intensity with depth in the profile, There were few
differences bhetween the spectral distribution above and below the canopy
(Pig. 3 m) indicating that absorption by the canopy was non-selective. This
wag supported by laboratory investizations, using a model stand of 6 cm long
Calluna-shoots, which showed that light transmission at each wavelength was
~similar with or without the stand; the canopy thus acts as a neutral filter
with just a slight peck at 550 wu (green light). This was expected in view
of the low tronsmission propertics of Calluna shoots; most of the light is
transmitted via the gaps in the canopy. ' '

Grace also used a similar model stand, successively clipped at 1 cm intervals,
to characterise the variation of light interception with depth in the canopy.
This investigation showed that varistion of absorption with depth closely
approximatad to Beer's Law, which stotes that the light present falls
exponentially with increased mth length. © It was algo found that the
possibility of light interception is maximal at a low angle of incidence,
and winimanl with 2 vertical heam. However, since these measurcments were
carried out by. successively cutting a nodel stand, the validity of their
extrapolqtlon to field conditions is questlonablb. Grace discusses this
peoint. The mean differences are the multidirecticnal nature of llght'iﬁ
the field (1n contrast to the parallel beam used by Grace), the extreue’
variation in height and structure of the Calluna canopy in gitu {compared

to the uniform 6 cm high canopy of Grace), and edge and mutual gshading
effscts of '"blocks' of Calluna in the Cield,
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4 GEOLOGY
4.1 General

This topic is fully described in Johnson and Dunham (1965) and Hornung (1.968),
from which much of the following account has been drawn,

The nordhern Pennines, in which ¥oor House is situated, consist of a fawls
block of Carboniferous rocks of the Yoredale series lying uncenformably on a
basement of Silurian and Ordovician deposits (Fig. la). The wegtern side
of the block congists of a fault scarp which forms the steep western flank
of the Pennines, the eastern side of a dip slope which forms the eastern
platean,: - The dip slope is only slightly eroded.into the, successive.. strata,
and iis- predominantly gentle gradient is produced by ithe iufluence of the
Teesdale anticline superimposed on the oversll dp of the strata in the
block.

The block ig composed of a.series of alterrating horizontal 11mestone,
gsandstone and shale layers of sedimentaxry origin, which cauge a stepped topor
graphy, and these are:intruded by meore recent ignecus #ills, dykes, and veins
(Figs. 4a and 4b). The most imporiant intrusion, the well~known Whin Sill, is
composed of quartz dolerite of pest Upper Carboniferous age, and cutcrops
extensively with a marked influence on topographical features. The intrusive
veins are of ten mineralised and usually contain ores of lead and zinc within a
gangus of variable preoporticns of calcite, fluospar, barytes and quariz.

4,2 Geclogy of IBP sites

A1l the IBP primary production sites lie on the Carboniferous or mors recent
intrusive formations. On the majority of the sites however, obscuring the
pogsible differentiating effects of wvariable country rock, dre widespread
deposits of glacial boulder clay overlain by extensive deposits of mat. _
However the gites on the various grassland communities are mainly on mineral
s0ils or very shallow peat deposits.
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5 SOILS

5.1 Factors influencing soil development

The soils of the Moor House National Nature Reserve have been extensively ' N
studied by Hornung (1958) and much of the fnllowing, particularly that part

referring to the non~-blanket bog sites, is summarised from his account.

Howaever neither his work, nor that of Johnson and Dunksm {1963), included detailed
documantation of the peat deposits, which do not conform tc normal pedological
claggification. Fig., 5a shows the distribution of the main soil types of

the Reserve. RBlanket peat is the typical soil over much of the area, minesral

soils are confined to limestone and sandstone outcreops, fell-tops and river

valleys {(Cragg, 1961). The soil type which develops on a particular site

is influenced wmainly by climatic factors, the underlying rcck type, depth and

nature of the drift deposit, and topography. Mauny of the soil groups of the

Regerve can be related directly to the dapth of the drift deposit (p.24 )

(Fig. 5b), providing other factors remain constant,  Similarly, the inter- s
action of underlying geology and its asscciated topography can. preduce a

characterigtic range of soil groups (Fig. Sc). The vegetation also influences

soil develcpment; partivularly important is Agrosto-Festucetum {producing a "
mill humus) in contrast to the other vegetation types (all of which produce

a mor humus). '

Consideration of the characteristics of the soil profile of different sites
is esgsential %o explain the results of decomposition, microbiological and
primary production gtudies. The majority of the experimental sites were
situated on blanket peat; +the exceptions to this, mainly the grassland. sites
of Rawes et. al, are dealt with separately (p.22).

5.2 Blanket bog sites o e

5.2.1 Introduction

The dominant edaphic facter on all these gites is the deep deposit

of blanket peat. This layer, normally c. 1 m deep, usually overlies
mineral soil which is often gleyed by a process analogous to that

in peaty gleyed podsols {p.23 ).

Much of the work on the profile of this peat layer has been as a
background to other projects, consequently data on various aspects
sre sxtremsly scattered and largely unco-ordinated. Although there
ig & fair amount of descriptive data, definition of any of the
characteristics of the profile on a functional basis is almost
entirely lacking.

Most of the work has invelved examination of the top 30 cms of the
profile - probably the regien which in any case is of most interest
since wmicrobial activity and rooting of higher plants are practically
confined to this part of the profile. This section of the prefile
is less highly humified than the deeper zones and the nature of

the original peat forming vegetation is usually easily recognisable. -
Often this upper profile section congists of a series of zies
dominated by different species, the change in species gonposition
posgsibly on gsowe sites representing a cyclical hummock/hollow
succession (p. 38 ). These zones are of ten markedly different in
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colouration, dowminance of Sphagnum remains resulting in a yellowish
tinge, while those of Calluna give a dark reddish brown colour,
However no definite L, ¥ and H horizons can be recognised {Johnson
and Ducham 1963), because of variation in the humification of

successive bands. Usually the Callung dominated peat formed in
? drier conditions is well humified (Martin 1971), as is that of the

delicate 35, cuspidatum characteristic of pools (Clymo 1965). The
hummock forming asphagna ars the least decomposed.

Superimposed on this zmonation resulting from differences in the
original peat forming vegetation, are the probable effects of variation
in redox potential down the profile. These are believed to include
the formation of further colour zones which are probably a reflection
of - the oxidaticon state of iron, humic acids etec., at a particular

point i the profile. . Thus on some sites three distinet colour

zones; dark brown or black brown, green brown or green, and red

brown or rust, have been recognised in the upper profile below the
litter. Bereath these is darker reddish brown deep peat (Martin

1971). _

. Unfortunately recognition of redox zZonation did not occur until
1966 and much of the older work has only sought a correlation of
different factors with depth and has vot taken into account the
redox status of the peat in the sawpling position. Morecver the
seasonal and within-site variations of the redox profile are
probebly congiderable. Martin (1971) has observed that .oxidation
of the anaerobic zones is reversible, thus seasonal variation is
apparently possible. Limited repeated sampling by Collins and
D!Sylva {1972) at Bog End site alsc indicated that seasonsl .
variation in the redox profile did occur {Table 5a). My own
work (p.19 ) and that of Martin (p.17 ) indicated that great within-
site variation of redox profile characlteristics occurs. :

One cannnt thorefors at present correlate data collected at one
» time with observations of the redox zZonation at z later date or
- different position on the same site; hence the lack of explanation
-of the various characiteristics examined, on a functional basis.

5.2.2 General characteristicg and intersite comparisons

The descriptive work on the peat profile has mainly involved
definition of 2 rarnge of parameters at a particular point in time.
The scattered naturs of most of the information, both as regards

- sampling times and cojncidence of sites, makes it diffiecult to
conclude anything from these data. However Bog imd site has been
investigated move fully {Table 5b) and it is possible to draw some
general conclusions on the variation at this site of dififerent
factors with depth in the profile. Tt smugt be berne in. mind that
some of these conclusions may not be generdlly applicable .to all the
blanket bog sites. A certain amount of intersite comparison is
also possible, particularly on the basis of the documentation of

- redox zonation.and other paramwmeters which I carried out receantly on
| a range of zites. ' s

2




‘ YWater table

Water levels of each site, measured in pits, were followed by

G. I. Forrest (pers. comm,) during selected pericds: A plot of these
results for a summer sampling period (Fig. 5d) shows several interesting
features. The Cottage Hill A site has a much higher water table
than aay other, Otherwise the picture is less clear with the
relationghips between the sites varying with time of sawmpling. In
general the Green Burn site is the next wettest followed by
Cottage Hill B and Bog End which are similar, Driest is the Sike
Hill (dry) site, then Sike Hill (wet) and Bog Hill (Fig. 53). The
Sike Hill (dry) gite shows greater range of water table variation
than other sites, suggesting perhaps that the pit is in a hollow
cand surface runoff is important at this site; expected in view of
its low Sphagnum cover, this species acting as a sponge and.
absorbing runoff. Hewever a similar water table relationship
exigts for Green Burn which is a site with a high SEhagnum_cOver,
runoff therefore is not the main factor influencing water table
dynamics on all sites. Alsc dmportsnt will be the local micro-
topography of the bog surface around the pit and Tactors {suck as
the peat conductivity) affecting the rate of eguilibrium ol the
 free water table with that in the complete profile.  Boeller {1965)
found hydraulic conductivity was maxiwal for Sphagnum domina ted
peats; least for that couposed mainly of herbaceous species.

- Bydrsulic conductivity also decreased with depth.  Comway (1956)
found, using cores from Moor House, that vertical conductivity was
much greater in 3phagnum peat than humified 'cheesy? peat.

G. I. Forrest (pers. comm.) also investigated the within-site
variation of water table level and found that this was quite
considerable (Table 5a). The extent of variation was however
fairly similar on each site,

The rate of response of the pit water table following precipitation
~would appear to be relatively rapid, a rige of 18 cmg to a maximum
oceurring at Sike Hill (dry), after only oune day, following a ruinigll of
3.3 cms. The rate of fall of the water table under conditions '

of little or no rainfall is about 1.4 cms per day, averaged over the
period. As would be expected the grestest rates of fall are at

the beginning of the period. '

To what extent however the water table as measured in a pit bears
any direct relationship to the water table 1n the. complete profile
ig doubtful. Thig latter variable probably is meaningful but may
only represent a difference of a few percent in the water content
of ‘the peat; -~ a completely arbitrary position at the boundary of
capiliary. and. gravimetric water. Its relationship to the measured
water table is probably highly complex and depends principally on the
same factors which influence the dynamics of the measured water
table (i.e. surface vegetatiocn, microtopography, and local pesat
conductivity). The variation of the last factor with depth is a
particularly imporiant influence on the relationship of measurad
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to agtual weter tahle.. 4 marked change in peat conductance may
reaglt in the waier tzble varigtion being buffered, with a tendency
for the water to settle out a+t this level (R. §. Clymo, pers. comm.).
Such o discontinuity in conductance way well be present at the 'chauge
of state! position {p. 21) whers there is a striking change in bulk
density and peat consistency.

Morphological zonaticn

The morphological zones 2t Bog End have been cxamined briefly

by W. J. Martin {pers. comm.) aud 2. M. Latter {pers. comm.),

who congluded that there was no conglant pattern within the site,
the zonation at any particular point reflecting the sequence of
vegetation and the conditions ef topegraphy under which the deposit
- wag. laid down. _ S

Johnson and Punham (1963) have examined the morphological zonation
of Bog Hill and Hard Hill, The peat at the latter site is much
deeper than at the former, but although there are differences in
the early deposits (p. 27), the upper regions of the profiles

on both sites show a succeassion of zones reflecting varying
dorinance of Calluna, Eriophorum and Sghagnum'(Figs, o, 5f and

58 ) »

Redox zonationh and related variables

The position of the coloured redox zones is extremely variable,

(Table 5b), even within a gite {Bog End) at one sampling time (Fig.

5h) (N. J. Martir, pers. comm.). One way of quantifying and comparing
the colour of these zones is the use of Munsell's colour chart;

colour metching however is still subjective, but differences between
the three main zones are detectable (Collins and D'Sylva 1971),

The explanation of thesc differences in térms of redox potential or
other factors is however somewhat hypothetical.

" The relationship betwesn colour zonation and past and present vege-

tation was investigated by Martin (1971).  He found thst the depth of

 the zones above the rust horizon was uarelated to the degree of
humification or the surface vegetation but there was a correlation

with the origiral peat forwing vegetation, the dark brown zone being

ghallower where Sphagnum rewmaing dominated. This Martin ascribed

to higher water fable in the weiter Sphagnum areas; however it

would be expected that if this were the case the correlation of zone

position would be sven greater with present day vegetation.

Data on the colour zounal characterigtics of four IBP sites has been
collectad by Collins and D'Sylva {1972) and recently I have also
sampled these snd a further six sites, noting colour zone depths,
and investigated the location of sulphide deposition using silver
wires. o

The regults of Collins and D'Sylva (Table 5d) do not show any
obvious differences hetween the ranges of the coloured redox

zones at the four sites sampled.  However these sites were sampled
at two different times, thus weking comparisons difficuls.
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'posltlon, on thesb 31tes, ginec a deep gresn zone was found at
" Burnt Hill and Greer Burn, where thagnum remains dominated in the
_ peat, and a shallow zone at the sioping but equally wet Cottage
Hill & site, where non-Sphagnum remains were dominant.

However probably the most striking feature of the results of Table
52 wag the great within-site variation of rsdox zonal characteristics
and thus probably rodox pOthtl“l dependenﬁ on the microhanabitat
inte which the core was taken At certain 31ues, egven wet ones,
a green zone was sbaent from one or more samples. This was the
case at Coltege HMill A, a very wet site with deep greﬁn mones of 13
. and S cas at two gampling positions, but at the remaining positions,
~_where Trichophdrum cespitosun was dOﬂlnant no  gresn zone was present.
 THe existence of gignificant within-gite variation of redox potential
is alsoc indicated by the finding of G, I. Torrsst (pers. comw.) of
differenceés in the water table, measured at ten DOSltlonq on one
site (p. 16).

;'Urguhart {1969) found a =zone of sulphide deposition within the

prcfile at most gites he investigated., HMartin (1971) suggests
v that this zone is located within and bolow the green zone,  This
' © conclusion is howéver based only on observations at Bog End by

F. M. Latter (pers. comm.), that a smell of Hol wag sometimes
“detectable in this regiorn of the profile. However this suggestion
is also supported by the localisation of sulphate reducing bacteria
mainly in this zone (Collins and D'Sylva 1971), and by the Tindings
of Urquhart (1969) of correspondence of the zone of silver wire
blackening to the redox potential dlp, with- morc ‘uniform blackening
dzeper in thp ploLllg. '

However a mores detailed investigation was made on several sites,
into the relationship between ths region of sulphide deposition, the
water’ table, and the redox monation at a particular site. 1
examined the first two puramb+grs at saveral sites’ “during Octobar
1971; silver wirss were usad o detect sulphids deposition.
These results {Table 5f) show that in genseral the depth of commence-
ment of the sulphide deposition wes corralated with water tabla
~depth, However coincidence was uot very precise, there being
differences of up to 5.3 cms;  this could be because the water
table was measured in a pit which was also some dlstanca frow the
gampling positions.

o

A subssquent investigation of the positicn and intensity of sulphids
deposition was carried cut using longsr wires than previously,
at the same time ag the documentation of redox zonation. - The
results of these investigations (Table 5@) carriad out during very
dry conditions, show that, although weiter sites had in general
shallower and more intense deposition than drier locations, there was
less coincidence of depogition and water table than previously.
However on saveral sites no deposition was ObSLrVLd on one Or marsa
wires and the depth of sulphide deposition for. thase. sites is =
" maximum value since it is the wmean of results only from thoss
wires where deposition had occurred. This congiderstion, togethar
with the prcblem of “the relationship between the water table as
moasured in a pit with that in the complete profile some distance
away (p; 1€), probably particularly tentative with positions of
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The rate of peat formation, which is still occurring aciively
on much of the Moor House blanket bogs is obviously inversely
related to its rate of decomposition and this latter process would
seem t0 be dominantly aerobic in character.  Clymo (1965) postulates -

very low water table, means that it ig -difficult to conclude

" whether the observed discrepancy between water table and sulphide

deposition is meaningful in this case. However Clymo (1965) showed “
tnat at Thursley Bog, Surrey, the water table [luctuated more

rapidly and by larger amounts than the top of the sulphide zone,

The results of my investigation (Table Se) also show that the .
position of sulphide deposition at Moor House was definitely not

related to that of the green zZone.

Again a striking charvactsristic of thege Tesults is the great within
gite variation of sulphide deposition. Bven wires only a few inches
apaert showed very different deposition characteristics; for eoxample
at Bog End one wire had a zone of heavy sulphide depesgition from

8-9 cms deep to the wire base (13.0 cus) after seven days whereas

a wire placed only 4 inches away, at the same disiance from the
water table pit, showed no discolouration after the same time

pericd.

T+ would thus seem that the intensity and position of sulphide

deposition is influenced to a large extent by the position of the

water table at a particular time. Clymo (1965) demonstrated .
seasonal fluctuation of the positicn of mulphide deposition at Thursley

Bog, Surrey. The locaticn and thickness of the green zone ig more

gtable, and it is .situated higher in the profile than sulphice

" depositien, which is apparently confined mainly to the rust horizon.
- However both: the sulphide and the green zoues probably represent
-~ areas of reducing redox potential. The reducing conditions

almost certainly result from a combination of the presence of
gtagnant water and an active microbial population. The zones
above the sulphide layer are apparently oxidising, probebly with
the iron in the ferric gtate: that below is largely reducing
(Urquhart 1969) but less so than the suliphide layer. Clymo

(1965) showed that at Thursley Bog breskdown of Sphagnum material
was leégs in the sulphide zone than at the gurface, and lowest

below the permanently sulphidic level. However in deep peat

there are probably few micro-organisus (Waksman and Purvis 1532)
and the problem of the maintenance of reducing conditions in this
region is discussecd by Urguhart (1969). He suggests that this is a
result either of localisation of wicro-organisms in the rhizosphere 3
of deep-rooting species (e.g. Eriophorum vaginatum), or of diffusion

of reduced substances downwards from the sulpaide zone.

Thus or all gites it is possible to recognise to a greater or lesser
degree a series of biologically meaningful colour zones which are
definable, albeit somewhat subjectively. Thus repeated gampling

“ean be carried out within the same biological entity and between

site comparisons made of cther properties of snalogous regions of

" the peat profile,impossible where sampling points are definedly

Peat accumulation
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that the main factor determining the rate of peat accumuiation is

the rate of incorporation of material into the sulphide zZone where

“decomposition is much reduced. " This depends largely on the depth of

the zone which is related to the water table depth {p. 19}, and

“thus to the Taiafall and drainage conditions of the site, and varies

greatly within a site dependent on local hummock:hollow topography.
The rapidity of peat accumulation is alsc very dependent on the rate
of dry matter producticon by the bog surface vegetation.,

Phy81cal factors

Tn tﬂe uppar prcfllﬁ at Bog End phvs1cal factors Ebnurally show

little varistion with depth (Table 5b). There was a slight increasa
of density and decrease of moisture content/g. d.wt., below about

30 cms, Similar results were cbtained for bulk density at Burnt
Hill by R. S. Clymo (pers. comm. J.  Examining successive 1l cum

slices of Sphagrnun magelladcum cores he found (Fig. 5k) a gradual
increase ol density tc a point 28 cms bhelow the surface where there
was a mark:d increase which correlated with an observable 'change

of state'. Below this leval uo individwal Sphagnuw leaves weTe
_identifiable. ‘ '

These factors (bulk density, moisture content/g d. wt.) reflect
principally the dagrees of humificatien and cowmpression of the
different hewizona.,  Thus it seems that little compression takes
place above a depth of 30 cums at these two sites. The density at
Bog End was higher than that at comparable depths at Burnt Hill,
deubtless because the cores at the latter site were chiafly of
Sphagnum magellanicum. However determinations of woisture content/

g de-wt. by Collins and D'Sylva (1972} at Sike Hill, Cottage Hill A
and B, and Green Burn showed no decrease with depth (Table 5d), and
data on this paramster by the sawms workers at Bog End showed a
decrsage only at two sampling times frowm a total of five- (Table Sa)
There wag little seasconal variation in this perameter at Bog End
(Tabla Sa).

Further determinations of bulk density are being carried outb at

Green Burn by R. 5. Clymo (p;rs. comm, ) and alaso by H. E. Jones

(pers. comm.) at this site and at Valley Bog, Bog Hill (decomposition
site), and Sike Hill (dry). The latter worker is determining the bulk
density in cores to the peat base in the last two zites, and to the

_depth of the birch layer st Green Eurn and Valley Bog.

huizh

Values for the pH of the upper regions of the blanket hog peat at
Bog FEnd, weasured by homogenisstion of the peat with distilled water,
range from 3.0-4.2 (Table 5b)., The pH of peat samples has usuwally
been measured using this technique and the validity of this

approach was examined in detail by R. M. MacDonald (pers. comm, )

who also measured the pH of eXpruSSEt“S and peat honogenised with
digtilled water and 1M KC1, He thus split the total acidity

inte three components: +that of fthe expressate, that liberated

by water, and that liberatéd by KCl.  The last, which was the
exchangsable component, was about six times the sum of the other two
components, and thus a large proportion of the total qudlty is

not being assessed by distilled water measurcment. MacDonald

did not find any variation of pH, measured either in XC¢1 or
digtilled water, down the profile, but other worksrs using

distill=d water have found an incrzass of pH ia deap peat,
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Colling and D'Sylva (1972) examined the pll in the four colour zones

at Sike Hill, Cottage Hill A and B, and Green Burn. Their results .

(Table 5d) show féw between-site differences. except for a rather
higher pH in all zones at Cottage Hill B. The same workers
showed (Table S5a) that there was no seasonal variation in pH at

Bog End.

Chemical analyses

Chemical analyses have been carried out on the four superficial

korizong under Calluna, Eriophorum vaginatum and Sphaghum at Bog

End, (Tabls 5b). Several congtituents, particularly iron, and

also potassium, calecium and phosphorus, are concentrated in the black

brown layer. High nuirient contents in this layer may be a result

of mineralisation in the litter, followed by leaching aund uptake

by the high concentration of rooits in the dark brown layer (Martin

1971), There way alse be immobilisation in microbial populations .

“(Martin 1971); this may also partly explain the high level of

potassivm in the litier layer. The high nutrient concentration

in the black-brown wmone may also partly be a reflection of the

nigh cation exchange capaclty of this zone (Martlv 1971). Iron

may also be concentrated here, possibly because »f upward movement
from the green zone of ferrous iron with the water table, and
deposition es ferric iron in the relatively oxidising conditions

of the black brown layer. Results of recent gnalyses of vegetation
and soils from a range of gites are given in Tables 5g and 5h.

Limited sampling under the range of Vegetation types detailed above
has revealed Tew differences except for lower nitrogen content and
higher C/N ratio in and under Sphagnum than under Calluna or k.

vaginatum.

5.3 Non-Blarnket Bog Sites

5.3,1

5.¢5.2

Introduction _ «

These are principally Rawes et. al. sites on the Agrosto-Festucetum,

Nardetum and Juncetuw squarrcsi. Although few of the descriptions .
of soil profiles given by Hornung (1968} refer to the exact sites

examined by Rawes et. al., the generalised structure of each soil

type is fairly conatant. I+t can ‘thus prchably be assumed that the

descriptions absiracted from Hornung and given ir the following gections

are a fair representation of the soil proflle at the appropriate

gites of Rawes et. al. Ranges of chemical analyses are given for

soils under each vegetation type in Table 51 and more detailed

analyses are to be found in Hornung (1968).

Juncetum and Nardetum sites

The Juncetum squarrosi sub-alpinum and Kardetum sub-alpinum are the
vegetztion types dominant on the mineral soils of the Reserve. The
former assoclation is commoraest on peaty gleys, the la tter on peaty
gleyed podsols and may sometimes alsc be found on acid brown earths
or brown podscls.: A1l Rawes et. al. Juncetum sites were on peaty

gleys and two-of their Nardetum sites were on gleyed alluvium .

(¥, ana N4). N, and Wy were on peaty podsols.
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Peaty gisys

The peaty gley is =-very widespread soil type and is characteristic
-of gentle glopes, offten forming gn intermediate band between blanket

peats and peaty gleyed podsols. The development of a peaty gley is
cauged by the presence of a high ground water table leading to
gleying of the deeper horizons with reduction of ferric iron
ferrous and a resultant blue/grey colouration. The surface horizong
are also often gleyed because of dhe sponge effect of the thick mor
humus surface layer. Both this soil type and the peaty gleyed

- podsols are:developed on a superficial layer of material. The
. surface humus layer of the peaty gley is always very acid (pl 3.5~

4.0) and the underlying gleyed A horizon may show redistribution

of iron. The appearance cof the 3 and.deeper horizcns is largely

dependent on the ground water tzble -level; iIf this is very high
these layers may be a uniform blue grey colour, if not then they
way show oxidised ochrsous mottled areas, particularly along the
line of root channels. Peaty gleys are acid leached soils with a
low percentsge base saturation, Table 53 shows a typical profile,

Pbdsols

In better draired, usually steeper sloping, situations leaching
becomes a dominant Influence and a podsol profile is developed.
Where  the surface layers remain gleyed because of a water saturated
humus layer, the s0il-is classed as a peaty gleyed podsol. The
gleyed layer is usually blue- grey in colour and there is normally

- mobilisation and leaching of *the ferrous iron present here.
-Beneath this the prefile is. better drained and iron enriched,

An: impervious iron pan - way be present at the upper boundary of the
better drained region or sowmetimes at a lower level, A1l these

gollas are heavily leached snd acid. A typical profile dis illustrated
in Table 5k. With increasing depth of the surface humuas mat this
soil type intergrades directly to blanket neat. Where there is no

- gleying of the surface horizons the lterm. .pesty podscl would probably

be a more appropriate definition, - The Nardetum 51tes Né and }5
of Rawes et. al. fall into this category.

PR [+
Fegtucetun sites :

Humug iron podsols

The soil type characteristic of the Fostucetum is a humus—iron podsol

‘which ig typically derived wrom'underlylng gandstone in gitu. It
- has very stony upper horizons with the sandstone boulders projecting

through the vegetation and showing stone. striping and cther cryo-
turbation phenomena., The humus layer is of the mor type and
generally shallow (5-7 cms) and is underlain by a sandy A, horizon
beneath which is a black B, horizon whith contains redeposited
organic material. 4 less well defined layer of ivon depogition is
Present beneath this. This soil type is usually very acid with a
surface pH of 4.0-4.4, and extensively leached surfmce horizons,

A typical profile ig listed in Table 51. Site Fl of Rawes et. al.

- lies on this soil-type, site F2 is described (Rawes and Welch 1969)

as being gituated on a 'selifluction creep~soil couplex!.,
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5.3.4

" Rendzinas

Agrosto-Festucetum gites

Most (A4-47) of Rawes et. al. productivity sites on the Agrosto-
Festucetun (Table la) are tec a varying degres under the influence
of underlying limestone deposits. The remsinder of the sites (Al-
A3) are on gilty alluvium. : e

_ The scil type developed on limestone is variable and according to
‘Hornung (1968) can vary frem rendzinas through brown calcareous
- goils to acid brown earihs and pcssibly to brown podsols, depending

on the depth of cover of superficial meterial (Fig. 5%). However
Agrosto-Festucebtum is found most commonly on the fivst twe soil
types, where the limestons is gtill sufficiently near the gurface

 for the planis to be able to obtain nutrients from this source, thus

counteracting leaching. It ig also found occasionally en acid brown
eaTths, usually with more Nardus stricta than normel..

Acid brown earths

Acid brown earths are found both agsociated with deeper drift over
limegtone, and with alluvial deposits. Only the former ars described
by Hornung (1968), however sites Al-A3 of Rawes et. al. are on the
latter formation where the soil type may be slightly different.

The acid brown earths associated with limestone are characteristically
30-60 cms deep with three horizons develeoped. There iz = thin

layer of acid humus distinet from the underlying wmineral soll. The
latter can be divided intc a narrow A norizon. (5 cw), and a well
drained uniform red-brown B horizon overlying a firm C horizon. The
pH varies from 5=6, increasing with depth, the base gaturaticn 1is
lZ—l}ﬁ, and a little free calcium carbonate may be present near the

bedrock.. Table Sm ghows a typical prefile. - "

Brown calcareous soils

Brown calcareous soils are developed on limestore sites with a .
rather desper covering of superficial material than that which

characterises rendzina development. Taree horizons are develcped

although often the B is barely distinct frem the A horizon above, .
with a gradual colour change between them. The wcoting zone is

concentrated in the A herizon which ig dark-brown and has a well

developed mull humus. The B horizon is poorer in organic matter

and as a result is rather lighter in colour. Although they are

‘gituated on limestone the depth of intervening material causes these

cgoilsg o be relatively acid but they do contain some free-calcium

carbonate, althougn less than in a rendzina. The bese saturation
is 50—70% and a typical prcfile 1s given in Table 5n. Sites A4,
A6 and AT of Rawes et. al.are regarded as falling into this goil
group, as alsc are parts of the site AD, although rendzinas are
developed in places on this site. ‘ :

" Rendzinas are usually found associated with flat limestone outcropa.
They are extremely shallow (—3>25 ¢m). dark-soils with limestone
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fragments throughout the profils. They usually have a stable crumb
structure and show development of distinct A and C horizons, the former
consisting of a dense mixture of roots, mull humus and limestone
fragments, with a basal root wat resting on the underlying shattered
limestone of the C horizon, Although the so0il is much influenced

by limestone, the calcium content of the fine earth fraction is
relatively low as a result of leaching, and the cation exchange
complex is rerely completely saturated; +he dominant cation is
calcium, some {ree caleium carbonate is however present. Of ten
tne Agrosto-Festucetum fcund on this soil type belongs to the Segleria
facies (p. 32). A typical profile is illustrated ia Table 5c.

Parts of gite A5 of Rawes et. al. represent this soil type.




6  POST-GLACTAL HISTORY

6,1 Introduction

The detailed post glacial hiatorvy of 2 gite can be traced by morpholegical and .
palynological examination of the soil profile,  This has been carried out

by Johnson and Dunham (196%), on several hlanket bog sites on the Reserve

and much of the following is summarised from their account and those of

Hornung (1968) and Kawes and Welch {wanusecript), '

6.2 Post-glacial frogt effecﬁg _ I

After the retreat of the ice sheets about 17,000 BC, vast areas of ground were
covered in unsorted glacial drif+t which was bare of vegetation. This was
subject to widespread cryoturbation and solifluction dvring the time immediztely
following the glaciztion, and also in the Preboreal and Boreal periods (8, 300-

5,500 BC). Tn the intervening Allerdd period (10,000-8,800 BC) some climatic .
amelioraticn took place. The occurrenoe of these phenomeaa of cryoturbation
and golifluction ig reflected in the presence, beneath the peat derosits, of a
gandstone blockfield in the upper layer of the minera’ soil, which is composed .

of glacial drift.

6.3 Vegetation colonisation

Vegetative recolonisation of the area cowmmenced about 10,000 BC, and continued
during the Allerﬁd and Preborsal periods. It probably cousisted of a scatlered
tundra flora. Farther climatic rmelioration during the Boreal period led to
the develepment of a more luxuriant vegetation ond gtuntsd forest of birch,

plug willow and juniper, later developed. Thig is indicated by the presence

of a basal forest layer beneath the peat over wmuch of the Reserve, below about
760 m, the suggested altitudinel limit for the boreal Torests.

6.4 Peat deposition

In wost places the deep deposiv o¢f ocrganic peat was laid down from the Time
of the Boresl/Atlantic transition (5,500 RC) with the onse of a warmer climate
with higher rainfall, increased nrecipitation/evaporation ratio, and more

vigorous growth of peat forming speciles. These fzctory, combined with the -
presence of impervious drift deposits. led to a gereral water~logging of

conditions and the accumulation of undecompoaed corganic watter as peat, The

deposition began on lower ground and spread to higher altitudes later. The

remains indicate that the dominant peat forming spreies was Briophorum
veginatum, This is in contrest to the situation tceday where Sphagnuin spp.

and Calluns vulgaris are the most impertent species, bubt it is poagible

that B. vaginatun is preferentislly pressrved because its ghoot base is deep in
the peat and at death is close to or wiikin the zone of reduced decomposition
(Clymo 1965) (p. 20 ).

In some places deposition of peat commenced ir the drier Eorsal pericd but this

wag probably only in valleys wiere there was marked influence of ground water

in the feorm of springs. Since the Atlantic period peat deposition has probably .
been fairly continuous because the suc ceding sub-Boreal and sub-Atlantic

periods were characterised by a cocler climate. There have however been some

periocds of cessation of peat accumulation, as shown by the presence of thick

layers of Rhacomit-ium lanuginosum in the peat profiles {Rawes and Welch -
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manuscript). At the present time the combination of an annual rainfall of
over 1900 mm, low average temperatures throught the year, {which reduce
decomposition Tate and water loss by evaporation and transpiration), plus

Jow utilisation of the plant production by herbivores, is sufficient %o allow
peat accumulation. o o

Johnson znd Dunham (156%) have carried ocut a detailed examination of sections
of the blanket peat, iucluding ones from Hard Hill and Bog Hill. Thess showed
that deposition at the former site commenced during the Boreal period, probably

because of the presence of springs. The deepest zone wae of tree remains,
reflecting the stunted nirch forest of this period. Above this.zone both

sites show a similar succession of layers (Figs. S5¢, 5, S5g) dominated
by varia ble proportions of oligotrophic species (Eriophorum,_SDhagnum,
Calluna) in differing stages of humification. Recently J. Turner {pers.
comm. ) has commenced radiocaTbon dating of the Valley Bog profile.

As the orgenic watter accumulates it is graduslly humified, largely anaerobically
because of the waterlogged conditions. A depth of 4 m of peat hasg accumulated.
on gome parts of the Heserve and these deposits were apparently formerly more
widespread than at the present day, since erosion has removed much of “the

peat above about 760 m. R

6.5 Peat erosion

Brosicn is believed to have been initiated by the climetic deterioration at the
baginning of the sub-Atlantic period. The cooler conditions caused dieback .
and digcontinuity in the vegetation cover and this, coupled with incéressed
rainfall, led to the development of erosion channels in the inherently unstatle
deep. unconsolidated peat deposits, {Johnson and Dunham 1963). These authors
consider that in many cases these channels develcp firet at the base of the
peat, and reach the surface by collapse frou above forming peat potholes and
then open gulleys or hags which gradually enlarge by wind and water ercsion
facilitated by frost action. However Bower in her detailed studies of peat
ercgicn in the Pennines regards the hags as developing by dissection from

the surface (Bower 1950a and b, 1961, 1962). The effects of man by foreast
clearance and burning, meinly in the sub-Atlantic period, alsoc probably
accelerated peat erosion {Conway 1954). Erosion is gtill widespread but
continuee at a slow raite nowadays. 11-16% of the blanket bog area on the
ezatern plateau is eroded (Crisp 1966). Ir some areas it proceeds to the wmineral
substratum before any recolonisation oceurs, in other cases recolonisstion
takes place before the complete depth of peat has been removed (Johnson and
Tunham 1963),

Conway (1960) tried several methods of arresting the esrosion of blanket bog on
Bog Hill including diversion of water flow, turfing, and construction of dams
on the lower side of eroded areas. After seven years the wmost successful
technique was the last, with development of secondary bog proceeding over the
eroded surface. A. J. P. Gore (pers. cowmm,) alse used experimental trials

to investigate the pessibility of artificially reclaiming these areas of
erodad peat.

Surface runcf{ from a non-eroded Sphagnum dominated blanket hog catchment
(Bog Hill) was continuous, but from a burnt eroded catchment (Burnt Hill)

it wag discontinuous (Conway and Milluw 1960), reflecting the storage capacity
of Bphagnum for water,
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Of the IBP study sites Burnt Hill is particularly affected Wy erosion;

R. S. Clywo (pers. comm.) and M. Rawes (pers. commn. ) have observed e?GSion
within the pagt fifteen years. The topography at Burnt Hill consists. of

a series of partly interconnecting bug pools on level ground, with.a
radiating series of eroding hags on the surrcunding slopes. The study area
was entirely situated on the iavel pool couplex. lost of the other 1IBP
sites were on non-ercded blanket bog, bit the ancillary sites of Rawes et, al.
included sites on recolonised eroded peat, (p. 33). :

6.6 Tvypes of peat deposit

The deposition of peat may be initiated under conditions of actual standing
water or under waterlogged soil conditions., The formex gituation proeduces

2 valley bog, the latter blanket bog. In both cases the initial phase

of deposition is under relatively eutrophic conditions forming scoligenous bog
where the plants obtain nutrients from the mineral substrate and/or ground
water. - As the deposit deepens conditions gradually become more oligotrophic,
the supply of nutrieunts is solely via rainwater, and =z uniform deposit of owm-
brogenous peat is the resuli (Tessen 1949). This may be modified by the
influence of moving ground water causing secondary enrichment of conditions
producing flush-peat. This however does not occur in any of the expe rimental
sites except possibly at Greesn Hurn; elsewhere the deposit is true

ombrogencus blanket bog with more or less static ground water. . - The
lack of horizontal ground water movement in such a gituation even on sloping
ground was demonstrated by Smith who showed that titrated water injected into ..
the sloping blanket bog deposit moved only a mean distance of 1 m down-siope in
21 months, but penetrated the whole depth of the profile (70 ca) into the
underlying clay {Smith 1968).

L1l
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7 VEGETATION COMPOSITION

7.1 Introduction

. The vegetation 0 the Moor Hcouse National Nature Reserve congigts of a rather
limited spectrum of plant communities, +he vesetation developed on a particular
gite depending 4o a large extent on underlying soil type, altitude, and
managenent, Generally speaking most of the communities are extrewely species
poor, and are cither dominated by ericaceous plants or grasses. Most of the
Regerve lies c. 100 m above the present day tree line of about 600 m; conse=
quently the plant communities represent climax development medified to a
varying extent by management factors. Below 600 m much of the grassland
represents:.a management induced sersl stage or anthropogenic cllmax the
natural cllmax belng woodland or scruh.

7 2 Prev1ous research

Eddy, Welch and RaWeq (1969) mapped and claSSﬂfled the extent anc nqturb of
each vegetation type on the Reserve, using the technigques -of phytosociology
which have been so extengively applied by continental workers. They used the
scheme of Ellenberg (1963%) and based their units on those developed by
McVean and Ratcliffe (1962) for the Scottish Highlands. The. digtribution on
the Reserve of each vegetation unit is shown in Fig. Ta, and the extent of
each in-Table Ta. Bddy, Welch and Rawes also compiled coumplete. species
lists for each vegetation unit. The wvegotation of the IBP blanket bhog sites
has been wore fully invesbigated by Forrest {1971 and Forreat and Swith, in
prep)) and Clymo (Clymo, Jones and Swith, 19713 Clymo and Reddaway, 1971,
19725, : o

7.3 Digtribution of vegetation types

As well as topographical and edaphic differences, the western and eastern
slopes and summit plateau of the Pennine ridge are very distinet from each
cther florigtically. The western sliopes consist laxrgely of poor grassland
dominated by Juncus squarrosus and Werdus stricta, the summit ridge of these
coumunitiés plus Festucetum and the eastern slopes of blanket bog coleonigad
by Calluna vulgaris, Briophorum vaginatum and Sphagnun spp. Interspersed in
these areas are localised patches {usuaily less than a hectare in extent) of
Agrostls/Festuca 2rassland, developed on more bage-rich sites.

7.4 Biaunket bhog bOmmqutleS

The - blauknt peat is: plobably the most exten51ve edaphlc formatloﬂ of the Regerve,
and its vegetation cover has been modified by different management practices
(pe 42 ) and the effects of srosion and altitude.

Te4.1 Calluneto—Lrlophoretum

The most widespread association of the blanket bog is the Calluneto-

Eriophoretum . Here Calluna vulgaris and Briophorun vaginatum are
s ~co=dominant and frequent species include Eriophorum angustifolium,
' Impetrum nigrum, Rubug chamaemorus and various sphagna of which S,

rubellum is the commonest., Eddy et. al. alsc recognise,a S. Tecurvum
facieg of this association on gentle slopes below about 550 m, and a
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positions of the other sites remain largely unaltered (Fig. Te).

burnt facies with more Eriophorum spp.

The IBP sites at Sike Hill, Bog Hill and Bog Ind it into the.
Calluneto~Eriophoretun vegetation unit (Forrest and Smith, in prep.).
The Cottage. Hill sites, although dominated by Eriophoruwm spp. '
in fact represent a seral stage of Calluneto-lfriophoretum, modified
in 1961) by burning. : S : -

Trichophoro~Eriophoretun

The wetter dseper peat on more or less flat areas at'a lower altitude
has a Trichophoro-Ericphoretum vegetation cover in which Trichophorum

- gespitosun is an important constituent in addition to C. vulgaris and

E. vaginatum, with Erica tetralix a constant species.  This

asgociation is represented by the IBP gite at Green Burn {Forrest and Smita
in prep.). The peat of this association is belicved to be under

the influence of slight flushing from the surrcunding blanket bog;

thusg the vegetation is somewhat richer than on the Calluneto-

_Briophoretum. Two facics are recognised, one with wmore Calluna,
© the other with much E. tetralix and . cegpitosum. The almost

complete absence at Moor Hcuse of Molinia caerulea, normal.ly

a diagnostic constant of this association, is possibly because of The
relatively high altitude of the association on the Heserve (Eddy,

ot. al. 1969) or because of the general waterlogging of the blanket
bog (Gore and Urgunart 1966).

Information-3.nzlvsis and ordination of the vegetation of IBP sites

The vegetation within 10 m of the seven sitea of Forrest (in prep.)

(Table la) and the Burnt Hill sites of Clymo (1969, 1970) was compared

by Clymo (Clymo, Jones and Smitk 1971l; Clymo, pers. coum.; Clywo

and Reddaway, 1971, 1972). Frequency figures obtained during this

work for each species on all gites are listed ia Table 7b. = The

vegetation was classified using vorwal and inverse wonothetic divisive .
information analyses (Williams, Lawmbert and Lance 1966, Lambert and
Williaws 1966, lance and Williems 1968).  Iuverse analysis iato

. species groups does net give g -readily interpretable clasaification.

However normal snslysis into groups of'quadrats-(Fig. 7b) is more
useful, Primary division is on the bzsig of Eriophorum angugtifolium,
secondary division on Erica tetralix in botn primary hierarchies.

4L plot of this clagsification for ecach site ag numbers of guadrats
geparated by each division (Fig. 7e) indicates that the primary
division raflects diffsring wetness of . the sites, the Bog End, Sike
Hill snd Bog Hill sites being separsted from those a2t Cottage Hill,
Burnt Hill and Green Burn.  The Burrt Hill site however has a wide
spectrum of variation, reflecting its diversity of habitats ranging
from relatively dry Dblauket bog, through Sphagaum ~lawns ta. poels.
The irclusion of Green Purn with the wat gites is principally due to
the presence there of Sphagnum magellanicuum. Deletion of #%this
species from the analyses (Fig. 7d) shows Grest Burn to have clear

 :affinities¢with;the drier sites on the absence of E, tetralix and .

B. angugtifoliym frow a high proportion of the samples. The relative
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Within the drier sites, with the exception of Green Burn, little
. meaningful pattern emerges. Green Burn is distinet from the other
sites on account of the absence of Rubus chamaemcrus.  There is
also little pattern within the wetter sifes, Cottage Hill B being
only slightly distinct in lack of Erica tetralix. Generally
‘speaking there seews to be resscnable floristic similarity between
samples from the one site (Clymo, Jones and Smith, 1971).

Classification of samples within the highly variable Burnt Hill site,
described by Clymo and Reddsway (1971 and 1972) produced = more meaning-
ful inverse analysis (Fig. 7f). They suggest that the presence of
Cladonia arbuscula in a. separate group to E. tetralix, C. wligaris
and B. vaginatun, may represcnt blanket bog sites with large Calluna
bushes, the lichen preferring the shelter afforded by these. The
presence of Sphagnum cuspidatum in association with the rare species
reflects its floristic isolation, it being vgually the sole coleoniser

s _ of pools.

Ordination (principai components analysis) of -the above data showed
little of interest since the first axis only removed 18% of the
variance, and even the first five romoved only 45%.

Tedod Point guadrat analysis of vegetation of IBP gites

Porrest (pers. comm.) oxamined the floristic couposition of four of
his sites using point quadrats (p. 34). Cover values for different
. species, derived from the percentage of pins contacted, are ligted
in Table 7c. Green Burn again emerges as very distinctive with a
relatively low cover of E. vaginatum; little BEmpetrum nigrum, and no
Vaccinium myrtilius, Ligtera cordata or R, chamaemorus. Insgtead the
Green Burn site has B. tetralix, and some . angustifolium, Trosera
rotundifeolia, and Vaceinium oxycoccus. It is also characterised by
very high Sphagnum cover with 5. magellanicun and 8. papillosum
replacing 3. recurvum and 3. rubellum which are deminant on the other
. sites. There are fewer difforences between the other three sites:
the main feature is the relatively low cover of Sphagnum spp. and
other mosses on the Sike Hill {(dry) site, and the correspondingly
: - higher lichen cover. The species which most account for these

3

differences are Plagiotheciun undulatum and Clsinia impexa.

TadleD Eriophoretun

On the western scarp, central ridge and localised-areas elsewhere,
Eriophoretum is characteristic, and is believed to be derived from
Calluneto-Eriophoretum by grazing. In this association Zriophorum
veginatunm and B, angustifolium are characteristic and Callura has

only low cover. At a higher altitude Calluna s replaced by Empetrum
nigrum, The Ericphorctum lacks a Sphagnum carpet so characteristic
of the other blanket bog vegetation typsa. It may be actively
colonised by circular patches of Juncus squarrosus and this is
recognised as a separate facles, as also are the intensively grazed
areas where grasses such as Deschampsia flexuosa and Festuca ovina

‘come dn with Juncus squarrosus,
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7.5 Grassland communities

The gragsland cowmunities of the Reserve congtitute a high proportion of the
ground cover of the central ridge and western scarp.. Several distinct
associations have been recogaised by Eddy et. al. (1969). The clagsification
of some of these grassland comnumities is complicated by the fact that often *
their distribution interdigitates. This is particularly true for communities

dominated by Nardus and Juacug and to a lesser extent those by Tegtuca, Juncus

often forms circular patches representing aveas of vegetative colonisation and

incipient dominance; other mosaic areas represent variable site conditions

or result from the overlap of habitat preferences of Nardus and Juncus.

7.5:1 ‘Species poor Juncetum sguerrosi sub-alpinum

Eddy et. al. recognise a specles pocT Juncetum squarrcesi sub-alpinum
which contains varying amounts of Juncusg squarrosus. This association
commonly occurs on peaty gleys and it is believed that these areas
would be Callunetum were it not for graging pressure (Ratcliffe 1959).
Festuca ovina and Deschampsia Iflexucsg, which grow between the clumps
of Juncus, are the species most favuured by sheep (p. 47), and

other common specles are Galium saxatile and various hypnold mosses.

7.5.2 Species poor Nardetum sub-alpinum

Species poor Nardetum sub-glpinum has aleo been recognised and this

ig dighinct in clear dowinance of Nardus gtricta. 1t is characteristic
of alluvial terraces on “he castern side and of steep drift soils on
the central ridge and western gcarp, Grasses such as Agrostis

tenuis aad Anthoxanthum odoratum typically have considerable cover.

This asgociation grades into'species poor Juncetum gub-alpinuw’

(whére Juncus is co-dominant a Juncus facies is recognised), Festucetuw
‘and ‘Agrosto-Festucetum. A 'species rich Nardeto-Juncetun sub-alpinum'
is also distinguished on flushed gleys. S

T.5.5- Festucetum

The Fagtucetum is probably derived from other asgoclations by grazing.
It is typical of sowswhat podsolisaed goils at high altitudes on the

" centrel ridge and consigls of a sward, largaly of Fegtuca ovina,

" ponsath which is a thick bryophyte ground layer. At higher levels
s Carex bigelowii facies is characteristic.

7.5.4  Agrosto-Festucetum

. On the shallow limestons soils and some of the alluvial ferraces and
shingle, Agrosto-Festucetum is the most frequent sgsociation, but only
covers 4% of tho total Reserve area (Rawes 197la). ~The soil fypes
are mainly brown earihs or brown limestone soils with some rewdzinas,
and this community iz heavily grazed. On the. rendzinas Sesleria
cacrulea is often an important species and a Segleria facies has been
separated. Tho Agrosto-Feostucetum is a species-Tich association,
but the bryophyte and lichen ground. layer gonarally has little cover.
Aprostis tenuis, Testuca rubra, Carcx caryophyllea, Cerastium holosteoides,
Huphrasia confusa, Prunclla valgaris, Thymus drucei and Irifolium rapens

L

ars all congtants. -
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7.6 Communities of recolonised erodod neat

Eddy =t, al. (1969) also examined the recolonisation of the eroding peat. The
communities here werce characterised by Eriophorum spp., FPestuca ovina; Juncus
sgquarrosus, Nardus stricta and Deschampsia flexuosa. The species occurring
in a particular area probebly depend largely on the depth to which the peat

has been eroded and thus the degrees of flushing from the underlying mineral
subgtratum. The Juncus squarrosus sites of Rawes et. gl. {Table la} in some
cases represented areas of croded blanket peat or areas of digtwbed peat

(e.gs site of an 0ld trackway). '

1«7 VYegetation of Rawes et. al. sites

Mos® of the other foregoing vegetation types were also répresented in the sites
used by Rawes et. al. (Table la) but the work done on the detailed definition
and cowparison of the vegetative composition of these sites (Rawes 1961, 1963,
Rawes and Welch 1964, 1966, 1969, Welch aud Rawes 1964, 1965, Park, Rawes and
Allen 1962) is not relevant to the present summary description of the sites,
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8  VEGETATICN STRUCTURE

L]

8,1 Introduction

Thig is é-%éry:important considééation, particularly for the interpretation-
of the priwary production and micro-climatic data.

Vegetation structure: can be considered frow a number of aspects, principally

the vertical, horizontal, and age structure of the plant community.  Horizontal
structure includes the definition of any pattern in the vegetation and the
geale of this patiern if present. Unfortunately £ew data are available on
these aspects. Age structure should be related if possible to the mansgeuent
higtory of tha particular site,

8.2 Vertical structure

Vertical structure of the blanket bog dwarl shrub cowmunity above and below’

ground hag beetl exawined by only a few workers. The point of separation of .
these two components is questionable because of the dynamic mature of the Sphagnum
dominated surface. .Some workers have defined the above/below ground houndary

as the top of the peat deposit, others have related it to the worphology of the
vascular plants, whereas all the TBP studies have defined this important

parameter as the surface of the woss carpst.

8.2,1 Above ground

Grace (1970), in connection with measurewment of light iuntensity
profiles of dwarf shrub cswopics (p. 12 ), exawined the vertical
structure of 2 Calluna model stand comprising 6 cu long cuttings,
He noted that the short shoots mostly make au angle of 45~6OO with
the long shoots and this patltern remains congtant with height.

The bicmass distribution (Fig. 8a) reflects the concentration of
shoots at 2-3 cm height in this model, which is difficult to extra-
polate to the field gitwation, except in those few areas of young
dense Calluna {(c.g. following a wecent burn).

Tne vertical structure of the blanket bog vegetation above ground

in the Tield sitvation has been studied by Morrest (pers. commf)

on four of his primary procuciion sites; Sike Hill {wet) and (dry), »
Bog Hill and Green Burn. He used point quadrates with the pins marked
at 10 cm intervals. The number of contacts of each species per pin
in each interval or stratum were recorded. The mean number of hits
per pin were then calculated for each compenent ard these have been
plotted as a percentage of the total hits for that specles on each
site (Figs. ab~8a). Thus a measure has been obtained of the
preporticonal representation of living and dead components of each
species in a stratum.

Fig. 8b compares the Calluna profile at the four sites and it is
apparent that the vertical structure of the dwari shrub cancpy is
remarkably similar at the Sike Hill sites and Bog Hill. Green Burn
however is distinet with a muchk larger proporticon of the biomass
between 0 and 10 cmg than on the other sites. Also the standing dead
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in the upper strata on Green Burn is a lower proportion of the total
Calluna ©iomass than on the ather gifes. These figures are probably
explicable on the basis of the vigorous Sphagaum growth on this site,
burial of Calluna being rapid and resulting in a high biomass of
densely packed young brmnching shoots near the bog surface (Forrest
and Smith,in- prep.).  Coavergicn to standing dead is probably
reduced. hecause of the active rejuvenatioun.

o ) B
Congsideration of the I. vaginatum profile for live and dead components
(rig. 8c), reveals & lower proportion of live components and a higher
proportion of dead at Green Burn than at the other sites. The profile
distributions however are fairly similar on all sites for both the
live and dead compeonentsa.

The graphs (fig, 8d) for Dmpetrum nigrum and Hubusg chamaemorus,
indicate, that B. nigrua is taller growing at Sike Hill (dry) than
Bog Hill or Sike Hill {wet), and this is also the case for H.
chamaemorus a+t Bog Hill which is almost as frequent in the 10-20 cm
stratum as in the lower one, in contrast to its-low frequency in the
upper stratum at the Sike Hill sites. B

Thus a general pictifs emerges of a.remarkably similar dwarf shrub

canopy otructure en the blauket bog at all four sites examined. The
connunity comprises an upper opan Calluna canopy, beneath, and ilnter-
digitating with which, is a discontinuous intermediate stratum of

B vaginatum fussocks, Empetrum rigrum, Rubus chamaemorus and on one
gite BDrica tetralix. Beiow this is a discontinuous carpet of
pleyrocarpous mosses and a ground stratum, continuous in some sites,

of Sphagnum. Eence, although there may be congiderable intersite diff-
erences -in community composition,  the above ground growth form of

each gpecies is relatively constant between sites, :

Below grgunar"

Porrast (1971) cropped the below ground component of Calluna biomass
in connection with his productivity studies, and observed that most

of this component comprised buried stems, Small adventitious roots
develop on the stems. Cimingham (1964) rotes that in heaths.
developing on peat most of the Calluna roots are restricted to 5-10 om

- in depth, but species such as E, vaginatum root to 50 cu or more.
The ‘Calluna roots however spread vigorously hormizontally;  Gimingham

suggests their dowaward penetration wmay be limited by the anaerobic
conditions below the water table, and Urquhart (1969) suggests the
critical factor may be 'the soil conditions which caused the dip in
the redox profile'. Gimingham (1972) reviews the work on the roodb
igtribution of heathland species. o S

Boggie, Hunter and Knight (1958) investigated the root distribution
of species growing on deep peat at three sites in Scotland, using

“radioactive trzcers. The classified the speciles as surface rooters
"(Calluns vulgaris, Drica tetralix and Narthecium ossifragum), en

intermedinte category (Molinia caerulea) and deep rooting species

(Trichophorum ‘cespitosum, Eriophorum vaginatuwm and E. angustifolium).
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Gore and Urquhart (1966) investigated experimentally the root
digtribution of Ericphorun vaginatuwm and Molinia caerulea under

| waterlogged and non-waterlogged conditions. The results (Pig. Se)
indicate that E. vaginatum rooted throughout-the pct depth of
12.5 cms under both treatments; wmore roots in fact penetrated
deeply under waterlogged conditions, than non-waterlogged.
This indicates the adapitation of E. vaginatum te the waterlogged
conditions commonly characteristic ¢f blanket bog and suggests that
it noritally roots to a fairly deep level in these conditions.

"M, caecrulea is only found (as an introduced species) on one site
Tbottage Hill) at Moor House; it would appeaxr to be limited by the
gtagnant waterlogged conditions, rooting depih being exceedingly
ghallow in this treatment. Armstrong and Boatman (1967) suggest
that Molinia is limited by the reducing conditions of stagnant sites,

- and presence of Eo3. They postulate that other species tolerate
this environment because of vigorous oxygen difffgion from their
roots. However Ingram (1967) suggests that plants charascteristic R
of slightly flushed sites are limited more by nutrient. supply rate
than aeration conditions, : '

The below ground siructurs of E. vaginatum in the field was examined
by Forrest (1971) during his determinations of below-ground biomass.
"His data are plotted in Figure 8f, the biomass of the live and dead

components being expressed as & percentage of the total root yield.

Mogt of the live roois are lsas than 10 cms below the bottom of the

shoot base layer, with the maximum biomass within this layer, but

some do pemetrate as deep as 30 cu below this level,. The biomass

‘of dead roots is much higher than that of live; the former are
‘probably persistent for a number of years following death before

conspicuous humification takes place. ~This is supported by the

fact that the maximun biomass of dead roots is at a deeper level than

that of live, indicating that to some extent it represents fossilised

roots derived from the time when the bog surface was lower than at
present.

8.3 Age structure

The age structure of Calluna populations at the IBP sites have been investigated .
(Forrest, 1971, Jones, Forrest and Gore, 1971, Forrest and Smith, in prep.).

Ages were determined directly by annuval ring counts on limited Calluna sanples,

and then from regressions of age against mean basal diameter were extrapolated

to large samples of populations. Additional studies were made on tusacck

gize digtribution in E. vaginatum. '

8.3.1 Calluna vulgarié

Effect of Sphagnum overgrowth -

. Consideration of Forrest's Calluna age struciure data reveal
. gseveral inturesting features. The data for the gite at Green Burn
" (Fig. 8g), for arcas with and without active Sphagnum growth, .
indicate that where Sphagnum is present there is a higher density
of gstems of the younger age groups. This is due to Sphagnum over-
growth of the stems causing continuous rejuvenation of Callung, the
effective age of the plants measured at the bog surface remaining
more or less constent with time. Moreover the Sphagnum overgrowth
results in an increase in stem number per unit area since the
branching points are buried.
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Vegetation dynamics

* The presence of active upward growth of JSphagnum, aud absence of
- burning, differentiates Moor House from the other main British
heathland productivity sites in Dorset and the Cairngorms, and it

. : - results in an ecosystem characterised by highly complex vegetational
dynamics. Lack of burning produces a Callunetum dominated by old
plants with long straggly steuws. The waight of snow end high winds

causes the stems to become decumbent (p. 4 ) and they are buried by
the upward growth of Sphagnum, The buried stems usually roct
adventitiously into tne enveleoping Sphagnhum carpet and die back
behind because of conversion of *heir weod to heartwood {Forrest
1971). These characteristics, plus the continual death of whole
plants, and upper ghoots (mainly by desiccation when exposed in
winter (p. 4)), led Jones, Forrsat and Gore (1971), Forrest (1971)
and Jounes and Gore (1972} to regard the ecogystem at Moor House as
being in a steady state, and thus representing a climax systenm.

Comparison of TBP gites, and effects of burning

Comparison of the age structures of Calluna at the five primary
production sites of Forrest (Porrest and Snith, in prep.) which have
not been burnt in the lsst 30 years (M. Rawes, pers. comm.) (Fig.
8h), illustrates agsin the effects of Sphagnum overgrowth, The
gites at Bog Eud, Bog Hill and Sike Hill fdry§ are relatively
dry with little Sphagnum cover except at Bog Hill (Table 8a), and
with presumably relatively wmoribund Sphaghum growth. The age
structure curves of Bog Hill and Sike Hill (dry) are characterised
by a peak density at 8-9 years believed to be the result of profuse
branching of the youngest plantsg near the base: thus only g little
upward growth is sulficient to cause a large dncrease in apparent
stem density of younger stems, with littlealteration of the stem
basal ags and a consequent reduction of older sten density (Forrest
1971). With older stems rapid convergion o standing dead also
occurs. The graph Cfor Bog End does not show & peak, in this case
s peasibly the voungest plants do not branch profusely near the hase.
On all these relatively dry sites the mean age is relatively high
(Teble 82).  Sike Hill (wet), with a greater Sphagnum cover
s (Table 8a), has an age structure curve characterigsed by a relatively
high denslity of young planis, 3 result of Ephagnum overgrowth ;
which has algo caused the low mean age. These characteristics are
further accentuated at Gresu Bura, which has a large cover of actively

growing Sphagnum,

The age structure of forrest's primary production site, Cottage Hill,
differs from those detailsd above very strikingly (Fig. 8i), with a
spectacularly high astem density of the younger sge classes (Forrest
and Swith, in prep.). This site was however burnt in 1961 which
would cause rejuvenation either by killing of stems to the bog
sarface with re-sprouting, or by seedling regeneration. . Since

a mumber of stems older than mine years were found it is probable
that the temperaiture of the fire was insufficient to kill all the
original rcot stocks. wince thig site ig very wet Sphaghum over-
growth will zlso have overemphasised the rejuvensting effects of
fire.
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However a beiter indication of the effects of burning wmanagement is
obtzined by comparison of & burnt area with an adjacent area that
has not been burnt.  Fig. 83 (Jones, Forrest and Gore 1971) shows
the results of such a study on a site burnt 12 years ago. The burn
caused a lowering of Calluna mesn end modal ages. Unfortumately no

‘details of Sphagnum cover or vigour following the burn are available

from this site, and it is thus noct possible to assess to what extent

the age characteristics of the burnt site reflect the history of
regeneration followirig burning, or the effects of Sphagaum overgrowth,
The meximum age was cnly 13 yedrs indicating that regeneration was
principally by seedlings in this case. This is supported by obgervation

”(Rawes 1962). The modal age wag & years suggesting that most

regeneration was delayed until some years alter zhe hurn, thig fits
with the observation that Eriophorum spp. dominate for several years
on blarket bog following a burn (p. 4% ). ) _

Uyeciical Succession

The Moor House blanket bog ecésystem does not show -any of “the features
of the classic cyclical succession of Calluna as described by

Watt {1955) for lakenheath Warren, Breckland. In the latter area

there 1s no continuous rejuvenating influence of E hagnum overgrowth,
but death of plants when they reach about 25 years with regeneration
from geedlings which initiate the cycle ounce again. The system 1s
thus, like Moor House (p. 37 ), in a steady state condition.

it both Mbor House and Lakenheath there is a range of physiolegical
ages within each stand. Thig is in contrast to the situation in
the Cairngorms, where burning is a common mavagenent practice and
thus rejuvenation of the system takes place every 8-15 years,

‘Regeneration is either from old root stocks or seedlings depending

on the temperature of the fire, the result being blocks of even aged
atands, adjacent blocks having a different mean age.

Eriophorum vaginatwn

Erioprorem vaginatun tussock size distribution was sampled only at
the Sike Hill (ary) eite (Forrest 1971).  The data were plotted
directly in I'ig. 8k, and in Tig. Bl on a log traunsformed basis to
obtain & more normal distribution. From these graphs it is evident

‘that over 50% of the tussocks were less than 50 cm? basal avea,

(1og1 area = 1.7), although the maximuym size sawpled was 1115 cm®.
Thers were few tussocks less than 4 cm? in ares; “this was possibly
more a reflection of subjecetive saupling excluding aggregates of shoots
of less than a certain size ag not representing a tusscck, than of a
true decrease in numbers of suell tussock sizZes.  Shoot dengity was
very variable aund independent of tussock size and there was no
apparent relationship between size of tusgock and distance to the next.
Lacking data on tussock ages it is impossible to formulate any
conclugions on the dynamics of this species within the blanket bog

- conmund ty.




8.4 Pool/hummock succession

it was previously helisved that tho differentiation of the vegetation of the.
blanket bog ecosysben into a pattern of pools {[or hollows) and hummocks, )
represented a cyclical succession, with the Sphagaum dominated pools or hollow
groving upwards more rapidly than the E. vaginatum and Calluna dowinated
humgocks, which became engulfed and converted to hollows, {Tansloy, 1939).

However evidence for this type of succession slsewhere is scanty, and is non-
existent for Moor House: current opinion seems on the whole more in favour

of positional persisteuce of the system with only small scale fiuctuations
in the relative oxtent of the pools and hummocks, over a long period of time,
antil the sequence is interrupted by a large scale climatic upheaval.




9 EFFECTS OF MANAGEMENT PAST AND FPRESENT

9.1 Higtorical aspects

The earlier historical aspacts of nen's settloment of the area have been well
summarised by Johnson and Dunham (1963) and Welch (manuscript).

9.1.1 Stone - Ircn Ages

The first evidence of men's activity in the Moor House area date

from the Stone Age, tools fashioned by Mesclithic peoples being found

by Johnson and Dunham during their survey of the region. Tha imple-

wents were probably left by wandering hunters rather than being an

indication of an actusl settlement of the peoples within the ares.

Their main influence was probably initiation of forsgt clearance in the
Atlantic Perdiod. Noc legacies of the succeeding Bronze or Iron Age

cultures have besen found on the Reserve, although these peoples may ]
have been present, and remains have been found nearby. During all
these ages there is evidence, from the remains of horn sheaths, that
races of wild cattle of the oxen typs were roaming the fells and
grazing the vegetation, and these were probably the prey of the
hunters. From late in the Stone Age the cattle were domesticated
and probably were kept at relatively low altitudes.

9.1.2 Roman - Norman Periods

The Roman cccupstion was the next important event, but there is no
definite evidence of settlswent on the Reserve. Following this
period was successive colonisation by the Picts and Wallaces, Anglo-
Saxons, Nowsemen and the Normans. The Anglo-3axons are believed to
have formed the first settled communitiss in the region, but their
influence did not extend onto the marginal land of the Reserve,
since they farmed the valley bottous. The Norse introduced black-
faced sheep into north-west England and were the first peopls to
graze them on the fellg; first the western side of the Pennine . .
scarp and then later the whole area, was used as summer grazing,

and hasg besn more or less contiaucusly since.

3.1.3% Medieval Times - Present Day

Rawes (1971a), Rawes and Gore (manuscript), and Welch (manuscript)

have discussed the later influences of man and his management practices
on the vegetation of the Regerve. In Me'ieval times the Monastic
Houses were an important influence with herds of sheep, cattle and
horses on the fells. Howaver, althcough of only very localised
influence on the vegetation, the development which probably had the
most influence on the settlemont of the area was mining which had

its heyday in the esarly 19tk Century. This industry resulted

in the creation of several villages, and many farms and roads;

in fact Moor House itself was originally a miner's shop or bothy.

Often the miners were part-time farmers and thelr sheep grazed

the common fell land. The cld wins tracks caused significant =
changes in the vegetation (p. 33), and the contaminated waste tips
guppert a very distinctive and specialised flora.
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Until quite recently *he flocks of sgheep were kept largely for their
wocl, but with the development of altermative synthetic fibres,
preduction aimed less towards the wool market. Emphasis changed to meat
production and thus the winter fattening of lawbs on low ground
became important. Receatly however ever this 1s no longer an
attractive economic proposition and the future for the hill farumer,
whose flocks are virtually the only crop supported by the area,
looks uncertain. . Some changes seem inevitable in the near future.

However throughout these changes in the aims of shaep production

there has been littls significant offect on the associated manage-
ment practices as they directly affect the vegetation of the

region, Flocks have continued to graze the fells of -the Rescrve
mainly during the suwmer and autumn., At present therse are about

8500 sheep in summer, which represents a three-fdd increase over

the past 200 ycars (Welch, manuscript). Most of the twenty-two flocks
are Swaledales but in the last vear (1972) there hag been an increase

Cdn cross-brod sheep.

Horses were an important influence in the area during mining times
and wany ef the present tracks were originally defined by horses.
At the present day there are no horses on the blanket bog, although
some are grazed on the crest and western side of the Pennine scarp.
Cattle have never grazed on the Reserve but have however recently
increased in number, being mainly localised within enclosed land at
a relatively low altitude { < 700 u), and have no influence on any
of the IBP experimental sites. Geese were grazed on the fells in
the 19th Century.

The other important anthropogenic factor influcncing the vegsetation
of the area is the recreational use of the moors for the hunting

of game. This included deesr unitil the middle of the 18th Century,
which time saw the extinction from these fells of the herds that once
roaned them. Gaiuse have been shot on & large scale since the 18%h
Century.  Although nurbershave decreased over the last 50 years or
80, they have however continued to influence the region, bBoth
directly, and in thelr associated management prectices of Turning
and drainage, uwsed extensively tn maintain canepy diversity with the
aim of sgupporting waximun numbers of birds. Active management of

the Reserve area has, however, been almost entirely discontinued since
its acquisition in 1951, and no grouse have been shot since then,
However the direct influence of the bird population is still present

rand shooting takes place on surrcunding estates.

9.2 .PresentAday managenent

9.2.1

Introduction

‘The presenf day effects of management at Moor House have been

imvestigated over a long period by Rawes and others. The following
account ig drawn largely from these findings, which have been
documented in many published papers including HRawes and Welch (1964,
1966, 1969), Welch and Rawes (1964, 1965, 1966), Rawes and Gore
(manuscrlpt), and Rawes (1961, 1963, 197ia), of which the last is

a ugeful summary of some of the more jwportant conclusions,




Current management practices influence the different vegetation types

. of the Regserve to a varying exient. Rlanket bog is mainly utilised .
by ﬂrouse, Calluna vulgaris being the preferred food plant of this
apecies. Shecp are selective for the grassiand areas and exert little
effect on the blanket bog vegetation (p. 45 ). On the whole traditional
ranagsment practices, which aim towards H3X1mum‘food ‘preduction

- (Calluna and grass) for grouse aud sheep Tespectively, are at a low
intensitr, and are charscterised by extraction with almost complete
lack of nutrient replaceument either by fertilisation or liming.
However these losses are insignificant compared with those by other
agencies, ard considerable replacewent by rainfall input alsc occurs
(pe 47). Often different wmanagement practlpcs 1nteraot produ01nb effects

 distinct from those of each singly (p. 48).
9,2,2 .. TDirect umLeCtS of grouse :

- The prodactﬂon and Dlologlca; effects of the groxae populaticn at
. . loor Houge were studied by Taylor (Bvans and Taylor 1971, Tayler .
‘ 1972a and b, Tajlor end Rawes, in press ) _These birds probably
have little direct impact on the blanket bog vegetatlon, their
consumptlcn in a good grouse year at Moor House being only 2.3%-
L.6% of the Calluna green shcot production (Taylor 1972b).  However locally
they may consume a s1gn1floant proportion of Calluna shoots,
partlcularly in areas cxposed above the snow during the winter.
Although grouse have not been shot or wanaged £t Moor House gince
1951 there is no evidence of decline in the populatlon gize or
-alteration of the age structure since shooting ceased; there are
_however large yearly fluctuations in the populatlon 1971 and 1972
being particularly good years. .

5,2.% Effects of grouse mansgement practices (drainage and burning)

Grouse management'pfactices, drainage and'burning,:also_have little
direct effect on the blanket bog vegetation of The Regerve at

present.

i . fgy )
Drainage
Dralnaﬂe hy means of ditches, has been 1ittle. practised on blanket .

bog.and wheTe it has been carried out (e.g. Sike Hlll) +there has
been no detLCtablu change in the vegetation.

Burnigg

Burhing has a more gignificant effect than dralnaga ut ﬁas not
been practised on the Heserve with any regularity since 1951. Any
burning that has taken place since has been experlmental,_accldnntal
or tc aid neighbouring estates. The scale of Tedent burns, and:
thercfore associated vegetational changes, has been much smaller
than in the past; nowadays burns are only about 0,5-10 ha-in

extent compared with g maximum of about 120 ha early in the century.
The .effect of burns whlch tock place before 1951 is stlll probably
evident also.
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Burning usually kills the old Callunz stems and stimulates new
growth either frem the stem bases buried in the Deat. or from
secdlings, depending on the tewberature of the fire, If thisg

emceeds 2900C in the region of the perennating buds, death of the
“0ld roc’~stock ccours and death of the old sten bases also normally

ogeurs if the plants nre more than 15-20 vears old (Whittaker and

Giddnghan 1962), At Moor House tho of fects of burning have been
- assessed both by observation, and by experinents with long and

short rolation burn plots which also allowed evalustion of the
interactions of grazing offects with those of burning,. Thege

‘experimental plots, planned by R. J. BEllioth, were gituated on Hard
L I y I Vo =10L7T,

Hiil. They were first burnt in 1954 and the short rotstion treat-
ments were reburnt after 11 years. The results have heen agsessed
by a series of students. : :

fForfest;(l961)'carried cut a botanical analysis of the control plots
and those burnt Seven yzars previously. He fourd that regeneration

of Calluna was entirely from sead, and that cover of Calluna,
Emgetrumtaad:SEhagnum decreased on the burnt areas, and E. vaginatun
and Rubus chaua znoras increaszd, the latier species being taller
growigg &liso. Torrest suggested a scheme of guccegsion alter burning,
The pioneer stage was mainly of bryophyte and lichen gpecies favowing
a nigh light intensity, e.g. Coriseiun viride, This was succeoded

by B. vaginatun dominance and gradual eliminaticn of the pioneer
species by shading and competition. - The development of luxuriant
Sphagnum dowinated areas then followed, succeeded or accompanied by
increase of Calluna and pleurcecarpous mosses with corregponding
Gecrease of_E;lonhngE 8pp. -

Regeneration of Calluna from sead is probably fairly slow at Noor
House, particularly ia the wetter areas, The - dominancs of &,
vaginatun probably results from destruction of -falluna and burning

of old I. vaginatum leaves, thus stimulating the latter species.
since its growing yoint is protocted within other leaves attho ground
surface, and regencrative tissus is in the form of undergrovnu
rhizomes. The resting buds of Rubus chamaemorus are alsc undamaged
by fire allowing this specics fo incresse aftbsr burning (Marks

and Teylor 1972). . The normal Pericd of H. vaginatum dowinance

is c. 6 years, but if +he area is heavily grazed dominance of this
species may be maintained permanently, although Studley (1967)
obgerved that little grazing of e pegenerzting Callung plante
oceurrad. At Moor House Palluna generally returis to its co-dominance

with E. aginatum within 10 yoars under. the relatively low grazing

pressure_on the blauket bog, except at higher ~1titudes where Calluna
rgcovéry'is slower,  The bryophyte cover usually initially appears
to be Tittle affccted by a burn, butb aftor a few months it may
becoms moribund snd scms of the species may die out.

Studley (1567) also assessed the results of the experimental plots.
She found that standing crop was reduced under both treatuents but

in the long rotation plots alfter 13 years regeheration the percentage
of green shoots and the percentage of dead wood were similar to the
controls, although the standing crop was still less (Fig. 93),
Studley also found tb t tare areas liable to erosion were creatad
beneath the dead roct stocks.
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Gore and Olson (1947) investigated the probably succession following

a burn at ¥oor Houss by clipping an arca of blanket bog at Bog End.

They then simulzted this succession by using modelling  techniques R
with successive approximation of the modelling to the field rasults.

Jones, Forrazt and Gore {1971, also used a computer simulation of the

recovery of blanket bog vegetation after a firs.

Data from various workers of total standing crop recovery following

a burn at Moor House, Banchory and Derset have been plotted (Fig. 95).
In the latter are dry Callunciz at 170 m and 15 w 0.D. respect-
ively and are normally managed by regular marning. . A levelling off
of total standing crop occurs after 20 ysars at Moor House, much
earlicr than at Torset and Banchory. This presudably is becausc the
burial of decumbent Calluna stems by Sphagnun overgrowth at Moor

'Hqusé causss a more rapid attainment of equilibrium hers than at

the drier sites where there is little or no Sphagnum present.

Burning also results in sowe nutrient loss from the ecogysten, the
jmportance of which is debateable. Elliott (1953) and MeVean (1959)
found that nutrien: losg by burning, particularly of potagsium, was
serious. More recent work is however contrary to this and showed
that the soluble ions were retained by the peat mmd the nutrients
driven off in smoks (including about half the carbon, nitrogen and
sulphur in the vegetation) would be, excspt for nitrogen, all
replaced by rzin input in a short period (Allen 1964, Fvauns and
Allen 1971).  The replacement of nitrogen took longer and
mobilisation of soil nitrogen by micro-organisms may be an important
contrivutory factor in any replacemznt. I

Influence of sheep

Behaviour

On all vegctation types except the blanket bog the mest important

managenent factor is sheep grazing, and it probably is the main

factor determining the cowmunity composition, particularly on drier .
gites. Bach ewe tends to keep within its own territory which over-
laps with that of others, and as new lauwbs are born they continue
the traditions. 4 ews will normally be on the fell for only three
years. Since the western side and the crest of the Pennine ridge
ig largely grassland and the castern side mainly blaunket bog,

there are fewer flock territories on the castern side than on the
remainder, the sheep tending to favour the grasslands. The type

of community favoured by sheep is also influenced by where they ware
raisead.

Efficiency of production

The fell sheep is a very inefficieant animal, with a slow growth

rate, cach animal producing little in any one year. The efficiency

of animal production:food intake is only 2.2% (Rawes 197la) compared

with 10.9% for beef catble on lowland areas (Phillipson 1966).

The annual et production of sheep at Moor House is only 22.8 kg/ha *
fresh weight (Rawcs and Welch 1969) and much of the aannual primary
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production ig not utilised by the herbivores. Rawes and Welch {1969)

‘have also Xamlﬁmd the sheep dbﬂslﬁy, herbage production and intake

over. a six month growing sszasgon, on 16- different sites representing
the six most important sward types. The aVJrage inteke of asheep
was 1.5 kg/&ay The production of the-swards was gunerally low and
not ‘dirsctly related ‘o thelr utilisation by sheep, since the wost
favoured igrostis/Pestuca grasslands had a higher productivity than

the lesser use 2d vege tation types (Tablp Ja ). ‘ Altitudinal variation

also causua largm dlffbrrPCes 1n Lhﬁ Uroiuctﬂon of “the communities.

Botanical effects of grazing

 Grazing wanag ment may chaagb by increags or dec rease of grazing,

seasonal differences in grazing 1ntbn51ty, or alflgrences 1n the age-
clags of the lOCﬁS-

'Thb eLfect: of rbv0val of grazing on thb botanical cowmposition of the

vegetation have been assessed by Welch and Rawas (1954), uging
charting methods and 1000 permansnt point quadrats at threec grassland
sites. These changes have now been followzd for sixteen years
although the later results have yet to be published. In general
removal of. grazing led to rcater'differentiation of ‘gwards with less
intordigitation -of growth of acdjacent plants and reduced cover of

" unpalatable specics. | Later work by Rawes et. 2l. assessed the

effects of a range of gravlné intensities a+ dlfferant seaqons of
the year.

The small inflience of the vrescent grazing Yegime on the blanket
bog vegetation is illustrated by the offect of fenced exclosures
at Bog Hill; even after 16.years there was little change in the
vegetation which is therefore probably approaching a climdx.

 Trampling by sheep may however have more significant effects (Forrest
:1961), by redU01H£ Sphagnum cover. Sheep density on the blanket
bog fay be as low as 0.025 sheep/ha fwalch and Rawes 1966) but it is

. vormally about flv: times this. Auny iucrease in the number of

sheep. on_ the fbll would. cause groater utiligation of:the blanket
bog areas. Paltlculsrly important would ba increased use of  the
fells for winbter grazing;- the blanket bog is relatively more
attractive at this time of the year because of the winter browning
of greassland. At present Calluna and Eriophorum vaginztun are

wtilised to a certain extent during this season, the Ilatber being
a specles capable of growth at low temperaturess.  Trichophoxrum

cespitosun, Nartheciun cgsifragum, Briophorum angugtifolium:and

‘Rubug chamacgmorus arce alsc utilised, partlcukarly in late suimer
Tayloxr and Marks (1971) investigated the'effects of sneep gr321ng

on the growth of Bublus chamacmorus and concluded that the shbbp
gought out and closely grazed the young shoots and flowers of this
species and E, vaginatun. Walch and Rawes (1966 compared three
areas. of blanket bog just cutsids the Reserve, which were subjected

i to différent grazing intensity. 4n increase of grazing intensity

" on blanket bog ecauses, on the drier arezs, decrease of Cslluma and

inereass 6f Daschampsia flexuosa-and Festuca- 0v1na,—and on the
wetter sites dominance of Juncus sguarrosus. Taus the value of the
coumunity for grazing has been enhanced by increased grazing




pressure (Rawes 197la),  More recent work a® House Hill showed
early elimination of Czlluna from blanket bog subjected to heavy
grazing, (Rawes and Williams, in press). -At higher altitudes
Crlluna is replaced by Empetrum nigrum as a result of grazing

and possibly also climate, The effects on the blanket bog
vegetation of winter versus summer grazing are heing assessed at
House Hill, and have yet to be evaluated. _The change under
grazing to a largely hémicryptophytic-vegetaticn,'is‘mainly a result
of the ahility of this vegetation type to withatand cropping, since
the growing point remains undamaged.

The non-blanket bog vegetation types are utilised by sheep to &

. yariable degree dependent on a unumber of factors. These include,
apart from the botanical comp)sitioﬁ~and therefors palatability
of the herbage, factors such as exposure, sheltered communities
being preferred. Algo important ian determining utilisation are
the altitude of the community, the uumber of sheep available, the
wetness of the vegetation, and the presence of alternative more
palatable communities.

211 the gradsland communities reflect only the effects of sheep,
there being no grousge, or managenent practices such as burning or
drainage, on these areas. All these communities are appaTently
at eguilibrium, thsre being no evidence of change in botanical
cowposition under the present grazing regime, except in certain
overgrazec Agrostig/Festuca swards (see below). Trees would -
probably be the climax vegetation on many of these areas below
600 w altitude. ' ' ;

The plant community most readily digestad and thexefore preferred
by sheep is the Agroétig/Festuca gragsland, characteristic of
ghallow limestone soils. On the west side of the Reserve this
vegetation type is overgrazed insoms areas, mnpalatable specles
such as bryophytes and Cirsium spp. having increased. On the

east side, where this community is wore localised by streams and
gink holes, nc overgraming occurs, sincs the area 1s Tested in
winter when the sheep are removed from the fells. The sheep on this
gide of ‘the fell put on 3 kg more weight by July than on the weat
side, probably bhecausc of the lighter grazing pressure on the foeod
sources, (Rawes and Welch 1969). . The Agrostis/Festuca grassland
is very palatable and 50% of the above-grourd herbage production is
utilised {Rawes and Welch, 1969), comparad with only 149 by beef
cattle in a pastoral system in England {MacFadyen 1964). Grazing
density on the Agrogtis/Festuca community is usually 5-13 gheép/ha .
Some of the flowering plants (e.g. Myosotis alpestris) have evolved
dwarf ecotypes,imcreasing their ebility to withstand grazing
(Blkington 1962). Removal of grazing (Welch and Rawes 1964)

in general leads to decrease of bryophytes and lichens and many
Tlowering plants at present characteristic of -the Agrogtiq/Eestuca
grassland, and increase in specles such as Deschampsia caegpitosa,
Aehilles millefolium, Agrostis tenuis and Festuca ovina. HMany of

these areas would probably revert to fall herb, scrub, or fern
communities, in the absence of grazing. I -
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It is believed that there is a vaximum acceptable density of sheep

on an drea of Agrostis/Festuca grassland, and this is determined

by the number of sheep with territories which includs the particular

sward, which will be actively defended. If this density is exceeded
any cxtra animals will wove onto o*her adjacent vegetation types such

‘as Nardetum, Juncetim (thess *wo communities together occupy 209%

of the Reserve area), Fegtucetum, and to a lesser extent bhlanket

‘bog.

Within fthe Juncetum Juncus squarrosus itself is little grazed,
except in spring when it is one of the few remaining green plants,
but the grass species are utilised more fully. The production of
this community as a whole is relatively aigh in comparison to other
grasslands and the blanket bog, and the proportiion consumed is alsc
relatively large. However the Juncetum is little grazed during the
late summer when the main vegetation type utilised is Nardetum.

The latter hag a lower productivity, of a wore fibrous and wineral
poor herbage than the Juncetum, although its utilisation by sheep
i3 more than that of the latter community. Removal of graming

on these twe coumunitiss, and on Festucetun (Welch and Rawes 1964)

leads to increase of Degchampsia flexuosa and decrease of Nardus and

JUNCUs.

Other effects of graiing

However it addition to direct botanical change alteration of the
grazing regime has other offects, chief affects of which are on

nutrient distribution. Crisp (1956) constructed a balance sheet

for a catchment on the cast side of the Reserve and found that the
actual nutrient loss from the ecosysiem by cropping is very low in
comparison to the total less which is wainly by erosion and selution,
and the input in rainfall (Table 9b). Nitrogeu has the highest

less through cropping but this is only 0.5% of the total, and phosphate

with the highest proportionate loss is only 1% of the total.
However the total loss from the catchment is not eatirely replaced
" by rainfall input, and there is a continucus small scale nutrient

loss from this ecosystem of original low fertility.

More important than nutrient loss via sheep cropping is probably
redistribution of nutrients, both between and within plant .
communities, by defascation and urination (Table 9¢). Rawes and
Welch (1969) regard betwsen site transfers ss non-siguificant, butb
there may be nutrient enrichment of night resting sites with a
concomitant impoverishment of day~time feeding sites;-mainly Agrostis/
Fegtuca grassland. There is probably significant within sward

transfer (Hilder 1966) and defaecation may increase bBiological

activity and thus nutrient availability.

Botanical change resulting from alteration of grazing management
may causge nutrient effects and chaanges in litter type and decomposition

""rate. The nutrient effects wainly zesult from the différent rooting

depths of each species. For example Eriophorun vaginatum, can
obtain 70% of its phosphorus supply from below 15 cms (Boggie et.
al. 1958) and thus burning and the resulting E. vaginatum dominance
may lead to increased phosphorus availability to the succeeding
shallower rooted species. Also the decreased Sphagnum cover
caused by grazing and burning may reduce the nutrient abscrpiive
capacity of the ecogystem (Gore and Allan 1956).
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The amount of litter accumulating may be altered if grazing is
removed from an area. Welch and Rawes (1964) in their studies of

three grassland exclosures (p.45 ) observed increased accunulation

of organic matter following removal of grazing, a'distinct_litter
layer being fdrmed., 'This accumulation was greatest on the highest
site (Great Dun Tell)}, there being neatrly twice as much litter
after seven years eéxclosure, as on the grazed sward (Table 9d).
This litter accumulation way cause acidification of the soil.

The Great Dun Fell site was on & sandstone soil, at Krock Fell

 the exclosure wag ou a brown calcareous soll and here there was a

decrease in accumulated litter over the season. This suggests

a more rapid breakdown thau at the other two sites studied,
possibly because of the more fertile soil at Knock Fell (Rawes and
Weleb. 1964).. Change in species forming the litter may also

. oceur following grazing removal, with consequent change in decom-
position rates (Heal and Latter 1971).  The decomposition of litter
‘is also influenced by compaction and puddling produced hy sheep

trampling.

The changes in 1itter characteristics and absorption canacity are

wost marked on peat soils, whereas nutrient effects are'dqminant on

" fineral soils.,

Interaction of geveral maragement practices

Moar House Nationsl Nature Reserve is thus an area conslsting of

4 mosaic of different plant communities, upon each of which the various
management practices have different effects.  ILittle is known
however about the interacting effecls of a combination of several
managenont practices on preductivity, fertility, and botanical
composition, or of applying thesse practices in an extreme [orm,
important in view of their low intensity of operation at present.
The effects of the interaction of burning and grazing have been
agsessed at House Hill and preliminary results are discussed in
Rawes and Williams (irn press). Burning prior to heavy grazing
caused fow effacts additional to those of heavy grazing alone,
except for earlier reduction of Calluna, The interaction of
burning and grazing has also been studied on the Hard Hill experi-
mental plots (p. 43) and the effects of this interaction on

" Calluna productivity are described in Rawes and Williams (in press)

and on Rubug performance in Taylor and Marks (1971).and Marks and

Taylor (1972).

Reversibility of nmanagement practiccs

The whole quéstion of the_reverSibility of managenent induced changes
ig also extremely important and has rarely been investigated
experimentally. It is believed that the dominance of E. vaginatum

_in the southern Pennines is due to grazing, burning (Pearsall 1941,
1950) and pollution, and is possibly a non-reversible change

(Rawes and Gore, manuscript)._ Jones (196?) vorking iun Wales,

found the offects of exclosure still apparent in swards that had

been re-opened to grazing 25 years previously.
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Possibilities of upgrading and other land-iise optiocuns

There is a possibility that this relatively unproductive land
could be upgraded by fertilisatiocn and reseeding. Timited

- fertilisation experiments have been tried and on blanket bog there

was no response 10 calcium or .phosphate application (Gore 196la.
and b, 1965), and only a swall response to nitrogen (Gore 19561b,

:1963) "It would thus appear that there is probably no one llmlting

factor to growth on blanket peat a2t Mcor House. Cn Eriophorstum

- nitreogen applied at 43 kg/ha doubled grazing (RaWes and Gore,
"manuscrlpt), and ‘on Agrecstis/Festuca grassland Rawes: {1963%) showed -
“that the standing crop of 2400 1b/acre was doubled. by the .

" application of NPK fertiliser aud ground limestone. - However.

there was little risponse on Nardetum (Rawes 1965), it being
thought that wmechanical action was regquired first in this case.
Reseeding has been tried on blanket bog, good ylelds belng
nbtaLned w1th grasses under heavy fertlllsatlon.

The prlnozpal alternatlve land use for: thig marglnal land is

- forestry, and the feasibility of this on blanket bog.-has been
‘asgessed by trials ofdifferent ‘ree species (Miller 1958,
" Carlisle =t. al. 1959~71, Brown, Carlisle and White 1964).

On the whele the Pinus -spp. ( sylvestrig, P. contorta-and B,
muge var, rostrata) rerforwed. best; Picea: Bltchensls iAlaskan
provenance ) and Larix eurolepis also grew gquite well. These
workers also applied a range of fertiliser trsaitments to one
species (Pinus contorta) growing on blanket peat at Beg End and

‘showed that phosphorus and. potagsium were llnltlng but mineralisgtion
~oof nltrogen wag adequate to malntaln grhwth

These 1arge arasas of blanket peat rre algo ugeful as a medlum for.

water sturage, buffering the effocts of heavy rain storms and-

prolcnged drcughts.
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.10 FAUNA AND MICROFLORA

| 10.1 Introdaction -

The invertebrate fauns, cepecially the soil fauna, has been extensively studied >
at Moor House with less attention paid to the microflora and 10 vertebrates. In

the pxesent paper. a detailed description of the fauna and microflora 1s unot

attempted, only a brief comment on some of the general features is given. A
summary of the main invertebrates studied, with references, is given in Table

10a and a full bibliography in Rawes (1971b). A review and discussion of the
invertebrate fauna wes published in 1961 by J. B. Cragg wno supervised nost

of the fauna research. The research has continued for ancther decade and the
broad characteristics which he describes have been confirned although many édetails
have been refined. '

10,2 Vertebrates

There is a restricted range of vertebrates at Moor House {(Table 10b) and few
species have been studied intensively. The general impraession 1s that on the
blanket bog, grouse are the .only vertebrate present in large numbers. Taylor
and Rawes (in press) report numbers over the range 0,39 to 5.55 birds/ha in
autumn, 1971 and 1972 being vears with very high population densities. Liow
densities of shesp (0.01 to 0i7l/ha) and Microtus (c. 1.0/ha) are reported

by Rawes and Welch (1969) and Bvans and Evans (1971) respectively.

On the Festuca/Agrostis and Juncus Squarrdsus,grasslahdS, sheep, in summer,

are present in numbers between 0.6 and 1%.%/ha. Microtus reaches 30 individuals/
ha in sheep exclosures where vegetation is taller than on grazed grasslands
(Evans and Evans 1971),  Of the birds, the meadow pipit (Anthus pratense) is
common (O.E/ha) along the streawm banks where 1t fecds on tipulids and agquatic
ingacts (Coulson 1956), A very low rate of predation on the chicks of the
meadow pipit compaxed with lower altitudes (Coulson 1956) and the low mropertion
of the Tipula subnodicornig population consumed by the pipiltg - and by spiders
(Cherrett 1961) — supports the subjective impression that® there is a restricted
trophic pyramid at Mooxr House. Some observations on the gut ‘sontént of Rana
temmorariz and Sorex spp. are given by Houston 1970.

10,3 Invertebrates %

Cragg (1961) emphesised that *the invertebrate fauna of Moor House proved more
complex than was expected when the site was selected, in 1952, for intensive
study. Since 1961 an extensive study of invertebrates produced a list of 637
speciles (Nelson 1971). This, with previous studies, brings the number of
identified species of invertebrates to just over 1000 for the Reserve.

In a comparison of the fauna of the different soil types Cragg showed that

the biomass was greatest in limestone grassland, intermediate in Juncug meor
and low in Caliuna moocr. The grasslands are domirated by esarthworms, the peaty
soils by Enciytracidae, TFurther analysis hy lMacFadyen (196%), Springett (1967)
and more recent studies on enchytraeids and tipulids confirm the broad pattern
indicated in the earlier calculations. A summary, from Springett (1967), is
given in Table 10 c.
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The species composition of the invertebrate fauna varies grestly between the
soil and vegetation types (Nelson 1971, and specialist papers), However the
total number of species does not differ markedly between sites, with the
exception of the very wet Valley Bog (Table 10d). The amount of structural
divergity, the number cf plant species, and the soil conditions appear to
influence the number of species present (Nelson 1971, Cherrett 1954}, One
feature of the fauna is that, in many taxonowic groups, the spvecies composition

shows similarities to arctic-alipine and Fennoscandian faunas, probably reflecting

the c¢limatic conditions at Moor House.

Within each major plant comsunity, the individual groups of goil fauna have
ugually bheen shown to be aggregated in numbers and to have wicro-habitat
separation of species related to wmoisture conditions and plant composition,
(e.g. Peachey 196%, Cherrett 1964, Hale 1966). Studies of thke vertical
distribution of moil fauna show that on the blanket bog the majority of
individuals of all groups are restricted to the upper 5 cms of the litter and
peat, presumably because of the waterlogged conditions. A greater depth
distribution sometimes occurs in the podegols aund brown earths of the alluvial
and limestone grasslands.

The porulation dynamics of a number cf specles indicate the importance of
climatic factors in controlling populatcions. Fredators and parasitea, as an
influence on populations, are less important than in lowland Britain, and
density related mortality has been indicated only rarely, (Cragz 1961,
Whictaker 1971, Hadley 1971, Forobin 1971).

The trophic relations of the so0il fauna are little understood in comparison
to population characteristics. MacFadyen (196%) on the basis of data in
Cragg (1961) and knowledge of the organisms, gave a quantitative assessment
of *he wairn trophic levels of the scil fauna of the limestone and Juncus
grassland, {Table 10e). Herbiveres contribute 1little on these sites and on
the blanket bog (Heal, 1972). The majority of soil fauna is involved in
detritus or microbial Ieeding and carnivores, both invertebrate and
vertebrate, are largely dependent on a detritus rather than a herbivore food
chain.

10.4 Microflors

The soil wicroflora is characterised by incresasing numbers of species and
individuals and rates of activity over the series bare peat, blanket bog,
Juncus moor and limestone grassland (Fig, 10a) (latier, Cragg and Heal 1967).
The levels in each so0il type are not dstectably different from those in
gimilar lowland soils. Ag with the soil invertebrates there are marked
patiterns of micro-habita+t and vertical digtribution,

Intensive studies of bacteria on the blanket bhog by V. G. Collins and

B. T. I'Sylva, A. J, Holding, N, Martin and E, MacEvoy, are in

preparation for publication, but a summary of estimates of different bio~
chemical groups of bacteria, is given in Tabhle 10f, Lists of fungal species
are given in latter, Cragg and Heal (1967) and a more recent list of 48 species
of bvasidiomycetes was compiled by Boulton (1972).
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Vegetation map of Moor House National Nature Regerve (Eddy, Welch
and Rawes 1969)

Nermal information analysis of vegetation of IBP sites (R. S. Clymo,
pers., comm.)

Site distribution of information analysis quadrat groups (R. S. Clymo,
pPers. comm. )

Normal information analysis of vegetation of IRP sites (omitting
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Teble 2b Coefficients for the regressions of radiation on sunshine
duretion (4, D. Bailey, pers. comm.)
Regressions in the formy = & + bX. ¥y = { or Q/QA and .
X = n or n/n, where 9 - actual radiation (geal. cw®<); =
3y — total possible radiation for period (geal, cm™e);
n - actual sunshine (hrs); ng, - totzl possible sunshine

for period {hrs)., T - o .
Reg. Q_PQ noo ? ﬁsg. Q/Qﬁ on n/'n.A
lonth & Year 1 .b” r a b Coor b
October '71 56 Thidy 20.608 . 0.869 . 0.156 0.571 . 0.906
November '74 30,323 15,04 0.914 0,153 0.6L2  0.88
December 71 18,082 11,620 C.667 0.145 0.696  0.693
January '72 21.159 19,920 0.811 0.135 0.811  C.506 .
February '72 52,952 19.637 Q.qbz - 0.187 Oiéjf.K 0,795
March '72 102,971 25.649  0.882 0,208 0,592 - 0,928 ,
April '72 141,042 31,169 0.9 0.197 0.582  0.929
Mey 172 145,098 36,48 d.9hk T 0,159 0.63 ~ D.9LE
June 172 1?1.204:  34.917 0.962 0.170 0.589 C.963
July 172 188,027 31.172 © C0.958 © T 0494 0,530 0.959
August '72 142,248 3,958 0.955 0,172 0.594  0.945

September '72 120,229 - 20,787 - . 0.933 . . 0.209 0,501 . 0.946
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Table 32  Grant tempersture probe positions on Sike Hiil

e

1 - 25 Peat under gﬁllu?ng
2 - 10 Feat under Caiiu
3 - 6 cat under O Al
I - 3 - Peat und@rlﬂ g
2 -1 In Calluna 1
5 - 1 In C&llrﬁ& litter
7 + L4 approx. &HPBi.ZU" (Cd&lun@ enclosure)
8 + L armrox. Rubus zone (:?f orum enulosure)r
9 In stream Tn Dodgen Pot Syke
10 In stream In Dodger Pot 3y
11 - 1 {arbitrary) In Eriophorum litter in tuesock
12 ~ 4 (arbitrery) Tn Ericphorum litter in tussock
13 + 18 In Colluna canony
14 +152- Above C&lluna CANOTY
15 +152 Above Cu" Lung Canopy
15 + 18 In Calluna canopy
17 - 0.5 In qugﬁmﬁg
18 - 0.5 In Sphagnum
19 - 5.0 In
20 -~ 5.0 In ,
21 + 2 T uncu% vezetation
22 + 2 In {Eggus vegetation
23 - 1 In Juncus litter
24 - 1 In Jupcug litter
25 - 3 Peab under Junous
26 - 6 Peat under Juncus
27 10 Peat under Jurcﬁs
28 - 25 Peat under Juncus

e




Table 3b Accumulated temperature dums for 1969 for range of litters examined

Litter Type and
Probe Position

Calluna
Sphagnum
Sphagnum
Eriophorun

Juncus

CIn

CI

Accumulated Temperaturg Sum
(Day Degrees above € C)

Replicate 1 Revlicate 2

1954
2927

2123

2228

2238""”

1982
2069

2123

2077

2181

w




Table 3¢ Predicted and actual temperatures for probe 3
{=6 cm)for 1970}

Prediction based on conversion for PFrobe 20 (-5 em) (J. 4. Webster,
pers, comm,) i.e. if met. Aifférence 1969/70 > 1° reduce this
difference by 1° and use resulting figure tc correct probe Fourier
values for 1969, (dny values < -1°C are taken as -1°¢C)

T%@mamwe(ow

1 - 1.0 e e = 1.3

2 ~ Ok o - 1.0 - 0.8

8 - 1.0 - s < 1.0
13 - 1.0 N - 1.0
17 3.3 2.6 3.5

20 6.3 B % 7.7

22 8e9 102 10,4

26 9l 1046 9.3 -
27 10,7 T 12.2

32 1.6 409 11.6

A




Table 3d Grant temperature probe positions on

Burnt Hill (Clymo rers. corm ) .
Probe height (cm) Probe poaitien
+ 152 Stanchion
+ 10 Stanchion
+ 1 . Stanchion 5
0 Lawn”(é sites)
#] Hummock top ;
0 0 - Hummock, N. face
0 ) Hummock, I face :
0 Hummock, SW face
a Pool (2 sites) -
= 1.5 Below lawn
- 5 Beldw lawn
~ 29 Below lawn
- 29 Below Muammock top
- 29 Below pool bottom

E




Table 3e

Time (4st May)

s
13.%0

14,00
15.00
16.00
17.00

Time (1st May)

Se.
13.00

14,00
15,00
15.00
17.00

Poal

1440
1545
1640
133
11.0

SH

1345
15.8
18,5
13,3
10,0

Temperatures {°C) in different Sphagnum
microhabitats. (Clymo and Reddaway, 496c)

Microkabitat
Lawn Tummock
13.5 . 171 a
1’.5 12'5
‘1"}—{-00 . . 15.0
1.0 11.0
9.0 G.0

Hummoelk aspect

N Rt
117 . 10.5 1
12,0 12.3 1
11.0 12.0 1
5.0 10.0 1
7.5 8.3

Weather conditions - pertially overcast

Top
1.5

2.5
340

1.0

9.0

These figurss represent only a swall sample of reliminary results.
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. Table 5a Seasoral variation of redox zomation, pil
and moisture content at Bog End,
(Collins and D'Sylva, 1972)

¥ pH Mcisture content

Range of Dist. water 1M KC1 % dry wt.

Horizon depth (om)

| September 1970

Litter 0- 4 3,38 _ - 1264
Black brown 2-17 3,50 - 1095,6
Green brown T-22 2.4 - 959.7
Red brown 22+ 3.4:0 - 90%.9

Cctober 1970

Litter o= 9 3,70 3425 806.6
Black brown L=16 3.71 3,20 1084, 2
. Green brown 10-27 3.60 3,43 10/.2
Red brown 27+ 3.60 2.98 869.9

February 1974

Litter =12 34353 290 1289,1
Black brown 2.5-14 3.20 2.73 1069.4.
Green brown 1119 3,06 2.58 107344,
Red brown 19+ 2.93 2,61 833,5
April 1971
Litter 0~ 9 3.50 3.00 798,72
Black hrown 2-16 3.53 2.85 1097.9
Green brown 6-2% 336 2. 71 573.5
s Red brown 234 3,19 2.66 85)..8
June 1971
Hlack brown L=20 3,56 2. 85 1124.0
Gresn brown 1428 3. 36 Z.68 866.3%
Red brown 25+ 3. 33 2.6 1025,0

Results are the means of 3 samples
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Table 5j. = Peaty Gley-typical profile (frem Hernung 1968)

Location

e

Nat. Grid Refsrernce:

Altitude

Relief and aspect
Geclogical data

Vegetation

Horizon

30 - L0+

e

Three-quarters of a mile north of Knock Ore Gill

695307
1700 ft. 0.D. .

‘A slope of 6° with a south wesferly'aspect .

The soil 1s developed in a layer of superficial
material overlying

Juncetum squarrosi sub-zipinum

Trace

Brown, wet, Junous and Nardus leaves,

Black, greaay peaty humis.

Dark grey brown (10 YR 4/2), firm but plastic

stony clay loam; weak, coarse blocky; frequent
roots; low organic matter content; frequent

medium, distinct, yellowish red { 5 YR 4/6) mottles
along root channels and frequent fins ones of the
same colour elsewhere; merging regular boundary.
Dark grey (10 YR 4/4), very firm, stony clay loam;

massive; cccasional roots; low organic metter

‘content; frequent, medium to large, distinct,

vellowizh red (5 YR 4A) mottles; merging regular
boundary.

Dark grey (5 YR 4/1), very firm, steny clay loamsg;

massive; freguent, medium, distinet, strong brown
(7.5 YR 5/6) mottles, but restricted to root channels,




Table bk Peaty Gleyed Podscl - typical profile (from Hornung, 1968)

Location - : Eighty yards south of Knock Qre £ill

Nat. grid Reference : 696298

Altitude r 1250 £t. 0.D.

Relief and aspect i A15° slope to “he north west to Knock Qre Gill
Geological data -+ 1A thick layer of superficial material overlies the

Basement Series of the local Carboniferous

Vegetation ¢ Nardetunm sub-alpinum
Horizon E
ins
9 -9 | .
L o
9 ~8 Mainly Nardus leaves
F
8 -¢C Black, wet, greasy peat; sharp regular boundary.
H .
0 - 6{8) , Brown (7.5 ¥R 5/2), firm, very stony loam; weak,

moderated blocky; frequent live roots: almost a
Aon _ platfor@ of large stones near the base of the horizon;
low crganic matter content; no #dttles; sharp,
irregular boundary., - &
BPAN _ Up to 4" iron pan; root mat on the upper surface;
very sinuous; conbinuous; sharp, irregular boundary. .
& =7 Reddish brown (5 YR 4/i.), firm, very stony clay loan;
B weall medium blocky; no roots, low organic matter:
. no mottles; clear; irregular boundary.
7= 1 ; _ Grey {5 YR 5/ﬁ),-firm,‘stony clay; very weak coarse
blocky; no roots; low organic matter content; frequent

medium distinet yellowish red (5 YR 5/8) wottles;

gradual reguiar boundary.
11 - 2t Grey brown (10 YR 5/2), firm, stony clay loam to clay:
C structureless ~ massive; no roots; frequent medium, i

distinct, strong brown (7.5 YR 5/6) mattles.




Tatie 51  Humus Iron Podsol - typical profile (from Hornung, 1968)

Location : Hard Ridge
Nat. Grid Reference : 726331
Altitude : 2300 £%. 0.D.
Relief and aspect ¢ Bench on the E-W frending Hard Ridge, slizht
skope to the north,
Geological data - 1 Bedrock is the Quarry Hazle Sandstone
Vegetation : Festucetunm
Horigen,
N ins
L Few recent leaves
: 1.1/3 - 1% Dark brown, plant remains recognizable,
F o gradual, regular boundary.
15 = 0 : . Black (2.5 YR 2/0), friable, veaty humus; a little
H mineral matter; moderate medium crumb; sharp regular
boundary,
G -5 Grey brown (10 YR 5/2), loose, very stonys loamy sand;
Az structureless - single grain to weak, fine crumb;
abundant roots; low organic matter content; sharp
_ regular boundary. '
5 -7 Black (5 YR 2/1); friable, very story, loamy sand; weak
) BH wodius crumb, frequent roots; low organic matter content;
- sharp regular junction. _
- 7 =12 Dark brown (7.5 YR 4/), friable, stony' sardy clay loam;
B2 mederate medium crumbd; occasionasl live roots;: low
organic matter content; merging regular boundary.
12 ~18 Dark yellow brown (10 YR 4/i), friable, storw. sandy loam;
B3 wedak medium crunh; occaszional roots, low organic matter
content; merging regular boundary.
18 <434 Yellowish brown (10 YR 5/6), compacted, stony sandy

¢ loam; structureless - single grain: rno roots.




Toble 5m Acid Brown Earth - typical profile. (Esor Herpung 1763)

Location

Nat. Grid Reference
Altitude

hedief arnd agpeect
Geologleal data

Vegctation

Horizon

ins

Northerr. slopes of Hard Hill -

726333 '

2200 £+, 0.D.

Almost level bench on o north facing slope.
The underlying limestone is the Four Fathom.

An association related to an Arrosto-Festucotum but
Hpr : .

e e

Dark browm (10 YR,L/L) friable loam; mcderate mediunm
granuler; high organic matter content; dense root mat; -
earthworms; clear and regular boundary.

Brown (7.5 YR 4/2), slightly storg, firm, silty losm;

moderate coarse granular; freouent rocts: earthworms:
_ g i 1 5 3

merging boundary.

Browvn (7.5 YR 4/4), very stony,, firm silty clay, modemte

-coarse granular; frequent roots; many, highly weathersd

decaleified limestone fragments; merging beundary,

Bedrock limestone.with some brown scil material

along joint faces.

L1




. Table 51  Brown galcarcous Soil - typical profile (from Hormgmg 1568)

Location : Northern end.of Xnock Fell
Nat. Grid Reference : 716311 | B o
Altitude r 2450 ft. 0.D, i _
Relief and zspect : A gentle slope-to‘the”pqrth e%st
Geologicai data” “ff The Great_Limééféﬁe.isdﬁédfocﬁ
Vegetation : 'Agrostquéétucéiﬁﬁi
: Horigon o | |
j‘ns RN
. G- 4 Very dark grey brown (10 YR 3/2), friable clay iéé@i
A . strong fine crumb; abundant live roots; very few o

stones; moderafewéfgéhié'ﬁatter content; irregular
i B _”graduglibouhdary.-” o |
- 8 . Yory dark brown (40 YR 2/2), friable to firm olay
(B) " ' loam;'strdﬁg medium crumbj'frequent: live roots;
e | mddef&fé'brgaﬁicyﬁétter ccnfént; few stones; sharp
irregular houndary,
9 - 13+ Zone of fragmented limestone bedrock with clay loam

C botween the boulders; the soil-limestone interface

* . is stained black.




Table 50 Rendzina - typical profile (from Hornung 1968)

Location : North east edge of Knock Fell.

Nat. Grid Reference 716311
Altitude 1 24h0 ft. 0.D.
Relief and aspect : A gentie slope to the north east, to the col.
between Knock Fell and Green Fell.
Geological data : Bedrock is the Great Limestone.
Vegetation :  Agrosto-Festucetum
Horizon _ s
ins _' _
A Very dark brown black (10 YR 2/2), friable, stony
0~ 2" (6") loan strong medium to fine crumb; freely drained;

dense mat of livirg roots; high organic matter
content; earthworms present; sharp boundary.

C Fraguented bedrock limestone with z trace of soil

between the blocks.




Table fa  The extent of vegetation types on Moor House
" National Nature Reservé (after Bidy, Welch
and Rawes, 1969)

wree (ha)
Vegetation types i C E Total
Blanket ﬁﬁ&i
C&lluna-Erlopnorum—thagnum 0 63 1137 1200
Trlchophorum-Erlopqorum and .
recolonised peat 20 264, 340 68/,
Eroding bog 2 104 217 323
: Total . 82 3 169, - 2207
. Grasslands
Juncus squarrosus o 124 . ' 239 LR : 577
Nardus stricta . - 255 266 94 : 615
Festuca 5 147 1 183
Agrostis-Festuca 55 28 37 150
Scree, made ground etc, 100 33 21 154
Pteridium (Bracken) _ 3 . e o 3
Total o © 630 713 170 1513
Poor flens and flushes
Total 18. 49 55 : i 122
. ggjals SR 730 1193 1919 | 3842
W = Western escarpment below 671m
i C = Central ridge above 6?1m

= Eastern plateau below 671m
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Tabtle 7¢  Cover of vascular species at four IBP sites (Porrest, pors.
comm.) {as % of pins contacted over 21l strats) s

Sike Hill 3ike Hill - . .

Species (-dr_y) * (wet) 53?92311 ' Gre:lez;?gurn
\ 1968 1970 ’
Calluna vulgaris Iive 68.9 + 5.3 S1.1 £ 5.6 BOLE £ T 69.6 + 9.4
Dead 8.0 + T Thad + 7.2 72.8 ¥ Bk L7 + 15.5
Total (8541 + 3.3 0 90,5 4 2.7 9C.0 + 2.6 82,6 + 6.5 =
Eriophorum vaginatum Live  65.4 & 7.3 72,3 4 B0 €3.4 + 15.7  27.3 + 10.6
Dead 83k + ka3 79.9 & 8.6 76,0 £ B3 LS. 1 141 .
Total 89,0 + L3 871 + 8.2 43,3 + 9.0 53.5 + 14.0
E, angustifglium ‘ ~ 0.5 + 0.6 - 3.t = 5.3
Empetrum nigrum C26.L 4 6,2 26,3 s 6.5 22.0‘1 6.1 0.1+ 0.3
Frica tetralix - - - 194 + 15.7
Rubus chamaemorus 2.9 + 2.7 €5 + 241 4o8 & 244 -
Vaceinium myrtillus R P A 0.6 0.3 + 0.6 0.1 + 043 -
V. oXvecoccus - - - 1.8 + 4.2
Listera cordata Oub + 04 0.3 + 0.4 0.6 + 0.8 -
Drosera rotundifolia - - - 0e3 ¢+ 0.4 o~
¢
¢ Vascular speciss 99.4 & 0.9 99.5 4 0.6 994 + 0.6 9y 3+ 4.9

-




Table 8a. Caliuna parameters, S hagnum cover, and burning history
for ssven sites (Forrest, pers. comm, )

Calluna
. S Mean _ _
S:ite iizzn “‘12(121 atem Sphagnum C?i:ium " Yps, since
: -e nurbey s last burn--
(yrs.) (yrs.) or o (%) _
Sike Hill (dry) 11.54 8 110 15 : £ 30
Bog Hill 8.48 9 159 - Bl < 30
Green Bum L. G7 -1 3.3 &0 < B0

: Bog End 16,21 6 197 - 17 C w30
Cottage Hill 3B 3,09 1 9551 61 -9
. Sike Hill (wet) 6.26 5 173 16 & 30
Long Hill . BLLL 6 173 - N.D, ' 12

Long Hill 10.86 11 88 M.D.. < 30




Table %a, Grazing pressure, intske, and primary production
on different vegetation types (after Rawes, 1971s)
Relative walues are bracketted :

Suard Altitude Prdéuétion | In@éke ‘ ﬁ, Sheep - av. .
w g/m a/m utilised no./hectare
Agrostis-Festuca - . 555 174 ( 51) 110 { 85) 6% 3,7
Agrogtis-Festuca 510 - 196 ( 57) 93 { 72) 47 8.7
. Agrostis-Festuca 747 eq (25) 51 ( 47) 73 2.5
Agrostis-Festucs 480 179 ( 52} 83 ( 64} . 46 - 6.3
Fegtuea 678 90 ( 26) 50 ( 39) . 55 2.0
Festuca © . 840 &7 { 18) 61 { 47) 100 B $1¢
Juncus squarrosus 7 BAQ 343 (100) 130 (100) . 35 1.1 :
Nardus stricta 549 193 ( 56) + o+ 1.4
Blanket bog - 560 154 ( 45) + : 0 0.02 :

Blanket bog (burnt} . 560 69 ( 20) 4 . 0 L 0,04

+ small values

Ll

=
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Teble Jc

Nutrient cycling by sheep on two swards :

(after Rawes and Welch, 1969) -

Ca i P K
g u?

Agrostis-Festuca grassland

Tntake 0.5 2.05  0.15 . 1.45

Dung 0.2 0.65 0.10 0.35

Urine + 1.70 + 1.20

Amounts removed from sward 0.3 0,05

Amounts added to award 0.30 G,10
Juncus squarrosus sward

Intake 0.1 1.8 G.2 0.7 .

Tung + a,1 + 0.1

Urine + 0.3 . + 0.2

Amounts removed from gwerd 0.1 1.4 0.2 0.4

Urine values estimated from:

Ca - hased on
N - based on
P - based on
Y. - hased on

data
data
data
data

of Herriott and Wells (1963) ,

of Wolton {1963) and Herriott and Wells

of Wolton, Herriott and Wells, and Barrow and Lambourne (1962)
of Wolton, Herriott and Wells, and Watkin {1954)
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Table 10a. Invertebrate groups studied at Moor House. & genéral
invertebrate survey, aspecially of insects, was made

by Nelson (1971) v
Invertebrate group References
Protozoa - Testacea Heal (1962)
Nematoda Banage (1963)
Annelida
~ Lumbricidae Svendson (1957)
- Emehytracidae Peachey (1963)
Springett {1967)
Arthropoda - Crustacea Standen (in press)
- Cladocers Heal (1963%) .
- Myriapoda Nelson {1971) "
~ Insccta Nelson (1971)
- Collembola Murphy {1962)
© Hale (1966)
- Epheneroptera - Crigp and Helson (1965)
- Plecoptera ~ Criap (1963)
" Brown, Cragg and Crisp (1964)
- Hemiptera '
(Corixidae) Crisp (1962)
(Auchenorrhyncha)  Whittaker (1964)
(Pgyllidae)} Hodkinson {1971, in press)
Lepidoptera Heath (pers. comm.)
Coleophora Jordan (1962)
Reay (1964)
~ Coleoptera
(Carabidae) Houston (1970, 1971)
(Apnodidae) White {1960) _
~ Dipters . . c
(Tipulidae) Coulson (1959, 1962), Hadley (197
Herouin
Arachnida - Araneicda Cherrett {1964) .

- Acarins Block (1966)
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Table 10c¢ Summary of the numbers, biomass (wet weight and energy
used in respiration, for various groups of soil fauna.
From Springett (1967), based on Cragg (1961) and MacFadyen 1963),

Juncus .. Nardus
sguarrosus stricta
moor °  grassland

Mixed Biﬁéstone RBare
moor ~ grasgland peat

Acarina

2 | :
105/13 L3 78 54 37 neg.
gn/m 0.9 1.9 1.1 0.9

Keal/u’/yr 13 21 1 8

Collembola
: 3 2
107 /m - 13 - 32 56 . neg.
gm/m2 ) 0.1 - 0.3 0.l
. Keal/m /yr - : L - 10 15

Lumbricidae
2 - o
noa/g ' i - - 389 -
gn/m 1.2 - - 137 -

2
Keal/n /yr 5 - - 333 -

Nematoda
2
107/m 3.9 3.3 1.4 2.3 0.02
en/m” 1.0 - -
2
Keal/m /yr 2.1 10 5 10

Tipulidae
2
noa/g 1389 -~ 371 49 -
gn/m 22 - 8 36 -

2
Keal/m /yr 131 - 30 149 -

Enehvtrazidae
)
103 /m 170 120 62 59 20
2
gn/m , 2L 20.5 12.5 26 I
Keal/m /vr 235 14,0 86 76 27

¥

Total
- 2
Koal/m /yr 409 171 145 591 27

% contribution
of Enchytraeidae 57 82 59 13 ca 100

Thete is some doubt about the absolute values of regpiration in this table. Reviged
egtimates will be presented at the meeting 'UK Beosystem Studies in the IBP' %o be

held at Liverpool in April 1973
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Table 108

-Numbers 6f speéies of various invertebrates groups

identified from different vegetation and soil types

lMeadow
All species 66
Dipters 217
Bymenoptera 9
Coleoptera 2y
GColeoptera 19

i

Pipulidae Jarvae)

Collembola -
Acarina S -
Areneida
(Linyphiidae) 3
Nematoda -

Enchytraeidae 16

17 226

125 165 95
5 11 6
29 35 22
53 .22 2
Lo 6 8
25 21 13
66 ¥R 39 ..
7 2 16
17 15 11

15 M 9

bog

181

128
15
2%

18

; _

19
65

25

Limestone Alluvial Juncus Blanket Valley

gragsland grassland moor . bog

.88

N
N
14

Sources

Appendix in
Nelson

1974
Houston 1970 -

Coulson 1959
Hale 1966l

Block 1965
Cherrett 1964 .

Banage 1962

Springett 1967

3
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FIG 3] 1* ISOTHERMS OF DAILY MEAN TEMPERATUHE VARIATION 1N A PEAT PROFILE N
' - NON - cmannso DAT
SUMMER [14 JULY-6 AUG 1069] . | | A Al |
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FIG 31 FHEGUENCY DiSTRIBUT!GN OF TEMPERATUHE BEADINGS FROM
- TWO PROBES IN BURNT AREA 07.00-19.00 HRS. PERIOD EACH DM’

['r mnxs peas comml

2004

FREQUENCY/79 DAYS

i S 1204
g0

" a0-

C X

4 0 4 8 12 16 20 24 28 32
- TEMPERATURE [°C ]



SPECTRAL INTENSITY |[uw cni’mipi]

f
o s 60 =TI
| WAVELENGTH (mpu)

FlG 3m SPECTRAL ENERGY DISTRIBUTION ABOVE {e] AND
BELOW [C] CANOPY (GRACE 1970)




-

{ea1p10n

; e N 3

__|BjuoziiOy .

QB0 THen)
1S MIYM

<

SCISTIOGIED Bpueg puey
5 susysatury o}spuns Uy

SUGGIR) [UEIDIAGPIO
\sajals meppInG

I

»W
RO RN EY P

o
&le&lll& *

W W X X

: N i e oa x - e X : .
e i B N UV, SV~ oL SO T TN N B2 H g BTy, Ax,....&&xan AR E A X e {
SO T I TS (e T S A ST T T T TR LT O T G AT :::1.1.“.__..‘:_. :::H:._x.x XX M A X ¥ H
N 1 L] 1]
S e e i e e B T LT s R e TR e o) ¥0us 2507
m =y, T 4 s e e ook iR il ]
...... IJE;S-H,E S
e 1 2 3 TS FLrER e §
“—.“uxhuocmb- m : YL IR L £ TN .”.:.l.!..&l H
M W dvpg arayy m X : T (ETEEETTYILTI G u__i‘s © AR
sty i, TN .
oo ud pip TRy
X T g Leivg X
3 : ejapsed] - saddn IO LIWANS luswdisdel uisisam R .
[co6L WYHNNG ¥ NOSNHOP] WNN 3ISNOH HOOW SSOHOY NOILOIS TYDIDOI0ID ay Hid.




FIG 8b VARIATION IN SOIL GROUP AND VARIOUS PROPERTIES WITH DEPTH
- - OF SUPERFICIAL DRIFT OVER LIMESTONE |[HORNUNG 1968)
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FIG 54 VARIATION OF WATER_TABLE AT SEVEN .SITES JULY — SEPT 1970
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| " FIG 5i PEAT PROFILE REDOX DATA | FROM URQUNART 1968
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Fig. 7f INVERSE ANATYSIS OF VEQETATION CF BURNT HILL
(AFTER CLYMO AND REDDAWAY, 1971, 1972)
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Fig. 8a BIOMASS DISTRIBUTION OF CALLUNA MODEL STAND
(AFTER GRACE 1970)
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FIGS Bh+c VERTICAL DISTRISUTION OF SPECIES ABOVE
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FIG 8h CALLUNA AGE STRUCTURE AT SIX SITES
[FORREST PERS. COMM.]
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FIG 8a EFFECTS OF BURNING ON CALLUNA PEHFORMANCE
[AFTER - STUDLEY 1967]
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Fig. 10a COMPARISON OF THE MICRO-ORGANISMS AND THEIR ACTIVITY IN FOUR SITES

. (LATTER, CRAGG AND HEAL, 1967)
1. The number of bacteria estimated by direct count (May 1962)
2. The number of bacteria estimated by dilution count {October 1963)
3. The number of bacteriarestimated by dilution count on selective medila

(October 1963) ) )
Denitrifying = @ , gelatin liguifying = &N ., pectin liquifying = .

4, The number of nitrifying (NH4) bacterie estimated by dilution count
{October 1963%)

5. The quantlty of fungel mycelium estimated by dilution count
(May 1962), Stained =38 , unstained ={| .

6. The average number of fungal colonies/slide on 10 slide traps
(June-July 1963)

7; Cxygen uptake (July 1962)
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