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I. GBEFERAL
The Report covers the period 1 October, 1970 to %0 September, 1971.

There has been a reduction in the number of research workers visiting -and
using the Reserve. A number of projects, mainly those concerned with the
International Biological Progremme, have been, or are shortly to be concluded,
On the Station itself, Dr. Forrest (I.B.P.) left at the end of 1970 after being
with us for three years, and the [.B.P. Scientific Assistant was transferred to
Merlewood Research Station. During the summer we have had P. Taylor, working on
grousc and S, Bell, a Liverpool Polytechnic Sandwich Student, studying Collembola,
Four University otudento have been employed for shorter perivds, The Freshwater
Biological Association Unit under Dr. Crisp continues to be based at the Field
Station and for six months the three permanent members of staff have been joined
by a student, C. Bdwards.

A number of short-term projects by Durham University M.Sc, students have
‘been undertaken on the Reserve and two reports appear in the University Research
Section. A new enterprise, an examination of some of the old Lead Mines, features
under Miscellaneous Research. The I.B.P. projects, a number of which have been
concluded and others commenced, appear with Dr, Heal's report, on their own at’ the
end ot the Report. This is a matter of editorial simplicity and does not infer
that I.B.P. has no relevance to other research, or Reserve management; rather most
projects subscribe to a furtherance of our knowledge of the moorland ecosystem and
it is this aspect that enables Moor House data to become increasingly valuable,
especially when comparisons are made with other areas. In future more attention
will be paid to utilising these data in this way.

Progress has been made, using an edge-punch card system, to index site
information. The need for such a record was mentioned in last year's report.
New projects now require the completion of a standard form, which simplifies
future recording.

Visits to the Field Station have included a party from the National
Agricultural Advisory Service and Agricultural Land Service (Durham) (now the
Agricultural Development and Advisory Service), from the Botany Departments of
Leeds University and University College London, from Durham University and else-
where, Individual visits have been paid by, among others, Dr, Jerry Brown (U.S.A.),
Dr, Moldung and A.K. Veun (Norway), Lars Osterdall and T. Rosswall (Sweden),

Madame Ricou and L. Hedin (France), J. Tothill (Australia) and Dr. Z, Vulterin
(Czecho—Slovakia). The Director, Dr, M.E.D. Poore, visited the west side of the
Reserve in July.

The hostel which was closed in September, 1970, as an economy measure was re—
opened in July 1971, when Mrs, Dunn, was appointed house-keeper, The hostel will
be closed for the winter and Mrs. Dunn will work at the Conservancy's Newcastle
Regional Sub-0ffice until Easter 1972,

Mr, J., Rose served as part-time warden on the west side of the Reserve
during the winter and continued to supervise the ski-ing scheme.

II. CLIMATOLOGY - Project 1/06 (R.B. Marsh)
The weather summary for 1970 is to be found in the appendices,

During 1971 two changes have occurred in recording: since the beginning of
the year rainfall has been measured in millimetres and from 1 September temperatures
have been measured in degrees Centigrade.

Winter began with 12 days of snow-lie in November, but this was followed by
a mild winter for Moor House, with snow-lie 18 days less than average. Earth
temperature at 30 cm depth was above average for 10 months, October and June being
the colder months. The mean air temperature was above average for 7 months of the
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year, but both in ground and gir temperasture the mean for the year was no more than
0. 4°¢ above average., For the second yeuar rumning rainfall wegs below average with

1665.4 mm compared with a 19 year average of 19%36.3 mm. There were four particularly
dry months, April 53.6 mm, May 76.4 mm, July 6%.( mm and September 56,0 mm,

ITI. STAFF RESEARCH

Research by the permanent staff is primarily concerned with following
vegetational changes on lhe Reserve due to management, sheep grazing and ex-
closure, but this year monitoring has not been restricted to plants; also areas
outside the Reserve have becn surveyed. M. Rawes was involved in conservation
surveys of North and West Cumberland as a contribution to the compilation of
Structure Maps for the County Planning Authority. The biological interest of
riverside habitats was high~lighted by these surveys and in the lalter part of
the summer a test survey was made of the River Caldew and some of its tributaries,
Advice on sampling method was given by Dr, R. Bunce and Mr, W, Shaw (both of
Merlewood) and the field work was largely undertaken by Miss A. GreatRex (Durham)
and Miss L. Teasdale, Dr. Crisp and his team gave additional help by sampling the
fish populations and Dr. Armitage the freshwater invertebrates.

a) Studies on the interaction between sheep and vegetation - PrOJect 1/01
(M Raves, R, Jllllams R.B. Marsh & Miss L. Teasdale)

Previous work has provided a vegetation map of the Reserve (dey Welch &

ARawes, 1969) and information on sward production and sheep grazing (Rawes & HWelch,

1969) In the present project, and this year we have been assisted by M. Smith
(Lancastor) R. Laycock (U C.L. ) and Miss Langhorne (Klnﬂs, LOndon) the following
management aspects are being studied,

1. Some effects of removing sheep grazing.
2, Some effects of the present free-range grazing regime.
%. Some effects of modified management,

1. Bxclosure - no grazing

Point guadrats, to follow botanical change, were used in two blanket bog

"exclosures on Burnt Hill and Bog Hill, whilst species presence was recorded on

the limestone grassland of Green Hole, where point guadr:ts had previously
racorded the vegetation in 1955. The Burnt Hill exclosure was erected by

Dr. Conway in 1954 to record the changes due to moor draining recently burnt .
(Clrca 1948) bog. Records have been made in 1954, 1960 and 1968 at which time it
was clear that insufficient samples were available to make valid comparisons,

Thus using the original transect line the number of guadrats was increased in 1971
and, so that changes in vegetation height and density could be bhetter demonstrated,
half the points were stratified. On Bog Hill a sampling area on the north side of
the hill was marked out and protected, by temporary fencing, in Spring from tramp~-
ling by research workers. The area of grazed limestone at Green Hole is very
small, much smaller than the original enclosed point guadrat site. This fact and
the lack of data collected at a meaningful and repeatable time of year (previous
point quadrats were done in April 1954) required a different apvroach and the re-
examination was confined to recording species presence and - making counts of
tiller numbers.

Preliminary examination of the data confirms observation of very slow change
in blanket bog when enclosed, On Burnt Hill the frequency of Calluna, which is
more abundant close to the drains, is no greater overall thon in 1966. Empetrum
is significantly less in the enclosure than when grazed, but friophorum angustifolium
is more than 3 times as frequent. The differences here in B, vaginatum reflect the
dryness or otherwise of the habitat more than enclosure.
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szamination of the Bog Hill resulls is restricted to difference, 1f any, in
the current yeer botween enclosed and grazed bog and the sugeestion is that
differences will be small, There is more Empetrum and lichen inside but less,
also significantly so, bryophyte and liverwort cover., Iihether this is a site or
treatment effect is not known.

The grassland at Green Hole, however, has undergone major changes since 1954
comparable in species change end sward structure to Knock Fell exclosure. There
. 7 . ‘ . . . )
ig a 50% decrease in species when compured with the grazed twrf,

Further analysis of previous botanical data, from all the exclosures (see
last year's Report), has been made, and, in this we are indebted to members of
the Botany Department, Newcastle, for their assistance.

An examination of differences in invertebrate fauna haog been undertaken in
Knock I'ell and Rough Sike., Thin gtudy is being done with the assistance of
Dr, M.G, Morris (Monks Yood) who hes agreed to identify samples taken on six
occasions in the summer., A vacuum sampler tas loaned from the Zoology Department,
Durham.,

2. Present grazing regime

Only on Burnt Hill did earlier data cxist to enable comparisons to be made
and in this case there has been 1liltle change.

3., Modified management
a) The reaction of blanket bog Lo increased grazing

That increpsed grazing of blanket hog will lead to the development of a
Juncus_ squarrosus sward is the hypothesis of this trisl, now in its fourth
year., Graszing treatmenls have been continued and the yearly analysis of
vegetation made, The heavy grazed onlots have developed a more closed sward
dominantly of Eriovhorum vaginatum, the old Calluna being largely dead, but
many Calluna seedlings and young plants are now growing. Agrostis spp., Holcus
lanatus, and several plants of Juncus sousrrosus and J, effusus are firmly

established, the J, squarrosus seedlings being associated with grouse droppings,
b) w@stablishment of Juncus squUArTOSUS

Juncus squarrosus seed was sown in the Autumn of 1968 and treatments shown
in the following table have been carried out twice yearly. NMortality is shown
to be very high, It is concluded that the plots, 25 em?, were too small for the
treatments, especially treading, when it resulted in many seedlings being drowned
in the pool created. NIiven so 1t is evident that a treatment involving removal of
the light factor is essential for Juncus establishment,

Jumber of seedlings or plants of Juncus sguarrosus per 20 cmg, counted in

August

Site J1 Site House Hill
Treatment 19A9 1970 1971 1969 1970 1971
Sown on untreated bog 19 1 0 48 2 0]
Sown and vegetation cut 265 12 1 1215 148 5
Sown and vegetation trodden 274 19 4 822 57 12
Sown, vegetation cut and 859 95 41 1620 70 4

trodden
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b) The esteblishment of natural grassland communitics - Project 1/02
(M. Rovres & Niss L, Teasdale

Annual recording of presence ond performance (flowering, propogating and leaf
size of selected introduced vascular plants) has continued. There have been few
losses and flowering has on average been earlier than usual especially in the case
of normally early flowering species. Saxifrags oppositifolis and Seslaria caerulea,
both flowered 3~4 wecks earlier than in recent yeors,

A paper "Trials to recreate floristically rich vegetation by plant introduction’,
has been accepted for publication by the journal, Biological Conservation. The paper
sumnarises results of observations made in the past 15 years, on arctic-—alpine and
montane plants introduced to four exclosures on the lieserve.

¢) Grass Species Trial — Project 1/04 (M, Rawes, T.H. Davies & Miss L. Teasdale)

A further series (see Table below) of herbage plants werc tested for survival
under field conditions. This seed, from the Hational Secd Develovment Orgrnnisation
Ltd. Cembridge, is only available for trial purposes. WNo fertiliser was used,.

Seed "ras sown in 1970 in plots 70 x 100 cm and spaced plants were plsnted in -
rows., Whether the exceptionally mild winter led to these lowland verieties sur-
viving as well as they did is not kmown. Very high yields of Red Clover — Maris-
Leda and hybrid ryegrass, Sabrina, were obtained from individusal plants, but when
grown in a sward the number of tillers/plant was reduced, and, except for the
tetraploid Italian Ryegress ~ Sabalan, standing crops were not exceptionally high,

Yield g dry =t in fugust

Variety Survival Individual Sward

% Ilant per n?

+ Dactylis glomerata, Saborto 50 44.9 280

#*  Tolium, hybrid, Sabrina 65 141.,0 4354

JLolium italicum, Sabalan 90 57.5 704

Agrostis, saboval 93 54,0 250
Trifolium repens, Sabeda 61 10.0 43
Trifolium, Maris-~Leda T 140,7 278

+ Trifolium, iabltoron 5 0.9 554
+  fucerne, Sabilt 12 8.5 -

4+ Trost damage — Scvere
* Prost damage - Slight

IV, ROsSE-RCH BY MERLE 00D 370w
o) ITree Growth and Mutrition - Project 3/03 (4.H.F. Brown)

Trees on the better soils have responded well to a good growing season. The
pasture plot looks particularly promising with many of the Scots Vine (ﬁgggg
sylvestris) growing as well as or even better than the Lodgepole Pine (2. cggig{jg).
The Pines are now providing sufficient shelter for the Swedish 7hitebeaﬁ_(§§§§3§
igjggmgg;g) and the occagional other rcmoining hardwood to respond favourably in
places,

At Green Hole, Scots PTine is generally successful, though a few continue to
die back, The larger stancard Rowans (§1.§ypppa;1g) also remain guite vigorous.
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The two lower-nmost groups of Lodgepole Yine at Nether Hearth now contain
2 high proportion of moribund or dead trees. Otherwise the three species of
Fine (Eﬁmﬁﬁlyﬁﬁﬁﬁiﬁv £. contorta and [, mugo var. £9§§£§£&) continue to grow,
albeit shortly, on the better parts of this unfavourable site. The small
groups of Sitka Spruce (f}g@g;§}§2h3n§}§) and Hybrid Larch (éﬁ;ﬂﬁ\gﬂ;ﬁ}gﬁiﬁ)
are growing well, '

Height growth of Lodgepole Pine in the Bog find fertiliser trial appears
to be a little less then that of the last year or two, and needle colour is
poor. Chemical analysis of foliar samples is due to be made this aufumn
following which a decision will be made on the application of further
fertilizers.

b) A report from the Jsystems Section (4.J.P, Gore)

Descriptive models of the energy flow through the primary producers at
I.B.P., Tundra sites in Alaska, Moor House, Norway and South Georgia were
presented at a meeting of the Primary Troducers group at Glenamcy, Co, Mayo in
March 1971. Dr. Jones has described the detail of this work in her report
(see 1. ). The object of these models is to estimate the net throughput of
energy at different sites from a knowledge of cropving date only. These
estimates will be used to check the results obtained from models which are
based on relationships of growth to tcmperature and radiation.

c) Plant _ecological studies on peat - Merlewood Project 3/01 (4.J.P, Gore)

(1) Factors limiting plant growth on peat.
(ii) Productivity of blanket bog vegetation.

Work has continued on the analysis of these two studies and the lotter (ii)
is almost completed. A paper dealing with the phosphorus cycle of Eriophorum
vaginatum was presented at The British Ecological Society Symposium held in
Grange-over-ands, in March, 1971.

(1ii) A study of the redox characteristics of wet and dry peat profiles
at Moor House and Deer Dike and Striber's Mosses in North Lonsdale,

A computer programme developed by D.K, Lindley and Miss L., Goldsmith is
being used to evaluate orthogonal polynomials [itted to these redox data., This
programme and a plotting programme provides an efficient way of reducing the
large data set, giving quantitative cxpression to visual results obtsined using
silver plates due to C., Urquhart (1966), Nature, 211, 550. So far, cubic
equations are found most avpropriate to those sites not drained artificially.

In drained peat oxidizing conditions persist not significantly differently to
a depth of 30 cm, The figures illustrate these two conditions using the results
of the curve fitting programme with the plotting programme

V. R RCI BYIRUSHAT'R BIOLOGIC.L S 0CTATION
a) Btudies on Ireshwater Feuna - Froject 4/01
1. Tish Project (D.T. Crisp, R.H.K. Mann & Miss J. McCormack)

During the course of 1970-71 the regular three yearly sampling of fish
census reaches on the Moor House Reserve has continued. In addition a fish
survey of the whole Trout Beck System was made in lay 1971, and was repeated
in August and October and will be done again in May, 1972,

Material and data from the pre-inundatior phase (1967—70) of the Cow (Green
study are now being processed and prepared for publication, The data from Moor
House are being processed at the same time, though final publicalion will be
later than thot for Cow Green.
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2. Invertebrate Studies (P. Armitage)
Regular sampling of invertebratles from Moor House streams was continued
until the end of the 1970 season, bul hus now been suspended. The results
are being analysed.

VI, WSEARCH BY UNIVERSITIES

a) The effect of burnlvg_ard sheep grazing on the nutrient status of
£§2§£ﬂ;§5§g¥ﬁ£§ﬂgi;&. ~ Project 6/01 (K. Taylor, Unlveidity College, London)

This project is now completed.

A detailed analysis has been made of the mineral nutrient status of
Rubus chamaemorus in an experiment designed 1o determine the effect of sheep
grazing and rotational burning, the ususl management practice, on typical
Pennine blanket bog. Dvidence is presented (Marks & Taylor, J. appl. Ecol.,
in Press) to support the hypothesis that macro-nutrient supply is not
limiting the growth and reproduction of the plant in any of the experimental
treatments, It is thought likely that this conclusion will also apply to
the widespread tracts of (alluna-Briophorum bog in the uplands, of which
R. chamaemorus is characteristic, and which are so remarkably constant in
composition,

b) The effect of burning and grazinge on the production of Rubus

Chamaemoruuu;u_— Project 6/02 (7.C. Marks & K. Taylor, University College,

London).

The bulk of the field work in connecthion with this study was completed by
the end of 1970 and the results are being written up.

Limited sampling wosg undertoken in July, 1971 to provide an estimate of
the proportion of above-ground standing crop to below-ground rhizome at the
time of seasonal maturity.

Samples were taken from two areas : House Iiill, where there was a mature
Calluna canopy, and at Green Burn on an area burned in 1965 and which consequently
had little Calluna present, R, chamsemorus materiel was removed from 3 x Im
at each site end split into leaf lamina, stem 4 petiole, rhizome and root
fractions before drying. It is estimated that rhizome retrieval was probably
better than 90% but root retrieval was poor and probably no better than 10%.

The results showed a high degree of wvariability. At the Green Burn site
where the mean dry weight of above-ground parts was 21 g/m2 the weight of
rhizome was on average 2.4 times the weight of the above~pround parts. At
the House Hill site the comparable values were 5 g/m for the shoots and
rhizome averaged 3.7 times this value, Thus when considered on a square metre
basis the provortion of rhizome to above-ground parts decreases as the amount
of the above-ground parts increases. This situation is not likely in a
rotational burning system where the standing crop of R. chamaemorus is probably
decreasing in many areas following a flush of growth in the years immediately
after a burn.

Carbohydrate analysis

Rhizomes and roots of R, chamaemorus were sampled periodically during 1970
and 1971 and analysed for alcohol - soluble sugar and alcohol-insoluble carbo-
hydrate content in order to follow the course of depletion of stored food
material during the long inactive periocd from September teo May:
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Mean percentages of the alcohol 1nsoluole residue dry wejghts of root
and rhizome of R. chomsemorus

Date of Sampling 14/7/70  8/9/70 15/12/76  3/3/71  12/5/T1
Rhizomes: ”'_
Soluble sugar 12 10 18 18 . 13
Insoluble carbohydrate 20 24 4 3 3
Total 31 53 22 21 3 17
Root:
Soluble sugar 13 - 18 19 16
Insoluble corbohydrate 17 - 6 5 5
Total 30 ~ 24 24 21

Both roots and rhizomes serve as sites for the storage of food materials,
If it is assumed that no new growth of rhizome takes place between September and
early May, over 50% of stored carbohydrate is lost from the rhizoﬂes during the
inactive period and two thirds of that loss takes place before theend of
December, During the early autumn most material is stored in the form of
alcohol insoluble curbonydrqte but by mid-December almosl all the reserves have
been converted to sugar.’ B /

Supérficially the pattern of storage in the roots is similar to that in
the rhizome although percentage losses are somewhat less. However, inter-
pretation of the root values is not straightforward because it is 1ikely that
some root growth takes place during the "resting" period, The autumn of
1970 and winter of 1971 were comparatively mild so the losses of carbohydrate
due to respiration during the period of sampling were orobab?y higher than
normal.

c) Study on the relationship between epgg number and density in Tipula
suonodlcornls ZetLorstedt — Project 6/06 (Mrs. J. Butterfield & J.C, Coulson,

Populabjor es tlmates Tor Tipulas subnodicornis are being continued. By
spring the density of 4th instar larvae at WNether Hearth had dropped to 12 + 4
1arvae/m2 The blanket bog gites which maintainecd relﬁtlvoly high laxrval
densitics (Bog End 36 + 5/m , Troutbeck 31 + 7/m ) in the Spring yielded a
small number of adults so that this year there 'was no relationship between
Spring larval densities and the number of adult females tropped at each site,
Larvee are now being reared under g number of different regimes in the
laboratory and it is hoped that this will indicate some of the causes of
differential mortalily between sites in the field,

As it is unlikely that there will be an. opportunity to evaluate the
effects of high densities under natural conditions, a number of high density
areas have been created by introducing lalge numbers of fertilised females
into enclosures at Nether Hearth.

Estimates of larval density for T, pagana and T. paludosa have also been
made on two limestone areas. At 2050' on the west side of Dun Fell in August
the larval density of T, pagana was 64 + 9. T. paludosa at Troutbeck Flats had
adensity of 75 + 9 larvge/m in April which dropped to 24 + 5 larvue/m in June,
indicating either a drop in extraction efficiency or a hlgher mortality than
usual (Coulson found no significant difference between March and June population
densities on a similar olluvial area in 1956);
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Respiration studies show that 4th instar [. subnodicornis larvae absorb
143 + LLOg/g wetvm/hr at 15°C in December and that reoleathﬂ rate increases
in the spring (206 + 25ML02/0 wet wt/hr at 1%3°C). These measurements will
be checked and further studies carried out. Larvac kept ot 5°C and larvae
kept at 159C for three weeks before testing showed no difference in their
respiration rates when these were measured at 15°C.

A number of species are being subjected to different temperature and
photo-period regimes in the laboratory in an attenmpt to find the factors
influencing the date of emergence in the field.

d) Shoot &nd wood production in Cdlluna ~ Project 6/07 (J. Grace,
Department of Forestry and Natural Resources, University of denburgh)

The accumulation of dry matier in any ploant depends not only on the
rate of thotosynthesis per unit of leaf, but also on the pattern of
photosynthesate distribution., Blackman (1919) first pointed out that a
plant with an inherently high rate of leaf growth may be cexpected to have a
high relative growth rate compared to one which places its photosynthate
into non~photosynthetic tissue.

The PORTRAN model of Calluna growth described in Grace (1970) used
regression equations calculated from laboratory measurements of photo-
synthesis to predict photosynthetic rates in Calluna under any sct of
climatic conditions. The present season's work has attempted to measure
the way in which the photosynthate is distributed, using periodic field

samples of Calluna plants from 3Sike Hill, and measuring the growth of

photosynthetjc and non-photosynthetic parts,

To estimate wood production, the size of the current season's wood
increment was measured in transverse section at different times during the
season and at different places in the plant (Fig 1). To convert these
increments to wood volumes (Fig %), the frequency of wood stems and branches
of different ageswithin the plant (Fig 2), and thelr diameler snd length must
be known. To convert wood volume to weight the mean density of the wood and
its variation across the snnual increment is being measured (Fig 4).

Present and previous season's leal weighta are given in Figs 5 & 6,

-To deduce the seasonal pattern of photosynthate from these data requires
a knowledge of the carbon content of leaf and wood tissues. The work is still
incomplete but reference to Figs 3 and 5 would seem to indicate that the
season can be divided into three phases. In the first (June) the emphasis is
on shoot production. In July and August this slows, and the greater part of
the wood increment is formed. During September a second flush of shoots occur
and wood growth is retarded. The consequences of these changes of distribution
patterns to the growth of the plant will be examined using the FORTRAN model.

e) Studies on periglacial gctivity - Project 6/10 (L. Tufnell, The
Polytechnic, Huddersfield).

The work on ploughing blocks has been completed, excepl for the
observations on rates of movement which will continue al least until 1975.
Results will appear shortly in "Biuletyn Peryglacjalny” No. 21 under the
title "Ploughing blocks with special reference to north-west England",

Irosion assocliated with snow patches was observed during April, 1971: a
paper entitled "Erosion by snow patches in the north Pennines' has been
accepted for publication in "Weather",
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The main research effort during 1971 has been concentrated on elucidating
the characteristics of screes and block fields: it represents a continuation
of work begun in 1970, The main parameters investiigated have bheen fragument
orientation, size, shape and roundness. To date, the sites examined have been
in the upper Knock Ore Gill wvalley and Jjust outside the Reserve on Knock Pike.

f) Studies on black flies (Simuliidae) breeding in bog slreams in Upper
Tessdale — Project 6/15 (R.S. Wotton & L, Davies, University of Durham)

1. Object: To detlermine the seasonal cyclecs, populations and mortality of
black flies existing as larvae and pupae-in various streams in the area.

2. Methods: Periodic gampling of streams by removal of larvae and pupae from
known units of natural substrata (lesves or stones as appropriate) to obtain
numbers of different size-groups al each sample date, Additional material is
obtained using polythene tapes to determine the proportions of larvae that

grow to the next size group between sample dates, This enables the changing
duration of each size~group to be determined approximately in differcnt streams
at different times of year, an esscential step in delermining mortalities in

the different size groups. Because of inherent errors involved in sampling
these larvae and the short duration of the Iirst instar, analyses on the above
lines can only be done frow the second instar onwards (7 instars all told).

3, Results: Measurements and counts of Jarval samples as above is sufficiently
advanced to report results in detail at present. The first year's sampling and
general survey of many streams, show the following facts of species composition
and seasonal cycles,

In 3 streams in the Cronkley area at least 7 species occur, with 3 (ana
possibly 4) sufficiently abundant to be studied quantitatively. Populations of
larvae of Simulium brevicaulée, S, latipes, S, naturale exist in these streams
in all months of the year, with the highest populations in October-November in
1970, but with pupae present over a long span (May to October, or December in
the case of S. brevicaule)., One of these streams has large enough populations
of a fourth spccies, 3, nitidifrons, to be studied in detail.

In contrast with the Cronkley streams, 2 strecams near Cow Green (Borderonmere
Silke and Dubby Sike) and 4 at Moor House (Rough Sike, Nether Hearth Sike, Moss
Burn and Force Burn,) had vanishingly small numbers of the aguatic stages of the
above-named species during the winter 1970/71, Numbers of larvae in these
streams rose to high levels in July-August, with small larvae starting to appear
in May or June, snd total larval numbers falling during September. Thus although
the same species occur in all the areas, seasonal events are guite different at
Moor House and Cow Creen to what they are at the lower altitude at Cronkley.

Field work during the coming year will be concentrated on 2 or 3 streams
with contrasting seasonal events in the Cronkley and Cow Green areas, with
analysis of past year's samples being completed to give 2 year's figures for
these chosen streams.

Adult females reared from pupac have been kept alive in the laboratory and
these will be dissected to determine which if any of the bog stream species are
able to complete ovarian development without a blood meal, Preliminary results
suggest that S, brevicaule does regquire such a meal, but the possibility exists
that the separate populations in the different study areas mentioned above may
differ in this respect, so that some consist of autogenous individuals, that. is,
are able to complete egg maturation without a blood meal.
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2) A study of Gerris snecles - Project 6/11 Viss S. Roberts &
',C. Coulson, University of Durhdm)

The object of this Durham M.Sc. Course project was to messure
migration between ponds znd growth rates and to study life cycles.
Populations were compared with those at low altitudes around Durham,

wdult development is delayed at Moor House as compared with Durham and
there is also evidence of greater mobility at the highexr altitude,.

Project thesis is held in the Zoology Department, Durham,

h) Research on I'rogs — Project 6/12 (X, Palconer & K.R. Ashby,
University of Durham)

This Durham M.Sc., project intended to examine aspcocts of breeding’
success, mortality and behaviour., In the end most ol the work was done
near Durham, ‘

Spawning started at lMoor Housc on 21 March and the spawming period
was very long, almost a month. Most of the spawning occurred either
towards the beginning or end of that period. In the Durham area in
contrast spawning began on Iebruary 26th and was completed by 12 March.,
Although spawning took place at a late date at Moor House, development
there was very rapid and metamorphosis took place in early June. In
the Durham area, in spite of the lower altitude, the tadpole stage was
much longer and metamorphosis took place at the end of June. Falconer
attributes this partly to fine spring weather giving warm conditions in
the exposed peols at Moor House in which the tadpoles there were living.
The newly metamorphosed frogs were 12-15 mn in length. The smallest
frogs frowm the previous year were aboult 22 mm long in the spring at
Mooxr House,

i) Sedlmentology of the Great Limestone Cyclotherm - Project 6/13
(T, Blliott & H. Reddlng, Unive rs1fy of’ Oxford)

The northern part of the Reserve was viewed in the course of the first
year's field work. The object of the study is to give an interpretation of
the condition of deposition of the above sedimentary rocks in terms of
Sedimentation and environments. Samples are being taken in the field and
sections measured.,

Analysis will include X--ray diffraction, thin section analysis and
Electron scenning microscope work, '

j) Microclimetic factors and their influence on s0il animal
populatlons - Progeﬂt 5/05 (1. tHaines & C.A, udwards Pothamstead Bxperimental

Station).

This is an experimentel attempt 2t corrclaling envirommental factors
with their influence on animal populations in the soil with respect to
peaks of abundance, fecundity and emergence of pests Lrom the soil.

Soil cores 6 in deep x 2 in diameter are teken, Animals are ex~
tracted from the soil by the Berlese~Tullgren method (ot Rothamstead).

k) Queternary investigations of Valley Bog - Project 6/14 (Chambers
& J. Turner, University of Durham

Boring to establish more accurate dating of peat strata has been under-
taken but results are still to be analysed.
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VII. MISCBLLANEOUS RESEARCH

a) Examination of old Lesd Mines (Mrs, A. McChesney, Northern Cavern
and Mine Research Society)

General Intent:

1. To trace the history of the mines on and around Moor House National
Nature Reserve.

2. To photograph and catalogue with map references all remaining traces
of mining in the area,.

3. To explore and survey accessible mine workings,
4, To catalogue minerals found.
Progress to date:

1. Plans have been obtained of most of the mines in the area,

principally:— g Troutbeck (Hardshins Vein)

Overhearth
c) Greenburn
a) Loppysike
e§ Swathbeck
Hunters
g) Dun Fell/Silverband

(N.B. Iittle information on Troutbeck Providence Mine)

Work is progressing on correlating these plans with the 6" 0,5, maps
by photo-superimposition.

2., Trom the above plans which are of differing dates, the progress of
mining can be deduced to some extent.

%3, Most of the surface features, e,g. air-shafts, levels etc, obtained
from these plans have been inserted on 0.5. maps and these are being located,
photographed and, where applicable, the possibility of entry examined.

The only casily accessible level so far found has been the Troutbeck-

Hardshins Level. Access is by means of No, 2 air-shaft, a 45' shaft into
waist deep water, Dxploration has been carried out to the level mouth
(visible, but not a means of access due to chest-deep mud, too thick for
walking), and to a point 2500' from the level mouth where carbon dioxide
has been encountered. Surface work has shown two other points of entry -
No. 6 air-shaft and a water blast shaft. Incidentally, this mine is in good
condition and if the mouth were dug out the mine would provide a good example
of the method of working, The mine itself appears to have been unproductive
and very little extraction has taken place.

Other possibly accessible mines so far noted are Swathbeck, Dun Fell ILow
Level, Greenburn and Overhearth High Level. Information received indicates
that the Silverband Minc be left strictly alone due to its alleged unsafe
condition at the time of closure.

One very interesting surface feature is the carved stone at the head of
Rough Sike, thought to be a Mere stone indicating the boundary of the mineral
rights held by the Karl of Thanet.
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Further Work:

It must be emphasised that not all levels have yet been visited, and that
until this has been done no estimate of the amount of further work can be giver
The remoteness of the majority of these mines, particularly when carrying
equipment, and the difficulty of locating shafts makes for slow progress.,

VIII. RESERVE MANAGEMENT

The exceptional weather, a mild snow-~free winter, an early spring and a
dry summer has had a considerable cffect on wildlifc. Plant growth haas
generally been earlier and above average. The standing crop of grass in the
meadow at hay time in July was 4600 kg dry wt/ha, one of the highest yields
recorded in 10 years, The production of blanket bog, however, has becn
similar to 1968 and 1969 (see Smith & Jones p QL@. Flowering of some plants
was up to four weeks earlier than usual (see Rawes & Teasdale p., 4). Locally,
hay crops have been zbove average and fine weather at hay time resulted in
good quality feed being obtained. At HMcor House the meadow was cut in July
and most of the crop was hervested for winter feed for the wethers. The 19
wethers graze the pasture paddocks and in the winter, the meadow, when they
are not used for grazing trials. The grass swards of the Reserve retained an
unusually large amount of ungrazed vegetation in September, reflecting both
a good year for growth and the overall reduclion in sheep with fewer sheep
turned out on Milburn I'orest. Heather,howéver, has in many places been
heavily grazed by grouse, the population of which is greater than at any time
in the past 20 years. P, Taylor's study (p.?é) of the breeding success of
grouse gives exceptionally good figures, which are not confined to the Reserve
but common locally where large bags have been recorded in recent shoots.
Taylor and T. Hodgson have marked over 400 grouse and numerous other species
have been ringed by Hodgson. It is of intcrest to note that like grouse,
meadow pipits have been plentiful but very few young Dippers have been found,
whilst the studies of Tipulids (a preferred food for grouse chicks and meadow
pipits) by Coulson and Butterfield (p,7) show that some species have had a
poor season, Thus the survival and performance of birds, particularly grouse,
will be of particular interest over the next 12 months,

Ski-ing within an agreed area of Grest Dun Fell has been permitted under
licence for the last four years and each season has becen markedly different.
Last winter conditions for ski-ing were exceptionally poor there being only
50 days of snow lie. So despite an increasc in the popularity of the sport
there was a decrease in nunbers., The most popular run remained the east-
facingglley just below the fell summit and a total of 450 skiers was counted
here on 20 occasions in the year. 150 used the run in March, whilst in 1970,
it was used by 320 people on 14 doys. March is the most popular month for
ski-ing,

39% (slightly more than in previous years) of the skiers came from
Cumberland or Westmorland but many travelled big distances., The effect of the
new motorway (M6) is most noticeable; last year the number coming from
Lancashire and Yorkshire ws about similar but this season 23% of the total
were from west of the Pennines and only 9% fron Yorkshire.

Whereas fthere was no ski-ing at Laster the number of visitors to the
west side of the Reserve was considerable, Over 250 vchicles were recorded
as having entercd the Rescrve during Easter week~end. The number of casual
visitors to the Field Station has increased at week-ends and experiment
narkers on the nore accessible parts of the Reserve have becn tampered with.
A recorder was stolen ond snother damaged. There have been reports of
poaching and firearms are said to have been used,
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Permission to exemine mineral veins was sought, and given, for the second
year by officials of the British Steel Corporation. A request to re-work the
Silverband Barytes Mine was refused by the Planning Authority, Westmorland
County Council, but a further proposal from the same company, to mine a nmuch
smaller area has now been received and il iLs likely Lo be accepled,

The Northern Cavern and Mine Research Society (see p.14) have taken an
interest in recent years in some of the older mines on Alston Moor and this
year they have been given permission fo examine uvnderground workings on the
Regerve. They have been particularly active in Hardshins and Troutbeck Mines,
Plans, which emphesize the accuracy of early surveyors, have been drawn and
photlographs taken,

Whilst the weather was open there were few occasions for heather burning,
10 acres were burnt in March in the Green Durn area, I'ive burng have now taken
place in this catchment since 1957 and the intention is to concentrate most of
the burning in this parl of Lhe Reserve,

The maintenance of the access road continues to take much time and money.
Limestone waste has been brought in to fill pot~holes and re-surface, and tar-
macadam has been used for the first time, A tar laying machine surfaced + mile
and further dtretches have been laid by hand by Conservancy staff,

The roof of the house and cottage have been re-treated after being
turnerised in 1968, Modifications to the plumbing have eliminated a source
of air-locks and supply failures in the water system of the main house. The
gseptic tank last attended to in 1968 was emptied,
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‘Brackets indicate incoumplete record,

Meteorological Summary for kMcor House

ca 558 m 0.D. (Main Instrument Site) Lat 54°

Ja¥. FEB. MAR. AR,
¥ean Maximum Temperature C 1.6 O 7149 . 3.9
Yean Minimum Po nperature oG 2,7 =5.3  =3,6 ~1.2
% (Max. + Min., Temperature oG =05 =~2.5  -0.9 163
Bighest Msximum Temperature G Gol 5,6 6.1 10,0
Loviest Minlmum Temperature oC “lely =15.0 -10.6 =8.3
Lowest Maximum T rature o -5.0 =39 =1.7 ~2.Z2
Highest Minimum Temperature C 2.8 2.2 1.7 5.6
Lowest Grass Min. Temperatare ) <C -13,9 «18.3 =13%.9 -11.1
Av. Barth Temp. at 1-foot 0500 T G 0.8 0.7 0.l 2.0
Rzinfall, lnches G.18 11.03 6406 7459
Greatest Daily Rainfs HHu Hﬁowmm 1.18 155 1.17 2.5
Ave. rate of Rainfall, in hes/ hr* - - - -
No. of rain days 0 23 23 2k 27
Ko. of wet days 21 21 19 2l
Days with Snow or Slect falling 8 17 14 12
Dzys with Snew lying 0900 CiT 14 26 6 14
Deys with Hail 0 3 5 5
Dzys with Snow or Ice Pellets 1 3 2 1
Days wher Thunder heard 0 0] 0 0
Days with FPog at 0900 &GO 8 2 3 by
Days with Air Frost 18 26 25 20
Deys with Ground Frost 24 28 30 23
Total Sunshine, hours 25,9  6Ghe5 107,5 109.5
Ave Daily Bright Sunshines, hours 0.8%  2.30 3.47 3,65
Total Snow fallen, inches 4 66 19 29
Greatest Depth Snow lying, inches 2 17 4. 7
Average TWind Speed, knots¥ y (13.2) (20.0) AAm 5) (17.0)
Dats with Gale (suemogravh record) 5 8 7
Potential Evaporazion Data : ’ .
Pctential Evaporaticn, inches - - - (1.3)
Rainfell, inches 6.2 11,0 6.1 8.0
Potential Water Deficlt, inches - - - 0.0
Potential Water §urplus, inches - - - 6.7
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but for more

1970 (Iet. Office Station lo. 7188)
44t W., Long. 20 23! ¥, Iat. Grid. Ref. NY/7583%28
MAY  JUH.  JUL. AUG. SEP.  OCT.  HOV.
128 16,8  13.5  15.7 12.9 9.4 5.3
3.9 5.8 7ol 77 7ol 3.3 Ouls
8.3 11.3  10.5 11.7  10.1 6.3 249
16.3  23.3  22.8 21.1 20,0 16,1 1.7
~1.7 0.0 2.2 2.2 =0.6 =1.7 -5.56
8.9  10.6 8.3 10.6 849 2.8 =0.%
748 9 1641 12.8  11.7 8.9 7.2
~6e1 =bel =242 =141 =B,6  =5.0 -3.9
7.3 44,4 11.0 0 92:1 1055 7.9 4.3
240 377 B.71 7429 6,09 10.50 9.47
0.0 4.2 1.09  4.76 0 1.39 1.26 0 1,24
0.032 0,080 (0.051) 0.088 (0.056)(0.06%) -
17 9 2l 12 23 22 28
13 9 20 11 16 19 26
0 0 0 o 0 3 12
0 0 0 0 0 0 12
1 0 3 0 0 3 1
0 0 C 0 0 0 1
2 3 2 1 0 0 0
7 2 1 2 6 L 6
3 0 0 C 1 3 12
8 7 3 3 3 10 20
1710 234,53 121.5 174.2  91.0  30.6  23.1
5.52 7,81 3.92  5.62  3.03  2.60 0.77
o 0 o 0 0 0 13
0 0 Q 0 0 0 6
1340 (10.0) 15.0 (10,7) AAm 9) Aém L) (
L 3 8 3 10 i1
249 3.7 2.8 2.9 1.8 - -
2. 3.8 6.7 7.3 6.1 10.5 9.5
1.2 2.8 0.0 1.4 0.3 - -
Oaﬂ Nom Wcm mom .r‘om - -
than half the month
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Meteorological Summary for Great Dun Fell 1970
c. 655 m 0.D. Let 540 35! N, Long 02° 28' W, UNational Grid Ref: No. NY/710322

Jan, Feb, Mar, Apr, May Jun. Jul. Aug, Sep. Oct. Nov.

Meoan raxinun o¢ -0.

2 ~2.1 -0.8 1.1 9.7 14.1 10.2 13.6 10.2 7.0 . 3.0
Mean minimun o 3,0 5.2 -4,5 =2.,6 3.5 6.7 5.7 7.6 .5.8 2.6 =0.3
%+ (Max. + Min) og -1.6  =3.7 - =2.7 -=0.7 6.6 10.4 7.9  10.6 8.0 4.8 . 1.3
Highest Maxinum o¢ 4.8 4,4 4,0 7.2 16,0 21.6 27.6 20,3 17.2 14.4 9.2
Lowest Minimunm og -9.6 -10.8 ~9,0 =8.2 -1.6 1.4 8.5 3.9 2.0 =5.7 ~5.7
Lowest Maxinun o¢ - - - - - - - - - - -
Highest ¥Mininum - - - - - - - - - - -
Total sunshine hours 0.77 2.01 2.44 2,22 3.67 6,59 1.94 4,87 1.6 1.29 0,34
Days with sleet or snow -~ - - - - - - - - - -
Days with snow lying 18 27 30 19 0 0O 0 C 0 -1 13
Days with heil - - - - - - - = - - -
Days with thunder - - - - - - - - - - -
Fog at 0900 GMT 2% 20 22 20 19 9 21 18 21 24 23
Days with air frost 25 28 30 24 1 0 0 0 O 5 20
Days with gale 5 10 7 12 5 2 6 4 8 i3 0
Av. hourly wind speed 16,2 21.1 19.8 20.7 18.3 15,5 20.0 15.2 18,8 22,0 21,6

Greatest snow depth, inches -

Note Maximum is from 9n to 21h
Minimum is from 21h to Sh
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IV INTERNATIONAL BIOLOGICAL PROGRAMME

;;troduotlon (0. W, Heal, Merlewood)

The research during the year Septemoer 1970-September 1971 has started
to produce some of the main conclusions from the individual projects and
much of the work is now being prepared.for publication. About half of
the main projects have now ended but 1ull interpretation of the research
results has a long way to go.

The results show that Erlmary production on the blanket bog is in
taking into account between site and between
year variation, The variation between the seven bog sites at Moor House
shows no marked trend related to vegetation composition or waterlogging
but further analysis needs Lo be carried out. The intensive grouse
study during 1971 shows that, despite larger populations than in previous
years, less than Hﬁ of the Calluna shoot production is consumed The
sap~sucking psyllids which. also feed on Calluna consume less than lé
of the shoot production, The minor role played by’ herblvores in the

.renergy and dry matter transfer in ths system is agaln emphasised.

" The detailed studies on enchytraelds have shown that they assimilate
2-3% of the annual 1nput to the decomposer cycle and the preliminary

~ results indicate that ‘they can markedly increase the rates of litter

decomposition, presumably through stimulation of the microbial activity.
Although the results from the fauna studies - both herbivore and decomposer
-.show that they contribute relatively little to dry matter and energy
circulation, it:is becomlng apparent that they play a larger role in

nutrient circulation. For example, the N content of many of the invertebrates
is - 0of the order of lQ% of the dry weight, thus with the relatlvely Llow
concentration of N in the Vegetatlon, the proportlon of N used in annual
primary production which passes into psyllld and enchytraeid tissue production

may be up to 4% and 15% respectively.

The studies on nltrogen flxatlon indicaté that at least small quantities
may be fixed by asymbiotic micro-organisms but it is still uncertain
whether these will be suflicient to compensate for the losses recorded
in the eatehment atudy made earlier by D. T. Crlsp. '

A number of small new projects were carried out during the year
to answer specific questions and fill gaps in our information, Paul
Taylor under the suporv1s1on of Peter and Dianne Evans_(Durham) carried
out an intensive study of grouse breeding and continued the small mammal
work, Stephen Bell. superv1sed by Bill Hale: (leerpool Polyteohnlc) has'
examined the efflolenoy of Collembola extraction and population estimation
by comparing core. sizes, populatlons in the plant canopy and using 3011
sections to show what proportion of the population is not extracted.

The latter has been paralleled, by work on mites by Blll Block and Don
Goddard (Lelcester Unlvers1ty) in both cases the’ sectionlng has been
done in conjunction with Dr. John Anderson (Oxford).
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Dr. Barbara Mosse and Dr,'D. S. Hayman {Rothamsted Experimental
Station) have examined various plants for the occurrence of vesicular
arbuscular mycorrhizae which are coéoncerned in phosphorus nutrition.

_This is a comparative study on various IBP sites and the results indicate

that these associations are of very little significance at Moor House.

The extension of the primary production estimates to sevén blanket
bog sites at Moor House has been followed by an examination of rates
of decomposition on these sites using standard materials. A vegetation
description was carried out during 1971 to ensure that these sites were
adequately described and related to-Burnt H1ll where Lhe intensive Sphagnum

' ‘studies ‘are concentrated; This was done by Dickie Clymo, Helen Jones

and Rosalind Smith,

It is only in the last 12 months that major papers on Moor House

" IBP have’ appeared In published form, “Tan Forrest's paper in J. BEeol.

1971 59, 453 defJnes thé primary production on blanket bog estlmated

from fi¢ld cropping,” His..subsequent studies have provided evidencé.

of the between site and between year variation in productilon, Joéhn
Grace's thesis and papers (Grace, J. and Woolhouse, H, W.-(1970) J. Appl.
Ecol, 7y 36%) aithough not funded by IBP provide valuable data on some

of the* phy51ologlcal aspects of Calluna ‘production. The papéer by Helen
Jones, Tan Forrést and Tony Gore in the Proceedings of the Tundra Biome
Meeting in Finland describes the main features of the mathematical modelling

‘of the primary production and this approach will be used in future modelling.

Cenr -

John Grace, John Horobin and Tan Hodkinson submitted Ph.D. theses
on primary production, %tipulids and psyllids respectively. These, and

' the remaining theses and the other research results must be written up-’

soon for publlcatlon if we are to complete the project in the next 2-
2 years. - The individual research papers and theses form the bases-
for the ‘synthesis phase. In this the combired results must be analysed
further to describe the more general features of the production of and
circulation within, the blanket bog ecosystem. These characteristics
must be compared with those of other systems, oF parts of systems, in
UK and in the Tundra Biome and the résults compared with environmental -
variables., “Because there has been no policy of manipulation of the
blanket bog in the IBF project-and it has been intensive rather than
extensive, a correlative approach using results from other studies is
partiQUlarly important.

The comparlson of results has already begun, for example, in Ken <
Taylor s comparlson with Rubus growth in Sweden and in the modélling
by Helen Jones, as an important part of the Tundra primary production
act1v1t1es. Rosallnd Smith, who hds just replaced Ian Forrest, will be
concerned with the synthe51s of the Moor House results. Initially she
will prepare a detailed paper on site description which will inoorporate
cllmatic, vegétation and peabt profile results which have recently been.
obtained, She will then concentrate on--summarising the results on prlmary
production, including further analysis and comparisons,

International aspects

The close involvement in the Tundra Biome work has been maintained
since the meeting in Finland in 1970. The following have participated
in the Subject Group Meetings - John Holding, Barbara D’ Sylva, Vera Collins,
Pam Latter and Bill Heal (microbiology and decomposition), Helen Jones
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and Tony Gore (primary production) JoRn WHittaket (invertebrates). These
meetings have all required considerable effort in the preparation and’
examination of results with the aim of comparing data from the 40 or

so Tundra sites., Tt. is essential that this activity goes in parallel
with the analysis of Moor House results to allow those involved in the
research to develop and be involved in the broader interpretation.

a) Vepetation Description of IBP sites - Project 2/15 (R, S, Clymol,
H., E. Jones,= R, A, H, Smith?, IWestfield Collége, "Londomn,  =2Merlewood
Research Station)

In July 1971, qualitetive rccords (presence/absence of,plant species)
were made nexl Lo the seven sites at which primary production estimates
have been made by G, I, Forrest, and also on Burnt Hill. The . sampling
areas (usually 25 m x 25 m) were contlguoua with the primary production
sités and were subjectively selected For florlstlc 51m11ar1ty of the

-'more conspicuous plants with those remainlng on the primary productlon

sites, Samples were 25 cm x 25 cm, randomly arranged on a grid within
the sampling area. At the first seven sites 50 samples were examined;
on Burnt Hill 119,

Classification, (divisive monothetic using the information drop)
produces primary division based on Eriophorum angustifolium, which is
present in the maJorlty of the Cottage Hill and about half: the Burnt
Hill samples. "Green Burn” 1is falrly dlotlnctly separated in the other
group from the Bog End, Sike Hill and Bog Hill" sites on the presence
of Sphagnum magellanicum. The 4Lh d1v151on is. oF the drler Slke Hill
51te from most of the others.

These divisions correspond roughly to the "wetness" of the sites..
The inverse analysis (produc1ng groups of species) also glves groups
which may be related to "wetness',

An ordinagtion (prlnclpal components analvs1s) is not very helpful;
the first axis accounts for 0.18 of the total variance, and the first
four axes account for only 0,39 together.

It is satlsiactory to find that there seems to be, on the whole,
a high_ degree of floristic similarity between samples within a site,
although there are quite conspicuous differences between. sites only a
few tens of metres apart.

A full reﬁB?%mbf this survey is being prepared.

“b). Studies on Sphagnum ~ Project 2/02 (R. S.;Clymo_ahd_

>"E J F. Reddaway, Westrield College, London)

No experlmental work has been done at Moor House this year. The
microclimatic measurements have been continued, and analysis of these
is about ‘halfl .complete.

A paper giving a tentative dry matter balancé sheet for the Bdfnt

Hill site should appear shortly in Hidrobiologia. Others are in preparation.
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¢) Primary Production of Blanket Bog -~ Project 2/01 (G. I. Forrestd,
H, E. Jones2, R. A, H, Smithe, lForestry Commission Northern Research Station,
Roslin, Midlothian, 2Merlewood Research Station) I

The delalled primary production studies on the blanket bog sites
wore completed during the growing scagon of 1971 with the third year
of cropping on the Sike Hill (wét) site, and the final harvesting of-
litter trap samples.

1. ‘Callgna'litter~fa11 s e B

Four sites were chosen by G, I. Forrest, from those where detailed
production measurements were made, to record between-year variation in
litter=fall.

‘At each site 3 transects were laid out with 10 litter dishes staked
at 1 m intervals, On Sike Hill (wet), Green Burn and Bog Hill the dishes
were staked out on 22 April 1969, and at Bog End at thé end of April
1970, Collections were made at the following times and results are summarised
in Tablé 1:- .

(i) 29-30 July 1969
(i1) 20-22 Octoher 1569
(iii) early May 1970
(iv) 26 -June .1970-.

(v) 9-~15 October 1970
(vi) 27-29 April 1971

2, Sike Hill (wet site) Interyear biomass and praduction comparisons

For the third consecutive year cropping was carried out on this
site ‘at the end of April (15 quadrats) and the beginning of September
(20 quadrats). Results' are’shown in Table 2. .

As in previous years there was no significant difference between
the biomass of massive perennial Calluna componerits at spring and summer
harvests in 1971, '

Some of the differences between the 1971 results and those of previous
years may reflect handling and sorting error due to change of personnel
rather than-between year variation 'in biomass and productior, This
applies in particular to the shoot growth of Calluna; prodiuction figures
for 1969 and 1971 are probably not comparable.. There is no significant
between year variation in the biomass of Empetrum nigrum, but the biomass
and production of Eriophorum vaginatum is significantly lower in 1970
than in 1969,

Biomass and production of the less frequent components of the vegetation
(Eriophorum angustifolium, Rubus chamaemorus,.listera cordata and Vaccindum
myrtillus)are relatively constant, There was also no significant difference
in the total dwarf shrub biomass or the total above ground crop at the
1969 and 1971 harvests.

3. The detailed studies made in 1968 and 1969 on the Sike Hill site
have been published (Forrest 1971),
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Table 1 Summary of Calluna litter fall data at 4 primary production sites

(95% confidence 1imits are shown on the 1969 (-70) data)

-lMay-July Aug~Oct Nov*Apf o Tg%;IWJ
Sike Hill (wet) 1969 (-70) . - 25,1 20,2 %9.3 k.7 + 34,3
1970 (-71) 21,8 39,2 33.5 .5
Bog Hill 1969 (-70) - ho.s 18,0 - 31.9 90.4 + 28,0
1970 (<71) -~ - 9.1 .~ 32,0 - 334 4.5
Green Burn 1969 (-70) - 21,6 22,2 28.8 72.6 + 29.2
1970 (-71) 18.7 25,8 20.9 - - 6504

Bog End 1970 (-71) 46,9 31.6 W5, 7 . 122,22



— =

..26..

Table 2,  Sike Hill (wet site) - Interyear comparisons

Calluna vulgaris

Enpetrun nigrum

% shoots

shoots

wood

standing dead

total live

total (above ground)

“shoots

wood

standing dead

total live

wood + standing dead

total (above ground)

Eriophorum vaginatum green leaves

E. angustifolium

Rubus chamaemorus

Listera cordata

inflorescences

total

total

total

total

Vaccinium myrtillus total

:E“live Calluna + Empetrum + Vaccinium

:;:dead Calluna + Empetrum

total (above ground) dwarf shrubs

above ground crop

April
W+ 3
66 + 18

433 + 62
287 + 76
ko9 + 69
786 + 109 -

b+ 2
18+ 7
22+ 9
67 + 21

1.0
68 + 21
0.2
0.01
517 + 69
201 + 78
808 + 113
876 + 115

(with 95¢ confidence limits)

S 1g6g

September
48 + 4

300 + 41

3%8 + 66

197 + 38

oM+ 97

8h1 + 118
b+ 2
18+ 7
21+ 9
81 + 25
81+ 25

0.4

1v.24

0. 04

O.l5

661 + 96

201 + 38

862 + 118

o5 + 123

Mean
31
186
385
242
571
813

i
18

22

74

74
0.5

0,3

589
oh6
835

910

Production

240 + 59

8L+ 25

1.4
0.004
0.5

NOTE « Production was only estimated for those components which showed a marked annual

variation.

Compensation for losses will be calculated at a later date.
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all weights given g dry weight/m

1970 _ | 1971
April September Mean Production April September Mean Production:
b+ 3 6+ 2 31+ 3 19
319 + 34 319 + 34 36 + 13 2l2 + 7 124 212 + 27
W3k o+ 50 505 + 58 487 + 84 496
176 + 30 219 + 46 198 2U6 ¥ 46 190 ¥ 36 218
675 + 38 753 + 70 714 541+ 61 670 + 107 620
851 + 63 972 + 104 911 787 + 63 890 + 130 838
11 + 4 0.9 + 0.3 6+ 2 4 6+ 2
| 9+ 3 8+ &4 9
| 0.8 + 0.4 1.4 + 0.8 1.1
15+ 6
20+ 5 26 + 9 23 21 + 7 32+ 13 26
124+ 3 41+ 8 27 B+ 8 23+ 7 48 + 12 36 48 + 12
0.3 + 0.3
41+ 8 23 + 7 43 + 7 36
0.01 0.1+ 0.1 0.4 0.3
1.5 + 0.7 1.5 0.02 + 0,02 0.7 + 0.3 0.4 0.7
0.02 0.02 0,01 0.01
0,03 0.03
695 + 38 560 + 61 728 + 101 o4k
U8 + 46 193 + 36 220

303 + o6b 921 + 124 865

831

|+

64 970 + 119 901
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d) IBP: Systems Analysis for Moor House and Tundra - Project 2/09
( Helen E. Jones, Merlewood)

Several attempts have been made this year to apply modelling techniques
to the data in order to study the dynamic dry matter and energy flow.
Some of these have involved Moor House data only, others have included
data from other Tundra sites for ecomparison.

1. A 5~compartment model of Calluna (Fig. 1), using successive integration
and driven by a 6-month negative cosine wave to simulate seasonal .changes

in production, was .developed to”ﬁescribe the field data of G, I, Forrest.
The biomass changes of Calluna at Moor House are relatively simple to
simulate since there is no significant seasonal change in any compartment
except the green shoots, and therefore constant coefficients are suitable,

Attempts are now being made to incorporate the variation of the field
data into the transfer coefficients of the model, in order to compare
within and between.site variation in the Calluna production data.

' Fig., 1 5rcompartment model for Calluna at Moor House

i
K
0

" Bhoots |

— o o ceom

L
| Wood [ty 2

|

K, -
| , b | \ -

| St. dead | - CLitter |
|
, k8 k9
T

" Peal and respiration «
]

This type of model was adapted for % compartments, and developed
for the comparison of primary production data of 4 Tundra sites including
Moor House, The modcl was discussed at the Tundra Biome Primary Production
| meeting at Glenamoy, and illustrated the use of information on growing
' season length, plus production of aerial parts, below ground parts and
litter, The chief drawback to the model in this preliminary form was
that changes in below-ground blomass, due to back-translocation, were
not allowed for, and therefore the input derived to account for the above-
ground production represented a hypothetical maximum figure,. Further
work is to be carried out on this, possibly developing it for more sites.
A general comparison of the maximum net input figures (ko in Fig. 1)
would appear to be a realistic aim within the context of IBP and such
estimates are thought to be more useful biologically than, for example,
comparisons of production of live green parts only.
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2. ..A model for E. vaginatum, using field data of G, I, Forrest, is
currently being developed, to simulate seasonal variation in the biomass

of its component parts. Unlike Calluna, there is significant variation
in components other than the gréen in this species, which cammot be accounted
for solely. by seasonal variation in photosynthesis, It will therefore

involve some preliminary assumptions about seasonal translocation which,
although they:cannot be cheecked except by 'goodnessuofffit' of the field
data, may be useful in studying the effects of possible translocation.
on the maximum net input figures as derived in 1,

D Following discussions at the Glenamoy meeting of the Primary Producticn
Group, a model for Calluna was developed to predict seasonal growth from
temperature and radiation. "Textbook' relations of photosynthesis and
respiration against radiation and temperature, used by Father J, J. Moore
for a grass species, Pestuca arundinacea, provided a reasonably good
simulation of biomass changes (energy flow) in the fileld, as checked

by data collected in 1968 by G, I, Forrest. Although these relationships
are only very approximate, it has been possible to compare this approach
with the type of model in 1, which may be useful in the wider Tundra
context since sites which have obtained the detailed physiological data
on photosynthesis may be able to adopt both approaches of describing
energy flow dynamically: 51tes with field cropping data only will be
limited to method 1. <L -

4, Decomposition data have been used to derive some coefficients that

could be added to the primary production models. As there 1s no information
on the feedback effects of decaying vegetation on plant growth, this

can only act as a sink in the modelling. The preliminary assumpticn

was of exponential decay giving rise to constant decay rates for each

litter component, The decay rates obtained indicated that Rubus chamaemorus
leaves decomposed about three times more rapildly than Calluna wood; Calluna

shoots and E. vaginatum leaves were intermediate.

5. A report was presented at the Tundra meeting in Kevo, Finland in
September 1970 by A, J, P. Gore enlitled "Firgt stage of - a model [or
the growth and decay of Calluna vulgaris" (H., E. Jones, G, I. Forrest
and A, J., P, Gore). This has been published in the proceedings,

e) A'démpééison of the Productivity of Rubus chamaemorus L.at Moor
House, UK, and Stordalen, Sweden -~ Project 2/21 (K. Taylor and T, C, Marks,
University College, London)

The sites compared are situated close tc the IBP sites:
Moor House - Burning and grazing experiment on Hard Hill (610 m)

Stordalen (350 m) - a big hummock site described by Sonesson (1970)
(Opera Dotanicn, fo. 26, 1-120) :ni cciper-bkble with the major
habitat type 1A of Sonesson and Jonsson (1971) (In- Tundra
Biome working meeting on Analysis of Ecosystems, Kevo, I'inland,
(Ed. 0. W, Heal,), 129).

Vascular plants common to both sites in addition to R. chamaemorus
are:

Vaccinium vitis idaea
Eriophorum angustifolium
Eriophorum vaginatum
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‘and soil moisture is veing preoared for publication.
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The major competitor with Rubus at-Moor House, Calluna vulgaris
is completely absent from the Stordalen site.

Sheep grazing at Moor House brings about a significant reduction
in aerial dry matter production and fruit yield in R. chamaemorus (Taylor
and Marks 1971, In: The Scientific Management of Plant and Animal
Communities for Conservalion (Ed, by E, A, G, Duffey and A, S. Watt),
pp. 153-66, Oxford), At Stordalen the vertebrate herbivores are reindeer,
moose and rodents but their effects on the vegetation are unrecorded.

Some repulls obtained from both sites using comparable sampling
methods are given in the following tablce:

Mcan wppsreﬁt mean oven Number
aerial produotlon dry weight of fruits
 (g/me/yr) /fruit (mg) in 10 x 1 m@

+ standard error

Moor House, UK

1969 Burned and ungrazed (C/SF) 25.8 + 6.2 130 29
Ungrazed (C/LF) 10.2 +.4.8 123 15
Burned and grazed (C/S) 10.0 + 2.5 0 0
Grazed (C/L) 3,0 + 0.6 0 0

Stordalen, Sweden

1970 Mire expanse 11.7 + 3,0 165 12

7 Mire edge 50.77+ 2.7 253 4

Even in the absence of sheep grazing the dry .maltter production,
fruit yield and numbers of fruits per unit area were much lower at Moor
House than at Stordalen.

A detailed comparison of the performance of R. chamaemorus in these
sites in terms of the effects of climate, competltlon, mineral nutrients

f) Studies on Red Grouse =~ Project 2/17 (P, R, Evans and Paul Taylor,
University of Durham)

Funds became available in 1971 to employ a full-time worker on the
grouse project from May to September inclusive,  The following report
is based entirely on Paul Taylor s work,

Studies on production of grouse were made at three sites, Bog End,
Burnt Hill and The Drive. Ain average density of 1.14 birds/ha was estimated
from the numbers of nests found; this density is about double that recorded
in previous years from direct counts (using dogs). 54 nests were found
and detailed observations maintained on about thirty. The results are
summarised below:
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No., of No., of
clutches eBLs
used used
Clutch size 8.82 + 0.52 3%
Hatching date : 25 May + 2.8 days 31
Tncubation period 21 days 6
Hatching success o, 5% 22 275
Epp size 45.8 + 0,91 mm 10 4o
Egg weight 2L b+ 0.67 g wet 9 31
Hatching weight of chicks
17.9 + 0.24 ¢ wet 11

(Values are means + 95% confidence intervals)

Comparisons with data from Banchory (Scotland) show that egg and
clutch size and chick hatching weight were high, hatching success was
good, the incubation period short and the hatching date more than a week
earlier than normal. Counts in July revealed a very high survival of
yourig, such that the ratio of young to adult grouse was 3.2 to 1, This
measure of breeding success is one of the highest recorded anywhere in
thée British Isles to date, and far above the Moor House values of 1.2
and 1.1 young per adult recorded in 1965 and 1967 respectively.

From information on breeding output, and chick survival, together
with data on growth rates of the chicks, an estimate of biomass production
was made. This was of the order of 2,0-2.5 kg/ha.

An estimate of Calluna consumption was also made, on the basis of
figures supplied by John Savory of Banchory. It would seem that grouse
removed approximately 1.9 to 3.€% of the annual shoot production in 1971,

Additional studies were carried out on the movement of chicks and
erst_dfter'hatohing, and on the growth rates of chicks maintained on
different diets, “The latter study did not yield useful results, as
the Keéping facilities for chicks were not satisfactory.

From the 1971 study, together with the outline information from
previous years, it is clear that production of grouse and population
densitiles vary considerably from year to year at Moor House. Hence
the impact of the birds on the primary production (chiefly Calluna) must
vary accordingly. The study of breeding output needs to be maintained
in future years if the .quantitative importance of grouse in the workings
of the Moor House IBP etosystem is to be evaluated. The importance .
of insect availability to the chicks immediately after hatching also
remains to be determined.
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g) Small Mammal Studies - Project 2/11 (Dianne and Peter Evans,
University of Durham)

Traps were laid in May 1971 on the 16 rows x 16 points IBP srid

near Bog End. These oreak-back traps were inspected at two day intervals
for a week by Paul Taylor; only one Microtus agresltis and a few Sorex
minutus were caught. Thus there had been no effective re-colonization

by Microtus of the 2.25 ha grid on the blanket bog since the area was
trapped out in September 1970.

A further trapping on the IBP grid was carried out by Paul Taylor
in September 1971, No Microtus were caught in a week, 1in contrast to
the September catch of nine, a year previously. It now seems fairly
certain that Microltus does not breed regularly on the blanket bog, but
merely disperses on to the bog in autuinn, -perhaps in response to high
population density on the breeding areas.

In July and August, one such breeding area - in a small plantation
ont limestone grassland at Green Hole, about a quarter of a mile from

the IBP grid - was studied intensively by livé-trapping. Mlcrotus,
taken in Longworth traps, were individually marked by toe=-clipping and
then released. Subsequent recaptures indicated that thé home ranges

of almost all the marked animals overlapped considerably, and that each
home range may extend over almost the whole fenced area of the plantatlon.
Break-back traps set at varying distances outside the perimeter fence
falled to 1nLercept any animals ‘that might have dispersed. The population
density in Augusl in the limestone grassland enclosure was 90 anlmals

/ha. The age compOSJtlon of ‘the 29 animals caught was:

adult males (born in 1970)

adult females (born in 1970)

Juvenile males (early litters 1971)
juvenile females (early litters 1971)
Juvenile males (late litters 1971)
Juvenile females (late litters 1971)

L OV O

(The juveniles were aged by their weighf)

Unfortunately it 1s nol koown tht bhe population density was in
Green Hole in late summer 1970, when thé nine Microtus found their way
on to the IBP grid. Thus any relatlonshlp between density and emigration
requires further study in 1972.

A collection of Microtus, Qauaht,gccidentally in pitfall traps around

the IBP study erea, awails carcass analysis.

h)f. Sfudies on the Ecology of Strophingia ericae Curtis = Project 2/03%
(1. D.'Hodkinson.and J. B. Whittaker, University of Lancaster)

This work is now concluded and has been written up in thesis form.
Preparation of papers for publication is under way.

1. Population dynamics

Analysis of three years population data has shown that peaks of
nymphal mortality occur at the moult. Life tables (Table 1) have been
constructed for all three sample sites (Sike Hill, Bog Hill South and

Valley Bog Gate) and they show that approximately half the total nymphal
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mortality occurs in the "second summer?mperiod of the two year life cycle.
The nymphal mortality rate (R) is lower during the winter than during

the summer.

2, Energetics and feeding study

The rate of respiration for the adult instar is glven by Y = 0,144
+ 0,02% X (where ¥ = respiration in ml, Op per gram dry weight psyllid
per hour and X is temperature in OC). The respiration figures for 4th
and 5th instar nymphs are very close to that of the adult,

The ‘total production parameters for each site are given in Tables
2-4, The production figures are expressed primarily per 100 gm Calluna,
as this permits comparisons, in terms of intensity of psyllid feeaiﬁg,
between sites having different standing crops of Calluna. The "production”
of minerals represents the amount of mineral nutrients incorporated into
psyllid tissue and does not include any figure for losses via the excreta.
In Table-4-production paranmeters have been converted to a metre sguare
basls to permit comparison with other studies. However, no conversion
was possible for the Gate site as the standing crop of Calluna on this
site was unknown, Psyllid feeding at normal Moor House field densities
has no measurable effect on shool length, dry matter accumulation, flower
production and mineral content of Calluna.

Table 1 Life Table for Sike Hill 1963 Cohort

L is the total number of animals present on a given date, D is the number
dying between two successive dates and R is the mortality rate per day
between two successive sampling dates.

* represents the date on which maximum numbers of nymphs are moulting,

Date L D R
25.10.68 +1,000.0 115.4 1.1
Lk, 2,69 a884,6 210.1 3.1
21, 4.69 674.5 0 0
21, 5,69 630.1 221.8 12, 1%
17. 6.69 453,04 58.7 8.5
2. 7.69 399.6 57.6 10.3
16. 7.69 342,0 4z, 9 Q, 2%
30. 7.69 2938.1 10.5 7.0
4, 8,69 287.6 he.1 7.0
27. 8.69 241.6 128.7 12.7%
8.10.69 .112,8 57.8 10.5
26.11,69 55,0 8.5 1.6
3. 3.70 46,6 9.9 4,1
24, 4,70 36,7 12.6 10.1
27. 5.70 24,1 15.7 43, 5%
11. 6.70 3.4 4,4 ho.1
24, 6,70 4,0 0.1 1.6
3. 7.70 2.9 2.4 42.9
22, 7.70 1.6 0.7 31.6
5. 8.70 0.9 0.1 7.4
19. 3.70 0.8 0.4 25.6
9. 9.70 0.4 0.3 38.6
2.10.70 0.1
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Total production parameters for each site

(in calories/100 gm Calluna/year) and the ecological
efficiencies.

Sike
Hill

.

969

Production due to growth 260.3%

550.6
1692, 1
810.9
250%.0
22.5

Respiration
Excretion
Assimilation

‘Consumption

A/C (%)
P/A (%)
P/C (%)

Table 3

Potassium
Nitrogen

Phosphorus

Table 4

32.1
10.4

Sike
Hill
1970
29.0
27.8
197.8
56,8
254, 6
22.%
51,1
1.4

Bog Valley
Hill Bog
’ : Gate
1970 1970
39.6  55.5
36,4 52,4
255.0 412.9
76.0 107.9

3%1,0 520.8

22.9  20.7
52.2  51.4
11,9  10.7

"Production’ of minerals (gm x 1045/100 gm Calluna/year)
for each site

Sike
Hill

Production due to

growth
Respiratibn
Excretioﬂ
Assimilation

Consumption

Sike
Hill
1969
_686.7
1452, 4

4463.8

6602,9

Sike
Hill

1970

Bog Valley
Hill Bog
Gate
1970 1970
55 76
Ya.o /1036
F-3 SRR
131 185

Sike
Hill
1970
L 76.5
733
521.8
149.8
671.6

. . . 2
Tolal producltion parameters for each site (cals/m /ycar)

Bog
Hill
1970
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1)" 'Studies on Moorland Craneflies - Project 2/¢4 (J. ¢, Coulson,
University of Durham)

Life table data for Molophilus, ater have been collected for eight
successive generations and they are now sufficient to make some preliminary
analyses concerning key factors in determining population change and
density-dependent processes. The following summarises the main conclusions:

1. The population density of adult craneflies has been remarkably constant
over eight years on two Juncus squarrosus sites; no changes in population
occurred in excess of + 30% of the mean and the coefficient of variation

of the log. adult populalion was €%.  Typical densities are of 2,000
adults per sq. m.

2. Such stability suggested that density-dependent processes were operating.
Egeg and first instar mortality rates, female fecundity and possibly the
sex-ratio of adults were density dependent while the mortality rate in

instar 3 was inversely density dependent. None were perfectly density
dependent and a slope of about 0.5 was obtained for the first two (1.0

being the slope of a perfect density-dependent effect).

3, No significant differences in the form of the mortality Wéfeg?éﬁnd
between the two Juncus sites. T

4, The mertality in the egg and first instar stages accounted for 9C%
of .all mortality in each generation and this was also the key mortality
stage which primarily determined the size of the next generation.

5. The sex-ratio of adults varied between 15% and 5C females. The

preliminary analysis, using additional data .from other sites, suggests

that this ratio is influenced by 1) population size in the autumn (instar
2)s ii) the mortality rates in instars 3 and 4, . and 1ii) inversely
with the mortality in instar 2. There is no evidence of differential
mortelity of pupae. Thus 1t appears that certain larval stages have

a greater risk of mortality of potential male or female larvae, long

before sexual differentiation takes place, Since a high proportion

of males is, effectively, reducing the fecundity per individual, this

can be regarded as a differential mortality which acts as a density-dependent
mortality factor, reducing the number of females at high densities (because
the mortality rate was relatively low to produce this density).

6. Only a small amount of information has been obtained on respiration
rates on larvae owing to technical ‘difficulties of using such small animals.
Further results will be obtained this year. Respiration appears to

be temperature dependent even in acclimatised animals.

7. Growth of larvae in the field is temperature independent over the
normal autumn and spring temperature ranges encountered, Thus larval
development is actually slightly quicker at 2,700 feet than at 1,400
feet although the average and accumulated temperatures are some 4% less
at the higher altitude. Such an effect is interesting and important
since it is a valuable adaptation to living in habitats with a large,
but consistent difference in temperature which, as here, occurs over

a wide altitude range.

8. The only difference detected in relation to altitude is that emergence
is later at the higher levels. Experiments show that this is caused

by all larvae requiring a similar temperature threshold to initiate pupation
and this level is reached first at the lowest and last at the highest

sites. No diapause has been found.
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j) Production Studies on Oribatid Mites under Calluna vulgaris -
Project 2/10 (W, ‘G, Block and D. Goddard, University of Leicester)

Research was concentrated upon the measurement of respiration rates
of two species of oribatid mites (Acarina) from blanket bog on the Moor
House National Nature Reserve, Westmorland, These data will be extrapolated
to fileld temperatures and combined with estimates of field production

to give data on field assimilation in these species.

A Cartesian Diver micro-respirometer with a sensitivity approaching
l0—61p1 has been used for determinations of oxygen uptake on individual
animals, Samples were collected from the IBP site (Sike Hill) in May,
July and October in 19/0: January, March, May and August 1971, Al Ler
extracting the mites from the samples in Tullgren funnels, specimens
of two species were selected and placed in cultures with plentiful food
material at three temperatures; 5°, 10° and 15°¢, At least 15 days
were allowed for acclimatisation to these temperatures before measurements
of oxygen uptake were made. : :

Respiration rates of adults ( S.and @), tritonymphae, larvae and
ova have been measured for Belba (Damacus) clavipes and Platynothrus
peltifer at 10° and 15°¢. A summary of the data obtained so far for

B. glavipes is given in the attached table.

These data show that a temperature increase affects the respiration
rate of the adult s and Qdifferently. Over the range 10%to 1590 the
rate increases in ¢ , but in o it decreases. This is seen both in oxygen
uptake per animel and per unit fresh weight. Respiration rates for
different life stages show marked differences at the same temperature,

At 1500, the adult @ respires at a faslter rate than the adult “ , but

at 10°C the adult o has a faster rate than the ¥ on a weight specific
basis. For 10°C both the tritonympha and ova respiration rates are
corisiderably greater than either the adult ¢ or 9, At 1500 the larva
respiration rate is almost four times the rate measured for the adult 6
and @ .

Similar data ‘are being.accumulated for P. peltifer, but. they are
less complete at present, A comparison ig being made of respiration
rates of the Moor House species, which are subjected to a sub-arctic
climate, with another -cryptostigmatid mite, Alaskozetes antarcticus,
collected from Signy Island in the Antarctic,

At present, work is being deone to complete respiration measurements
for B. clavipes at 10° and 150C, with at least 10 measurenents being
made for each life stage at each temperature, These will include protonympha
and deutonympha -stages. It is proposed to measure oxygen uptake for
each life stage of B. clavipes at a third temperature, BOC, and it is
hoped to complete these experiments by October 1971.

Two sets of samples from Bog End have been examined, in conjunction
with Dr. John Anderson (Oxford University), to test the extraction efficiency
of the Macfadyen high gradient extractor. After extraction of mites,
the cores have been eémbedded, sectlon and the mites remaining in the
peat have been counted. ' This work will be completed soon.,



= mcsgges

..-37 ™

Oxygen uptake Pl x lo~4/h

Stage Fresh Temp. No, of
Weight - oC specimens /individual /Pg Fresh
Pg - weipgnt
Adult @ 250.(5 (26)* - 15 11 254, 8 1.05
10 15 231.8 1.01
Adult & 170.12 (20) 15 7 160.4 0.9%
10 15 207.7 1.22
Tritonympha 86,50 (8) 10 8 125.2 1.55
Larva 6.06 (5) 15 5 22.8 3.91
Ovum 5.50 (7) 10 7 11.1 1.92

*N,B. Figures in parentheses denote total numbers of animals weighed

k) A Population Study of Collembola on Heather Moor - Project 2/12
(W, G, Hale and 8. N, Bell, Liverpool Polytechnic) )

The sampling programme, started in April this year and due to continue
for a year, is aimed at obtaining a true population figure for the Collembola
of heather moor, Although work has been done on the Collembola of Moor
House on previous occasions, the present project is confined to Collembola
of the Calluna-Eriophorum blanket bog on the IBP site (Sike Hill). A
variety of sampling methods is being used, some of recent development,

A number of factors have been considered. Collembola move freely
and occur in the canopy as well as the litter, the canopy population
must therefore be sampled, an exercise not carried out in previous studies.
Various methods have been tried, including the vacuum cleaner technique,
but this was rejected because of the work involved sorting the Calluna
debris picked up and because it sampled from the surface litter as well
as the canopy. The canopy is now being sampled using heat extraction
of 20 samples per month of about 20 g of cut Calluna shoots. The figures
obtained for a known weight of Calluna green shoots are converted to
numbel"s/m"2 using a figure for mean biomass of Calluna green shoots of
227 gm/m2 obtained by Ian Forrest for Sike Hill.
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Table 1  Mean Total Collembola in Calluna Canopy (/mg). Further analysis
1s in progress

‘May 30.42
June 17.20
July -
August %8.58
Sept. 8.30
. Mean 23,62

In an. attempt to elliminate errors asgociated with sampling the litter,
two cores sizes 1/100th m2 and 1/1000th e were used, thi%ty and thirty-
two sample. units respectively of 7 cm depth heing taken monthly, Errors
may arise from core size effect on aggrezation or compression on sampling.
After extractisny using a modified Macfadyen hiph gradient extractor,
the 1/1000th m~ cores are embedded in gelatine under vacuum (Anderson
and Healey 1970), sectioned and examined, any remaining Collembola béeing
counted thus enabling the 1/1000th m° results to be corrected and the
relative efficiency of the extractor to be determined.

Of the results obtained to date there is a wide diversity between
the two sample unit sizes used for the litter, the:smaller core gilving

a much smaller population figure.

Table 2  Mean total Collembola in litter (/mg), preliminary results

1,/1000th m? core , 1/100th me core

Feb 10,410 15,760
March - -
April e e , ) N

June 570 23,197
July 500 10,927
Aug 625 - } -
Sept 719 . -
Mean . ) 2,449 _ 17,143

N,B. These results are suspect because of faults in the extractor

After embedding and secﬁioning some of the cores, the values obtained
for the 1/1000th me cores were corrected but the values were still low,

Table 3 1/1000th m® figures with corrections (/m?), preiiminary results

1/1000th 1 core Section Total
July 700.0 3100.0 3800.0. (for 10 cores)
Aug. 857.1 , 3285.6 41h2,9 (for 7. cores)
Mean TEL.T 3176.5 3041.2

At present tests are being conducted on the extractor in an attempt
to discover the reason for the descrepancy.
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In the litter the most abundant species are, in order, Isotoma sensibilis

'(6730;Q/m2)g Folsomia brevicauda (4970,0/m") and various Sminthuridae

(1584.0/m2)., ~ In the canopy thne majority of the Collembola found are

the active jumping species, especially Sminthuridae and Isotomidae,

The present sampling programme is however only half complete and therefore
these results must be regarded as provisional,

e L) Producticn and Respiration of Cognettin sphagnetorum= Project 2/05
(V. Standen, University of Durham) -

Cognettia sphagnetorum is the dominant enchytraeid occuring on blanket
bog, comprising approximately 9Cs% of the total bilomass of Enchytraeidae.
This species reproduces by fragmentation when the worm splits to form
a head and tail fragment and sometimes a middle fragment. The segments
then regenerate Llheir parls and continue to grow by the addition and
enlargement of segments.

The death rate of Lhe population has been estimated using rates
of fragmentation regeneration and growth determined in the laboratory.
The total number dying in each category in a year is summed to give the
annual turnover and this plus the difference in standing .crop. gives the
annual net production (Table 2), Production:turnover, -i.e, the ratio
of net production to average standing crop is-1,15 for 1063/166G and
0,78 for 1969/1970,

The rate of respiration of C. sphagnetorum was measured using a
Cartesian Diver, For whole worms there is no relationship between the
size of the worms and the rate of oxygen consumption, The rate of respiration
of fragments was approximately 1-3 times that of the whole worms. For
whole worms two rates of respiration were obtained according to whether
the worms were active or passive in the diver and this hehaviour response
was determined by temperature.” Individuals became active when moved e
to a higher temperature and passive when moved to a lower lemperature.

No evidence of acclimatisation to temperature was found unless this was
immediate, In computing a field respiration rate the:

active rate + passive rate
2

was used. At BOC and lOOC this is 115 and 230 pl Og/g/hr respectively,

The rate of oxygen consumption/hour at the mean field temperature,
the biomass/m2 of each category of worm and the numbe5 of days between
samples was then used to compute oxygen consumption/m“ for each between
sample period, and finally for each year.

The annual population respiration and assimilation are shown in
Table 1, The overwinter respiratory cost to the population has been
cut down in several ways. a) whole worms comprise most of the overwintering
population and the adult respiration rate is lower than that for fragments
b) active individuals become passive when temperature drops in winter
and the passive respiration rate is much lower than the active rate c¢)
there i1s no acclimatisation to low temperatures which means that the
respiration rate is lower than if the worms were low temperature adapted.

Nevertheless the production efficiencies Production x 100 are only
essimilation
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17.2 for 1968/69 and 14,1 for 1969/70., These are much lower than predicted
for short lived poikilotherms by McNeill and Lawton (1970) and may be because

the energy cost to production is greatly reduced by its method-of reproducing
by fragmentation,

It 1s suggested that reproducing by fragmentation cuts down the
energy cost to production and lack of acclimatisation to low temperatures
reduces the overall respiratory.cost and that therefore C., sphagnetorum
is well adapted to live under Moor House conditions.

s

Table 1 The annual population production and respiration for

C. sphagnetorum, calorific equilvalent 1.034 Keals/gm

live weight., Oxycalorific equivalent 4,775 Keals/litre

oxygen :

Production (P) ReSpgration“(R) o Assimilation éP +R) P x 100
Year g/m Kcals/m COE/m Kcals/m Kcals/m ‘ A

1968-1969 12,44 12.86 12,98 61,98 74,84 17.2
1969-1970 10.05 10.39 15.27 63.36 73,75 14,1
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Teble 2 Standing crop, turnover and ret production of C. sphagnetorum

1068-1969 1665-1970
Category Av. segment Av. weilght Annval turnover Av. standing crop Arnual turnover Av. standing crop
number (mg) ro/me viomass (g), no/me biomass (g) no/m? biomass (g) no/m? biomass (g)

small 32 0.19 10,457 1.987 M 14,736 : 2.799 3,884 1,688 17,487 3.322
Large Lo ‘ 0.41 27,655 11.338 . 18,242 7.47¢9 15, 043 0.168 22,3605 9,169
Heed 2z 0.11 1,633 0.180 11,524 0.127 9,49¢ 1.045 337 0.092
Middle - 17 0.08 163 0.013 6,809 0. 054 3,736 0.2¢9 534 0. 043
Tail M 25 0.13 2,771 0.360 2,478 0.322 2,070 0.261 2,036 0.265

13.878 , 16,781 R 12,821

Stending Crop Difference
April 1063 .61 :
April 1969 8.17 & - 1.4 g
March 1970 3.75 2 + 0.58 g

Production = Annual turnover + difference in standing crop

I

1968-1969 = 13,375 =+ (-1lihk) = 12,44
1069-1C70°= 9.hol + 0.»3 = 10.04

om0
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m)  Feeding Studies on Enchytraeidae ~ Project 2/06 (Pamela M. Latter

ard Gillian Howson, Merlewood )

The experimental work on lhe food eaten by the Enchytraeid worm;
Cognettia sphagnetorum, (1970 Annual Report) has now been completed,
The observalions on gut contents, faeces and microbial content of foods
is now being carried out, The method of culturing worms in the perspex
slides with a sample of food in a shallow depth of bog pool water has
proved successful and worms have remained alive for over one year.  Preliminary
results show the testled foods to suvpnort growth of non~sterile worms
as follows.:

Good growth (up to 130y increase in segment number in 3 weekb)
Callung, Eriophorum and Rubus litters.

Moderate growth (approx. 30-6(% lncrease) ~ Sphavnum, Cladonia,
' peat particles.

Poor growth (below 3C% increase) - peal expressate, bacteria expressed
from peat with antibilotics added.

No growth or death - bacteria expregsed from peat, fungal mycelium,
filter paper, :

Calluna litter inoculated with various fungi gave similar growth
to untreated control litter. Growth occurred in a few sterile worms
maintained on irradiated (sterile) Calluna litter.

The worms move vp the centre of Calluna litter, Eriophorum leaves
and Cladonia thallius and feed on and remove the internal tissues leaving
a cylinder of outer lissues, On Rubus leaves lhe softer tissues between
the veins is eaten. Finely divided Taecal material accumulating in
the cultures varied in quantity with different substrates, Where solid
food was not present, particles or bacteria in suspension were sucked
in., The worms were nol observed to re-ingest faecal deposits.

Under the culture couditions used, i.e. with chopped food, material
which would be present in the standing dead and surface litter seems
acceptable as food. In the field, numbers are lower on this type of
litteéer and worms were not observed on the marked decomposing litters
in the first year (see litter decomposition project). It is presumably
unavaillable in the fie'.. because worms are unavle to penetrate the harder
external tissues unless they are broken, and the lack of satisfactory
moist conditions makes the material unacceptable,. Numbers of worms
increased in the 2 and 3 year-old llLter but were reduced on 4 to 5 year
old litter.

The results suggest that C. sphagnetorum which constitutes 60% of
the fauna biomass in the peat gites, is responsible for comminution and
digestion of partially decomposed dead plant litter, Micro-organisms
do not seem to provide an accepltable food source, This would place
the worms in the secondary decomposer pathway of the food chain,
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n) The Influence of Soil Fauna on the Decomposition of Blanket DBog
Litters - Project 2/18 (V. Standen, University of Durham) :

The objectives of this research are:

(1) to measure the prowth and production of Cognettia sphagnetorum in
the field to test the validity of production

(2) to show the influence of different population densities of enchytraeids
and tipulids on (a) the rate of decomposition of different types -
of 1litter, (b) the rate of respiration of decomposing litter and
(c) on nutrient release.

The experimental set-up uses nylon mesh wags (aperture 45 microns
diameter) with weighed quantities of litter of different Lypes. Known
numbers of C. sphagnetorum were added to the bags hefore they were returned
to the field. The number added was either 14 or 5 animals equivalent
to approximately 35,000/m2 and 12, OOO/m2 respectively, Aftér three months
(June~-September) the bags were retrieved and the changes in physical
and chemical composition of the litter, the dry weight loss and the growth
of the anlmals are being measured. Microbial activity is being measured
as the respiration of the undisturbed litter in Dixon respirometer flasks
~ the contribution made by animals in the litter is calculated from the
known rate of respiration of these animals measured in a previous study
using a Cartesian Diver. The experimental site is on blanket bog at
Sike Hill where temperature is being monitored by a Grant recorder,

The first of these experiments, which used different densities of
C. sphagnetorum only, is complete and the results are being analysed,
In the second experiment the tipulid Molophilus ater 'is included,”

The results obtained show the rates of oxygen uptake of undisturbed
litter to be similar for Eriophorum and Calluna which are greater than
the rate for Sphagnum, Aftor three hours in the respirometer the average
rate of respiration at 10°C of the litter with a high density .of enchytraeids
is:

Calluna 21% ul oxygen/gm oven dry wt. litter/hour
Lriophorum 264 1l oxygen/gm oven dry wt. litter/hour
Shagnum 51 pl oxygen/gm oven dry wt. thten/hour

Measurement of respiration rate with Sphagnum 1itter has not been
satisfactory and the average figure given above may include some results
which are too low owing to the release of oxygen and methane in the respiro-

meter,

The rate of respiration of Eriophorum litter With a high density
of enchytraeids is twice the rate found for the Same litter with no enchy-
traeids. The data Ffor the other litter types are not yet analysed. =

The loss in dry weight of Lriophorum litter with a high density
of enchytraeids is about 20¢¢ of the original weight afuer three months
compared with 5.5% of Eriophorum without enchytraeids; for Sphagnum
with o high density of enchytraeids the loss is 8.7% as against 4.8
for the same litter withoul enchytraeids,
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The animals are recovered from the litter and then their segments
are counted before they are killed and oven dried prior to weighing,
The weighing- has -not- yet- been ca rrled -oub- but from~the segment. counts
it seems that there has been a proportionally greater increase in the.—...
standing crop within the litter bags containing the low numbers of C.
sphagnetorum compared with the bags containing the high numbers. '

In additlieon~the carben dioxide output on the site 1s being measured
using the conductimetric melhod described by Chapman (Oikos,”in‘pPGSS)
Readings have heen taken at noon on three different occasions this year,
but a more complete record of the carbon dioxide output through the day -
will be obtained in 1472,

None of the results aquoted is final. Six replicates on the gites
will give standard deviation of the mean.,

Heal and

o) Decomposition of Plant Remains - Project 2/07 (0. W.
P. M. Latter, Merlewood) )

The aims of this study are:

a. Td estimate the rates of decay of ‘the main components of the blanket
bog, vegetation and to relate these to the chemical quailty of the
organic matter and to ha01tﬁb variadles.

b. To calculate from primary production data and decay rates, the rates

of accumulation of organic matter.

Long term decomposition

The dry weight loss and:changes in chemical compositilon of the main
vegetation types are being recorded for up to ten years, on samples laid
down in 1966 (Calluna, [riophorum) and 1967 (Rubus chamaemorus). -Samples
are enclosed in nylon mesh-bags with the excepltion of Calluna stems which
are tied dlreouly to the label, e

The ¢ dry weight loss from the four types of litter are given in
Table 1. The exponentlal trend in all llttOP° has continued in the
sompling made in September 1971, :

Table 1 ¢ dry weight lo

s5s + GE

1 yr - 2 yr % yr I yr
Calluna stems 7.6+ 0,6 15,2+ 2,0 16,1+ 1,0 241 % 1.3
Calluna shoots .8 + 1.4 29,3 + 2,5 24,5+ 2,2 40.2 1+ L4
Eriophorum leaves 206.4 + 2,1 36.5 + 2.4 46,7 + 2,1  65.1 + 5.1
Rubus leaves 38,1+ 1.6 53,8 + 2,0 62,3+ 3.8 69.7%

* approximate results only

‘The .wood of some of the Calluna stems ‘is seftened in parts bul the
The condition

samples are still complete, apart from some loss of bark,
of the leaf samples is very variable, some are largely disintegrated

5 yr¥

25.3

52,6

54,0

to faecal material while others are still recopnisavle remains or complete
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leaves or shoots. Penetration of the samples by rootlets continues

and some central cylinders of Calluna and Eriophorum leaves and shoots are now
filled by roots. The Calluna and Lriophorum samples now five years

in the field, are mostly lying on, or just into the brown horizon (mean

depth 3-1 cm),

. The condition of the retrieved remains now makes sorting very difficult,
It is doubtful whether any further dry weight loss measurements can be
made, except in the case of Calluna stems, The resullts were discussed
at a British Ecological Socilety Meeting in March 1971,

Variation in decomposition rates

In lale 1970 a series of experiments were set out by Mr, G. Smith,
These used the litter bag technique and were designed to examine a number
of sources of variation. Samples will be collected in October-December

1971,

The experiments containing at least 10 replicates for each treatment
were distributed as follows in randomised block designs,

Between year variation: Rubus chamaemorus leaves on Bog Hill, to repeat
the earlier experiment, A further set of nets were laid down in
September 1971,

Between litter .variation: 15 types of litter from 10 species on Sike Hill,

Between microhabitat: Rubus chamaemorus leaves in three habitats -
Calluna, Lriophorum and Sphagnum ~ on Sike Hill.

Between depths: 3 litters including, Eriophorum vaginatum roots and
Calluna below ground stems, at 5 depths on Sike Hill,

Between sitess Rubus chamaemorus leaves and cotton strips on 9 blanket
bog sites. :

Cellulose decomposition

In the above experiments cotlon strips inserted vertically into
the profile are being used to compare decay rates on different sites.
The strips are left in position for up to one year and the tensile strength
of sections of the strip is measured as an index of decay.

Cotton strips have been provided for parallel IBP studies in Kevo
(Finland); Signy Island (Antarctica), Glenamoy (Ireland), Hardangervidda
(Norway) and Abisko (Sweden), Samples from the first three sites. have
Just been analysed but results are not yel available. In addition to
wood pulp cellulose preparation, which is being used as a standard in
all Tundra IBP sites; has been set out at Moor House,

In a separate study Mr. G. Spragg, a sandwich student from Bath
Polytechnic examined the relationship between dry weight loss, cellulose
loss and tensile strength. There was a difference in the relationship
for two soils tested, and it may be necessary to do a simple soil test
for any new site. The results are being analysed and will be written
up in a paper on the method,
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Decomposition in relation to burning

At Hard Hill, Rubus chamaemorus. leaves obtained from the unburnt
plot, showed 43.2% dry weight loss in one year (1967-68) whén decomposed
on the burnt plots (A/SF) compared to 34,74 on the unburnt plot (A/NF).
The difference, which was siznificant at 5% level may be due to increased
moisture content and more faunal'aotivity on the burnt plot. This work
is being prepared for publication with P, J, A, Howard.

Tolypocladium, gen., nov,

The fungus referred to in Laotter, Cragyz and Heal~(l967) as- unidentified
white sporing species, and which is common in the peat sites, has now
héen named by W, Gams as follows:

Species A = Tolypocladium geodes
Speoies_B = T, cylindrosporum

Type specinmens of Moor House cultures, are held at Centraal Bureau Schimmel-
cultures, Baarn, and a full taxonomic description is given in Gams, W.
(1971), Persoonia 6, 185-191.

The paper "A preliminary study of the growth of fungi and bacteria
from temperate and antarctic soils in relation to temperaturen, which
includes work on fungi and bacteria isolated from Moor House peat, is
shortly to appear in Soil Biology and Biochemistry.

p 1) Study of Anaerobic and Facultative Bacteria in Peat - Project 2/03
(Vera G. Collins and Barbara T. D'Sylva, Freshwater Biological Association)

The numbers of heterotrophic aerobic and facultative anaerobic bacteria
and the numbers of selected physiological groups of bacteria were studied
at different depths in the peat profile. Pure cultures of these bacteria
were identified and tested for their ability to perform various biochemical
activities, The technigques for enumeration and isolation of the bacteria
can be found in previous Annual Reports (1967-70). Tables I, II and
IIT summarise the characteristics of the peat profile and the numbers
of the different groups of organisms present at various depths in the
peat,

The results indicate thal there are bacteria present in peat capable
of carrying out various biochemical activities, They occur in rather
low numbers, but these are indicative of their Jpopential' activity in
the soil. The numbers of heterotrophic bacteria are in the same range
as those for some arable soils, and the aerobes and facultative anhaerobes
follow a similar pattern with depth in the profile (Table I). Tests
done on representative cultures showed that the isolates demonstrate
an oxygen tolerance range from 3% to 90¢ saturation, indicating a truly
facultative populalion present at all depths.

Biochemical groups

The numbers of bacteria thal could grow on a medium with chitin
as the main carbon source ranged from 10-170 x 107 (Table IT) but very
few of them could decompose chitin to its final stage of N-acetyl~ [ -
glucosamine, It is likely therefore, that bacteria initiate the breakdown
of chitin in association with fungi; the latter completing the lysis.
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A similar ossociation with fungi probably takes place in the breakdown
of cellulose; high numbers of cellulose decomposers were observed in
the 'litter' horizon (Table III).

Sulphate reduction was greatest in the ’green' herizon; a strong
odour of hydrogen sulphide was noticed in this zone, and the 'green'
colour turned to black upon exposure to air. Sulpnate reduction is
higher under waterlogged, anaerobic conditions; Urquhart (1569) found
a drop in redox potential around 20 cm and this corresponded to maximum
sulphide deposition on silver plates.

The thiosulphate oxidisers were high in the litter layers. Tests
with pure culture isolates showed the presence of high numbers of Thiobacillus
denitrificans in the 'green' zone indicating the facultatively anaerobic
metabolism of this organism.

. . . . . . 1 1
Highest numbers of denitrifying bacteria occurred in the litter
horizon and the numbers decreased with depth, This demonstrates the

,ability of the facultative population to utilise available nutrients

under- the site conditions, since it is likely that more nitrate is present
at the surface than in the lower layers.

A1l the biochemical groups tested are present in blanket peat, but
all are in much lower numbers than in arable soils. It is known that
decomposition rates in peat are low, and although bacteria capable of
breaking down the components are present, their ability may be restricted
by low pH and resistant organic matter. Reduced oxygen conditions also
reduce populations despite the increased numbers of facultatlive anaerobes
and although populations may be high thelrrate of carbon brealkdown is
low.

p i1i) Studies on Nitrogen Fixatiom in Peat =~ Project 2/16 (Vera G. Collins,
and Barbara T. D'Sylvaj Freshwater Biological Association)

Investigaotions have continued to determine the amount of N, fixed/mg/
year and to try and rclate the amount of No [ixed with the numbcrs of
nitrogen-fixing bacteria.

The numbers of nitrogen-fixing baclteria were estimated by a dilution
count on Biggins and Postgate's mineral salts medium containing a small
amount of nitrogen (20 ng/1). The results given in Table IV are-the
mean values for three Samples taken at each sampling treatment. Details
of the depths of the four horizons are piven in the preceeding report.

The highest numbers of bacteria capable of growing on the selective
medium for estimating their nitrogen fixing capacity occurred in February
for three of the four horizons. FFor +the 'greenl horizon counts were
slightly higher in October than in February. Aerobic and anaerobic
counts appear to be closely related (Table IV) for each sampling, Maximum
numpers occurred in the litter zone.

The amount of nitrogen fixed in situ is esltimated by the acetylene
reduction technique, The guantity of ethylene produced from acetylene
is analysed on a gas chromatograph. (Details of method in Moor House
Annual Report, 1969-1¢70). Preliminary results indicated that the amounts
of ethylene produced varies between 1 and 40 n. moles C2H4/g dry weight/hr,

Between site variation and between depth variation are being studied
on five sites, (Bog End, Sike Hill, Cottage Hill (2 sites) and Green
Burn), and seasonal variation studies continue on the Bog Ind site,
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Table I Characteristics of the Peat Profile at Bog End
Range of depth Range of
Horizon at which korizcn thickness Munsell Soil . PH range pH range Moisture content
commences ¢m of horizon cm chart colour in dist. water in 1M KC1 Range % dry wt.
(42 samples) (42 samples) (12 samples) (40 samples) (18 samples) (40 samples)
Litter 0 2-15 - o 3.,1-3,2 2.6-3,L 6141200
Black brown 2-15 3-10 5YR 2/2 3.2-1,0 0.5-3,1 809-1900
Green 5-20 3-2L 5Y 2/2 3.C-3.7 2.4-3.1 733 -2400
Red brown 15-36 g-36 5YR 3/2 3,1-4.6 2.4-3.0 669-1150
Ta0le IT Plote counts of heterotrophic and wWHﬁHSOH%wHo bacteria at Bog End
No. c¢f heterotrophic bacteris/g dry wt. No., of chitipolytic UDoﬁm%w%\m dry wt. -
fleroblc Range x 102 Facultative Range meom Aerobic x How Facultative x 10~
Horizon (2 samples) (8 samples) (4 samples) (4 samples)
Litter 9-150 3=~ 77 10 170
Black brown 5- €2 23-138 10 .25
Green 10-4c0 10-380 .20 30
Red brown 16-220 27~210 10 19




Table IIT Phiysiological groups of bacteria. Numbers/g dry weight estimated by Most Probable Number Method
Cellulose decomposers Sulphate reducers Thiosulphate oxidisers Denitrifiers
Horizon (1 sample) (1 sample) (4 samples) (3 samples)
Litter 21 x Hom 2.4 x Hou 5 x Hou b T 16 x How
Black brown 32 x How k.6 x How 3 x Hom ) 17 x How
Green 85 x 107 1.6 x 100 2 x 10" 1 x 100

Co

7 2 2
Red brown 3 x 10” 1.6 % Hou 2 x 10 11 x 10
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Table IV Numbers of Nitrogen-fixing bacterig/g dry wt. x Hor at Bog End
September 1970 October 1970 February 1¢71 April 1G71 June 1571
Horizon
ferdbic Anaerobilc Lerobic Anaerobic Aerobic Anaerobic Aerobic Anaerobic ferobic Anaerobic

Litter 251 26 1286 b3k 898 1225 372 10k 567 552
Black/ _

Brown cl 4k 145 127 ph2 677 2G5 543 262 180
Green 13 15 496 639 . 437 359 260 318 115 153
Red/ ‘

Brown 1 8 35 S5 251 349 ) ) 197 168
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q) The Influence of Microflora on the Cycling of Inorganic Tons
in Moor House Soils - Project 2/1Q (Ernestine McEvoy and A. J, Holding,
University -of Edinburgh)

The overall object is to demonstrate the influence of inorgdnic
ion availability in peat on microbial activity. Under certain circumstances
small concentrations of calcium added to peat stimulate microbial activity
and it is important to know how the peaL ion exchange capacity influences
this response to Ca, Therefore investigations on the influence of cation
exchange capacity are beinpg undertaken in simple model systems using
ion exchange resins. 'he results obtained will be related to the peat
system,

Experiments were therefore devised to show whether Ca bound on a
resin stimulated or reduced the growth of bacteria compared with an equivalent
amount of Ca in solution, Zeocarb 216 was selected for the studies
since- 1t wes the resin with ion exchange chaoracteristics closely resembling
those of the peat. It is weakly cationic and contains -OH and -COOH
groups. A gram-negative rod-shaped organism isolated from peat was used
for the investigations. The organism was cultured in a minimal nutritional
medium (MN) containing KpHPOy, KHoPOy, Mg50y,, NaNO3 and glucose. The
growth rate of the organism 1ncreased in uhe presence of added Ca.

Preliminary investigations revealed several problems associlated

with the use of resins. Percolation through a resin column wag unsatisfactory
both due to the bacteria not adhering to the resin and due to difficulty
in obtaining a stable Ca concentraotions on different sections of the

sin column, Both the initial toxicity of the resin and sterlliZﬂtion
problems were overcome by extensive washing with IN HCI. Growth inhibition
was also overcome by using uncxpeCLedly high concentrations of phosphate
buffer, Since the cations associated with the buffer were tnrouyht to
affect the system, an alternative non-metabolizable buffer of pyromellltic
acid and tri-ethanolamine was used subsequently,

Using shaken flasks, with and without bolh Ca and Lhe reulnm 1t

- can be seen (Table 1) thal the presence of the resin markedly™ Lhc?éases

the growth of the orgonism at the lower Ca concentration (27 mg/ml) but

at the highest concentration (135 mg/ml) there appears to be slight inhibition
of prowth particularly in the absence of the resin. Experiment.s to

confirm and clarify some of the unexpected results are continiing,

Table 1  JEffect of Ce and resin on . bacterial Srbwth

Minimal medium plus o ’ Optical Density Readings
a (mg/ml) Resin (g) After 17 nrs. 20 hrs, 22 nrs;

- - 6 18 Bl

27 - 6 10 21

27 0.25 35 , 70 88

135 - 17, 53 80

135 125 25 65 37

- Factorial Analysis Experiment

In the experiment, the biochemical characteristics of 100 randomly
selected bacterial strains from several Tundra Biome sites are being
compared to show functional differences between the populations. This
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ﬁ computer study is beingvundertakénwat‘Uppéaié;'Sﬁédéh.” f?b§MIQQ isolates
i obtained from a Moor House sample for this purpose comprised approximately
05% Bacillus sp. and the remainder Gram-negative non~sporeforming organisms.

r) Incidence of V,/, Mycorrhiza at Moor House - Project 2/20
(B, Mosse and D, 8. Hayman, Roothamsted Experimental Station, Harpenden)

Vesicular-arbuscular mycorrhiza may have important functions in

' the phosphorus nutrition of natural vegetotion (Hayman and Mosse, New
Phytol., 1971, 70, 19-27; Mosse and Hayman, New Phytol,, 171, 70,

29*34). A survey 1s bveing made of their occurrence in IBP sites at

Moor House, Meathop Wood, Banchory, and Wareham,

| _ Somples were collected in fpril as blocks (6" cubes approx, ) and
: “kept in the greenhouse in wire baskels stood in saucers wilth watcr,.
Roots or particular plant species were teased out Irom these blocks and
examined for mycorrhizal infection in July, Wet sievings from the peat
} blocks were examined for presence of Endogone spores and mycclium, Plant
! species examined were Juncus sguarrosus, Eriophorum vaginatum, Rubus
i chamaemorus and Nardus stricta,
F Root infection
! Juncus sample 1 No Endogone infection
Juncus saomple 2 No IEndogone infection
Rubus sample 1 N
(Collected 'in November) No Endogone infection
1 Rubus sample 2
! (Collected in April) No Endogone infection. )
1 Eriophorum No Endogone infection with the possible
i exception of one root
1 Nardus sample 1 No Endogone infection
f Bardus sample 2 Lkpprox, 1% of rools had typical V,A,

mycorrhiza with arbuscules, vesicles and
small amounts of fine external mycelium,

Wet sievings from peat

From most of the samples small amounts of hyphae were recovered,

! Mostly these were brown and septate. From the Friophorum sample a thick,
colourless ribbon-like mycelium was recovered attached to o fragment

of a fruit body that could have belonged to Endogone sphagnophila, From
the Nardus sample 2 a small amount of Endogone mycelium was recovered,

Conclusions

{ Samples collected in April and examined in July showed minimal amounts
of mycorrhizal infection, It might be worthwhile to re-examine material
collected in September when V,A, infection generally reaches its maximum,
Present indications are that V,A, mycorrhiza would be of very little
significance at the Moor House site in contrast with Meathop Wood where
they are very common and at Wareham where they are also .quite widespread.
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s) Climate - Project 2/13 (0, W, Heal, Merlewood)

The Meteorological summary from the Moor House Met, Station for
the year January-December 1470 is given on p. 18

Solar radiation The problems with the Lintronic eguipment have continued,
particularly condensation in the leod, and problems association with

the temperature and radiation sensitivity characteristics. As a result

of discussions with the Meteorological Otfice it was decided to replace

the Lintronic solarimeter with a Kipp, but to continue to use the Lintronic
integrating counter and print-out. This was done in September 1971,

Temperature The Grant recorder has continued to work satisfactorily

and dalta are stlll being collecled from the alr and soil profiles on the
blanket bog and Juicus squarrosus grassland at Sike Hill, The data for

1868 and 196G have been summarised and some preliminary Fourier Analysis
carried out using weekly means. This has increased the possibility of
predicting soil temperatures and preliminary trials have proved satisfactory.
Therefore it has been decided to concentrate on this approach and to
discontinue further translation and analysis of 1970 and 1971 data particularly
because of shortage of staff, Selected data moy be extracted for specific
purposes., The field recording will probably be stopped in January 1G72
although the recorder will be available to obtain data for specific experiments
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