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Further studies have been made on. the stimulatory effects of
Ca’ " dions which produce up to a tenfold increase in bacterial
populations. Srt+ ions produce a similar increase but Mgt promoted
a smaller response, A gram-ncgativo rod-shaped organism producing
a yellow non~diffusible pigment was isolated from the CaCly, SrCls
and MgClo percolated columns but not from columns percolated with
other salts.

An unexpected result was an eightfold increase in the bacterial
population promoted by NaNO; + glucose or Na glutamate but not by
NaNO, alone. Na glutamate but not NaNOz + glucose promotes the
dev@fopmeht of a large population of facultative anaerobes similar
to those isolated from the rhizosphere of Erisphorum plants,

Figures for the release from tho peat of certain major nutrients are
shovn in the table:

Percolating Quantity released into effluent in 30 days*
solution
K a Mg -N NH, -N PO, —P
Ca g NO3 ) )
Dist. HQO 7 7 L 0.4 3.5 1
O,OOZM.Ca012 8 18 2.2 5 0.6
0.002M, NaH2P04 7 31 18 0.6 7

® u moles/g dry weight peat

The results indicate that the net release of K is unaffected
by the nature of the percolating solution whereas percolating
solutions containing exchangeable cations increase the release of
Ca and Mg, These three nutrients are released by leaching and
by ion exchange reactions, Microbial activity plays at most a
secondary role. Howcver, thore is substantial ilmmobilisalion of
K and Mg in bacterial cells (see Moor House report, 1968).

The release of both NOz-N end NI, -N occurs partially by
leaching but microbial activity plays a major role. Percolation
with CaCly stimulates both mineralization of organic nitrogen
and nitrification whereas percolation with NaNoP0), only stimulates
mincralization, More nitrogen and phosphorus is immobilised in

bacterial cells than is released from the columns, The P04 in
the effluent is released by leaching.

Field cxperiments

1. Afqueous solutions of NaCl, NaNOz, NaHzPOA, KC1, CaCl,,
Na glutamate and gluccse were each inoculated into the dark-brown
horizon of cores taken randomly from a 6' x 8' plot at Bog End,
The cores were replaced immediately after the inoculation.  After
4 weeks the hacterial populations in the immediate vicinity of the
inoculation points were estimated. Only the Na glutamate produced
a marked response, with a 10-fold increase in population, The
reasons for the differences between these data and those reported
last year are being further investigated,
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2, L joint experiment was undertaken with 3. T. D*Sylva
(r, B. 4.)._ to compare techniques for the enumeration of
hacteria in the blanket bog peat.

The significant effects of differences in technique for dilution
counts usinrz the pour plate technique are summarised:~*

Dispersion of sample by maceration gives L-fold higher aerobic
counts than disperson by hand--shaking of samples taken from the
ditter k-rizon; otherwise, counts are the same,

Dispersion by hand-shaking produced higher facultative counts,

Casein petone starch (CPS) medium gives higher counts than
tryptone soya (TSA) medium., The difference is highest for samples
from the litter horizon (4--fold) and insignificant for samples
from the green-brown horizon.

Aerobic counts arc consistently higher than facultative
counts (10~fold for samples dispersed by maceration and 2 - 3 ~
fold for samples dispersed by hand-shaking),

3, A survey of the depths of the various colour horizons
was undertaken. The data are presented in the table below.

Normel range of Extreme Normal ‘thickness
depths of TOP of range range
horizon
Litter surface surface L -~ 10 cm
Dark~brown L - 10 cm 0 ~-15 cm 2 ~ L cm
Green—-brovn 7 - 13 cm 2 ~ 20 cm 10 ~ 18 cm
Red~brovwn 19 - 25 cm 12 —~ 36 cm ?

The deptn of the top and thickness of each horizon is expressed
as a range rather than a mean figure because of the very considerable
variation in both thickness and depth of each horizon.

i) Study of anaerobic and facultativs bacteria in peat
(V. G. Collins and B. T. D'Sylva, F,B.A.)

The main objectives of the present studies are to enumerate,
isolate,identify and examine the blochemical activities of the
facultative and anaerobic bacteria in peat soil from Bog End at
Moor House,

Sulphate~reducing orpanisms

A peat core was examined for sulphate reducing bacteria at
every cm dovmn to 6 cm and then at 2 cm intervals down to 42 cm,

* See p 16 for facultative results
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maceration, The Calluna cores also showed an increase in numbers with
inercasing depth on both T.S.A., and C.P.S, by shaking; by maceration there
was a decrease in numbers with increase in depth up to the "black brown"
zone, and then an increase in humber in the "green" zore on both T.S.A,

and C,P.S, Comparison of the counts with previous results shows an
increase in numbers of' bacteria in the "green" zoen in Sphagnum peat in
both cases,

The counts are being analysed statistically to determine the variation
in numbers within the site. '

-
The fungal ccunts for tho_ﬁggggpgg cores ranged from L X 10”7 to 1 x 10
("Litter" zone), 4 x 102 to 1 x 10° ("Black brown") and 1 x 109 to 4 x 10
("Green")., For the Calluna gores the counts were from 3 x 102 to 1 x 10
("Litter"), 5 x 10° to 2 x 10

Two cores from Sphaenum were examinegd al 9 depths down LUBa deplh
of 80 cm.  The counts ragged from 1 x 107 at_25 cm to 3 x 10 at 80 cm
on T.3.A, and from 1 x 107 at 25 cm to 4 x 107 2t 80 cm on C.P.S.

Work is in progress on the enuneration and isolation of nitrogen—
fixing and denitrifying bacteria from Sphagnum and Calluna peats (B.D'S)
and also on the identification of the pure cultures, the study of their
Fiochemioal activities and their response to varying oxygen tensions
V.G.C.).

j) Potassium circulation in the Blanket Bog (Helen E. Jones, Merlewood)

The project was originally intended to be a detailed study of the
circulation of potassium in blanket bog, It was proposed to undertake
field trials, and experimental work to determine the importance of
leaching in the loss of this ion, and the degree and rapidity with
which recirculation occurred from dead plant material, Because of
lack of funds, however, the project was terminated, in its early
stages in April,

A preliminary summary of data from existing publications was drawn
up in the form of a simple flow diagram, This was discussed in a
Merlewood Research and Development Paper, No, 10, which is available from
the author,

k) Systems analysis of Moor House I,B.P, (Helen E. Jones, Merlewood)

Sbiective

The projecct is designed to use the production data collected for
Moor House I.B.P, to build a mathematical model to describe the flow of
dry matter through the system,

Initially the study will be confined to the turnover of dry matter
in CGslluna, It is hoped that a dynamic model, which takes into account
stimultaneous transfers of dry matter, will give a more accurate estimate
of total net primary production than can be obtaned by summing the
estimates of production of individual plant parts obtained over a period
of time, It will also provide a check against the type of model being
produced by J. Grace (p ) based on physiological data of the Calluna
plant,

Calluna is assumed to have reached a steady state equilibrium

("Black brown") and 1 x 10° to 5 x 10° ("Green),

™ Ty
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Therc was a strong smell of HoS from the "greed zone in the original core
material, Sulphate reducticn was detected mainly in the "green" zone
(for zones see Holding and Martin p. 14), after about 2 months’
incubation at BOOC,

Chitinoclastic organisms

Two peat cores were sampled in October 1968 and July 1969; all four
zones were examined for chitin-decomposing bacteria on Willoughby's medium
which was modified for the July sampling, the chitin (K and K Labs:
U.S.4.) being ball-milled and used as a %% solution instead of reprecis

- pltating it with conec. Ho30, . On serial dilution platcs (aerobic and
" facultative) growth occurred but therc was no visual evidence of' chitin

decomposition i.e. there werec no clear zones around the colonies except
for one aerobic plate from the "red brown" zone, IB October the aerobic
connts ranged from 1 x 10% ("Litter" zoge) te 1 x 10° ("Red brown" zone):
tho facultative counts were from 3 x 10 ("Black brown" zone) to 1 x 10
("green" zone). In July the aerobic counts ranged from 3 x 10% ("green"
zone ) go 1 x 10% ("Litter" zone) while the facultative counts were from
3 x 107 ("Litter" zone) to 3 x 104 (Red brown" zone). Generally the
counts decrcased with increasing depth,

Thiosulphate oxidizers

One peat core in November 1968 and two in May 1969 were examined for
thiosulphate-oxidizers in Starkey's liquid medium, using the serial
dilution technique, Thiosulphate utilization was detected by titration
of 10 ml of inoculated medium against N /10 Todine solution (B.D.H.
standard). The amount of Thiosulphate utilized ranged from 2,1 ml for
the "Litter" zone to 0.5 ml for the "Red brown" zone. Two of the threce
cores showed a decrease in Thiosulphate oxidation with incrcasing depth
of core,

Within Site variation

A joint experiment with N, Martin (University of Edinburgh) in
June 1969 determinecd the variation in bacterial numbers within a site,
Thrce coros from Sphagnum and three cores from Calluna vegetation were
sempled down the profile. Comparative counts were made betwecen shaking
and maceration of the original material using Tryptone Soya Agar (T.S.A.)
and modified Casein Peptone Starch iAgar (C.P.S.), The agar plates were
incubated under aerobic and facultative conditi.ns at 22°C. The results
given are for the facultative countg only.® Tn the Sphagnum cores the
bacterial counts varied from 1 x 10° to 6 x 10° for the "Litter" zone, -
9 x 105 to 3 x 10 for the "Black brown" zone and 8 x 107 to 6 x 10° for
tho"greengzone. In the Calluna cores the_counts ranged flom 5 x 10 5
to 9 x 102 for "Litter", 9 x 102 to 2 x 10/ for "black brown" and 3 x 10~ ©
to 1 x 10! for "Green", '

Shaking gave consistently higher counts than maceration on both T.S.A.

-~ and C.P.S. in Sphagnum and Colluna cores. In the Sphagnum cores there

wos an increase in numbers with increasing depth on both T.S.A. and C.P.S.
by the shaking method but..a.decrease in numbers with increasing depth by

* See p 1) for aerobic results
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in the area studied at Moor House, and therefore, the system provides an
interesting contrast with other Calluna-dominated I.B.P, sites, in which
tho vegetotion is repeatedly burnt, and is in transitional stages. It
alsc provides a comparison with the type of model being contructed by
i.J.P, Gore on the behaviour of Eriophorum vaginatum in the years following
cropping.

Although the initial model is envisaged as purely descriptive, it is
possible to alter parameters on computer models to simulate grazing or
burning for example, and study the resnlting changes, To this extent
even a simple model has predictive capacities, and can be a valuable tool
in ecosystem studies,

Mcthods

The provlem is being approached in several ways:—

1. Second degree polynomial regressions are being fitted to the production
data collected by G, I. Forrest for Calluna on the Sike Hill site,
Confidence limits can only be ascribed to those parts of the curve that
cross the x axis, and for this rcason an estimate of when growth should
start has been made from temperature records for 1968, 4s these

confidence limits are necessary as estimates of the extremes of

production of the various plant parts, for the purposes of the model any
production data of less than the weight recorded for this time is- treated

as o minus quantity (equivalent to loss to respiration).

2. & simple model has been constructed on an analogue computer based on
the flow diagram in Figurc 1.

- — . .
¥ - ¥ . A
hLbove~ground L{Below ground |

i '
i Input }———‘7‘ NN = W
] l vegetation ! | vegetation }
“f‘ ‘A - . I j
J Litter ’ Standing dead ( '
S ) % i
J) '/ A \J/
Respiration ’ Peat |
| —

The input compartment is based on the assumption that the seasonal
variation in the net photosynthesis (i.e. production) can be simulated
by a partial cosine wave (see Figure 2). Hence the need for the manipu-~
lation of the data described in 1. above,

[
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Figure 2

- Summer peak of production

.~ Time when growth starts

Respiration and death X
photosynthesis in winter

,;f ______ Cycle of one N
year

This model will be used as a first approximation., It may be
further defined later, by introducing a feedback between the belov~—
ground and above-ground parts. Too great a complexity in the preliminary
model may not be justified, however, because of the difficulty in obtaining
relieble data on below-ground parts.

3. When the approximate parameters have been defined on the analogue
computer model, a model using the digital computer will be developed, in
which it is hoped that the limitations on accuracy inherent in the
analogue machine can be overcome,

1) Production studies on oribatid mites under Calluna vulgaris

S (W. C. Block, Department of Botany, Leicester University)
jec

To estimate food consumptica, respiration and production for
previously estimated field populations of the most abundant species
of oribatids assgociated vith Calluna litter at Moor House, This
links up with my previous studies on mite populations of the Reserve,

Mcthods

Attempts to obtain estimates of food consumption by weighing on
an electro~micro balance have failed., The work has been concentrated
entirely on respiration measurements. These have been started using
the Cartesian Diver technigue and adults of three species have been
used to date; Platymothrus peltifer, Carabodes minusculus, Libstadia
similis.,

Results

These results at present are very preliminary and it is planned
to continue respiration work and to extend to younger stages as more
time becomes available this year.
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Vo RESEARCH BY MERLEWOOD STAFF

In last year's report, under the subject heading of
'‘Reclamation of eroded peat areas', by A.J.P. Gore, it was 5
recommended, on economic criteria, not’ to continue active research
within the Conservancy on this topic as far as Manchester's
Catchments are concerned.

Mr. Gore reports however, that since that time, Manchester
Corporation Water Works have approached the Ministry of Agriculture
for a grant to continue reclamation of their catchments. On the
strength of successful reclamation trials, set up in collebo¥ation
with the Ngture Conservancy, the Ministry officlals have reccommended
a grant for a further 50 acre lrial. The reason for this reccommeéndation
is given as being to support the Landlord's responsibility din the
interests of long-term soll fertility.

However, since the recommendation was made, there has been
a change of tenant on the area involved. This new tenant is grazing
only one quarter the number of sheep of his predecessor.

The result has been a flowering of naturally occurring - . |
Deschampsia flexuosa on the mineralised eroded areas, which h |
represent about half of the 50 acres proposed for reclamation. \
Consequently, Manchester do not intend to exercise their grant
option until they have seen how the new situation develops.
The original trial experiments have shown the Deschampsia
flexuosa requires fertiliser to set seed on mineral free
peat even in the absence of grazing. Future grant applications .
will presumdbly be aimed primarily at the reclamation of peat |
only.

It is considered that this may well be a case where
conservation research, see "The United Kingdon Contributors to
the International Biological Progremme" (Section 3.5.3. p. 42)
Royal Society 1967, is leading to a development directly
concerned with conservation for its own sake.

a) Plant ecological studies on peal (A.J.P. CGore)

Pactors limiting plant growbth on peat

The processing of data from the growth analysis experiment
using Molinia caerulea is contimuing. A programme to compute
leaf and stem areas has been written for the new FPDP 8/1 computer
and has already indi.ated the advantages of rapid, on the spot
data reductions

Productivity of blanket bog vegetation

Development of models for productivity of blanket bog vegetation
is continuing. lein ewphasis this year has been on learning how
to use the Hybrid (Analogue) Computer at the Systems Englneering
Department of the University of Lengaster, who have kindly made their
facilities available %o us. This type of machine greatly facilitates
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the initial estimation of model parameters. After this initial
phase, the digital computers like the Harwell itlas and our own
PDP 8/ computer are more appropriate. FProgriwmes are now
being developed for the FDP &1,

Systems Unit aid Tunira biome of L.B.P.

Dr. H.E. Jones (p.26 ) is crllaborating in the development
of models along similar lines for I.B.P. studies and is now
training and working part-time in the systems unit.

‘Proceedings of the Tundra biome meeting of the L.B.P.
reported in last year's Moor House Annual Progress Report were
prépored in conjunction with the Norwegian T.B.P. and circulated
widely. Copies (Dahl and Gore, 1968) are available from
AJP. Gore. "

b) Chemical changes during plant decomposition (S.E. Allen)

An investigation into the changes occurring during the
decomposition of twelve different species of grasses and sedges
laid and ocut on these contrasting sites is being carried out by
the Chemical Section at Merlewood Research Station. The sites are
at Roudsea Wood, Lancashire (sea level); Carron Valley,
Stirlingshire (245 m) ard Knock Fell, Moor House National Nature
Reserve (701 m). The objectives of the investigation are to
measure the rates of decomposition, by estimating the dry welght
losses and the changes in the composition of chemical nutrients,
and proximate organic constituents during the various stages of
the decomposition process.

The investigation commenced in 196k and the las® samples

will be collected during 1969. It is hoped that all analyses
will be.completed and the results published during 1970.

c) Tree Growth and Nutrition (A.H.F. Brown and E.J. White)

The purpose of trials with trees has been to find species,
planting methods, and fertiliser treatments suitable for the type
of upland habitats availlable on the Reserve.

A particular study has been made of the nutrition of pines
on peat, whilst growth is being followed in a number.of species
planted in several enclosures, predominantly of peat soils.  Only
exotic conifers have shown pirowmise on peat whilst on the mineral
soils the growth response of rowan éSorbus aucupariq) birch
(Betula spp, and Swedish Whitebeam
years has not been continued. The addition of fertilisers, N, P

and K, in a trial of Lodgepole Pine (Pinus contorta) on blanket peat

gave a response in height increments for the first three years,
since when this hai been less noticeable.

Sorbus intermediaj in the early

AL
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During the current year the situation has remained similar
to that previously reported (see 9th Annual Progress Report),
although snow damage has bcecen more severe than usual. Growth
of coniferous speciles remains similar to that of the previous year
or two, The Scots Pine on blanket peat at Green Hole are moribund,
the earlier addition of fertilisers apparently having provided
insufficient stimulus to overcome the combined adverse effects of
climate and substrate.

The older "standard" birch at Green Hole have now all died,
any remining having essumed a shrubby hsbit. The latter produce
vigorous shoots afresh each year from ground level, but these die
back each winter. This form of growth is in fact general for all
the hardwood specics growing at Moor IMouse, othar than some Rowan
(Sorbus aucupari .). Spccimens of the latter species which
originated from extra large plants continue to increase in height.

An attempt on a small-scale is being made to assess the effects
on tree growth of remcving the competing grassy vegetation; the
vegetation surrounding some of the young or checked trees has
been sprayed with paraguat.

The fertiliser experiment at Bog End has been re-assograd
this autumn, although data are not yet summarised. From observation
increment appears to be similar to last year's, bubt with a more
general presence of yellow-tipped needles., The latter is probably
a symptom of potassium deficiency, the trend towcrds which had
already been suggested by yp - 2vious years' folliar an~lyses.

e
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VI. RESEARCH BY FRESHWATER BIOLOGICAL ASSOCIATION

a) Studies on Freshwater Fauna (D.T. Crisp, Re.H.K. Mann,
J.C. McCormack and A. MacHale.

The Freshwatcr Blological Association's Cow Green Project
began in 1967 with the primary aim of tracing the effect of the
construction of the Cow Green reservoir upon the population
dynaemics of the fish within the reservoir basin and in the Tees
downstream of the reservoir. Moor House has been used as a
laboratory-base throughout the project and some streams on the
Moor House National Natiure Reserve have been :tudied for
comparison with the st 2ams of the Weel basin. DPetails of the
whole project are given in the annual reports of the F.B.A., and
the presenl account deals only with the results of fleldwork on
the Moor House Nature Reserve.

Methods:

Figh census data have been collected three times each year
(May, August and October) from representative reaches of Moss
Burn, Nether Hearth Sike, Trout Beck and Great Dodgen Pot Sike
by means of a portable electro-fishing apparatus. (Moore 1968,
J. appl. Ecol.). Th: repeated catch method (Seber & Le Cren,
1967, J. Anim. Bcol.) has been used to estimate the fish population
density in cach reach. In addition some general collections of
stream invertebrates have been made, and a Cambridge thermograph,
serviced by HMoor House staff, has been operated in the River Tees
near to Tees Bridge.

On %he ilbcr House Nature Reserve the Bullhead (Cottus gobia L)
occurs on’. - in the River Tees, Trout Beck and the lower reaches of
Nether Hearth Sike. In the latter region bullhead production has
been tentatively estimated as 0.5 to 1.0 g/m./yr (fresh wiight).

The brown Trout (Salmo trutta L. ) is widespread in the streams
of the Reserve. Prov181onal estimates suggest a fresh veight
production of 5 - 10 g/m,/yr in the Trout Beck system, though there
is ~-idence that the produrtion varies considerably from year to
year. Generally aboutl 75% of the trout production occurs as eggs
and fry less than one year old.

Most of the aquatic invertebrate material collected from the
Reserve during 1967 and 1968 has now been identified to species and
collecting is to continue during 1969.

Fut-re development:

During 19569, D.T. Crisp was transferred to full-time work on
the Cow Green Reservolr project and a full-time assistant has been
provi’se. Thiz will result in a more intense research effort,

The project iz likely to continue until at least 1980,
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VII. RESEARCH BY OTHER ORGANTSATIONS

a) Water movement in peat, a tritium investigation. (D.B. Smith,
U.KeAWE.A, )

The rate and extent of water movement at different levels in
the blanket peat is being investigated. Tritium was injected in
1966 and since then n~mples have been removed annually. During
the current year, although cores have becn taken, no results of
value are available yet. The average movement of tritium has been
slow, approximate distance travelled has been 1 m downslope in
the first 21 months.

b) The hydrology of the Trout Beck Catchment (U.T. Burst-n,
Chief Engineer, Northumbrian River Authority).

1. River flow records.

Continuous flow records of the Trout Beck, which is a
tributary of the River Tees, have been taken at the Authority's
Gauging Station since October, 1957. The station, which is situated
neay Moor House, has a catchment area of 4.4l square miles and
consists of a compound Crump weir having an overall length of
L1.9 feet. Water levels are recorded by a Minro autographic
recorder and a Fischer and Porter punched tape recorder. The
water level records obtained from the punched tape recorder are
processed on the Water Resources Board computer to obtain the
rates of flow of the Bock. The stagq/discharge o%éibration was
calculated by formula, dues allowance being made for velocity of
approach, and current meter gaungings are being carried out to
check the calibration. The flow records are published in the
Burface Water Year Book.

2., Interrogable Rain Gauge.

An inter.:.gable rain gauge was recently installed at Moor
House for Flood Warning purpoges. This instrument, which was
manufactured by Thorn Bendix Ltd.. consists of a tipping-bucket
raingauge, connected to an clectronic transmitter which is
connected to a G.P.0. telephone line. Kach time the bucket
mechanism tips 1mm. of rainfall is recorded on a counter, and
whenever the instrument 1ls contacted the value of the total rain-
fell registered on the counter in wmm is denoted by a series of
audible tones.
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VIIT. RESEARCH BY UNIVERSITIES

a) The effect of burning and sheep grazing on the nutrient
status of Rubus chamaemorus L. (K. Taylor, Department of Botany,

University College London).

This investigation is part of a longer term study of the
ecology of Rubus chamaemorus in the British Isles. The work is
being carried out in conjunction with the sampling programme
described by T.C. Marks in this report(see‘bdkwﬂ and i8 a

“development that follows an autecological study of the species

shortly to be published in the 'Biological Flora of the British
Isles."

The obJect is to extend preliwminary work on the effect of
burning and grazing of the blanket bog (Moor House 9th annual
Progress Report 1967-68) on R. chamaemorus to a seasonal analysis
of the nutrient status of the plant. '

The samples of the standing crop were subdivided into leaves
and stems. 'They were then dried, ground and are now being analysed
for total nitrogen, phosphorus, potassium, calcium and magnesium.

% -
b) The effeetof burning and grazing on_the production of
Rubus chamaemorus L. (T. Marks & K. Taylor, University College

London) .
Introduction

This work is part of a wider study of R. chamaemorus
involving the use of controlled environmental conditions and the
measurement of COo flux over individual leaves in an attempt to
relate plant growth response to specific environmental factors.

EBarlier work by Dr. K. Taylor (Mobr House 9tl Annual Progress
Report 1967-68) has shovm that grazing pressure and the pattern of
burning can have a marked effect on the long~term performance of
R. chamaemorus.

Object

The object of this section of the project is to gain more
information on the effect of grazing and burning on the growth
pattern of R. chamaemorus throughout a season and to elucildate
which are the effective environmental factois amongst those
altered by such grazing and burning.

Methods

The Hard Hill exclosures (in particular Block C) have been
used for production sampling at freguent intervals. throughout the
growing season.
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The sampling of the standing crop (representing the season's
growth) was made on a me basis, ten samples belng cut at random in
each of four treatments at each sampling time.

In addition to this sampling an experiment wams set up in
4pril to form a preliminary step in the isolation of the factors
responsible for producing the great rise in shoot mumber observed
following a burn. Twenty m? in fenced and unfenced long rotation
burn areas were cropped and half of the cuttings (of all types of
vegetation) ashed. This ash was returned to half of the cut plots.
Shoot density .has been recorded at frequent intervals of time
throughout the year and will be vrecorded for a further yecar.

it the close of this season's active growing period (August)
a number of 8 in diameter cores were taken in all breatments so
that an estimate of rhizome and root dry weight per unit dry

welght of above ground parts could be made. This material is at
present being dried.

Results

The provisional "growth curves" for this season show that
theres is a peak of shoot number and total dry weight for both
unfenced treatments in early July after which a pronounced
decline takes place.
Results showing the July peak in Total Dry Weight and Shoot No.
UNFENCED Mean Total Dry Wt/m? lfean shoot No/m?

25/6  9/7 5/8 25/6 9/7 5/8

Short rotation

burn 7.92 10.2% 7.22 95 135 101

(Burned 1965)

Long rotation
burn 1.82 2.93% 2.0L. 31 37 26

(Burned 1954.)

The fenced treatments show no peak, but a general flattening
to a plateau level.

Canopy removal experiments

The development of shoot density has been slow in the unfenced
plots. In fact the shoot number is no greater than in the uncut
areas, -

~ In the fenced areas shoot density of cut plots was approximately
200 greater at the end of the season than on the equivalent uncut
prlots.

Difference between ashed and non ashed plots was negligible
in both fenced and unfenced areas.

These results would suggest that major response in shoot number
is likely to take place in the second season following a burn.
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c) Studies on Gercopidae (J.B. Whittaker, University of

T Lancaster. )

Populations of Neophilaenus lineatus (L) have again been
sampled at two study areas at Moor House as part of a long-
term study of population changes in this speries. Nine years
data are now available.

Peak density has varied by a factor of about 65 on both

sites during this period (2.0/m2 to 130/m?) and the mean peak

density over nine years is 16/w compared with a mcan peak density
of 56/m? over 6 years in a lowland population of N. lineatus near
Oxford.

The two Moor House populations showed parallel changes in
every year from 1961-1967. In the latter year, the density of
one of them was experimentally reduced to less than one half
of its former density, and in 1968 the two population densities
remained significantly different during the first (nymphal)
part of the season though there was evidence of increaseéd adult
survival on the site with reduced density. In 1969, the nymphal
densities stdll remain significantly different (66/m2 and 28/m?
resp.). Nymphal survivael up to the beginning of instar 5 in the
dense population was approximately 70/ and in the reduced population
was Ce 50 4dult survival, however, has again been significantly
higher in the low density population than in the high (38% and
25% resp.). The low density population has not yet adjusted to
the effects of Mheing disturbed two years agoe

d) Thermal characteristics and related low flow hydrology of
upland catchments (K. Smith, Departuent of Geography, University of
- : Durham)

The object of this lnvestigation is Lo wmessure some climatic
and hydrologioc factors that influence the thermal regime of a
river.

The two-year project started in October 1968 when the field
instrumentation was completed by the installation of the mercury-
in-stecl thermograph for air and water temperature measurement at
the Trout Beck gauging station. Barlier in the sumper, a thin-
plate rectangular weir was established on Netherhearth Sike at an

‘altitude of 560 m together with a stream water thermograph, in order

to extend the information for the Tees above Trout Beck.

The project is still in the data-collection stage, and
considerable assistance which 1s greatly appreciated, has been
ontained from the Moor House staff in terms of chart-changing.

At pregent the emphasis is on the computerisation of the
chart information for subsequent analysis. Some attention has
alredy been given to the air and water temperature relationship
through the use of harmonic analysis, and when more data is available
it is hoped to evaluate the discharge effect along the river by
means of multiple regression techniques.
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The discharge at Netherhearth Sike is belng comparcd vith
the flow from another experimental catchment in Weardale, and
steady anticyclonic conditions during early xpril, 1969 provided
a useful snow-melt. period on theue streams which is being examined
in some detail.

e) The bedload of streams - its origin, _Ccharagteristics,
and movement with special retf'erence to two catchments in the

northern Pennines. (B ¥, imir, Department of Geogrephy, Unlver51ty

PP T S S —

of Durham)

In many ways the studies of sediment movement in streams is
governed by the -.economic importance of such streams. Yhere streams
are vital for agflculture or provide water for dams and lrrigation
schemes, studies of the volumes of sediments carried by such
streams are of'ten of crucial importance, In the northern Pennines,
with it's high' rainfall ,a.great many streams are, as yet, not
utilised by man.

Posgsibly the lack of such utilisation accounts for the very
few studies which have been made of sediment transport in the streams
of northern England. In order to provide some quantitative
information on the nature of stream bedload and sediment monument
two small catchments were chosen for detailed studies. One
catchrent, the Lanehead catchment is located in Upper Weardale
and the other, the Netherhearth catchment is located in Upper
Teesdale within the Moor House National Nature Reserve. The
methods which have been uoed throughoqt this gtudy were as follows:

Two. hundred sampleo were collected from the stream bed and
about 60 samples from the banks firom both the catchments. The
bedload in movement wasg trapped by placing trays in the stream
bed. Unfortunately, throughout this research the writer found
great difficulties in trapping bedlcad in the Nether Hearth
catchment. This was due to many factors, the most ilmportant being
the writers inability to secure the sediment trap into the stream
bed which was composed of solid rock,.:

The statistical analyses of bed material shows that the mean
particle size within the stream bed of these two catchments. range
between ~2,0 £ to 5.0 B (£ = phi units) but systematic changes in
bed materiol characteristicsoccur. 4ilso the analyses revealed
that the bed material was poorly and extremely poorly sorted. This
was not suprising becouse these streams are still in a youthful
stage and are highly erosive especially on the banks where soliflucted
material occurs.

This study concluded that in spite of the great similarities
between the two cetchments in terms of geology and vegetation
cover, quantitative and statistical measures of bedload proved that
great differences are present. ‘

,___,-...
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f) L study on the relationship between ege number and
density in Mipula subnodicornis setferstedt. (Jenniter Buttertield,
Department oF Zoology, University of Durham.)

The object of the study was to establish a relatlonship between
larval density and the number of eggs produced on a site. Counting
large numbers of eggs was Lo be avoided by linding a relalionship
between the numbers of eggs produced and some aspect of the size
of the female.

The densities on five sites were determined by three methods.
The larvae were sampled at the fourth instar stage by teking soil
cores, The adults were trapped on sticky traps and in pitfalls,
Each site was cleaned of copulating pairs, twice a day during the
peak of emergence, by hand catching. The combined sticky trap and
pitfall catches were used to give a comparative measure of density
on each site. |

The eggs of 150 females were counted and egg numbers were
plotted against various body measurements.

A correlation between size of female and egg numbers produced
was formed, the regression eguation being y = 0.092 x -2.59
(r = +0.6, p<0.001) when 7 is the cube root of the egg number
and x 1s the wing length.

4 negative correlation (r = 0.76, p<0.05) between mean egg
number/female and adult density was found. As only five sites were
investigated in one year it is not known how extensively this |
apparent correlation can be applied to other vegetation types and
whether the same relationship exists in different years.

|
g) 4in experimental evaluation of the influence of climate on
the growth of moorlend plants. (J. Grace, Department or Botany, ]
|
\
|

University of Shefficld).

1,500 observations of carbon dioxide exchange in Calluna
vulgaris, and 600 in Sphagnum rubellum have now been made along
the lines indicated in the previous report.

'Total soluble sugar! has been wmeasured in Calluna vulgaris
throughout the year, to see to what extent a previous year's
assimilate can'be carried over as sugar and diverted into present
year's growth.

Calluna vulgaris plonts in the controlled environment growth
cabinet have been fed C1402 at 300 ppm + 20 ppm in an experiment
to see vhat proportion of assimilated carbon is diverted into
leal, wood and root material.

AL preliminary compartment model for growth of a single
heather plant was prepared and run on the University T1.C.L. 1907
computer. The model was run for only a single month of 'plant time'
and despite its gross simplification of the situation, gave an
estimate of growth which was in the correct magnitude when compared
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with Dr. I. Forrest's harvest results. Turther development of
this model into a two year predictive mcdel for a-whole community
of Calluna vulgaris and Sphagnum fubellum is in progress and is
expected to occupy most of the final year's work.

Radiation data has been taken from the Kipp recorder at
Moor House, and hourly values from May 1st 1968 to June 1969 are
on punch cards. The task of processing the I.3.P. Grant tapes to
extract the information required and pulting it onto punch cards
is under way.

) h) The distribution of Hordeum murinum L. in Britain
(4aW. Davison, Department of Botany, University of Durham).

Hordeum murinum is an annual grass of Mediterranean origin
which is restricted to ruderal habitats in the drier, lowland
areas.

The experiment at Moor House is one of & series which was
designed to determine which climatic factors limit the range of
the species. Using a punch card technique (bavison, in press)

_the pattern of distribution in Britain was examined in some

detail and then 1968 transplant experiments wére set up at sites
with different climates. In iugust, 1968 large pclythene pots
sown with H, murinum were set out at Newcastle (altitude 46 m,
rainfall 640 mm p.a.), dllenheads (altitude 366 w, rainfall

1290 mm p.a.) and Moor House (altitude 550 m). Seedling
establishment, flowering and grain production were recorded over
the year and some of the data are given below.

Establishment at Moor House was the same as at Newcastle and
there were few fatalities at any site during the winter. However,
growth, flowering and ripening of the grain were considerably
different at Moor House, in spite of thé& good summer. -

Number of spikes/ Number of Weight (mg)
plant grain/spike /grain
Newcastle 27 28 - 11.5

Moor House 9,8 | 2l 6e3

Previous work (Davison, in press) stggests that the delay in
ripening and the smaller grain will have a considerable effect on
flowering and grain production next year (1970). Experiments will
probably be completed in September, 1970,
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VIIT, RESERVE MiNACGEMENT

For’the second successive year it has not been possible to
burn heather: this year, the ground was covered by snow until
almost the end of the burning season (30 dpril). Plant growth
was particularly late in starting and- the' Commoners' sheep were
returned to the fell later than usual.” However, apart perhaps
from bog plants, it has -been a year of exceptionally profuse
flowering and in the absence of much Trost, growth has continued
well into September, with no indication of a shortage of sheep feed.

an account of the Bird Jlife is now prepared quarterly by
Tele Hodgson for inclusion in the consolidated Report produced by
the hssistant Regional Officer, Teesdale, for the three Reserves
in the dale. T.L. Hodgson has been given a B.T.0. ringing
licence and a large number of birds have been rung this season.
Cbservations indicate that the grouse populatien is healthy and
flourishing.

16 TFoxes have been killed during the year and also a number
of rabbits. Casecs of egg polsoning and destruction of predator
birds have been reported in the district. The position has been
watched by T.l. Hodgson.

The horse on loan from Scotland, was relurned to Beinn
Eighe in 4pril. Both the horse and the wether flock relied on
hand feeding for two months of the winter. The sheep were in
poor condition by ipril bat at the end cof the year had an
average individual live weight of over 45 kge.

Weekly visits are paild to the west side of the Reserve.
In the winter, during ski-ing season, these visits are, whenever
possible, more frequent. Records are kept of the working of the
ski-ing agreement and reports are made to the Regilonal Officer.
Some data have been supplied for use in a wide-ranging survey of
ski~ing and recreation in northern England.

Routine repairs to fences have been carried out. Re-surfacing,
widening and repairing the access road remains the main item of
estate work. Pot holes in the tar sprayed section, from the
Dipper Bridge to Mine Rails, have been filled and sealed with
bitumen. Limestone quarry waste 1ls being used to surface the
section from Mine Rails to Tees Bridge. This latter work is being
done by contract.

Snow closed the road from early February to Easter (1st week
in April). Much of the snow was eventually cleared by a hired
bull-dozer driven by the Moor House staff (D, Craig).

On thawing, floods swept across the road at Tees Bridge, but
litte damage was done. In Troutbeck, however, the wooden foot-
bridge was carried away and broken. It is not intended to replace
this bridge at present.
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Visitors

A number of visitors, both individual research workers and
parties, have come to the Field Station during the year. Talks
have been given and experiments explained. The parties include
the National Jgricultural Advisory Service and the agricultural
Land Serviece, (Durham), Newhon Rigg sgricultural College (Hill
Farming Course) and several schools. J4mong the visitors has been

Professor Mary K. Hartz and Dr. Jerry Brown from the U,S....
and Sigurd Kjelvik from Norway.
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Staff List

Officer-in-Charge

M. Rawes (Senior Experimental Officer).

Scientific 3taffl

’

Dr. G.I. Forvest (Scientific Officer, T.B.P.).
M.W. Read (Asgistant Expérimental Officer).
ReB. Marsh (Scientific assistant).

Miss V. Blanckley (Scientific assistant, I.B.P.)

Miss L. Teasdale (Scientific and Secretarial fLssistant).

Warden

TelLe Hodgson

Estate Worker

D.W. Cralg

Housekeeper

Mrse M. Hodgson

Domestic help (part-time)

Mrs. J. Ryding

F.B,A. Stafl

Dre D.T. Crisp (Senior Scientific Officer)

Miss S. Carrick (Scientific assistant)
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Publications

EDDY, A., WELCH, D. & RAWES, M. 1969. The vegetation of the
Moor Houge National Nature Reserve in the northern Pennines,
England. Vegetatio, 16, 239~28/.

HADIEY, M. 1969. The adult biology of the Cranefly Molophilus
ater, Meigen. J. dnim. Ecol., 38, 765-790.

PARKER, J.Re 1969, The establishment of Cornicularia clavicornis

Emerton (Aroncoe) as a British species. Bull. Brit. Arach.
Soce, 1, 15=5h.

RATES, M. & WELCH, D. 1969, Upland productivity of vegetation

and sheep at Moor House National Nature Reserve, Westmorland,
England, Oikos, Sup 11, 72 pp.

Higher Degree Theses

HORNUNG, M. 1968. Soil morphology, mineralogy and genesis.
PheDs Thesls, University of Durham.

URQUHART, C. 1969. The effects of waterlogging on the growth
and mineral nutrition of some moorland plant speciles, with
speclal reference to the snil redox potential. M.Sc. Thesis,
University of Birmingham. ‘

Merlewnod Research and Development Papers

HE4L, O0.W. 1968, The International Biological Programme
Project at Mocr House. Number 2.

JONES, HEIEN E., 1969. A Preliminary Survey of Potassium
Circulation in the Moor House Blanket Boge Number 10,
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Meteoroclogical Summary for Great Dun Fell 1963

ce 655 m 0.D. Late. 54° 35' N. Long. 020 28t W. National Grid Reference No. NY/710322

JAN. FEB. MR, APR. M&Y., JUN. JUL. 4AUG. SEP. OCT. NOV. DEC.
Mean Maximum Temperature c 1.3 =1.87 2,2 5.7 6.3 12.6 1.4 12,1 10,2 8ol 2.5 -
Mean Minimn Temperature e -2,7 =ba1  -2.5 1,27 C.2° 5.5 6o 63 5.7 L6 =1,0 -3.9
T (Max. + ¥in.) Temperature ®C ~0.7 =35 =01 149, 3.3 9.1 8.7 9,2 7.9 6.5 0.7 -
mHmSQMd Maximum Temperature oC 7.7 LeO" 9.6 11,9 16,0 18.8 16,3 19.2 1L.6 13.3 8.5 -~
Lowest Minimum Temperature oC -11,0 ~=8.4 -2,5 =1l.L =430 1.0 ‘3,3 2.4 1:9 -0,5 -5.2 -10.7
Lowest Maximum Temperature °c =506 =6 =1.6 ~1.7 =1.0 6.L 7ol 7ol 745 3.8  =2,1 -
Highest Mirimum Temperature ¢ Lol  =3.2 1o 3.9 §.5 11.5 12,0 13,2 9.l 8.8 2ok 3.6
Total sunskine, hours Ge8  T77ek  B52.4 128.4 102.4 - 166.1  91.5 112.2 60,3 8.0 21,5  3BlL.1
Days with ‘snow or sleet 1 1 15 - 7 15 0 0 0 0 0 1 15
Days with lying snow 15 28 19 7 L 0 0 0 0 0 6 13
Days with fog at 09C0 GMT 22+ 16 22 15 10 3 16 17 21 26 21 13
Days with a2ir frost 23 25 ¢ 27 14 19 0 0 0 0 1 24 28
Average wind speed for Bosdwm knots 22,0 13.4 22,9 15.4- 13.2 13,0 1.5 16.6 16,7 19.7 21.9 17.7
Days with gale - 15 2 1 I 1 1 I 3 7 9 11 7
Greatest snow depth, inches 9 12 6 1 1 0 0 0 o 0 1 10

Note: Maximum $emperawure is from 9h. to 21h.

Minimum Temperature is from 21h, to Sh.
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