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I. GENERAL
a) Introduction

The Report covers the period 1 October, 1975 to 30 September.1976.
Apart from:the weather it has been a quiet year with less to report
than usual. g - ! '

In common with the remainder of the country a relatively mild
winter was followed by the hottest and driest summer we have ever
recorded. Wenther records are given later in this Report, but the
fact that it was possible to walk on the bog for more than 3 months
in low shoes (rerely a sensible thing most years on any day)
illustrates perhaps the dryness of the ground this summer better than
average met. figures. TFew bog pools had surface water by early
September, but although the peat was dry to the drift level in a
number of cases the normally high moisture content of the peat was
usually apparent within 30 cim of the surface. Under these circumstances
plant growth was elther very good, as in the case of heather, or poor,
as with some of the lower plants. Flowering was exceptional and so
was the abundence of butterflies, ladybirds and greenfly.

b)  Reserve Menagement

The object of providing facilities for ecological research has
been. under some strain this year due to lack of money for malntenance
and repair and to the vacamt Scientific Officer post remaining unfilled.
This will, in course of time result in very high maintenance and
repair costs. IHowever,the danger to health and the need to pravent
a complete breakdotm resulted in action to remove accumulated gilt
from the dried up reservoir, the Pield Station's water supply, in
August. At long last & much needed sluice valve has been fitted,
making the periodic cleaning of the reservoir possible in the future.

Repairs to tracks, fences, walls and the buildings generally,
occupy much of the Warden's time, as do failure of worn oult plant,
such as elestric generators and grass mower. Thus much work is
delayed and some 1ndef1n1bely nostponed.

For the second year running, heather burning was satlslactory
and the results were better than normal. A hay crop of good quality
was harvested in July, the flowering and seed setting time for most
species. belng particularly well advanced.

Qesplte constant attention, rabbit damage continues to cause
much ‘concern especially with regard to the recently planted trees.
‘The denseness of both the Pasture and Nether Hearth enclosures
provides shelter and protection for rabbits that are difficult to
control in such circumstances. This year most of the planting of
hardwoods hes been in smaller enclosures of rabbit proof netting
within the larger enclosures; the cost of replacing the original
rebbit fencing would be prohibitive. The following trees were planted:-
100 each of Sorbus aucuparia, S. intermedia, and Alnus gmptlnosa,
180 Alnus 1ncana, 300 Pinus n montana and OO P ¢ cont0¢ta, Additionally
a few Coqylus afellana “and nurseryman 5 "Scotch Elm'' were planted and
a number of willow cuttings struck. The greater part of the Pasture
enclosure and ¥orce Burn lower enclosure are now planted up.
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Whilst there has been an increase in the number of vigitors
using the courtesy route by the River Tees, from Tees Bridge to
Cross T'ell, the number approaching the Reserve from the north
remains small. However, the publication of the English Tourist
Board's Northern Pennine booklet has increased inguiries. The
advice of the Tourist Board Information Centres at Brough and
Appleby has directed many visitors to the west side of the Reseérve
and the sumits in particular. Removal of peat, collecting of
plants, exercising of dogs and driving of 4 wheel drive vehicles _
onto the fell are among the offences committed. Something like half
the visitors bring a dog on to the fell and it is usually not under
control. Apart from disturbance to wildlife, this is causing
concern to the shepherds. However, total prevention of misdemeanour
would require large wardening resources.

Very few skiers used Great Dun Fell last winter despite there
being snow in the popular gulley on most week-ends. Snow cover
generally, however, was very poor and its absence from the west side
of the Reserve undoubtedly played a major part in the drop in interest.

The operators of Silverband Mine obtained an extension of
planning permission from Cumbria County Council to continue to
extract barytes for a further 5 years. The licence is to a restricted
area, with improved sedimentation reservoirs and re-cycling processes
to prevent the recurrence of last year's pollution of water courses
end to the open fell. Extraction of barytes is limited to 150 tons
a . week.

¢) Natural History

The bird species list for the Reserve now stands at 103, with
Turtle Dove, Black Redstart, Pied Flycatcher, Garden Warbler, Common
Whitethroat and Sedge Warbler added this year.

The Yellow Wagtail has been added to the list of breeding birds,
one pair rearing two broods close to the housee -

A1l the regular breeding specles had a good year, apart from the
Wren, which was well down on breeding pairs, and the Goldcrest which
did not breed.

During searches of the Reserve only one fox earth was found and
this was at Green Burn Head. The cubs were killed by the shepherds.

Badgers bhave returned to a sett on the west side of the Reserve.
A Roe Deer was recorded in July among the Bog Ind trees and
low down Green Burn. Willows have been browsed for the second

year running, probably by Deer.

Two Butterflies new to the Reserve were recorded: the Peacock
was seen on two dates in August and a Camberwell Beauty withih a mile

of the house, up Rough Sike, in August. The Red Admiral has been very

common duving August and early September.
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d)  Survey and Research

Over half the projects undertaken on the Resorve are of a
botanical nature but the spread in University involvemerit. remains

’;w1deu The main users of facilities are. Durhsm, Edinburgh,
Lancastef, Leeds, London, Manchester and Newcastle. Reports of

projects are given later.

Dr. Coulson, with Dr. Butterfield, has continued the work
by Durham zoologists on moorland invertebrates with the study
of faotors influencing abundance. The importance of nutrition
remains. the current theme. They are also.making use of Moor House
as g site in a wider invertebrate survey (NCC contract) of the
northern Counties with comparisons of moorlends at verying
altitudes and on differing soils. Robert Beattie (Durham) has
finished his Ph.D. work on the ecology of the frog, whilst
Dr. Susan Goddard and Martin Ramdall are starting studies, the
former on the biology of Pseudoscorpions and the latter on
parasitism in Coleophora alticolella, a moth, the larvae of
which feed on Juncus squarrosus (moor rush).

Dr. Whittaker (Iencaster) has an unbroken record of
15 years recording the abundance of Cercopidae, studying frog-
hoppers in Juncus squarrosus and Nardus stricta habitats.

Professor Woolhouse (Leeds) has now had a succession of
students working on physiological aspects of growth in eorland
plants. David Tattersfield has finished his Ph.D. investigation
of Qpaqgnum rubellum,Adam Kwolek , following Michael Ashmore*s
study of Cal luna, presents a seond year report on dormancy in .
the plant, whilst Ken Robertson has made an early start in looking
at Eriovhorum vaginatum (cotton grass), often the dominant plant
of Elanket bog. From London University, Dr. Taylor (University
College) has continuegwith hisgtudy of Geum spp. He has retained
the autographlc weather station at Helbec&, Brough, used last year
by Ross Hynes and is obtaining records of solar radiation at Great
Dun Fell, ' Dr. Clqu (Westfield College) has a student, Duncan Mackay,
working on Sphagnum, studying the movement of particulates in
S, rubellum and S. papillosum. Interest in bog ecology is stimulated
by Dr. Tallis's: (Mancheste17 measurements of pool formation and
erogion, whilst Patrlcla Ferguson, supervised by Dr. Lee, is .
collecting rainwater in a study on the effect of acid rain on
Sphagnum, a project centred on the southern Pennines. From
Newcastle University a survey by A. Mays, superv1sed by Dr. Blaekburn,
has been started on the incidence of disease in upland grasses
and legumes, whilst Dr. Ollercnshaw has contlnued his invegtigation:
into aspects of growth in these two groups. The botanical survey
of the Pemnine scarp and plateau, from Hartside to Brough, nears
completion. Dr. Richards has a further year's work. New locations
for Alopecurus alpinus (alpine meadow foxtail), Saxifraga hirculus
(yellow marsh sexifrage) and Lycopodium alpinum (alpine clubmoss)
were found on the Reserve, this year. The rare fern Dryopteris
assimilis was found in no less than four 1-Km squeres, whilst outside
the Reserve boundary Haplodon wormskjoldii and Dicranum gtarkei,
both rare mosses, were located. A briet ‘survey of the Tees above
Cow Green Reservoir by Dr. N. Holmes (Durham) found species new
to the Reserve and enables a more complete list of algée to be
drawn upe.
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Lowland studies by J. Davies (Nottingham) and J. Waughman (Durham)
of the genus Alopecurus were extended to looking at species at higher
altitudes and specimens have been taken from Moor House for laboratory
investigation.

The F.B.A, Cow Green Section continue to be based at the Iield
Station and studies on freshwater fauna are made by them on the Reserve.

he J. Pa Gore and Dr. Helen Jones represent T.T.E. in continuing
projects on the Reserve. Interest in Moor Iouse by I.T.E. (Merlewood)
has not been lost and when the opportunity arises it is hoped that
new projects will be nut forward. The wealth of information abgut the
Reserve is such that it will be used for many yecars as a control site.

e) Advice and Education

Residential field courses for undergraduates were run by
Lancaster and Durham Universities and day visits continue to be made
by -Durham Zoology and M.Sc. Ecology parties. Students at all under-
graduate and gradvate levels use the facilities. An introductory
course on bryophyte identification was run for North Region staff in
September. Dr. J. Richards of Newcastle University was the tutor.
Numbers were made up from other Regions and from ITE, Merlewood. It
would appear that 2 day residential. courses of this nalture, which can be
cheaply run at Moor House, meet a demand otherwise unsatisfied and will
be encouraged. The facilities of Moor House with hostel, laboratory
and field at hand are highly suitable for such enterprises.

II. SCIENTITIC - Moor ITouse Staff

The nreparation and storage of data collecled over 24 years has
continued, The Reserve Record has been re-organised on a habitat
basis and indexed. Together with the notched card system for site
information &nd the respective files, it forms the basis of the
data storage system. The completion of input charts for botamical
data storage is for from finished, bul wany of the problens in
deviging a satisfactory method have been ironed out.

Shortage of staff with field experience has limited the summer
programme to the re-examination .of two menitoring sites, one measuying
the effect of removing sheep grazing from_{qugifgﬁggjpﬁyﬁ (moor rush)
dominated vegetation and the other from Nardus (white bent).
Preliminary results are discussed later. Attention continues to
be paid to the problems of blanket bog management, the work being
concentrated on the effect of burning and sheep removal.

The question of heather burning is of particular importance in
the management of blanket bog where for some time there has been,
in some quarters, doubt as to its value and the wisdom of the practice,
This has recently received official acknowledgement in the recommendation
of the Scottish Muirburn Working Party 'A Guide to Good Muirburn
Practice' where it is stated that "there is generally little to be
gained by burning vegetation types such as flow ground, blanket bog
and moss'ta
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Nevertheless, the working party have stressed the need for
research, stating Sithere is a major area of ignoremce about the
influence of muirburn on the management and ecology of western
blanket bogil.

It is noted that the Game Conservancy has entered into the
field of grouse moor management with a preliminary 18 month survey
of heathex burning and grazing in reletion to the numbers and
verformance of grouse, other wildiife and hill 1arm1ng livestocka
The survey is being undertaken in Scotland, recognising that
thore are congiderasble variations in the enviroament, current
standardsg of burning, and grazing vractices. Blankel bog should
therefore receive attention. '[his makes any small contribution
that we at Moor House can make to the subject all the more worth-
while,

The employmént of students on small projects within the
general programne has preved helpful and the ipformation gained
will iwmprove the scope of work now being written up.

To summarise, the Field Station programme covers the
following:-

a) Climate - routine recording

- h)  Vegetation and sheen - malnly botanical recordlnD of
- ~ sites to measure:-

(1) effect of present day sheep grazing of the open fell
(i) effect of removal of sheep grazing
(iii) effect of drainage
(iv) effect of burminsg
(v) effect of different sheep grazing regimes
(vi) numbers and distribution of sheep

¢) Natural grassland communities -+ re-creatlion and
establishment

d) Red grouse .- recording of numbers and breeding performance

e) Tree growth and effect on habitats - growth measurements,
botanical recording and bird counts

f)  Ski-ing - recording numbers and botanical effect
g) Pennine Way - recording numbers and botanical effects

h) Meadow - sample cropping for yield and botanical analyses



Additionally records are taken for the Northwnbirian Water
Avthority (climate and hydrology), Rothamsted Experimental
Station (Moth Survey) and assistance given to a number of
University research wvorkers and others.

a)  Climatology (R. B. Marsh)

fhe veather summary for 1975 is siven in the appendices and
observations covering the reporting year are shown below the 23 year mean:-

Oct Nov Dec Janm TFeb Mar Avr May Jun Jul Aug Sep Year

Maxinum - Mean 9.5 5.1 3.5 2.3 1.9 4.0 7.1 10.7 13.0 k.7 14.6 12,5 8,3
1975-75 9.5 .0 L5 3.3 2.7 2.7 5.7 10.71 15.7 17.0 17.5 11.5 3.9
Mininum -~ Mean 3.7 0ot =127 =2.8 3.3 01,7 0.1 2.5 5.3 7.2 7.4 5.9 1.9
197576 3.0 <01 ~0.5 0.7 1.3 =2.5 0.2 3.4 7.9 7.2 6.1 5.9 2.b
Mean - Mean 5.6 2.6 0.9 0.1 -0.7..1.13,5 5.6 9.5 10.9 11,0 9.2 5.7
1975-76 - - .. 653 2.4 2,0 1.3 0.7 0.1 3.5 6.7 1.8 12.5 11.5 6.1 5.5
Earth -~ Mean 7.8 L5 2.7 1.5 1.5 2.0 3.8 6.9 9.9 11.5 11.7 10.3 6,2
197576 7.5 5.2 3.5 3.4 1.6 1.9 3.9 6.4 10,3 12.8 12.0 9, 6.5
Rainfall - Mean 135.5202,7 218.5 19%.1 148 .1 1259 120.3 122.0 1093 1.9 1629 161.5 1895,7
1975 76 Ol 150, 4 11,6 256.1123.2 130,35 1010 182.250.5 63.2 29.0 223.7 1495.9
Sunshine - Mean 2,54 1.37 0,90 0,96 1.78 2.76 4,07 5,20 5,89 4.57 L.b1 3,42 3,16
1975.-76 2,67 1,90 1.20 0.52 1.01 2,62 3.25 %.20 7,53 5,16 7.7% 2.30 3.52
Air Frost - Mean 4 1k 20 22 21 21 16 Vi g 0 0 2 128
1975676 5 18 17 a7 20 27 3 3 0 0 0 1 122
Ground Frogt-Mean ¢ 10 22 25 24 24 20 13 7 Ly % 6 175
1975--76 15 2k 25 20 25 29 10 3 2 9 16 9 200
Snow lying - Mean O 5 4 16 16 12 5 1 0 0 0 0 66
1975..76 0 2 2 9 12 16 % 0 0 0 0 Lidy.

October and November had mean temperatures /% (maximun + minimun)/ similar to
the monthly average for the Climatological Stat%on (1952.-75)., while December,
January and TFebruary had temperatures at lesst 1°C above average. December,
with only 2 days of snow lie, gave us the lowest record for this month., In
February ice formed a thick covering on overything, including vegetation, fox
approximately & days of lov temperature and fog.

March was cold with a mean tempervature of 0.1°C which is 1.0°C below average.
Temperatures snd hours of sunshine were alsc below average, whilst air frost,
ground. frost and days of snow lying were all above average. April and Hay
were average months.
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June, July and August were in each case the driest we have
recorded, and the total rainfall for the three months was only
142.7 mn (5.7 ins) compared with the average of 417.1 mm (16, 7 ins).
Barth temperatures in July averaged 12,0°C, the highest ever
recorded. In contrast August, although dry, had the greatest
number of ground frosts with 16 days compared with the average
of 3 days. August was also the sunniest we have recorded with
7.7% hours of sunshine a day.

September brought further differences. The mean temperature
was 1.19C below average, 60 min (2.4 ins) more rain fell than average
and there were 3 days more ground frost than usual.

Although it has been ‘a year of contrasts the.12 monthly
records are not far short of normal. Temperatures were
similar, but rainfall was 400 mm (16ins) below average and
days with snhow lying were only U4t days, one third less than
average.

b)  Studies of vegetation and sheep
(M. Tawes, R. B Marsh and Linda Teasdale)

This project depends on the regular monitoring of the
botanical composition of some 17 sites, representative of the
more common vegetation types of the Reserve. Surveys supplement
the site data.

Effect of present day sheep pgrazing of the open fell

The idea that the vemetation of hill land is static, in
equilibriwn with the environiment and therefore unchanging, is
a view widely held. llowvever, evidence from our long-btérm »nlots
suggests that this is far from being so. Vepetation is
dynamnic and although chanpges wmay only be detectable by careful
analysis in the short term, clearer trends are becoming apparent
on the Reserve within a period of 10 years. These changes, if
continued, will be visually obvious in say 50 years time. Vhy
they should occur is not fully understood. Factors of climate,
goil impoverishment, chanpes in grazing management, and vegetational
cyclic development, arc all important, But, as in most ccological
situations, the interaction of factors is likely to be more
important than any single one. Nevertheless, we cannot afford
to neglect the importance of the grazing animal and given the
staff resources a resurvey of sheep grazing patterns should have
priority in 1977,

dominated grasslands, are belnﬂ examlneda The botanlcal comp051t10n
of both were first recorded on permanent grids O years ago. In
1966, “the average sneep grazing pressures on these swards were
recorded as-0.5 and 1.5t sheep/ha respectively. It is suspected

that overall sheep numbers have dronped since then, but a brief
survey (see M. Randall) this summer did not confirm this. However,
preliminary analysis of the botanical results shows that the

swards have altered (see also J. Uhittaker's report) in a manner
suggesting a reduction in grazing pressure.



Lffect of different sheep grazing regimes
Work on the trial to measure the effect on blanket bog of
different grazing regimes has been reduced to maintaining the grazing
regime on the most heavily grazed plot, where the stocking rate
approximates to 4 sheep/1 ha/annumn. No botanical monitoring has
been done, but the same variety of plant invasion specified last year
has been observed as well as an increase in young heatner plants.

Lffect of removal of sheep grazing

Detailed analyseu of the botanical composition of Juncus squorrosus
and Nardus stricta dominant grasslands enclosed 9 years ago are being
made. A vertical stratified point quadrat method enables cover,
structure and sward density to be described and comparisons to be made
with the grazed situation. In the first sward the previously recorded
trend of Juncus Ssquarrosus itself diminishing has continued, but a
COffespondlnﬂ increase in Erlobhorum vqglnatum cover is more marked

‘than before. A move to veweiatlon Cakin to blanket bog can now be

seen more cleaflja‘ The mat of plant material is inhabited by numerous
voles whose tunnelling and grazing activities can be seen.

In contrast to the Juncus sward, the changes in N:rdus are less,
although the mat of litter is similar.

Continuing Jlast year's studies of the blanket bog, Jon Graves
(Westfield College, London) has been examining Sphagnum rubellum in
enclosed and grazed vegetation for structural and growth differences,
whilst Heather Mallory (Edinburgh) has been looking at lichens,

Lagt year, although differences in bog composition were recorded, the
results of lichen cover were contradictory. Jon Graves has found
that although the mean capitulum denolty of Sphagnum rubellun was
higher in the ungrazed bog, the difference was not 51ﬁanlcaﬂL But
there is likely to be a re]atlonsnlo between Calluna cover and
structure, and the vossible growth of Pnnapnum under the canopy.
This is being exomined further. The lichen study cupports previous
measurenents in showing how very variable lichen distribution is,
and non-significant differences beltween treatments were found.
Congiderable difficulties were discovered in making comparable
measurements of lichen periormance. In the case of Cladunia impexa,
the most common lichen, significant differences were found in the
distances between branching, the greater distance in theenclosed
lichen suggesting that growth was better in the absence of grazing.

Reports of both these investigations will appear in the Reserve
(o]
Record.

I'rom past observations there is evidence that sheep grazing
prevents many Hlants and trees from becoming established on the
Reserve. Therefore a survey of the potential for natural colonisation
should indicate some of the vossibilities. Jonathen Hodrien
(University College, London) undertook this survey, searching likely
sites, such as molehills, exposed river banks, shingle, made ground,
limestone outcrons, bare peat and sheep-proof exclosures, and taking
soil samples for seed germination trials.
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The most promising feature of the survey, which was
restricted to a 2 mile radius of the Field Station, has been
the number of willow seedlings found. 15 seedlings of
Salix cinerea ssp. atrocinerea were found by the Tees, and
others found in Troutbeck and Force Burn. Over 40 willows
are known to be growing in sheed nroof enclosures, the largest
shrub having attained a height of over 2 metres. Other tree/shrub
seedlings that have been found include Betula spo., Fraxinus excelsior,
Pinus sylvestris, Prunus padus and_QfMtaefus MONogyNa. Thus the

potentlal for shrub Qevelopment below 2000 ft. O.D. looks good.
A copy of Hodrien's report is in the Reserve becordq '

-E}5605 of burning

The Hard Hill, burning trial was started in 1954, since when
the burning regimes of short rotation (burning every 10 years)
and long rotation (burning every 20 years) bave been applied to
grazed and »nrotected plots. These plots present good opportunities
to measure change. This year 1t was approvriate to have Richard
Hobbs, who had surveyed a range of different aged burnt plots
in 1975, make a number of measurements, twoe years after the last
burn when both long and short rotation plots were burnt. He was
able to record the effect different treatments were having in
the recolonisation and.subsequent performance of the major plant
species. The following plants were studied:-

Calluna vulpgaris a) Seedling establishment
| . : - ) Amount and performance of
LRV T - “vegetative regrowth

| Eriophorum vaginatum TNunbers of tussocks, basal area
| and flowering performance

_ Lophorum angustifolium Numbers of shoots and flowering
3 . periormance

i Rubus chamaemorus Numbers of shoots and fruiting

Lmpetrum nigrun Numbers of shoots

l e o

Significant differences weire found in many of these
measurements and the results will be used in an account on
botanical changes in blanket bog. A copy of the renort on

N the studv ‘will appear in the Reserve Record.

’

Number and distribution of sheen

Martin Randall (Durham University) undertook a nroject
to record the total number of sheep on the Reserve in July -
August; the location of flock territories (heafs), number of
flocks, and the different breeds and crosses involved.
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28 census areas were selected, covering in total 370 ha of-
the Reserve, from the westemn boundary to the Tees. The variation
in sheep density over the Reserve is Zreat, but as vreviously shown,
is related to habitat. Thus no sheep were recorded on a 30 ha blanket
bog area, whilst small Agrostis dominant grasslands averaged 22 -

: 51 sheep/hao

The census areas were used. as renregentative of the different
vegetation types present and by applying the data of Rawes and
Welch (1969) on the extent of these, it was estimated that 9000 sheep
(eves, shearlings and lambs) were on the fell during the % week
period of the census.

20 difterent flock markings were identified, but the period of
survey coincided with a time of disturbance when sheep were gathered
for clipping and drafting. The chances of error or omission during
these occasions were high.

Bxcept for one flock of RBough Fells, the ewes were all Swaledales,
but many of the lambs were found to be crosses. In four flocks grey
faced lambs accounted FTor up to 5% of the lamb crop, whilst 20, 60
and 80 - 90% grey-faced.lambs respectively were recorded in three
other flocks.,

c) Natural grassland communities (M. Raves and Linda Teasdale)

Flowering in the Rough Sike enclosure was again orolific,
but the drought in late summer has killed a nwaber of introductions.

Tne gemeral impression is one of plants such as Alchemilla alvina,
Silene acaulis, Saxifraga oppositifolia, Hyper 1cppggp%ph£pm, quéplcuWQ
v Igalls, Sedum foseum and the native P?ﬂmu

Ul farinosa being crowded
‘out bo%'s the dense groutn of grasses and other species, such as
Alchemilla glabra. Polygonun vivi Lpaxun is not competing in some of
the s atlons but has SOfead “&010Ly elsevhere in the enclosure.

Plants which havo seeded successfulWy and have Sp“ead else-

an01des in the rock crevices and streamSIdes? and An&gl}gg s lvesm Tis,
which has more than 30 seedlings from a plant that flowered 6 veafs
ago, established in the enclesure. Angelica may well increase

further in the future as another plant has flowered this year.

Sesleria caerules has spread through much of the enclosure.

Thalictrum Alpipun, Saxifraga oppositifolia, Luzula sylvatica

and Parna051a ﬂaﬂust is were af;ectoa by'the dfdﬁght the latter
seeming to have disappeared .altogether after nroducing one flower bud.

In spite of these conditions, flowering was exceptionally good,
one plant of Saxifrapga oppositifolia flowered twice, once in March

and again in July.
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The trees introduced’ in 1974 and 1975 have done well, the
Rowans producing flowers and fruit. HMyrica gale has grown well
in flush and wet ledge habitats; all plants produced catkins in
the Spring. Andromeda polifolia and Vaccinium oxycoccus bot
disappeared in the dfoughta Salix phylicifolia cuttings

o mde e ok

introduced in 1675 have 211 become estaplished.

On Little Dun Fell only one introduction, Salix herbacea,
is left alive, but it seems to be doing well. Alchemilla

alpina remains successful on Knock Fell where thedballx Jbush
produced catkins in the Spring. On Hard Hill one plant of

Solidago virpaurea is left alive.

d)  Red Grouse - Moorlend Management
M. Rawes, R. B. Marsh and P, Holms)

Overwinter and until a series of unique weather com-
binations occurred in late February, the heather was in
excellent condition following the good growing season oi 1975.
Severe ice glazing, due to high humidity, zero temperatures
and wind, almost totally destroyed the heather greén leafl over
the whole Reserve. Although this provided an excellent medium
for the heather burning programme later, the Spring food for
the bre“ding grouse population was severely curtailed and a
voor season was at that time forecast. In the event this was
incorrect as the report below shows.

In the management project, now in its third year, navrow
burns, of good result, were obtained on the Green Durn and Hard
Hill census areas. In the 3 years of this project over 100 burns

have been marked accurately on the ground and recorded on a map.

Grouse counts were repeated by Phil Holims and & nuniber
of chicks were marked. His veporht follows:-

The study of the Red Grouse nowulation has continued with
counts of the advlt breeding birds in Spring, numbers of nests,
clutch size, hatching success and a count of birds in Aunzust
to establish breeding success. The effect, 1l eny, of a
programmne of lheather burning is in its third year, but the
results from this memagement will not be known for several more
years.

The weather during the breeding season was very good this
year. Frosts doring May and June werc well below average and
only half the normal rainfall occurred during June.

This season follows a year ' moderate Spring numbers
with a fair young to old ratio in the Autumn.
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The Study Areas

The four main study plots were monitored this year and also
the more recent Hard Hill and Green Burn areas, the latter
covering approximately 70 hectares in total. Study of the grouse
population was limited to these eight diverse areas of 141
hectares. The study areas vary in elevation between 500 and 600
metres.

Results

! Good conditions during the 1975 breeding season led to a

: slightly higher Spring population of 0.59 birds per hectare this
! year as shown in Table 1. Therc was congiderable movement during
the early part of the year. Some aveas carrying relatively large
numbers of birds, while others were almost deserted. Though the.
overall picture wasg one of normality, the distribution was most
unusual. The heather on some areas was slow in its early growth
and this may have been a contributing factor.

l Table 1 Spring density of grouse per study area at Moor House 1976

|
Site Area No. of adults Birds/hectare

!

' Bog End 10,2 ha 5 ' 0.78
Burnt Hill 20.% ha 1l : 0.69
The Drive 20.2 ha 13 0.64

; Harxd Hill 2 1,0 ha 7 0.50

| Hard Hill A 21.2 ha Al 0.56
Hard Hill B 2L.5 ha ‘ 15 0.65
Green Burm A 15,6 ha 12 0.77
Green Burn B 14,7 ha 12 0.1

: Average 0,69
Nesting

This year a total of twenty nests were located on the main
study areas. One nest was Hredated by black headed gulls on the
Hard Hill 2 census area, but all others hatched successfully (95%).

The earliest hatching datewas 16 May, though most birds
hatched around the 22 May, rather earlier than usuval.

Clutch size was high this season, an overall average of 3.0,
as shown in Table 2, compared with 5.7 in 1975 and only 5.4 in 1974,
All nests studied showed the same high hatching successs
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Table 2 Tstimation of clutch size

Area No. in clutch Total Average/site
Bog Bnd 8 3 5.0
Burnt Hill 8,10,7 25 8o
The Drive 9,10 1% 9.5
Hard Hill 2 11 11 11.0
Hard Hill A 8.8,8 ol 8.0
Hard IIill B 7.9,7 25 7"
Green Burn A 7,710,170 27 9.0
Green Burn B 3,9,3,7 32 8.0

Total number of egps 169

Overall clutch average 5.6
Chicks

e e

Heavy rainfall occurred during the latter part of May
wien the majority of the chicks were less than a week old.
This did not prove to be too harmful, as most of the broods
were of a good size at fledging time and numbers were high.
The major predator of grouse chicks, the black headed gull,
was less numerous this year, probably due to control activity
at their breeding grounds.

Chick ringing

In order to gain more information on the movement of
grouse, a nuiber of chicks was ringed this year. The chicks
were found by the pointer and flushed into nets. Plastic
expandable pigeon rings were used from this stage when the
chicks were ten days old until they were about six weeks old
and could not be caught easily. All chicks were aged
accurately using the primary moult and development method
(Raymond Parr, 1975). r
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Table 3 Replicated counts to estimate breeding success

Area Adults Toung Young/0Ld Av./Area
Bog find % 18 2:241 3.2/1
The Drive 2 fg ;:2?1 2 5/
Buint Hill '7 15 ggﬂ 2 8/
Hard Hill 2 !2 13 ggﬂ 2 5/1
Herd 11 A ’ 12 ) jgﬁ | 57/
Hard Hill B )’JL 1 ; igﬂ 2.9/
Green Burn A ; g igﬂ 2.6/1.
CGreen Bum B g ;? | g:gﬁl 2.8/

Overall average 2.6/

Breeding Success

Results of the August counts are shown in Table 3. The young
birds were well grown and in good condition. On each of the eight
study aveas two counts were made to assess theé ratio of young to
old birds. The overall zatio of 2.0 to 1 is high and compares well
with last yvear (2.2 to 1)& ; §

Conclusion

The weather this year has been excellent and the grouse have
reflected this in thelr breeding nerformance. Though the number
of breeding birds in the S»nring was low, nesting went well and the
large broods led to a high August povulation. Large numbers of
hatching insects formed adequate food supplies for the young chicks
this season. The heather was in good condition by late Spring when
young growth is so essential for the breeding birds.
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e) Tree prowth and efscts on habitats

(. Rawes, R. B. Marsh and Linda Teasdale)

The weilght of ice and force of wind (see reference to heather
above) caused considerable damaze to trees in February, especially
to the Lodgepole Pines (Pinus contortg) in Nether Hearth enclosure,
A number of trees were bent over so that their leaders touched the
ground and the main stems of 19 broke at a mid-way point. Apart
from this it has been a good year with excellent growth: increments
of over 60 cm have been noted.

A preliminary trial of‘11 Sitka spruce provemances was started
near Bog Hill in conjunction with the Cumbria Agricultural and
TForestry College. The provenances originate from Alaska, Washington,
Britigh Columbia and Oregon. By Autumn 50% of the trees had lost
their leading shoot, grazed by the larvae of the moth, the Northern
Lggar. ‘

Partricia Holmes (Edinburgh) undertook a study on measuring
the performance of Scots Pine in relaltion to habitat. The work
was carried out in Green Hole enclosure and a copy of her report is
in the Reserve Record.

Site measurements were of vegebtation, soil tyne, peat depth,
aspect and exposure and measurements of performance were of top
height, amnual increment (1969-76), needle dry weight, % dead
branches in last 15 years, needle retention, presence of original
leader, growth form and frost damage.

The results (see Table 3) showed that the besl increment was i
obtained from the mineral solls and shallower peats and that needle ;
welght was greatest from t+ees on limestone soils where the vegetation:
is predominantly Agrogtic spp.

Table 3
Vegetation % typical % presence % Dead 100  Increment Height

. paorwtl ol vrdglosl  branches X last

AN _ Lorm leader needle 7 years

. ' : dry wt.

ggg}ggg,shelkeyéd 18 6 19 1.4 39 em 1.8 m
Calluna,exposed site 21 20 20 132 9% et 1.0 m
Deschampsia flexuosa 47 65 15 1.5 129 em  2.2m

Other grasslaﬁd
(Agrostis) !

3 L.

W
N
—

=

1.7g 152 om 2.5 M

Miss Holmes showed (see Table L below) that the steady increase
in increment with age was checked in 1975, a year of late frosts
and, drought in June.
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Table L

1969 1970 1971 1972 1973 1974 1975 1976
Annual mean increment (cms) 10,3 11.L 12.8 13.9 14,1 16.3 13,0 16,8

0

Days of frost, May & June 10 Ly 9 2 9 3 16 3

IIT RESEARCH BY THE INSTITUTE OF TERRESTRIAL ECOLOGY

a) Plant ecological studies of peat
(B.T.B. Gore Monks Hood “xperlmental Station)

T«  TFactors limiting plant growth on peat

Although final work on the Molinia caerulea transplant
experiment has been held up owing to new “duties, modifcations and
improvements to the draft, suggested by colleagues, have been

" incorporated.

2.  Erosion reclamation

A second set of measurements, the 10 year stage, were made
at Moor House (Troutheck site) and at Longdendale in the Southern
Pennines in Augusts Point quadrat records were taken at points
corresponding to those taken in 1972. There are nine higher
plant species colonising the previously eroded peat at Moor
House, but none apart Ifrom the original Deschampsia ¢¥9§ggsa
at Longdendale., The mosses and liverworts collected from
both sites await confirmation. The Salix caprea bushes continue
to thrive and in some cases are geutlng e596881veLy subject to
wind eifects. DBushes which failed to attain a certain height
guickly initially, are subject to grazing, presumably by grouse
or hares, as sheep are excluded. ©Some bushes have assumed a
prostrate form of growth.

-

3.  VWater balance studies

At the completion of their calibration period one of
the pair of automatic weather stations was removed from Moor
House in November, 1975, and 'installed at Holme Moss in the
southern Pennines. By arirangement with the N.C.C., the B.B.C.
and with Manchester University, records have been obtained from
both Moor House and Holme Moss since that date. Difficulty with
solar records has been experienced, however, due to R.F.
interference from the television transmitter itself. It is
hoped that these difficulties have now been overcome.

b)  Competition between grass speclqg

(ifelen . Jones, Morlewood Resemrch Station)

The project is an experimental attempt to compare the .
growth of Testuca ovina and Amrostls tenu1s in pure stands and
in comoet:tlon With each otner



A preliminary exveriment in which the two species were grown
together in a 1:1 mixture and as monocultures indicated that, under
greenhouse conditions, Agrostis tenuis is more vigorous and will
exclude Festuca ovina in ‘mixtires. }qﬁkpca is able to produce a
preater number of tillers than Agrostis when grown in monoculture.
Two populations of Agrostis were comgared one from Moor House and
the other from Ulndermclcu The latter was more vigorous, both in

monoculture and with Testuca.

"In a current experiment the two species are being cut at two
weekly intervals, and the growth of the cut plants in mono and mixed
culture compared with their behaviour when uncut. Several harvests

e being made to study the dynamics of the species interactions over
two growing scasons.

IV. RESEARCH BY THE TRESIWATER BIOLOGICAL ASSOCTIATION

a)  Studies on freshwater fauna .- fish (D. T. Crisp)
The routine fish surveys in Force Burn, Crook Burn and Greenhurth
Sike have now been completed. Most of our fieldwork is now concentrated
at Cow Green, though visits to the Tees and its tributaries within
the National Nature Reserve will be necessary each autumn in order
to examine the distribution of swvawning trout from the reservolr,

The thermograph at Tees Bridge has now been removed and the
results have been used in a paper (in press) on physical and chemical
changes caused by the Cow Green lmpoundment. We are grateful to
the Moor House staff for their invaluable help in obtaining these data.

Preliminary studies of fish populations in Knoclt Ore Gill and
Swindale Beck during 197) (see Annual Revort for 1973) were followed
by more intensive work in Knock Ore Gill during 1975. The data have
been processed and the results are now being written-up for nublication.

V.  RESEARCIH BY UNIVERSITITS

a) A study of the factors influencing the abundance of

1nvertebfaLes on blan&et bog

(J.¢ Coulson and Jennifer .1, Butterfield, Unlver51ty of

urham)
The investigation of the §5fects of enriching blanket bog o
with ammonium nitrate (1 gN m <) and "super phosphate'! (0.5 P m )

on the invertebrate fauna has continued.

The numbers of the two commonest enchytraied wornms, pnggttla
sphagnetorun and Cernosvitoviella briganta,increased appx e01dbly
on the nitrogen fertilised areas. The chanves in nuubers of laxvae
of the cramefly, Tipula subnodicornis, were small and not significeant
but there were marked changes in the average welght of larvae and in
the mean fecundity of the adult females. The numbers of eggs rose
Neon

from 190 to over 270 per female on the nitrogen treated greas. In
addition, significant increases in the numbers of Diwntera other than

T. subnodicornis, beetles and springtails were recorded.
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In general, the effects of phosphorus on the fauna were small
and. not sighificant. HNowever, on one occasion, a significant
decrease in enchytraeid numbers was recorded.

The fertilised e2as have also been used as a source of
fertilised litter in the continuation of the litter bag~experiments

. described in the 1975 Moox House Report. Control plant material
“showed no gigniticant change in decompodiltion rale when placed

on the different fertilised areas of the blanket bog. However,
plant material that had been enriched with nitrogen showed a
higher percentage decomposition than the control material when
placed on unfertilised sreas of blanket bog. The addition of
phosphorus had the effect of enhancing the decomposition of
Lriophorum vaginatum but of depressing that of Sphagnum.

Tacse differences are sunmarised im Table 5.

In addition, experiments comparing the percentage
decomposition of selected plant material on alluvial and peat
soils are being carried out.

Table 5 Percentage weight Joss of fertilised litter on control
sites (n = 15).

Vegetation in Fertiliser Percentage loss Difference 't'(based
litter bag enrichment (dxy welgﬂt) from on paired
control samples)

ginatun  Control 2600 0.9

o 30,5 - 1.5 +h .1 2.63%
P 29.1 1.1 1247 2.0 by
1lma vulgaris Control  35.6 - 1.1 .
I 55,0 T 2.2 2.l 0.97
P LT B W -1.5 1,20
Sphagnum Control 180 5 2.7 - -
N 26,41 " 3.6 +747 2,07
P b2 % 3.6 o2 3,60%
P 40,05

Fluctuations in the density of Tipula subnodicornis

In the study outTiﬁod above the population densitisz of

fourth instar ? oula uonodlcornju larvae were monltored at
Bog Bnd. In autnmn 107) the nunbpfs ranged from 38 m "2 on

Juncuu gquarrosus sward to 160 m = on the blanket bog while in

O7b tnéfiﬁﬁ{‘éa'oeuween 111 and 205 m 2, These excevtionally
high densities (from 1969 50 1972 the = tumn larval densities on

the same areas never rose above 50 n 2) were followed by a drastic
decline in numbers in 1975. Autumn sampling indicated densities

of less than 5 m -2 and very few adults emerged in the snring of 1976.
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Tiie decrease in numbers coincided with an exceptionally dry sumer
apd it iz suggested that, as in the 1955 nopulation crash observed
by Coulson, the first instar larvae hatching in late June and early
July failed to survive.

b)  The effect of altitude on the ecology of the frog(Rena temporaria)
(R. C. Beattie, University of Durham)

A study was made of the adaptafions in the breeding biology of
frogs inhabiting high altitude moorland regions.

In the three years of study, spawning was always later at higher
altitudes. In 15 ponds ranging in altitude from 61 to 838 m, the date
of spawning in days after 1 January (y) was related to altitude in
metres (x) by the following relationships;

197% Spawn date, y =0,051%: 59.5 (r = +0.8512)
1975 Spawn date, y =0,076x" 55,% (r = +0.3635)
1976 Spavm dote, y =0.006x T 55,2 (r = +0.6769)

By delaying spawning the eggs of moorland frogs are less likely
to encounter lethally low temperatures.

The eggs from highland frogs (those inhabiting arveas above 400 m)
were found to develop significantly faster at a given constant temperature
than the eggs from lowland frogs (Table 6).

Table 6 The Mean time - IS.E. talken by the eggs from frogs caught
in lowland and highland ponds, to develop from the appearance
of the furrow of the first division to the initiation of
gill circulation. A batch of 20 epgs was taken from 1
lowland frogs and 14 highland frogs, and cultured at 6 C.

Tggs from lowland frogs Lggs from highland frogs

Mean time  TS.E. (hours) 606.0 & 3,07 57,4 ¥ 0,97

(n) (15) (1h)

The difference in mean time & IS.E. is 26.6 % 3.32, t = 8,02, with
27 degrees of freedom, P < 0,001,

A fast rate of development will reduce the time frail immobile
embryos are exposed to the risk of desiccation and extreme temperatures.
The increase in the rate of development in highland embryos, however,
is only about four percent.

Highland frog embiryos were able to tolerate lower developmental
temperatures than lowland embryos (Table 7). This may increase the
chances of frog embryos surviving in highland ponds.
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i Dable 7  The mean temperature - IS.E. at which 50 per cent
| of the eggs from lowland and highland frogs developed
r normally to the initiation of gill cirewlaetion. A
batch of 20 eggs was taken from four lowland frogs
and five highland frogs.

Lowland eggs Highlaud'eggs

Mean tewperature b 3 g O 29 2.8 % 0,28
(n) o (4). (5)

The difference in mean temperature - IS E 1s 1. O oouhy
| t = 2,42, with seven degrees of freedom, P {0.05.

The swelling of the gelatinous capsule surrounding the
embryo, was found to be inhibited more in some pond waters. than
| in others. The larger the capsule the better it will insulate
| the embryo from fluctuating environmental temberatures° The
main factors affecting the swelling of frog egg jelly were found
to be the nature, concentration and valency of the ions in the
pond water. There was some evidence to suggest that highland
| frogs chose to spawn in ponds which favoured the swelling of
{ the gelatinous egg capsule.

e e,

Observations suggest that, compared with lowland frogs,
those frogs from higher altitudes tend to spawn in the shallow
régions of a ponde. This may be a further adaptation, allowing
the maximum use of solar radiation to hasten development.

¢) Studies on upland Homoptera
(3.5 Vhittaker, University of Lemcaster)

In this long-term study of several Homoptera species,
populations have been sampled on 12 occasions since the last
report (September, 1975).

Strophingia ericae (Psyllid on Calluna)

Direct comparisons of population density are now possible
for almost all the years 1968 to 1976 inclusive.

It is convenient to summarise densities of S. ericae
in winter when recruitment has ceased and the overwintering
vopulation of 2 overlapping generations -is suffering very
- little mortality and moulting is not taking place. Comparable
figures are as follows:- o

Year No./100 g Calluna t 5.E.
1969 Lo90 T 1737
1970 383 39
1971 ol A6

1972
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1973 119 ?" ?
197k 237 2k
1975 277 & 52
1976 575

The two overlapping geherations can be gevarated by our study of instar
composition and a lk-factor analysis will be made.

it e S

Neophilaenus lineatus has now been monitored since 1961 on
the Juncus bquarrosus 3 @ite ot Bog BEnd, Of particular interest this
year was the extrenmely hipgh mortality between 5th instar and adult

stages.
FPhilaenus spumarius

An isolated population of this polymorphic species was studied
in 1962 and 1963 when it was not very abundant. High densities this
year have provided an opportunity for more detailed consideration
of morph frequenciles.

Cicadellidae

A vegetation analysis of the J. squarrosus site conducted in
July 1976 showed a considerable change from one conducted in 1962.
The most significant change was a marked increase in the percentage

cover of Deschampsia flexuosa from c Domin scale of €1 to 6.
The effects of this on the Cicadellidae are under investigation.

d)  Autecology of the genus Geum (K. Teaylor, University College,
London)
A field experiment was set up on 1 July 1976 to assess the
response of potlted seedlings to climatic conditions duTLng the
growing season. See611ngs were raised in a standard notting compost
from seed collected in 1973 at Green Hole (Geum rivale) and near
Helbeck Hall, Brough (Geum ux banum) Groups of twenty plants of
each specles weve pJaced in the rabbit proof exclosures described
in previous reports (1974.-75) within an altitudinal range from
500 ~2,450 ft,

The plants will be sampled in October, 1976, but examination of
the plants during the past few months suggest that growth of the two
species has been good at all altitudes during the exceptional
weather conditions.,

The results of germination experiments show that for seed of
Geun rivale the MHoor House lleadow a%d Green Hole populations respond
to temperature over the range 13-35 C whereas Geum urbanum (Helbeck
Hall) responds over the range 13-29 C.
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o) A physiological study of Spl
a to microclinate FS1Ey of Leeds)
Field worlk this season has involved measurement of photo-
synthesis using a similar technique to that described by Ashmore
in the 13th Amual Report. The terminal capitula of a nuber of

nlants are arranged on a copver tray and kept moist by a layer
of wet cotton wool. The plants are enclosed in a chamber and
exposed to a mixture of 1L - carbon dioxide in air for 3 minutes
after which they are f?pldly frozen to present subsequent
resolratlon of fixed 'CO5o On return to the laboratory the

samples are dried, welpghed and combusted using a tissue oxidiser,
the resultant 11'f'Go?beingl; absorbed and mixed with a suitable
gscintillant. The amount of 14@02 fixed by the sauples is then
determined by counting the solutions in a scintillation counter.

Data collection was hampered during the summer drought, as
almost all the Sphagnum in the v101n1tv of tne study site was
completely dfj and incorxrporation oI l'COZ extremely low, Plant
squace temperatures during this period were con51stently above
ho'c during the greater part of the day. However visual recovery
of Sphammum was very rapid after rain and 1t is hoped to continue
measu:ements into Oc»ober

Parallel with field measurements, vhotosynthesis was measured
in the laboratory using an infra red gas analyser over the range
of conditions experienced in the field.

It is hoped to suwmmarise the results obtained firom the work
described above in the next Annual Reoovt

£)  Dormency and overvintering in Calluna vulgavis
) (K- HtoLel, University of Leeds)

The object of the study is to investigate overwintering and
the onsot of dormancy in Calluna vulgaris on a blanket bog at Moor
House.

In avtum, there is a rise in the sugar content of the shoots,
concurrent with a decline in photosynthesis, and the buds become
dormant, The winter bud of Calluna is open ie. special bud scales

are absent. A primary objective is to investigate whether the

increase in sugar content of the shoots, and the state of winter
rest with the onset of autumn is induced by low temperatures..or
short day length, or a combination of the two. This is beihg
investigated using controlled environment rooms.

While these experiments are in progress the nature of dormancy
in Calluna is being followed with particular reference to influence
of endogenous inhibitors of growth such as abscisic acid.
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Experiments have so far shown that the “depth'' of dormancy, as
judged by time taken to bud burst on bringing into a warm growth room
decreases Trom November till April (although data are incomplete
before November). It has also been showm that dormancy can be
induced by low temperature alone, under a loung photoperiod, and
al.so that heavy pigmentation takes vlace under lov temperatures,
although this is a. temperature/lisht interaction since the light

‘facing surface of the shoots shows greater leaf pigmentation.

The experiments on induction of dormancy by short nhotoperlod
are incomplete although it appears that ovening of flower buds is
inhibited by short day length.

Given a long photoperiod (10 hour) and an adequate temperature
for growth, Calluna will grow thfouphouL the normal winter rest
period, suggesting that dormancy is induced by external environ-
mental factors°

uxpe"lments on abscisic acid are incomolete at this stage, and
work 1s also progressing to investigate whether dormancy can be
induced by exogenous application of abscisic acid.

Conclusions

The controlled environment experiments should eventually show
the inter-relations between short days and low temperature in inducing
a dormant stﬂte, and seoondlv we should scon know whether abscisio

do"mancy, as it does in mcny ‘deciduous spec1es°

g) Pool. systeims in blanket peal (Jo.I1, Tallis, University of Manchester)
A vermanent quadrat 30 x 20 m was set up on Shaft Hill in August 1975
to cover two large permanent pools and the heads of three gully systens,
to monitor possible long -term changes towards erosion of the pools by
extension of the mully heads. The quadrat has been mapped and levelled,
and a series of 3% vater-table pits is under periodic observation.
Water-table levels in different parts of the quadrat differ considerably
and 1t is probable that the surface weal layers are very heterogenous
in thelr ability to conduct water laterally. It is hoped from the water
level changes in the pits to be able to recognise lines of preferential
water flow laterally in the surface veat layers, which might influence
future development of the pools and gullies. Little progress has been
made on this aspect because of the exceptionally dry summer. It is honed
also to study the development in the past of the present-day pool system
through examination of a series of peat stratigraphic profiles.

h) A study of the movement of solutes and ‘particles through

tHE“EhLCace leyers of peat bogs (D.J. Hackay, Ueutiield Tollege)

These experiments, which have been started on Burnt [ill, are being
nerformed in conjunctnon with others at Crames Moor in the New Forest.
Tracer substances have been nlaced at known depth, in plots with a
predominant cover of Svhaghum. The movement of the tracers will be
measured in cores, retrieved 1 year after the start of the experiment.
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The tracer -substances. include a range of particles, dyes and
ions of different valency, introduced at concentrations, which,
though significamntly above their background levels, will not
saturate the profile. These tracers have been introduced into
gites with different environmental characteristics.

In order to compare movement at Moor House with that at
Cranes Moor, measurements are being made of evaporation and rainfall.
Simple lysimeters and rain gauges have therefore been installed,
and measurements are taken monthly,

1

i) . Low temperature growth of prasses and clovers

(J H. Ollerenshaw and R.i. Daker, Univer rsity of
Newcastle-upon-~Tyne)

Introductlon and, oack” ound

Much of the research on the ecotypes of grasses and clovers
collected from the loor House Reserve in 1974 has been concentrated
on the species, Twrifolium repens during the past year. However
the ecotypes of Lol;gm_"eggnno ‘collected from the ineadow, were
subjected again to Tow'témoeratures and light intensities in the
cold cavinets: the results were similar to those recorded in the

last Report, and are not nresénted here.

We have concentrated on white clover (T, r_gens) because this
species is regarded as being the corner- -gtone to the improvement
of hill pastures (Watlkin Williams, 1970). Uhite clover is an
essential constituent of unland seeds mixtures since nitrogenous
fertilizer is seldom justified in low output systems such as
hill and marginal farming. Fertilizer nitrogen has more than
doubled in price and usage over the past 10 years (Aldrich, 1974)
and requires  large quantities of fuel energy for its production
and distribution. Besides being capable of fixing atmospheric
nitrogen, white clover has several other importamt characteristics.
It.provides a high quality feed (Armstiong and Badie, 1973), improves
the voluntary intake and efficiency of utilisation of the diet of
grazing animals and increases the rate of nitrogen cycling in
the soil (Munro, 1970).

Ixisting varieties of white clover start growth 2 or 3
weeks later and finish about 2 weeks earlier than the present
varieties of grasses in Britain (Newbould, 197Lk). Little clover
growth appears to occur below a soil temperature of 9°%¢ (Munro, 1970).
Hence with such a short growing season, current varieties of white
clover are at a competitive disadvantage, and are also poor in
supplying organic nitrogen to associated grasses during the
spring and avtumn. Consequently, the selection of white clover
strains which can grow during these neriods of the year, i.e. at
lov temperatures, would be a distinct advantage in hill and
marginal, and also possibly in lowland areas. Some of the ecotypes
of T. repens collected at Moor Illouse have already shown promise
in this respect (Ollerenshaw, Steyart, Gaellimore and Baker, 1976).
This report describes the further testing of some of these promising
ecotyvnes and also of other ecotynes from the Moor House Reserve
which have not been screened previously for low temperature growth.



Methods

The measurement of the growth of T. repens at low temperatures
in cold cabinels has already been describedf?Ollerenshaw, 1975). A
duplicate set of vhite clover plants in 7.5 cm pots were placed out
of doors at Wylam in the Tyne Valley (50m above sea level) for
comparison with the growth of the ecotynes in the cabinels. A record
was made of the final dry weights and the nwaber of stolons and leaves
which developed on the plants in both the cold cabinet and outside.
Stolons of each ecotype were also planted as mini-plots (60m x 60m) at
the Redesdale Lxverimental Farm in the Cheviot hills (230 m above sea level).
Records show that winters arve long, with soil temperatures below 6°C for
most of the period from November to April, at this site. The lengths
of stolons on 8 plants per ecotyve were measured at I+ weekly intervals
during the autum, winter and spring of 1975/ at Redesdale and the
number of new leaves and stolons were recorded,

Results

PrCI )

One of the ecotypes, Trout Beck 1, produced more growth than the
commercial variety 8164 under controlled cabinet, lowland and upland
conditions during the winter »meriod (Tables &, ¢ and 10). The growth of
this ecotype, in terms of the rate of stolon extension and new leaf
and stolon production, was particularly encouraging in early spring
compared with 8184 (Table 11). This is precisely the time of the year when
high quality herbage is required for improving hill and marginal land
output (Ollerenshaw et al) 1976). Tcotypes with low temperature character-
istics similar to Trout Beck 1 would provide a very useful basis for
breeding improved. varieties of T. repens. Iience the Moor House Reserve
can be regarded as being a very valuable source of genetic plamt
material for improving agricultural »roduction in temperate and
vossibly other climatic zones of the world. A more intensive collection
of grasses and clovers from the Reserve is needed as soon as possiblca

It is very encouraging to obtain repeatable results in the cold
cabinet over a period of two years with some of the ecotypes of hoth
grasses and clovers, including Troul Beck 1. Similarly, it is rewarding
to find that screening for spring growth under unland conditions can be
accomplished in cold cabinets. However, there are indications that
this screening method is not completely effective in view of the
relatively good growth of the ecotype, Xmock Fell & during the spring
at Redesdale (Table 11). Although low lipght intensities, short
Photoperiods and low day temperatures can be simulated in the cold
cabinet, there are many other parameters common to upland environments
which are not simulated. One of these factors is the effect of
sub-zero temperatures on growth and survival in the uplands. Ve
hope soon to be able to test for cold hardiness under controlled con:-
ditions as well as in the field.

Work on finding grasses which can grow at low temperatures and
which are also cold hardy, will continwe over the next three years
with the aid of a research grant from the Agricultural Research Council.
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Table 8 Rates of stolon growth (mm stolon/week), dry weights (mg) and
the number of new leaves and stolons of T. repens ecotypes grown
in cold cabinets at 5°C (means of 8 plants)e .

Growth period : 10th November 1975 to 5th January 1976

Ecotype Stolgn Shgot_ R?Ot Noe of new Noi éf new
growth Weight Weight loaves stolons
Trout Beck 1 2041 . 2807 4561 940 265
Meadow 1 2439 2840 38,2 865 208
Meadow 2 088 To1 2362 %68 163
Meadow 3 0476 . 6e3 2005 360 161
Knock Fell 6 0e79 67 1442 Ao Ted
Knook Fell 7 Oa45 Aol 1366 245 045
S184# 2614 2902 3969 960 2e5

#* commercial variety



28

Retes of stolon growth (mm stolon/week)7 dry weights (mg) and

Table O
the number of new lcaves and stolons of Te repens ecotypes
grown outside at Wylam, Tyne Valley (means of 8 plants).
Growth period : 11th November 1975 to Tth January 1976
Ecotvoe Stolon Shoot Root No. of new Ho. of ncw
IP growth Weight Weight leaves ' ‘stolong
Trout Beck % 3,08 302 56v9_ 12a/ L3
Meadow 1 2461 3048 (346 1148 3ed
Meadow 2 135 1225 203 Be6 262
Meadow 3 1423 1049 2166 6.8 - 205
Knock Fell 6 1473 1146 23.3 1044 3.1
Knock Fell 7 1215 763 1644 3.0 140
5184% 2430 281 ATa2 1240 3¢5
¥ commercial variety

Table 10

Bcotype

Trout Beck 1
Meadow 1
Meadow 2
Meadow 3
Knock Fell 6
Knock Fell 7
5184

¥ commercial

Rates of stolon growth (mm stolon/week) and the number of new
leaves and stolons on Te repens ecotypes grown at Redesdale
B.H.F. (mcans of 8 plants)e

Growth period 2 3rd Hovember 1675 to 20th February 1976

Stolon Noo of new Noe of new
growth leaves stolons
1e31 8.5 440
0.84 468 3e3
0s57 465 1.9
0.27 3.6 203
0662 465 2¢5
0+20 263 105
1,05 () 460

variety



- 29

Table 11 Rates of stolon growth (mm stolon/week) and the number of new
leaves and stolong on T, Trepensg ec~types grown at Redesdale
B.H,Fo (means of 8 plants).
Growth périod : 20th February 1976 to 21st April 1976
Footvoe Stolon ' Nos of new No. of new
IP growth leaves stolong
Trout Beck 1 3628 1265 39
Meadow 1 105 660 2.8
Meadow 2 1627 502 . 1,-5
Meadow 3 0.26 ' 3s3 108
KnOCk HTell 6 1(\52 798 206
Knocl Fell 7 0e12 102 05
5184 1036 763 249

* commercial variety

j) Studies of periglacial phenomena (L. YTutnell, Huddersfield

Polytechnic)

The mcvement of five ploughing blocks was recorded for the eleventh

consecutive
previous occ

year. It was found that displacements were less than on most
asions (cf. the figures in the table below with those on page

42 of the 1975 report).

Table 12

Bl

Movement of five ploughing blocks on the Reserve between
August 1975 and fuguct 1976, Block numbers correspond with
those in the 1975 Report.

ock Number Amount of movement recorded (Cm)

1 5¢7
2 3e?
3 0.0
4 040
5 0.0
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