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PROGRAMME AND SUMMARY

. At the Annual Meetlng of the Conservat1on Group in December, 1964,
Mr. Skellam circulated a paper suggesting that a seminar might be con-
vened to formulate- and discuss such aspects of grazing experiments as
"definition, design, measurement, recording, documentation, liaison,
responsibility and finance". This. suggestion was followed up by the
Conservation Research Section who organxsed the Symposium at Monks Wood
Experimental Station. -

r~-The objects of the Symposium were:

L) . . . . . - . .
(i)-To discuss thé importance of grazing as a management technique
on land' of conservation interest.

(1ii) To discuss problems of experimental design and layout, with
special reference to the type of research results the Conser-
vancy should be trying to obtain and how these results could
be applied to conservation problems.

- (iii). To bring together the scientific staff of the Conservancy who
were irterested in the use of the gra21ng animal as a manage-
o ment tool.’

'Z‘The-meeting‘which was planned primarily for Conservancy staff was.
attended by 26 members from research stations, specialist branches and
regional offices, and two representatives of Naturalists' Trusts.” The
programme was as follows:-— :

Tuesday, April 6th Introduction by Dr. K. Mellanby.

.

.Opening Address by Mr. J. Skellam.

Types of vegetation grazed in England and
their representation on Nature Reserves.
: C-~. Mr. T. C E. Wells, - :

Gra21ng in Scotland and Upland England.
Dro D. Ratcllffec

St " Theoretical basis of a grazing pOllcy.

‘ :A"" DX‘- P A- Gc.y- .
SR Documentation, communlcatlon and semantics
sy with SpEClal reference to f:eld experlments.
Mr. J. Skellam.
el Theories and Models for Gra21ng.
1o ~Mr. P.H. Cryer.

1he Power of tests, and 1n£erences from
small _scale experlments. Mr.. P. Holgate.

The need for collaboration between experi-
menter and statistician. Mr. M.D. Mountford,
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Wednesday, #April 7th Practical dlfflcultzes encountered by the
Regional Staff in using sheep as a manage-
ment tools Mr. J Hemsley and Mr. M J. WOodman.

Grazing rights and the Agrlcultural Holdxngs
Act, 1948. Mr. D.H.-Wood. v

Grazing experiments in Snowdonia. Mr. J.-Dalé.

Grazing studies at Moor House Field Statlon.n
Mr. M. Rawes.

Thriplow Grazing Experiment. Mrs.' G, Crompton.

Grazing and Mowing Experiments on Chalk
Grassland. Mr. T.C.E. Wells. '

Research in progress on the RReserves on
the chalk in South-East Region.
Dr. P.A. Gay.

Surming-up and General. Discussion.

The meeting began its work: by posing certain fundamental questions
concerned with. the need and desirability of using grazing on Nature Reserves.
Was there justification on conservation grounds for maintaining large areas
of unstable grassland where a grazing regime seemed necessary for management?
I1f so, was it necessary to carry out experiments in order to find the most
satisfactory method of grazing to maintain the.conservation interest?. How
important was the grazing as a d¢cnservation .tool and could; other methods not
involving the use of animals be substituted? On how many N.N.Rs hac

grazing been the form of land use which in the past had maintained or created

richness in flora and fauna? R

The discussions which followed the papers presented at the Symposium
centred arcund the questions posed above and the following is an attempt
to summarise. the many, often conflicting, views expressed during these
discussions. Two quite different aspects of the grazing problem became
apparent when grazing activities on Reserves in different geographical
regions were considered. In Wales, Scotland and Upland England, over-
grazing by sheep has been responsible for changes in the vegetation which
many ecologists consider to be deleterious. Heavy grazing prevents the
regeneration of trees and shrubs, while species which are sensitive to
grazing such as Heather (Calluna vulgaris), Cowberry (Vaccinium vitis-idaea)
and other rarer shrubs, as well as. many rare c¢icotyledon herbs such as
Dryas’ octopetala are eradicated. These comnunltles are converted to grass-
land. Loss of productivity, espec1ally on the- poorer soils is associated
with a policy of continued heavy grazing with the result that soil erosion
and scree formation is commonplace in Highland- regions. The position on
N.N.Rs in lowland England is quite the reverse; the absence of grazing
leading to invasion of'scrub and increase 1n competition from coarse
grasses, with the end-result a loss of floristic richness. A survey of
N.N.Rs and-L.N.Rs, in England showed that of, the 62 declared Reserves,
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33 conta1ned some vegetat1on formation which had been -grazed in the past

or was belng grazed at the present t1me. It was estimated that 21,000
acres of land ‘on N.N. Rs 'in England were suitable for grazing, 16,500 acres
occurring on 2 upland Reserves ‘which were grazed by commoners, the remain-
der being d1v1ded unequally between 6-lowland vegetation types of which
chalk grassland was the most 1mportant. (See -Appendix). ' Maritime dune
systems and lowland heaths on N.N.Rs in England contain 2,255 acres of "
vegetation which would probably benefit from grazlng, but it was considered
_that the, problem was not 80 urgent there as oOn chalk and limestone grass—
lands. -

In lowland England, attempts have been made to graze Reserves with
livestock owned by local farmers, the farmer usually beéing granted licence,
but in most cases, this arrangement has been unsat1sfactory even with good-
will on both 51des, and it is suggested that in ordér to-be able to control
the tlme ‘of year and 1nten31ty of graz1ng, ownership of livestock by the
Conservancy for the purposes of conservat1on management should be g1ven-
serious con51derat10n.r Many ‘Reseérves ‘are too small to warrant a permanent
flock ,of sheep on the Reserve and it was suggested that cons;deratlon be
given to the use of a'"moblle" flock of sheep £Or ‘management purposes in
'dlfferent ,areas. v : : -

Experlmental “work u51ng the grazing' an1mal is concentrated on three
main vegetation typesi~-. "mountain grasslands ¢f Wales, moorlands of Upland
England and Scotland, and chezlk grasslands of southern England. In most
of these investigations, sheep have been used as the grazing herbivore and
with the exception of the Aston Rowant experiment, the animals have not
been under the direct control of the experimenters. This arrangement
has been adopted for many productivity studies and for investigations
involving the relationships between soils, climate, vegetation and vol=-
untary sheep densities on open hill grazings. However, in the case of
detailed studies on the relationship between grazing intensities and the
behaviour of species of plants and animals of conservation interest,
this arrangement is not satisfactory. It is suggested that careful
consideration must now be given to the purchase of animals specifically
for experimental use. 4llied to the problem is the desirability or
otherwise of using N.N.Rs for experimental purposes. Many N.N.Rs,
especially in southern England are unsuitable as experimental areas
for reasons of size, excessive use by the public and difficulties
associated with the control of the experiment in an area with many
conflicting uses. It was suggested that the Conservancy should
consider obtaining control over experimental areas outside Reserves with
facilities for housing and feeding experimental animals.

Concern was expressed during the Symposium by the Biometrics Section
at the lack of adequate documentation, recording and continuity in large
long-term experiments involving many people, and it was suggested that
before an experiment was begun, a proforma should be completed giving a
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full account of the objects, methods, location, documentation of the |
experiment with a clear statement.of the re5pons1b111t1es shared by the
perscns involved. It -was pointed out that, the distinction between

~ proper experiments 1nvolv1ng the .use of randomlsatlon, rep11catlon and

providing estimates of . .error, and management of- Reserves using anlmals
:in"which observations were made on the effects of gra21ng. had become
blurred, :and it would be, preferable to use the term 'experiment' only in’
‘the -accepted statlstlcal sense and refer to other work as trials. The
-z00logists referred to the. relatlonshlp between the structure and flor15t1c
composition of the vegetatlon and the associated fauna. The ellmlnat1on
of certain plants by the grazing animal can cause profound changes in'the
fauna both vertebrate and invertebrate, and the need for more 1nformat1on
on.this particular conservation. problem was empha51sed. o

1'..

[P )

-t Experlmental work being done by Conservancy staff using the graz1ng
animal falls under three main categories., (1) product1v1ty studleS'“
(2) exclosures, in which competition between,species is belng stud1ed'
(3)&e£fects of. various treatments, eSpec1a11y cutting as a subst1tute
for. grazing, on. the. floristic, composition of ‘the grassland. nlthough.f
many. different approaches are being used to 1nVest1gate the complex )
relationship between the sward, the soil, climate and the grazing anlmal,
there was general agreement that in all of these different approaches )
a:knowledge of the.biology of. individual species was of great.importance
-and attention should be -given to this often neglected aSpect of the work.

g
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- OPENING ADDRESS =

J. G. Skellam

The members gathered here at this Symposium do not all belong to the
Conservation Branch and some may possibly wonder how it is that this meet-
ing has come about. It is true that I cannot claim any personal credit
for the Symposium but must nevertheless accept _some respon51b111ty for
having precipitated it at this time.

I will begin therefore by reading my note of November 1964 which was
circulated to the Conservation Group for the Annual Meeting in December
1964.. The note reads:-’

"It is generally recognised that the nature and composition of vege~
tation (and by implication the associated fauna) may be profoundly affected
by grazing. Indeed one of the major problems confronting officers concerned
with the conservation and management of many areas consists in making wise
decisions on the kind of grazing regime to impose.

in order to reach a decision about a particular site, the conservation
scientist is guided by a considerable body of knowledge which already exists
on the subject but which has normally been acquired from. studies on other
areas. -He is also guided by such ecological surveys as' have been made
on the site and in the light of such tentative inferences as he may have
been able to reach by ordznary observational examination.  But quite
understandably he is cautious in extrapolatang results from one place to
ancother or in applying any measures, the last1ng effects of ‘which he can—
not with reasonable: certalnty foresee,

It'is not surprising therefore that conservation scientists are
beginning- to adopt an experimental approach. Very often this amounts
to little more than the extension of observation resulting from deliberate
interference, and ‘as such is a valuable adjunct to passive observation.
But it would be misleading to think that all such activities constitute
proper ‘experimentation. in- the sense normally employed in research. The
conclusions from simple trials rarely stand up to scientific criticism
and the results .of many such-investigations are often a poor return for
the amount of scientific effort employed.

During the first decade of the Conservancy it yés_not normally
possible for us to keep experimental herds of domesticated animals, but
it now appears that this limitation. will not be so severe in future. .
We can certainly expect an 1ncrease in the number of grazlng trials for
which we shall be respon51ble. ]

The Biometrics Section is-only aware of those grazing studies which
are brought to its notice when advice is sought. We’ would welcome the
opportunity to learn something about the present scale of grazing trials
and the’ intentions which regional officers may have to extend them in the




near future. It might be pointed out here that such liaison machinery
as we have at present to keep regional staff, the Conservation Research
Sect1on and the Blometrlcs Section mutually informed is .already defec-
t1ve and 1nadequate to meet future developmcnts. -

il

“The Conservatlon Group is asked to con51der convenlng Sseminar; so
that those pr1mar1ly concerned can attempt to, formulate common lines of
policy in the general interest to cover such aspects as definition, de51gn,
measurements, recordlng, documentatlon, l1alson, respon51b111ty, f1nance "

and

" Evéen before the Group actually met, I recelved a most encourag;ng
response from Dr. Duffey who suggested that the general approach should
be broadened somewhat._‘ He offered to seek Dr.. Mellanby's approval to
. hold’ the’ mectlng at Monks Wood and ‘to ask Mr.. wells to undertake the
' local organ1sat10n.j' These ideas were readlly endorsed by the Conser-; v
vation Group and after much consultatlve act1v1ty and tricky diplomacy
by' Mr.“Wells, the programne whlch we now have before us.was,drawn- up.-

One of the great pleasures about giving. an opening- address is that
7"the speaker is usually permltted to 1nf11trate 1nto his talk, occasional ;

'elements of hls own personal phllosophy, matters whlch normally might. + |
not - be tolerated AdnTa formal scientific contrlbutlon. I:will therefore-
take advantage of thls opportun1ty stralght away.

_ It 15 my personal'be11ef and many others share 1t too, that any o
human act1v1ty, be 1t scientific research, conservat1on work or everyday..:
llfe, is shapeless, 'incoherént and wlthout meanlng unless it-is firmly -
rooted in a comprehensive philosophy and is gu1ded by a clearly defined
policy. Quite understandably. I do not expect any -philosophy -or -policy
to be rlg1d and flnal but merely require that it should be .in ‘keeping
w1th current experlence and prevalllng realltles..

1+

Perhaps by the end of the Sympos1um, after a free and frank exchange
of v1ewp01nts, we shall be in a better position to dcvelop a collected. -~
approach to the complex of ideas. engendered by puttlng such terms as
"Conservat1on" "Experlmentatlon" "The Grazing. Tool" .in juxtaposition .
and we may be able to ‘translate the prlnC1ples Wthh emerge into a work- |
able pelicy which will not only guide our actions in the immediate future,
but will, 1 hope, also commend itself to those, who w1ll judge -us in the
years to come for our wlsdon or our stup1d1ty.

s 1 . .-

[ »

One way oF clarlfylng our 1deas of evoklng new . thoughts and perhaps
provoklng discussion ‘is 'to’ asquuestzons. This device,, as is well known,
dates back to classical antiquity end was developed with such great skill
and, genius by Socrates, Plato, and others that the modern game of 20,
questlons appears moronlc by comparlson. U o

v

:It is‘best of course_tofask“thefrfght questions in the right order.

S




The particular questions I am going to put to you today are not as highlwy,
refined as they would have to be in a strict-scientific investigation,

but 1 note from the programme that I am favoured by being given a further
opportunity this afternoon to' make up for any lack of rigour that I may
display this morning. Whether or not my questions are relevant is a
matter of opinion, but I believe them to be so. My list is certainly not
comprehensive, and -1 trust that.any serious omission at this stage will
soon be put right.

Despite our apparently hierarchical constitution in which policy is
presumed to emerge by inspiration at the top and henceforth to diffuse
downwards, in reality the democratic aspects of the machinery can be
equally -effective in determining the policy which is actually practised
and even:in creating new policy, provided that we are prepared to use the
machinery properly and that our ideas are sufficiéptly well thought out
to merit being put up.

It will already have been observed that the official title of the
Symposium embraces two distinct subjects which are presumed to be related.
They are:- : :

1. Grazing Experiments;
2. Grazing 'as a Conservation Tool.

The first set .of questions .I.have to ask about these subjects concerns

their importance.

We could ask:-

Q.la. Are these subjects of sufficient importance to the
Conservancy or any of-its branches to merit special
“attention?
.Please believe me when I'say that I am not trying to be facetious.
The question is meant seriously because so many things hinge-on the ans-
ver,. - -

It will be noticed that the real significance and full implications
of the question however is not entirely apparent because of the unsatis-
factory way-it is framed. . It would be better to ask:-

Q.1b. How important are these subjects relatively to other
matters with which the Conservancy is concerned?.

The last question can be refined much further. For example, we may
ask;:- ' '




Q.lc. How important is it that our knowledge of the grazing
tool should be adequate (i) as soon.as possible; - (1i)
~ in the more distant future?

Q.1d.. ‘Is it envisaged that the research problems connected
with the use-.and assessment- of the efficacy of the
grazing tool are (i) of transient importance -.to be
solved in major respects once and for all . as far as
practical purposes are concerned, or (ii) of enduring
importance - involving a long-term or permanent interest
.or even an indefinite commitment?. R "

d Y -t r

Some of these questlons may appear premature and cifficult to answer.

But I must emphasise that unless we-have a very sober appraisal of the-

relative importance of grazing studles we shall be unable. to- deploy our
limited resources u1sely. : r

S

The consideration of resources in money and man-power prompts nUMErous

further questions about desirability and. fea51b111ty. B
Q.2a. 1Is there much justification on conservation grounds
for maintaining large areas of unstable vegetatlon

in a highly artificial condition? PR

Q.2b. Is there an'upper limit to the area .of grassland of -

,the kind which requires grazing to maintain it in the

desired -state, without overstretching- the economy of

the Conservancy unduly? .
Q.2c. If so, has the limit yet been approached, reached or

surpassed by the acquisitions made so far?
The answers to these questions about importance in relation to other
projects and the resources available together with the answers' to the
many supplementary questions on feasibility which automatically spring
to ‘mind, largely determine our whole attitude to the subject matter of
this Symposium, .and may prompt us to give thought to the measures and
positive steps which appear desirable not only for keeping this complex
field under constant review, but also for deallng with the practlcal
problems exlstlng on the ground. o .-

My third set df~questions concern the relationship between the two
main subjects included in the title of the Symposium.

Q-3a. Is it necessary to carry out experiments in order to .-
employ grazing satisfactorily as a conservation tool?

..

I rather suspect that the answer is "sometlmes" It may be that in




certain circumstances, we already have all the knowledge that we need in
practice, or that enough knowledge is available if only we could get hold
of it or i1f we were to make the effort to do so. I hope that subsequent
speakers will have something to say on this point.

It may be that in certain circumstances, we may consider that our know-
ledge of the grazing tool appears to be more or less adequate for practical
purposes, but consider it desirable -that management operations should be
carried out experimentally so as t0 provide a monitoring system to measure
success, to note special effects and guard against serious mistakes,

These considerations may be condensed in:--

Q.3b. Do we advocate, as a general guide, that the grazing
tool be used in an experimental manner where feasible,
or failing this, to set up experimental plots within
or alongside, the treated area?

It will be noted that whereas Q.2a. contains the word "necessary", Q.2b.
uses the word "desirable". In fundamental science, we do often have to
ask whether condition A is necessary-for phenomenon B but those who try

to criticize other people's actions or delight in stifling activity by
asking "Is it really necessary?" rarely have the right to do so. What
matters to the practical man is whether an action is desirable and whether
it 1s sufficient to achieve the purpose which he has set. I hope in this
connection that Conservation and Management Research as they develop in
the Conservancy will avoid becoming bogged down in the bottomless search
for necessary truths and will concentrate on discovering ways and meanc
which are sufficient to achieve desirable results.

My fourth set of questions refer to co-operation.

Q.4a. Do grazing investigations normally require the
co-operation of several people with specialist
knowledge or special responsibilities?

1f we exclude simple trials with very limited objectives or straightforward
operations without experimental content, it seems to me almost apparent
that many specialists are required - field and estate workers such as
shepherds to ensure that the grazing treatment is applied as prescribed,
biclogists to measure and record such features as floristic composition,
biometricians to advise on the statistical aspects of the experimental
design and the analysis of the data. Field operations usually cost

money for such things as fencing and student labour, so that the land
agent and the administration (finance and estabs.) might be involved.
Co-operative effort always requires co-ordination and this is usually
considered to be one of the functions of the regional staff. Last but
not least is the Conservation Research Section which has a special respon-




sibility for this field of work.

We now come to:-

r
[ .-

Q.4b. Vhere co-operation is called for, are ‘the specialist
staff who are available both willing and able to work

together to the extent which is necessary to 'achieve
success?

After all, the degree to vwhich any officer is prepared.to co-operate in
a collective project depends on -the priority which is attached to that =
project, -and the extent -to which he is able to co-operate depends on’ hlS
existing burden of cowmitments. . s

The problens raised by these considerations are great indeed. It seems -
that we shall be obliged to be highly selective in the choice of desirable
projects, and there is a serious.danger that much time and effort ‘could

be wasted on grandiose plans which might not materialise or on projects
which night have .to.be abandoned before completlon. ' -

My last set of questions refer to communication.

Q.5a. Even.if the staff .are wiliing to’'co-operate and are’

. not prevented by other commitments from doing-so, are
they revertheless unable ‘to co-operate effectively
because-‘'of their inability to commun1cate their 1dea5‘
clearly to one :another? .

o '
L

Q.5b. :Even if specialists are able to comaunicate effect1vely.
’ *will they in fact-always do'so and are they prepared to

document their- thoughts so unambiguously that satisfactory

communication will be-maintaineu over the whole.duration

of each project?

I have sirgied out some of the problems of communication for my talk

this afternoon, and therefore bring this openlng _ddress to a hasty and
rather abrupt close. -

: J.G. Skellam.
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TYPES OF VEGETATION GRAZED IN ENGLAND AND THEIR
REPRESENTATION ON - NATIONAL NATURE RESERVES.

T.C.E. Hells

Introduction

When nature conservation first began in‘this country, preservation was
foremost in the minds of those concerned; and although some thought was given
to the need for managing areas of land acquired as Reserves, priority was
given to acquisition. As the concept of conservation evolved, it soon
became apparent that any change avay from the old form of land use brought
about rapid changes in the habitat which were usually detrimental to the
biological interest of the Reserve, and it was realised that some form of
management would be required to maintain, and in some cases, to re-create,
the conservation interest.

The grazing animal, whether cattle, shéep. horses, goats or rabbiis has
had a major effect on most types oP vegetation in the British Isles in the
past, and all of our lowland grassland and much of our h1ll pastures owe their
existence to.the grazing animal. It is not surprising then, that the idea of
using sheep or cattle on Reserves as a form of management was considered by the
Conservancy in its early years, although the urgemcy for some form: of pos1t1ve
management ‘on’ lowland’Reserves only became apparent when myxomatosis in-1954
destroyed most of‘'the rabbits on Reserves. and significant changes in the
vegetation were-notlceable after only two years. However, for various
reasons, some- practlcal and’ some adm1n1strat1Ve,-sheep and cattle have seldom
been used for managlng Reserves in England, although interest in this subject has
been revived in thé past three years, chiefly in: connect1on with work being
done on chalk grassland. - -

Most of the- research in wh1ch Conservancy staff have used graging animals
has been done on upland areas in Wales, Scotland and northern England, and
little-work” “has™ been done ‘on lowland’ grasslands in England. More information
is needed about the effects of various managenent .techniques on naturnl vegetation,
and although 2 start has been made with Aston Rowant grazing experiment,. jndye
experlments are required if we are to be successful .in maintaining the d1ver51ty

of habitats which we believe to be desirable on Nature Reserves.

Howevycr, before we can decide on the kind of information. that is-needed
from experiments, we require certain basic information relating to the areas of
land on Reserves covered by different plant associations, and the. purpose of
this paper is to outline the distribution and extent of.those plant associations
which are dependent - for their existence on some form of- grazing and which
change both in structure and species composition when the grazing animal is:
removed.

Classification

Végetation may be classified in-many different ways, but for the purposes of
-this review, a simple .classification based,on easily recognisable ecological units
has been used.  Some of these units, such-as chalk and limestone grassland may
be similar .in structure and contain-many- species common to both, although some
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species are restricted to one or the other. On the other hand, the vege-
tation may be d1551m11ar 1n both structure and florxstlc composxtlon never-
theless the common Factor uniting ‘these units is found throughout - that is
their dependence on grazing for their cont1nued exlstencc.

7 vegetation types are recognised and these are:-

Chalk Grassland .

Limestone Grassland (including oclite, magnesian,
e carboniferous)

Mari time Dune Systems
Dry Heaths .
Moorlands

Fens

Saltmarsh and shingle.

All of these habitats have been grazed by rabbits, sheep or cattle in
the past and in the absence of grazing, seral changes occur which alter the
structure and floristic composition of the sward in a way which is mostly
deleterious to the flora and fauna although in a few cases, the absence of
grazing may be beneficial to the fauna. " In general, there are 2 main effects
of w1thdraw1ng grazing which directly effect the species present' :

(i) The more vigorous species in the grassland increase in size in the
absence of defoliation and compete for 1lght with the lower growing
species. The response to this change in conditions varies with
different species. Some, such as Poterium sanguisorba, Cirsium
acaulon and Pimpinella saxifraga show remarkable phenotypic plasticity
and are able to compete and survive successfully in compet1t1on with
the longer growing grasses, mainly by increasing leaf area and changlng
the angle of leaves. This characteristic is well demonstrated by
Cirsium acaulon which grows as an appressed rosatte under heavy grazing
and as an erect herb.in grassland 6"-8" high. Other spec1es with less
inherent plasticity are unable to change in.size or form, and rapldly
disappear. This is denonstrated by Asperula cynanchica, HlppOCPEplS
ccmosa and Coeloglossum viride. Arinuals such as Linum catharticum and
Gentianella amarella are also elimlnated qutckly in undergrazed grassland.

(ii) scrub, especially Hawthorn invades the grassland and quickly becomes
established in the absence of the grazing animal.

These generalisations, hold for -the majority of habitats under consideration,
although there are instances where small parts of the major habitat remain
relatively stable even in the absence of grazing because of edaphic’factors.

Good examples of this can be seen on roadside verges on the chalk and oolite
in Lincolnshire where species rich communities have developed in areas where
the soil has been dist oed by man. Similar effects can- be seen at Aston
Rowant on terraces formed by turf removal,

Analysis of N.N.Rs, N.R.As, and L.N.Rs in England

Of the 62 N.N.rs and L.N.Rs declared.in England, 33 contain some form of
wvegetation which has Yeen grazed in the past or is being grazed at the present
time. On nearly all ¢f the remaining 29 reserves, the main interest is either
woodland, meres or messes where grazing is not wanted or is physically impossible.
However, it is worth noting that even on the thirty-three Reserves where
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some form of grazing is required, the major interest on the Reserve may
not be grassland and management may be directed towards maintaining some
other feature of the keserve such as scrub or woodland which is in direct
opposition to the maintenance of open grassland.

Applying the classification outlined previously, I have tried to
estimate the approximate acreage of each vegetation type on Reserves in
England, together with information on the recent land use history of the
area and othep' relevant information. This is set out in Table 1. Using
this approach,-I hope to show where our commitments are heaviest and where
efforts to obtain information of use in managing these areas, based on
sound experimental work, should be concentrated. Every effort has been
made to obtain exact figures for acreages by measurement, but in some
cases, this has proved impossible because of the absence of vegetation
maps, while on sand-dune systems, the figure for “area suitable for graz-
ing"- - is only a rough estimate. However, making allowances for these
sources of error, the picture that emerges is one of great differences in
the area of land occupied by vegetation types on Reserves in England.

Moorlands

By far the largest acreage in this table is found under the moorland
heading, which .1s.made up.of 2 Reserves, Moor House and Upper Teesdale,
which together,.occupy ‘16,500 acres of land. The problem  here i1s essen-
tially different from most of the other areas, and is more akin to the
situation in Wales and Scotland where overgrazing, chiefly by sheep is
widespread and protection of areas from grazing may be the required manage-
ment technique. The system of land tenure in these upland areas and the
right of common pasturage over the moors makes control of grazing difficult,
and the absence of. any detailed knowledge of grazing pressures under which
the special flora of Teesdale has developed, further stresses the need for
experimentation and examination of old agricultural records relating to
past land-use. We know in general terms that grazing has increased greatly
in recent years in conjunction with the increased use of the area for '
recreation by the public, but little work has been done to find out the
effect of these changes on the flora of Teesdale.

Dune~-systems

The secend largest vegetation type found on N.N.Rs. in England is sand-
dune systems which occupy.4,888 acres. .The best examples of sand-dune
systems are found along the western shores of Britain and many of these at®
Newborough Warren, Whiteford Dunes, Morfa Dyffryn and Morfa Harlech occur
in Wales and are outside the scope of this paper, although the problems and
principles which apply to the English dune systems are similar to those met
with in Wales.

Well-developed dune systems are found 'in East Anglia between Hunstanton
and Cromer, Scolt Head, 1,821 acres in extent being the best example with a
wide range of plant associations, galt-marsh, shingle, sand-dunes-and
stabilised grassland all-occurring within.close proximity of each other. _
Winterton Dunes, a much smaller Reserve (259 acres) lies further east than
Scolt Head, and contains well-developed dune systems which provide nesting
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sites for numerous sea-birds..: Much of the North East ccast-of England -
from. Tynemouth -to Northumberland consists of extensive maritime dune
systems.- _ Lindisfarne,-is the only N.N.R. on this coast:but Ainsdale
and Ravcnglass on the N.W. coast bring the total :acreage to more than
3,000. Braunton Burrows in Devon is the only dune-system in south
West England -scheduled as a N.N.R.

It is d1ff1cu1t to. assess the area-of land on dune systnﬂs wnich
mlght benefit. from grazing because of the. abscnce of detaile. vegetation
maps,: but; a conservative estimate of grazable land is 1,000 acres. Common-
sense -dictates that grazing the foredunes .cr yellow dunes is undesirable.
as '"blow-outs"--and erosion result, from. the impact of man. or the grazing.
animal, -and it is doubtful if sheep wouléd eat.the course, tough Marram T
Grass which is.usually, the dominant in these zones. . Similar ccnsiderations
apply ‘to the grey. dune systems. which cre 'also  vulnerable to disturbance. ..
Once the mat .of mosses and lichens is broken, erosion cccurs and.stabilised:
areas become mobile again. The areas' grazedr by sheep and cattle in .the
past were the dune meadows and grassland developed on' the:landward. side
of the succession. We know that on all sand-dune systems rabbits were
abundant before myxomatosis and it is possible that domestic grazing .
animals have never been a feature of many dunc areas in this country. On
the other hand, we . have.good historical.evidence that Scolt Head and
Braunton Burrows have been used as sheep and cattle pasture.until-recently,
while at Lindisfarne, spzsmodic grazing is: still carried out.., In the
absence of grazing by rabbits, many. of the more stabilised areas are being
invaded by scrub - this is, especially noticeable at . Ainsdale wheré thickets
of Sea Buckthorn are frequent and there. is no.reason.why this species may
not spread into many of the more interesting dunc-slacks.’  The general
lowering of the water-table is occurring.on this P.N.R..and thkis.would
tend to accelerate the process. Similar. scrub invasion is occurring on
other Reserves and some substitute for rabbit grazing-will have to be-
found. It seems likely that the pattern of grazing cr-dune systems in
the past may have been.unusual, with grazing limited to these menths-of
the year when the vegetatior was.green and: growing,.'or.to those occasions
in the year when keep.was in short supply on. the nearby salt-marshes.

Salt-marsh and Shingle

Salt-marsh cccurs on 5 Reserves but the total area of this type of
vegetation . ,on N.N.Rs. in England.is only about 750 - 1,000.zacres. The
largest area, about 500 acres occurs as a fringe around Bridgewater:Bay
and cver .most of Fenning Island.and -the remainder is distributed in small-
fragments at Hartland Moor,. Orfordness, Scolt Head and to some extent, on ..
Reserves where the'main_inter§st,is the: sand-dune systems.

Salt-marsh vegetation varies considerably. The lowest zone of the
marsh, which may be submerged for considerably long periods of the day,
1S generally colonised by scattered plants of Salicornia. As mud and silt
are trapped .by the vegetation, the-height of the .marshnis ‘gradually raised-.
and the mature salt marsh . consists.of--a.grassland in which Puccinellia
maritima and_ Festuca rubra are generally the dominants, accompan1ed by

' . . [ er
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numerous halophytes such as Armeria maritima, Aster tripalium and
Limonium vulgare, Spartina townsendii generally occurs in an inter-
mediate zone between the open Saliconietum and the closed Festucetum,
and other local societies, too. numerous to mention occur interspersed
among the dominants. Some of these communities are grazed only at low
tide and for short periods of the day, but the upper zones of the marsh
which are only inundated at exceptional high tides are the traditional
pastures, and it is under a regime of sheep grazing that the characteri-
stic short turf has develcoped.

At Bridgewater Bay, the traditional system of grazing Cord Grass and
Puccinellia/Festuca swards on the upper levels of the marsh is continuing
and it is generally agreed that this form of traditional management is best
for the flora. At Qrfordness, where much of the Reserve 1s shingle, there
is little need for grazing, but it should not be thought that grazing shingle-
beaches has not occurred in the past.

Tansley on page B71 shows a photograph'of sheep feeding on Silene maritima
near Burton Bradstock, Wiltshire, in 1911!

Changes»tﬁat occur when grazing ceases on salt-marshes are not well
documented, but one would think that on the upper reaches, Juncus maritimus
might become dominant and exclude species of the grazed marshland.

Lowland Heath

Lowland heath is a well defined vegetation type found scattered across
southern England, never covering large areas because the rocks which bear
the podsols and peats on which the flora depends, are not extensive. The
Heaths occupy distinct geographic regions and although each type is recog-
nisable as a distinct entity, there are many common features shared by this
type of vegetation which make it reasonable to consider them as a whole.

The Cornish Heaths, the Dorset Heaths and the Breckland form the
most easily distinguishable units, but it should not be overlooked that
extensive tracts of heathland occur on the Bagshott Sands in the Reading-’
Aldershot area, and lesser amounts are found on lower Greensand around
Hindhead and in Bedfordshire. Heaths alsc occur on the Wealden Sands,
in the Ashdown Forest region and in the Cannock Chase area of Staffordshire.

The Consérvancy have declared N.N.Rs on only 2 of these areas, in the
Breckland and in Dorset, although many other heaths are 5.5.5.1Is.

In the Breck, Thetford Heath, Westleton Heath, WQetlng Heath and
Cavenham Heath form a close-knit group of Reserves covering 1,035 acres with
a similar history of land use and with similar problems for the future.

This group of Reserves, together with other important remnants of the

Breck which are not Nature Reserves such as Lakenheath Warren, Stanford
Battle Training area and Wangford Warren, exhibit a whole range of grassland
types, which A.S5. Watt has labelled A to G which are of great value to the
scientist for. studying the relationship between the flora and such factors
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as ph, soil depth,.organic matter and podsolisation. Variation in soil
characteristics is-the primary  factor responsible for ' the characteristic
vegetation of the Breck, but agricultural practices, in which ‘sheep, rabbits
and spasmodic arable farming by man have all played a part, make this region
of East ‘Anglia unique.

The old agricultural method of walking large numbers of sheep across-
the Heaths can only be used in the context of an agricultural system and is
a methed characteristic of large estates. This is obviously outside the=
scope and capabilities of the Conservancy, and experiments are needed to
1nvestlgate the Feasibility of using other techniques such as mowing and
rotovating as a means of creating favcurable conditions for the malntenance” _
of 'typical Breck habitats. Thne past land use history of the Dorsct Heaths,
together with their conservation interests and problems have been discussed
at length by Moore-in J.Ecol. (50). The heaths owe their existence to a
combination of fire and grazing, but Moore points out that since 1955, grazing
has become less because of smaller rabbit populations and fewer sheep, while
.burning has increased. The result of this trend is that the larger Heaths
which in general are not used for grazing are domiriated by ericaceous shrubs
while the smaller heaths tend to change to grass heaths when grazing is
high or are irnvaded-by subspontaneocus pine if left ungrazed. The exact
grazing .pressure required to mairtain the high biological interest on the
Conservancy Reserves in this region, at Hartland Moor, Morden Bog, Arne and-
Studland, remains to be found, and it could be argued that grazing is not
needed and that burning alcne will maintain the interest. Grazing.and . ..
burning experiments are being done at Furzebrook and it would be 1nterest1ng
to hear of their results. ’ c -

“Further complications -arise because of the fragmentary nature of the
remaining pieces of heathland and the incrcased isclation of Reserves,
and it seems appropriate at-this gtaje to mention that experimental work
is needed to determine ‘the-smallest =ize of Reserve ‘which can be considered
a2 viable biclogical unit.

Chalk Grassland

The Conservaﬁéy éwn or lease-7 Reserves or the chalk covering 1,448
acres. - - ThlS Plgure inicludes the wocdland areas at Kingley Vale, 0ld
Winchester Hill and Aston Rowan:, and after subtracting these ‘areas from
the total acreage, there remains 1,124 acres of grassland, or grassland
and incipient-scrub. ‘ ‘ -

Chalk grassland varies grecatly from region to region, and cften within
one area, communities w1th different dominants occur side by side. The
large number of -plants found in the grassland and the differences: mn‘sﬁnucture
that are caused by different growth ‘habits and degrees of vigour of the
dominant species are résponsible for the high biological interest of this
type of veégetation. Because Of the range of communities found on the chalk,
different approaches to'managemenf are needed, although as a‘gencral rule,
we know that ‘some form of grazing is beneficial. For example, although
grazing at 01d Winchester Hill has been restricted to less than one month
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in any one year, this small amount of grazing on the shallow soils of the
south- fac1ng slope has been benef1c1al and the effect is noticeable when
conpared with the fenced paddocks. A similar grazing programme on another
area,. .where 'the soil is deeper, "would probably "have been ineffectual.
Experlments are needed to 1nvestlgate the effect of different grazing
intensities and time. of year of grazing on the flora of the many varieties
of chalk grassland - a start has been made with the Barton Hills work and
the Aston Rowant grazing experlment, but this approach needs extending else-
where.

aAltérnative forms of management such as mowing need to be considered;
although it is unlikely that this technique c¢an be applied widely, because
most of the remaining areas of chalk grassland are restricted to the steep,
scarp slopes which precludes the use ¢f the mowing machine, unless some
revolutionary technique of mowing is developed.

Fyfleld Down in wlltsh1re, 612 acres in extent, accounts for more
than half the Conservancy acreage of chalk grassland. As recently as
1961, the traditional downland method of shecp farming could be seen on
Fyfleld Down with a large flock of Downland- sheep controlled by a dog
and shepherd. Fortunately, the’ Reserve is st1ll belng grazed by sheep
and it would be.valuable to know 1f changes in the structure and floristic’
conp051t1on of the flora are occurrlng. because of changes in the method
of managing ther sheep. It would be equally informative to compare mowing
with grazing on this Reserve, because the topography of this Reserve is such
that mowing would be possiﬁle\: ’

The rena1n1ng 512 acres, of chalk grassland is d1v1ded between 6 reserves,
whlch range in 51ze Prom 22 acres at Knocklng Hoe to 1)5 acres at Lullington
Heath,, Lulllngton supports a_varlety of habitats ranging from chalk grass-
land and ericaceous heath to thickets.of Forse and ex-arable'grassland. Old
Winchester Hill -with about IOOuacres'of grassland exhibits more typical chalk
grassland, mainly Festuca-dominated and with a rich selection of herbs,
the south-facing slopes being especially good. Public pressure is high
at holiday times on this Reserve and trampling by visitors of the coarse
grassland on the hill-tops may be beneficial and~eventually-change the" -
turf to,a richer, shorter form. This kind of effect can be seen at Box
Hill, Surréy, where public pressure is high. h

Theé 74 acres of grassland at wYe and Crundale are very dlfferent from’
other Reserves, but they are characteristic of many sites in Kent. Brachy-
podium pinnatum is the dominant'grass over much of the Reserve, although '
small areas of Festuca turf are commen in places. Management of this area
is part1cular1y difficult because of the abundance of Tor Crass, and the
steep slopes over much of the Reserve preclude any form of management other
than grazlng.; Cattle and sheep ‘are being used for management at the
present tlme, and mowlng treatments are being’ 1nvestlgated by Dr. Gay.

Manag:ing chalk grassland within an agricultural system is not difficult
and we know that it is by this process that characteristic chalk grassland
has developed. However, the Conservancy are having to face the problem of
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managing small. areas of grassland outside an ‘agricultural system and with-

out the' flex1b111ty whlch normal farming practices allow. I believe that

the time is ripe for ‘us to decide either to find alternative ways of manag-

ing grassland without animals or to develop a system of using animals outside
the context of agriculture and prlmar1ly for purposes of conservation management.
Serious cons1derat10n should also be given to more destructive ways of managing
small areas, such as turf-cutting and rotovation if there is evidence that
indicates such conditions are riecessary for the survival of certain plantS

or as starting points in seral changes. Observations on ploughed and dis
turbed ground in the Chilterns indicate that such practlces are benef1c1al

and add to the varlety of habitats in an area.

Fens

The 6th type of vegetation listed is Fen. For our purposes;'this is
defined as vegetation growing on peat in which there is an adequate supply
of bases “and includes vegetation such as sedge, mixed fen, and fen dcarr. |
We know from the historical record that regular cutting of sedge and reed
for thatchlng and summer grazing by sheep and cattlé were factors resp0n-
sible for the creation and ma1ntenance of mlxed herbacecus fen, rich in -
plant spectes and associated. insects. Of the 5 places listed as Fen
N.N.Rs, one, Holme Fen, has reached the stage of woodland and little )
herbaceous fen exists, while North Fen in Lancs., a small four-acre' reserve'
leased from the Natlonal Trust is too wet for grazing tc be considered as
a management tocl. There remains 3 Fen N.N.Rs, Woodwaltoun, Chippenham’
and Wicken which do support herbaceous fen, although much of these Reserves
have reached the stage of fen carr and an estimate Of herbacecus fen on
these 3 Reserves would ‘not exceed 150 acres. There is in addition, about
80O acres of land at the southern end of wOodwalton Fen whlch 1s not strlctly
fen, which supports communltles character1st1c of acid heath and in places
where. the, clay reaches the surface, grasslands dominated by Calamagrostls
and Arrhenatherum have developed. ~ Grazing is being used at Woodwalton
to manage parts of the Fen with good results, and wc are hoping that the
effect of trampling by cattle will be to create areas of bare peat on
which Erica tetralix and Calluna will gérminate freely. '

-

The Bure Marshes are ecologlcally fens and not marshland and are ‘best,
considered, along with Hickling Broad, under the heading of Fens. Wé know
from past records that reed and sedge-cutting were important industries
in the wetter areas until. the end of the nineteenth century and that the
grassland areas nearer the uplands were important pastures for graz1ng.
Less than 100 acres of grazed fen meadow are to be found in the’Bure - -
Marshes now, and at Hickling Broad, only 55 acres are grazed by bullocks
and 60 acres cut for reed and sedge. If these trad1t1ona1 pract1ce
continue, there will be little need for change and the blologlcal ‘interest
of the areas should contlnue, but if the market for reed and sedge diminishes,
or labour for cuttlng becomes unavallable alternative ways of managlng
these areas will have, to be found.
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Other types of vegetation trad1t1onally grazed but not represented on
Nature Reserves. .

Other than temporary leys, which are c¢f no interest to the ccnservation-
ist, the most outstanding omission from the list of Reserves 1s any N.N.R.
where lowland marsh is represented. The best examples of lowland-marshes
are to be seen along the banks of slowly flowing rivers which flood in thé
winter and deposit fresh silt each year. Most are used for hay-making in
early summer, the aftermath being grazed by cattle. Under this traditional
system of management, a characteristic flora has developed, which contains
species such as the Lodden Lily (ledcojumaestivum) and Snake's Head (Fritillaria
meleagris) not found in other associations. Tamm {1996) has reported on
the floras of meadows which have been cut or grazed for at least 100 years,
and he shows that considerable floristic differences result from these treat-
ments.

Conclusicns

1. The purpose of this paper was to deéfine the Conservancy's commitments
on Neture Reserves in England where grazing might be used as a form
of management. Although the use of grazing as a management tool
has ‘been discussed for many years and experimental work on grazing
started many years ago, the different apprcaches adopted have not
been related to any national pclicy and, it 1s believed that progress
can only be made by a co-ordinated plan of survey and study by conser-
vation and research staff. )
A start has been made in that direction by the Aston Rowant experiment
which is a joint reg1ona1 and rescarch staff project and a second
project for grazing Woodwalton Fen and Castor Hanglands is belng
considered by the Conservation Research Secticn and East Anglia
Branch.

Using the area occupied by each vegetation type as a criterion
for suggesting where experimentation into management problems 1is
most needed, the following pricrities are noted:-

{a} Moorlands

(b) Chalk grasslands, heaths and sand-dune systems.

(c)} salt-marsh_and shingle.
(d) Fens

(e) Limestone grasslands

The problems are dissimilar on different types of vegetation.
Moorlands are generally covergrazed and cosntrel of the grazing
animal is the main prcblem. Conversely, chalk grasslands are
undergrazed, and finding a method of grazing which can be
operated successfully outside an agricultural system is the
main concern.



- 16 -

On sand:dune-éystemslandmheatﬁé, exﬁgfiméhtétidhmié"ﬁéédéd"td
find the level of grazing and time of year of grazing which
is most beneficial to the conservation interest.

The .effects of undergrazing are less noticeable on saltmarshes
.and shingle banks than.on most other nabitats, and the tradi-
.tional pattern of management should be'encouraged, until more
rinformation istobtained-concerning the effects of no grazing.
6. Fens are probably the rarest vegetation type in England and
" because of:this, are Of immense value to the scientist. Careful
experimentation is-needed to separate the effocts of traditicnal
.practices. such as mowing from the effects of swmmer grazing by
cattle,
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GRAZING IN SCOTLAND AND UPLAND ENGLAND

D.A. Ratcliffe

Although goats and cattle were important prior to about 1800 A.D.,
in recent and .present times, the important grazing animals of the uplands
in Scotland are sheep and Red Deer, and in England, shecp with deer ‘only
very locally.  The Red Grouse, 1n a sense, is a grazing animal, but is
less important as an agent of change. Management of hill-land for these
anlmals involves repeated burning of the ground, and the effects of. thls
activity are often cdifficult to separate from those of grazing.

In these upland areas, the effects of grazing by sheep and deer are
in general, deleterious from the viewpoint of wildlife conservation in
that they cause more or less irreversible changes in original vegetation
and habitat. ' These changes may be grouped as followsi-

1. Eradication of woodland

In many areas, forests have been destroyed to create pasture-land
and the large herbivores may hasten the end of cx1st1rg woodlhnd, or more
especially scrub by 'barking the stems'. The much mere common effect
however, is to prevcnt regeneration by grazing down all the seedlings which i
appear. Over much of our uplards, heavy grazing is very cffective in
preventing treée regeneration. In sheep: and deer country the woods to
which these animals have access (ard this megns practically all the .upland
woods) are potentially moribund, and their life-span is that of the
existing trees.

2. The eradication of other species sensitive to grazing

(a) On acidic, base-poor soils, ericaceous and other -shrubby species

(e g Junlper) usually predominate, either within woodland, when woodland
dlsappears, or above the tree limit and below that of the mid-Alpine zone.
Heavy grazing with burning, causes the replacement of these woody species
by grazing and fire-resistant grasses toc form a grassland "biotic climax".

This process may be observed in many parts of the British uplands,
but especially where grouse moor 1s abandoned in favour of sheep -
increasing in stocking density converts the heathery grouse-moor into
grassy sheep-walk. A very large part of the Lake District and Southern
upland. hills have suffered this change. Not only common cricoids such
as heather disappear, but rarer species such as bearberry, crowberry,
cowberry and dwarf Juniper and with them other organisms, both plant and
animal which depend on these dwarf shrubs for food or shelter.

(b) On base-rich soils, Dicotyledon herbs (forbs) usually predominate
in place of ericoids though in some areas, calcicolour dwarf shrubs, small
willows and Dryas may once have been abundant. These species are often
eagerly sought by the large herbivores and are very sensitive to grazing.
Their communities are again usually converted to grassland, though some




“hay meadows.: ~-- i .
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of -the orlglnal spec1es may long pers15t as grazed-qun remnants. Orlglnally
assoc1ated organisms are affected and nay als@ppear.w‘ I}ls k1nd of vege-
tation becomes-confined to’ ungrazed 51tuat10ns, notably 28, fragnents.on
inaccessible cllff ledgcs, or wzthln fenced and ungrazed woods. or upland

i il .

I

3. Loss of Productivity

More marginal to our field of interest are the effects which result
in a loss to the crop - the herbivores themselves. These are believed to
result from a gradual running-down of scil fertility under an extractive
policy of management, especially on the poorer soils, and perhaps exagger-
ated by the effects of repeated burning. On many steep and rocky hillsides,
heavy grazing {with burning) nas clecarly been responsible for soil erosion
and scree formation. And within the grassland complex of many shecep-walks,
the highly selective nature of the grazing has favoured o spread of coarse,
unpalatable grasses at the cxpense of nuiritious species.
N.B. 4 good deal of work still needs to be done to establish the detailed
nature and cdirection of these various dewngrade changes.

On the credit side of the picture, some plants of interest have been
favoured by these changes. Alchemilla alpina has probably spread a geod
deal locally in close~cropped grassland, and Parsley Fern has certainly
done so on extending screes. Some species have prcoved adaptable e.g.

a dwarf ecotype of Myosotisg alpestris capable of flourishing in short turf,
seems tc have been selected by grazing on the- high Pennine limestone.

rart of the interest of the Upper Teesdale area is due to the grazing
rLg1nc though this kas involved cattle and a relatively low stocking
den51ty of sheep, and is a special casc.

On the whole however, existing management of uplands for sheep {and,
to & lesser extent, deer), 1s detrimental tc wildlife conservation and
the Conservancy must pay regard to this. On Reserves, unless grazing
fights are inviolable, it is usuelly desirable to restirict or exclude
grazing by shcep, and to prevent burning e.g. on Rhum and Beinn Eighe.
Where woodland regeneration is desired, this exclusion of largce herbivores
is essential, and often has te be accomplished by extensive fencing. I
krow of no ces¢ in which sheep have been used to maintain the interest
of a rRescrve; most experiments in this ficld have been concerned with
observation of changes in vegetation on fenced areas from which sheep
are excluded. rRecovery of vegetation to something approaching the
original state can sometimes be achieved in this way, but often the
deterioration is tco advanced, and must be regarded as virtually
irreversible in terms of the human life-span. In time however, a
good deal may be accomplished in restoration of vegetational composition
cn some Reserves.

The more serious problem concerns events on the very much larger area
of upland which is not N.N.R. and over which we have little or no control.




Here, as long as grouse, or ¢ven Red Desr remain the chief interest, other
wildlife (except predators) will probably be less seriously threatened;
but with ever-increasing pressure for full ecoromic exploitation, more
and more upland is likely to be turned into sheep-walk (or coniferous
forest) with consequent spread or acceleration of degradation from the
broader wildlife aspect. We cannot rest content trat Reserves will be
protected - they are such a fragment of the whciz - and the fate of our

uplands with their wildlife, under a grazing regime, will be a major problem
of the future.
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SUMMARY OF. THE DISCUCSION FOLLOWING PAPERS GIVEN BY WELLS “AND . RATCLIFFE-

I {0 e, = f .
S A - ':,.._ rarlocg,

Mr. DufRef: enquired about the pOS;lblllty of u51ng grazing as a means
of caontririaing the spread of §partina-in-the upper zones of.salt-marshes.
In-reply, Mr..Hemsley stated. that.experiments done.at Furzebrookiby Dr.;
Ranwell had shownythat Spartina, wasareadily.-accepted.by cattle and sheep.
However, heavy grazing of Spartina marshes brought about radical changes
in the floristic composition of the marsh which were not always desired
by the conservationist.

Dr. Ratcliffe had stated in his paper that. grazing could produce
irreversible changes in vegetation and this statement was commented upon
by several peorle. Mr. Charles suggested that excessive grazing produced
an "ecological run-down", enpecially of nutrients, which prevented the
re-~establishment of the old community. He suggested that there were two
ways of looking at the problem - (1) from the conservation point of view
in which the animal was considered as a kind of selective lawn-mower to
be used for management, and (2) from the agriculturists point of view, in
which vegetation was @ source of food for the animal, and for whom maxi-
mum productivity was the main consideration. In Scotland, they were
working on the idea that grazing could be used to manipulate plant commu-
nities to support the present stocking densities, without necessarily
leading to a "run down" of the ecosysten.

Mr. Rawes thought that Dr. Ratcliffe's statement only applied to a
few very localised species such as Dryas, which disappeared under heavy
grazing and were unable to re-colonise because of an absence of a source
of seed. Sorbus _acuparia was quoted as an example of a species in N.
Wales which was reappearing in areas fenced against sheep, although this
species was absent from near-by sheep walks, and was restricted tc moun-
tain ledges inaccessible to sheep. It was thought that birds had carried
the seed into the fenced areas.

The effect of treading by sheep and other herbivoras—was considered
important. In N. Wales, ercsion occurred on steep slopes used by sheep.
Experiments using Creeping Reé¢ Fescue (Festuce rubra) to control erosion
had begun On chalk slopes, especially where the angle at rest was more
than 20° y movement of chalk rubble down the slope may be considerable.

This ¢ften produced habitat conditions favourable for scme species, and

it was considered by the meeting that treading was generally beneficial.
Continual treading produces compaction, and it had been observed that old
Neolithic pathways and other earthworks usually had a meore interesting flora
than surrounding untrodden vegetation.

Mr. Skellam suggested that perhaps we were too preoccupied with
going back to past conditions, and that we should be trying other forms
of management, such as rotovaticn or ploughing. This 1dea was warmly
supported by many of those present, with certain reservations. Dr.
Perring commented that most arcas of chalk grassland had been ploughed




within the last 150 years, yet the turf which had been established on
these areas was botanically almost as good as areas of very old chalk
grassland. Even areas that had been ploughed less than 10 years ago,
althoggh they had not'reached the floristic composition of older areas,
had their own special interests.

Some Reserves had been acquired for the conservation of specific
plant communities, and it was essential that the form of land management
which had produced these communities should “be (Sontinued.

.7
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.-explored -in’ grassland work in progress in the South East Region, ' -
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THEORETICAL BASIS OF. GRAZING 'POLICY. .. -

« PJA. Gay -

. . - ] _

“:.This-note. does not attempt to lay down' a grazing- policy-but' to- 3@
explore -some of the underlying theoretical considerations and’ possible
approaches -to the grasslands which need 'to‘be'-taken into account in * ‘-
‘arriving 'at a grazing policy. - ~Although grasslands® arid' grazing are

. of‘major--importahce 'in ‘agriculture,--the agriculturalisy. differs from the
approach the Conservancy "is most likely: to adopt:-because he usually
deals with relatively simpleé mixtures of species and the success of -
his policy is judged not by the grassland -i1tself, ‘but by the stock oL
which the.grassland ‘supports. In relatively few cases is the’ latter

q . . .

) approach paralleled in the Conservancy.— . IS e

.. - =l
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A1l grasslands do not call for 1dentlcal grazing treatments but *

each case must be considered according to the desired objective. There
are several ways of defining the objective_ofl. a_grassland .anc¢._cach.calls
for a different approach in studying the problems although each approach
- can’be complementary to-'the others. Considerations of energy flow and
productlon are not explored herc. Four main. lines of approach  are being

a_om
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- (X)) Argument from hlstory
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NI Hxstorlcal studies are” necessary to-define what- states of grassland

it' is ‘desirable . 'should- bé- conserved. Gracslands have been subJected to
varlous management treatments’ according ‘to economic con51derat10ns of the
day so that it should be p0051b1e ‘to define'the. désired purpose of a-"'
“.grassland' by reference to'some’ date in hﬂstory. ~'Many-of ' the basic’ 1deas
of. ecology were’conceived in- the early years of this-century uhen agrl-
culture was. relat1ve1y depressed ard much-farm land was under a 1ax o
‘management’or not managed at alli ‘- Mdost ecologists' conception of"a :
good chalk grassland sward propably refers‘to.the state during the early
years of the agricultural decline, but as the scientific 1nterest 1s
probebly the result of a much longer. history_.of. human use it ‘may<be ¢
desirable to define the desired objective in terms of earlier or later
dates in history. .. e = S P Ty

. o ' c'. ——n - . " Lo
e - . ¥ e e . -

By using an hlstor1cal date by which to define the cdesired objective
it automatically follows that- the'method- of aChICVIHQ that ob3ect1ve 1s
~to’ employ thelmanagement-system”current at-<the“time, é.g. prlor to thc
1rtroductlon of root crops in-about thé-17th’ Century the reglme on®the®

Downs-was esscnt*ally .on¢ of summer gra21ng e s Lo = 2.kt
2 : VLI L E T P LIRS

- .'"Be51des prov1d1ng an “aid in dcflnlng obJectlves, ‘this:'approach™’-
gives-a -useful gu1d=”tu thesrange of*tolerance-of any grassland whend--
information.of a more-fundamental-nature.is-lacking,; - and ‘can’ also prov1de
.pointers to what.fundamental research should be!farrfied ‘cur.

R I
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(2) Problems of the plant community

The objective can also be defined by reference to the desired
composition of the sward. Under different treatments the balance of
species in the sward changes according to the response of each individual
to that treatment. A change in treatment not only affects the sward
through its direct effects upon the individual species but alsc modifies
the nature .and extent of competition between members of the sward. The
species in a sward usually complement each other to some degree in their
periods of maximum production and it is .through the timing of grazing in
relation to maximum production rate that the selective mechanism of :
grazing probably acts in producing its effect on sward composition.
Experiments are desirable on such matters as the effect of the date of
grazing and its intensity upon sward composition. Work 1s alsg necessary
cn the rates of deterioration of swards when grazing is withdrawn and whether
such deterioration is reversible,

(3) The individual plant species

This approach is closely allied to, and provides information necessary
for a proper understanding of studies upon the community. I1f prescriptions
made for grasslands are to be truly scientific and are to produce predictable
results this can only be achieved by an understanding of the way in which
the biology of each constituent species in the sward relates to the pres-
¢ription, although the inter-relation of species in mixtures will undoubtedly

« confuse any predictions made on the basis of species alone. More information
.i1s needed on such matters as seed production rates, germination requirements,
perenpation, growth times and rates and plasticity. Such an approach is
most urgent with the major constituents of the sward and the rariefes.
Before complex experiments are begun it is essential to know the base level
of populations as sometimes wide fluctuations in numbers of individyals
take place. irrespective of the management treatment. Without a prior
knowledge of the pattern of fluctuationmanagement experiments could easily
be open to erroneous interpretation.

(4) The plant/grazing.animal relationship

The grazing animal can also be used as the end product  in defining
a grazing regime, e.g. meximum production of deer or animal protein.

) Because of problems of palatability of species, selection by stock,
the patterns of stock movement and their choice of site, the introduction
of animals into experiments greatly confuses their interpretation. In
prescribing grazing it is necessary to determine not only the grazing
species, breed and age, but also the form the grazing is to take - e.g.
close. folding, creep grazing, continuous grazing, - and whether supple-
mentary feed is to be allowed. If ¢lipping or mowing experiments.are

to be substituted it must be .determined whether. cutting is to be at
regular intervals or_according to production rate. Clipping and mowing
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experlnents cannot satlsfactor;ly act as a subst1tute for grazing experlments
because of .lack of tread1ng, elcct1v1ty and faccal materlal although some
-agrlcultural experlments show. that some of the def1c1enc1es can at least be
partly overcome
. Conclusion = .,
Bécause choice by the grazing ah;mql can so compligate,Qnazing_e;peri—
ments it is desirable in the first instance to narrow the field of enquiry
by u51ng mowlng and clipping trials. .Fundamental eccological information
on the . constltuent .species of a grassland and . .the change_.in balance--in
'commun1t1es in response to certa1n simple treatments can prov1de material
for more closely prescribing.a -grazing treatment to achieve any objective
whz;h can be usefully defined by reference to an historical date.
It is d051rable to carry out observatlons and design experlments in
a2 way that w*ll prov1de 1nformat10n that is of practlcal value 1in deter-
mining a. grazzng treatment for, any.area.
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DISCUSSION FOLLOWING DR. GAY'S PAPER

Dr. Mellanby stressed the need for knowing what sort of experiments
were being done elsewhere before beginning grazing experiments in the
Conservancy. In this way, duplication of work would be avoided, but it
was pointed out by several people thet the aims of much of the ‘work being
done outside the Conservancy werc mainly agricultural, and little attention
was given to "natural grasslands”.

Many different approaches to grazing and plant communities. wvere known,
and it was suggested that co-ordinated research was needed to find a tech-
nique which could be applied to conservation problems.

Mr. Mountford thought that the ultimate aims of management were still
obscure and made a plea for a clear definition of objectives ‘in all Manage-
ment Plans. Dr. Gay had suggested that a point in time should be selected
as an example of the type of vegetation which was wanted on a particular
Reserve. It was agreed that this was ‘generally ‘desirable but in many
cases 1mpossible as detailed lists of species from different vegetation
types had only been made in the last 50 years. Neverthcless, it was
felt that provided the potential was present in the grassland, a carefully

defined type of grassland could be recieated'by applying the right sort
of management.

The need for observations on the bioclogy of individual species was
reiterated by many speakers, and it was suggested that this type of study
could be encouraged by the Conservancy giving grants to students for this
specific purpose. ~utecological studies on key species in grassland
ecosystems were considered essential as a means of understanding planq/
animal relationships.
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DOCUMENTATION, . COMMUNICATION AND SEMANTICS
WITH SPECIAL REFERENCE TO FIELD EXPERIMENTS

J.G. Skellam

I will begin by explaining that every few years I write a formal
minute complaining about the Control of Long-term Experiments. _ I did
S0 1n August 1958, again in March 1960, still again in August 1962, and
hzre I am once more taking up the same points in April 1965.

The last note. I wrote was prompted by an unbelievable muddle which
arose in 1962 in connection with the Gisburn Experiment. In this - investi-
gation, by arrangement with a local smallholder, certain plots at that time
were being ‘grazed on a rotational basis by two sheep. A legal dispute
over the ownership of the sheep led .the Police to remove them in July,
and though an offer was-made about a week later by. the smallholder to.
replace the sheep, the administration, for reasons of propriety, declined
the offer. As a result, the continuity of- the grezing treatment was
seriously threatened, There was clearly a conflict between the require-
ments of scientific discipline and the niceties of official behaviour.

The record in London is silent ¢n whether the grazing treatment was ever
restored. It was certainly not done before 24th August.

Fer all T know, the incident.may not-have been very serious in-its
effects on the experiment, but it does raise matters of principle which
cannot be ignored, .

Nicholson, Dr worthlncton. Mr. Cooper, Mr. Bcote and a- gopy sentgto Dr.
Ovington. It said:-

"For some years I have felt unhappy about.our. major experiments:- .
because.of thc absence of: .

(i) a clear policy outlook
(11) yuiding principles def1n1ng re3pon51b111ty
(111) machinery for supervision and control.

) SONL of these problems were ralsed in my minute of 28.8. 58 but no
actlon has. been taken.  The broad issues were raised again in: my minute
of 13.3.60, but again no action has been taken.

The need for prOper control is made apparent by recent develeopments
affecting the grazin by sheep of.certain plots in the expcr1ment in Gisburn
Forest égﬁlle N/ 127 ‘ . Do "I

It is evident that appropriate drills and machinery are required simply
to look after the pieces of paper which relate to field experiments.

-
C -

‘ This need 1s clearly apparent if we refer once again to File No. 127
on Gisburn. In March 1960, I found it necessary to add the following short
note:
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"I saw Dr. Ovington todey. He has the experiment well documented.
Carbon copies etc, of aims, history, data sheets -are in his possession
in foolscap envelopes kept in a box-file. The original papers are
presumably at Merlewcod."

I need say nc more about the physical handling of sheets of paper,
and pass on to the general problem of communication.

The basis of communication is language, either spoken or writtan
or physically recorded. The amount ¢f information which is ccnveyed
from one mind to another depends primarily on two things: the length
of the message and the meaning which the symbols have in common to the
sender and receiver. I repeat the meaning that the symbols have in
common to the sender and receiver". When a symbol has different shades
of meaning for different people, a state of confusion arises which becomes
more marked as the number of people involved increases. Personally, 1T
don't mind much what words are used provided that I am clearly given the
precise sense in which each word is employed.

Let us take the word '"grazing" for example. In. the narrow sense,
the word means the biting off of herbage, but in the broad sense, implied
in the title of this symposium,. the wcrd “grazing" is almost synonymous
with "stocking" because we are normally concerned with the combined effects
of the grazing animals c¢n the. vegetation - the effects of their urine and
faeces, the trampling that occurs, and so on. Personally, I would prefer
the word "stocking" in connection with the kind of experiments we envisage
but I have no real objection to "grazing" provided thap the word is defined
by its users in such a way that it really corresponds to the treatment which
is applied.

Another word appearing in the title is "“conservation”. I will waste
little time on it, but merely express my contempt for these who, when asked

to define it, produce some such statement as - “"Conservation is not the same
thing as preservation. What we stand for is 'conservation by wise land
use*." This may be a good slogan but it is certainly not science.

Ordinary language, developed to meet the needs and convenience of
everyday life, has numerous defects. It is saturated with linguistic
conventions that reflect primitive scientific hyjp.theses about the world
in which we live, assumptions which are no longer tenable. It is not
good science for example to say that the sun rose, or that the sun does
not shine at night.

Ordinary language has four main uses of which only one, the informative
use, concerns us as scientists. It has fourmodes of which we employ only
two, the designative mode in natural science and the formative mode in
logical and mathematical studies.

The language of ecology has inherited many of the inadequacies and
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weakneés-bf.ordinary language because its subject matter has so much in
common with everyday experience and attitudes, The Conservancy has:
inherited even more of them because its activities are not wholly scien-
tific.  Indeed, of the sixteen categories into which Charles Morris
classified discourse, only two are relevant to us 'as scientists whilst
at least six are employed by us 'as conservationists. - .
The age in which we live is one of hypocrisy and propgganda. It
is not therefore surprising that scientists working in the field of wild-
life conservation have to be on-their guard and find it difficult to
brlng‘the quality of their written work up to the level which is ideally
required,in scientific studies. In this respect, the mathematician and
the theoretical physicist are much more fortunate, ' '
Ordinary language does not dlstlngulsh between the symbol, and its,
meaning. This is evident for example, if we compare the two statements:-

1. There is no apostrophe in Monks Wood.
2. There is no dinosaur in Monks Wood.

We are only too often inclined to forget this and feel that wec have
written up our work when we have inscribed numerous hieroglyphics on
paper. But our task 1s not finished if there still remains the reasonable
p0551b111ty that the sense of our words mxght be. mlsunderstood.

Fhe terms used by ecologists seem to huve such very different meanings
for different people. Take for example, the word "experiment" which also
occurs in, the title of our symposium. Some. years ago,. the President of
the British' Ecological Society gave an interesting presidential addresst
entitled "Ecology as an Experimental Science". It is noteworthy that he
used the word "Experiment" in the most. gcneral sense conceivable to mean
little more- than an extension of, experience resulting from the -inteérvention
of man, whether intentionally or accidentally, on. the course of Nature,-
The. statisticien however, unless contaminated by his ecological colleagues,
always uses the word in the classical sense to mean the proof of testing
of hypotheses. The range of meanings is so great in-our field of work
that there is something to be szid For attempting a classification. We
might for example, recognise three categories A, B,C, or if you like, ortho,
quasi and pseudo experiments., Category C includes those investigations in
which we do something and see, and then hope for the best. Many people
who are prone to do this however, are often intellecturally dishonest -
though they may not know it. When, the experiment comes to-be written up,
we may find that the logical order of operations is reversed. The’
hypotheses created afterwards are presented as if . they were in the experi-
'men;er s mind from the-beginning. Statistical tests are then carried cut
to show how right he was. It.would, be surprising if. the tests showed him
wrong.

Categories A and B are genuine experiments in the sense that everything
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is well defined and selected hypotheses formulated beforehand are subjected
to test. The difference between categories /. and B is more technical.

The design of 4 is such that it provides its cwn estimate of error, whereas
in B, the estimate of error is made on the basis of other knowledge - or
auxiliary experiments. ’

A good example of an experiment of type B is the celebrated Michelson-
Morley Experiment of 1881.  This experiment yielded a null result and by
s0 doing, precipitated the collapse of the theory of the ether, and thereby
cleared the way for the thecry of special relativity which emerged twenty-
four years later. Though the technical details may be familiar in varying
‘degrees to many people present, the field of aprlication does not concern
us. The point abcut it which merits our attention 1s its logicallggﬂpcture.

LY Al L

{result expec-

A body of A particular ted if no
{thecretical set of physical ether drift.
knowledge {ecircumstances. RS

[ W
results expected fired
accerding to the
hypothesis held
on nature of ether
drift and extent
of ether drift.

Assumplion of
an ether.

All experiments which are worthy of the name have in essence this kind
of logical structure. The written account therefore should do Justice to
all components. '

But how cften ‘in ecclogical work is this the case? Very rarely T
fearo o P

Let us start with the aims or objects cf the experiment.. We don't
pick them out of a2 hat. . They arise out of a wide range of background
circumstances. At first, the aims are rather general and usually are
too broad or comprehensive to be practicable within the confines of a
single experiment. We are obliged to be selective and to narrow the
objects down to the achievement of a few highly specific details,

The written account should therefore deal at some length with the
background and why the investigator has selected certain specific points
for special study rather than others.

Having dealt with the general cbjectives, he should then set out
the specific objectives with the greatest care and ensure that all his
terms are fully cefined. This is of course, mére easily said than done,
but unless the theoretical argument is recorced, the working hypotheses
well defined, the treatments fully prescribed and the measurement of the
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rcsults taken care of in all relevant detail, all subsequent cffort spent
carrying out the work is wasted. ifter all, what is the cost.of'a few
weeks of diligent thoughtfulness, compared with all the labour involved
in an experiment which may extend over several years. :

To ne 1t is somewhat alarming that in a research council in this
scientific day and age, it should be taken for granted that & graduate
biclogist who has subsequently worked on .say, 'the insect fauna of puff-
balls, is thereby qualified to engage in costly experimental work. .. This
is a type of investigation for which few cculogists get any real training
That of course, is not their fault. Experimentation is a highly skilled
activity and normally requires long experience as well as insight. The
responsibility rests with the organisation to make up for possible inad-
equacies in the training of its staff in this particular scientific discipline.
I1f I did not know so many of the scientific staff personally.and had 'to base
my judgement of the quality of their scientific thinking only on the evidence
to be found in the files dealing with experiments, I must in all frankness,
say that I°'should certainly be gravely concerned for the future.

It would be invidious of me tc quote specific examples from the files
as I had originally intended to. Sut believe me when I say that we have
documents which are undated, booklets which are anonymous, figures than mean
nothing. We have graphs for which the scalcs are not properly shown and
quantities which are given without units. Certain techniques are indicated
by title only and are presumably passed on to successive workers like many
& mediaeval craft. Objects are stated which are not objects and treatments
which are not treatménts. Statements on the files contradict statements
on committee papers and even these may be 2t variance with the statements
in the appendices. But all these issues are dwarfed by one consideration
- what precisely are the experiments about anyway?

/8 I have said already, it is of course very <€asy tO criticise. But
because of that very Fact, the field biologist must guard against criticism.
The best way of doinyg this is to be highly critical of one's own work.
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THEORIES AND MODELS FOR GRAZING

r.i. Crxer
Summarz

Persistent use of scientific method, both in research and in manage-
ment problems, is essential if any substantial value is to be obtained from
statistical methods in designing and analysing experiments and surveys,

It is suggested that application of scientific methoed in such problems
requires the adoption of an attitude of mind - the Inductive Qutlook.
Elements of this habit of thought are considered under three headings:

(i) Introspection, (ii) Observation and (ii1) Experiment and the systematic
development of scientific thecries is discussed with special emphasis on
the cyclical nature of inductive thought processes,

The characteristics of a scientific theory, including its ability
to explain, predict and relate different fields of study are illustrated
by the work of Olsen and of Piggott and Tayler on the ecology of the
nettle, Some practical suggestions for fostering regular application
of scientific method and for facilitating theoretical speculation include
(a) the use of models and (b) writing down aims and objects before
carrying out the experiments or collzcting data from surveys.
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N e mm e penan . B

Introduction_ - e

:

1here arc two 1nportant aspects of the des1gn and executlon of
experlments." One of "these concerns the layout and arrangements for
comparing different experimental ’ trcatments. Another. and I believe .
of fundamental importance, is the adoption of Scientific Method to
deal with the problems in which the research originarted. Ur.less experi-
ments are founded in an adequate and cffective use of Scientific Method
the refined and subtle methods of design and analysis which are available
to the statistician can contribute little to advances 'in knowledge and
power.  In this paper I want to describe some features of Sclertlflc.
Method - and to suggest ways of fostering" its use rather than to d1scuss -
technical’ aspects of any particular statistical method. 'qome of -my
contribution nay seem simple and obvious but T bLlJeve an undtrstandlng
of Scientifid ‘Method to be S0 essential to fruitful research and effectﬁve
management that 1t 15 worth gl&lng t1me to its con51derat10n.

- It is a commonplace to say that a well dchloped theory is a key
'elemert in deternlnlng Policy and’ for the appropr1ate Hanagement and
Rescarch activities (Flg l) Furthermore, .these three funct’ons 1nteract
ard evolve 'in the light of a grow1ng théoretical framcwork. The whole
complex of administrative decisions and actions requircd of the Management
functzon in the Nature Conservancy - especially in respect ©of. Nature
Qeserve ranagtmcnt =~ must be based on sc1ent111c theory.u W1thout “this -
theoretical baals it will inevitably deterlora'e into a serles of arbav
trary, ad noc dec1s*ons not necessarily related to reallty. . It is
therefore Juct as 1mportant to apply Scientific Method to nanagement
preblems as, to rescarch, and to ensure that pahagement experlence is _
1ncorporated 1nto the theory, elther directly or .via new research. I
bLlleVC there are two lmportant ways ‘of securing. such development

ol

First: By the consc1ous adoptzon of a framc of nlnd ard
' ' method which I call ‘the "Inductlve Outlook"

-
- +

Second: By the peraratlon of a written, record of all.

s stages in a research progect. " In partlcular,l
by writing down the aims and obJects of sach "
experiment and formulatisg all hypotheses ex-

p11c1tly before any exper1menta1 uork_ls mttLﬂptEd-J

"My 1deas are 1llu4trateo “y examples taken from the llterature ZFCJi
Olscn (1921) “C. D. Piggott and X. Taylor (196417 " These were chose '
mainly to 1llu5tr°tc partlcular p01nts of' methodclogy, rather than ‘
because of any s,ec1al relevance to this sywp051um. ' If I have not .
always’ glVen these the correct blolog1cal 1nterpretat1on I hope never-"’
‘theless they will ‘be useful illustrations.



2. Scientific Method and Development of Theories

2. (i) The Inductive Outlook

I regard the use of Scientific Method as being dependent, essentially,
on an attitude of mind which involves a tendency to organise knowledge 1in
a logical system combined with the habit of testing ideas and tempering
thecry.by experience. This attitude of mind (which I call the Inductive
Outlook) comprises three elementsi-

{1)- Introspection ~ Theorising ]

.(2)_0bservation .- -Recognition of- significant phenomena.

(3) -Experiment - Testing ideas by experiment.
Introspection: This is the organiszation of experience and observation into
a thecretical framework. In its most highly developed forms such a
framework comprises a hierarchy of statements involving abstract concepts
in the highest levels of the system. Statements in different levels in
the system may be deduced from the statements in higher levels of the
system; at some stage there are rules of correspondence comnecting abstract
non-instantial concepts with observable entities. Newtonian mechanics
is one example of such a system and Mendelian genetics is another. However,
much simpler thecretical systems are possible and can be just as useful
in stimulating and making possible the second element of the Induétive '
Qurloock. '

Observation: This has been described by Professor G.A. Barnard in a slightly
different context (F.J. Anscombe 1963) as ".. recognising significant
phenomena ...". It depends very much on the ideas and concepts present

in the mind of the observer, as is shown by the following examples:

(i) Fleming's work on the antibiotic substances produced by the Penicillium
mould was started by his observation of the inhibition of bacterial growth
on an agar plate, following its accidental contamination by the mould.

(A. Fleming, 1929). This had been seen by other observers previously
(Tyndall, Pasteur and Joubert for example) but it was left to Fleming

to interpret the phenomena and to realise their theoretical significance.
It seems that the failure of all efforts to consolidate these earlier
observations must have been due to a lack of microbiclogical and chémical
knowledge with the accompanying imperfections in experimental techniques.,
(D. Papp - 1954).

(ii) In the course of researches on the distribution.of the nettle, C. Olsen
(1921) studied the influence of mineral salts in the soil on this distribution.
Soil samples from sites where nettles grew and from adjacent positions with

no riettles were assayed for nitrate, water and pH. Other mineral elements
were also determined for a limited selection of these samples and among these
‘subsidiary observations Olsen ncted some which pointed to the importance of
phosphate for the growth of the nettle. However, although he remarked that
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M.... where ‘the quantity of phosphoric acid is smaller than 2.6 mg.
no nettle is found ...."

.he faile¢ to recognise the primary importance of this factor in limiting

‘the dlstrlbutlon of. the nettle, This was due, at least in part, to pre-
occupat;oq qlth the importance of nitrate as a factor. These examples :

show how the framework of ideas and concepts present to the observer influence
his ability to recognise the significence cf phenomena.

The third ‘¢lement of the Inducfive Outlook is Ekéé}iﬁeﬁf';'iééting ideas
and .hypotheses derived from the interaction of Introspection and Observation.
The essence. of such experiments is that they should be critical in the sense
that they, can lead to, rejection of some hypothesis.. In’order to obtain
critical experiments, the logical consequences of the aliernative pessi-
bilitie5~implied in the hypothesis - together with the accepted theory -
must be carefully decuced. The hypothesis must be such that only a limited
number of quite definite. possible results could arise from the experiment,
given the truth of the hypothesis. if none of these possible results
actually occur when the experiment is carried out, the hypothesis must be
rejected., .

With a quahtitative theory, such as Mendel's theory of genetics, numerical
predictions may. be made for the results of an experiment {e.g. in a back-
cross of varieties with two dominant characteristics a definite ratio.of types
should be obtained.) This leads to a relatively more severe test of the
theory than wher qualitative outcomee are involved. )

& simgié éxample of a critical experiment is seen in Piggott and
Taylor's work on the distribution of the nettle {loc.cit. ) Olsen
postulated th@L nettles require an adequate supply of nitrate for growth
and suggested that they are limited in their distribution by this factor.
He showed that nuttlcs grown in sand with a solution of mineral salts
showed a. clear reqponse to increments of nitrate. However, these
experiments do not show that nitrate is a limiting factor. Piggott
and Taylor suggested growth experiments in soil whlch does not normally
support the"nettle.” ' They obtained scil which dicd not support .nettles,
from sites in a number ¢f woodlands although the plants were growing on
adjacent sites. Seedlings of nettles failed to grow ir these soils
in laboratory conditions even with the addition of nitrate tc the soil.
The hypothesis, that the nettle i1s limited 1in distribution. by availability
of nitrate is thus rejected. ‘Thig experiment is critical-in- the sense
"intended- above, since on Olson's hypothesis, additicn of nitrate-to
these ."deficient" scils-should lead to growth of the nettle.-

(ii) Development of Scientific Theories

The Incductive Jutlock is an attitude of mind rather than a systematic
procedure, involving as 1t does a tendency to speculate and organise obser-
vations into a theoretical system - even though this may be of a simple
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rudimentary kind. There are two reasons for analysing and studying the
process of induction. One of these i1s to justify the use of the process
and to relate it to other modes of reasoning. The other is to improve
one's practise of scientific method by cbtaining some insight into the
reasoning and processes invclved, The following account is intended to
serve the second purpose - it is admittedly highly simplified and abbre-
viated.

Two approaches may be seen in the methods usci in sciéntific research,
although i1t may be argued that the first of these is merely a varient of
the second. On.tbe one hand there is a process of generalisation from
experience - a "one way only" process.

Collection of data - Search for Patterns - Generalisaticn.,

This procedure suffers from a rumber of limitations and although in some
situations its use cannot be avoided it is important to appreciate these
limitations. The most ‘serious of these is, I believe, that the methcd
cannot lead to abstract, thecretical concepts. Thus Clsen's work cn the
nettle involved a survey of this sort, covering a variety of sités some
of which supported nettles and some did not. Measurements of nitrate,
water—content and pH were obtained and light intensities were recorded at
each site. It 1s true that Olscn had some theopetical ideas relating
nitrate concentration to the structure, moisture content and pH of the
soil but his main reason for choosing to investigate nitratc was the
existence of statements in previous literature that Urtica diovica is a
nitrate-plant. This survey was supplemented by studies of other elements
and salts in a limited number of sites only. His conclusions were thus
limited ’

(i) by the data recorded at each site and
(ii) to the particular sites which werc included in the survey.

This limitation of the scope of generalisaticns frem the data and sample

is typical of the "one way only" process. In order to introduce theoretical
concepts, into a system and to provide a basis for more general applications
it 1s necessary tc use a cyclical process -~ "Cycles of Inducticn". This

is a more accurate reflection of the way in which we learn from experience
and incorporates thevretical ideas from the outset.

: Theory - p - Decduction ofbj ] Experimcnt'
.—"I_“ ' Basic Knowledge fmoiee  Hypotheses '_ Zo- Test '._.___U,

| i

This ‘diagram should be understood to represent a single step in the process
of developing a theory. Theory from previous work, together with new
concepts are used in deducing one or more hypotheses, These are constructed

'l
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so that they may be subjected to a critical experimental test.  If one
or more of these hyoctheses in rejected scme modification must be intro-
duced into the theory; if all are accepted the theory (as modified for
this experiment) is provisionally accepted and must be tested in other
ways. Thus after each experiment a return is made to the thecretical
framework and at any stage in the process this may be falsified by
rejection of one hypothesis. It 15 not difficult to see how such a
process involving cycles of induction is related to the hierarchical
structure of theories méntioned in p. 2 (i).  The process can be traced
in thé work of Piggott and Taylor. e T

“Three phases can be distinguished in this work, each involvinga
number of indivicual tests of the hypotheses (see Fig 2) some of which
-are outlined below, For a more detailed account, reference should be-
made to Piggott and Taylor's original paper.

(1) The First of these was based or iceas and conclusicns Gerived
"from Olsen's work and involved studies of the part played by nitrates
in the ‘growth of nettles, with some observatrions on the importance of
phosphate. - Measurements were made of the storage of nitrogen and phos-
phorus in the aerial shocots of nettles and associated specics. throughout
a ygrowth season. These showed that much larger quantities of these
elements were utilised by nettles than by Mercurialis gperennis or by
Deschampsia cacspitesa. Then the total crganic nitrogen, and producticn
of amronia and nitrate was studicd in samples of soil taken from adjacent
sites dominated respectively by nettles, D. caespitosa and M. perennis,
There was  little difference between these suils in these respects and
such differences as were noted were thought unlikely to prevert establish-
rment- of the nettle. The third series of experiments in this rhasec were
designed to test the hypcthesis that distributicn of the nettle depended:
on available nitrogen. This was carried out, as mentioned above, by
attempting to grow nettles in a variety of soil semples: taken from sitos
in Derbyshire and in Cambridgeshire, "which 'did not normally support the
nettle. Addition of nitrate to these scild did not lead ‘to growth of
the nettle and in scme cases resulted in. a reduccion in growtn. In
contrast, addition of phosphate, with or without addition of nitrogen,
resulted in vigorous growth on all soils. The main result of this. first
phase was rejection of Qlsen's original idea ané indicated the importance
of phosphate to the growth of the nettle,

(ii) In the second part of this work the idea that growth deperds
on the availability of nitrogen and phesphorus as mineral salts was
tested. A variety of wcodland species including nettles, M. perennis,
Brachypodium silvaticum and D. caespitgsa, were grown in glasshouse
conditions in soil collected from under M. perennis. These culture
experiments showed that other species in addition to U-dicica were
sensitive to deficiency of phosphate, all of which showed hardly any
response to addition cf nitrogen alone. Ir. some cases there was an
apparent positive interacticn botween nitrogen and phosphcrus {most

O
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markecd with Galiuwn aparine). Field experiments formed part of this
second phase of the investigation and these were set up to ¢xamine the
respcnse of nettles ¢ additional phosphate on s0ils which normally
supported M. perennis. These were sited in wooudlands in Cambridgeshire
and in Derbycshire and some¢ variation was provided in the amount of shade
(i.e. light intensity) at each location. These experiments confjigmed
previcus ohservations of the importance of phosphate for growth of the
nettle ard in addition showed the impertance of light intensity as a
factor of growth.

It was concluded, after these two stages of the investigation that
"except in deep shade the failure of Urtica dioica and at least some of
its comron associates tc become established in sites dominated by Mercurialis
perennis or Deschampsia caespitosa must be attributed to the low supply
of available phosphate in the surface scil PN In a third stage of the
résearch this theory was further tested vy @ rypothesis deduced from the
theory. It was xnown that in spite of the deficiency of phosphate in
protorendzina or mull soils wurder Mercurialis, the total phosphorus content
of the so0il was generally about 30 - 80 mgj—EEr 100g. dry soil. Much of
this phosphorus was considered to be bound in organic matter so that if
the sovil was ignited or scorched, phosphate would be Formed. Such soil
should then support the growth of nettles and it was found that the ignited
861l itself, or when added to deficient s0il, did have this property.
This final experiment thus provades additional suppert for the theory
since the hypothesis deduced from the theory was not rejected. 1f, on
the other hard, the ignited soil had not allowed growth of the nettles,
the phosphate thecry would have rcqui;gg scme modification.,

BEach phase in this work was based on the theuretical idea ‘that growth
of the nettle and associated plants is dependent on availability of minimal
supplies of certain minerals in the svils in which the seeds were planted.
The cbservaticn that growth of the nettle is also influenced by intensity
of light (Ffirst recorded by Olsen and noted alsy by Piggott ard Taylor in
some cf their later field experiments) shows that this "minimal-mineral
availability" theory does rot account for all the facts,

2. (iii) Characteristics of a Good theory

What features should be present in 2 theory v :ich has developed
from 2 guccession of cycles of induction? Such a thecry. should

Explain all thz obscrvaticns;

Predict relationships;
Relate the particular study to other fields of interest.

Thus in Piggott and Taylor's work on the nettle the theory finally adopted
besides providing an explanaticn for the failure of rettivs to grow at
certain sites is also able to explair the characteristic distributicn of
the plant, Piggott and Taylor point out.that the conéitions at typical
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sites which support nettles - burnt ground; ground contaminated with
animal faeces; sites of woodland fires; sites with decaying brushwood
and shallow feeding roots of trees - are all sources of phosphorous.

Then again Piggectt and Taylor's theory would predict that if scil
containing phosphorus bound in organic compounds is ignited so that
phosphate is formed in the soil, the ignited. soil should allow the
growth of nettles. As described above this prediction was borne out
by an experiment with ignited scil from under M. perennis.

A satisfactory theory sheculd relate studies in one field of work to
another. In this respect the work described in Piggott and Taylor's
paper is not satisfactory, and questions arise about the mode of action
of phosphate., The answers to these questions might show how their work
could be related to the biochemistry and physiology of plant growth. One
might speculate, for instance, that plants vary in the amount of nutrient
material stored in their seeds, and thus have different requirements, both
for inorganic .ions from the soil and for intensity of radiation. It
secms possible that any given plant has to achieve a certain minimum
initial rate of growth in order to become established - to overcome, as
it were, an energy barrier in order to grow on. These and similar
speculations suggest further lines for research to widen the theoretical
basis of the explanation for the distribution of nettles to a theory
including other species in its scope. This might be expected to show
why differing supplies of inorganic ions are required for different species
and to explain the importance of radiation intensity in quantitative terms.

The great importance of theoretical, abstract concepts in a theory
can now be seen: not only do these provide a starting point for a parti-
cular cycle of induction within a given ficld of study but they also provide
the link between diffzrent studies. When one sequence of experiments
(cycles of induction) leads to a development in the underlying theory,
this development must be applied and tested in other related fields, with
new sequences of deduction and experiment. In this way a theoretical
idea is continually subject to modification or rejection in the light of
a succession of critical experiments, A theory which survives many such
cycles of experiments, perhaps with modifications, acquires great predic-
tive power and enhanced plausibility.

!

3. Models and Hypotheses

- Two practical suggestions can be made to encourage the adoption of

the Inductive Outlook and to promote fruitful experimentation on the lines
discussed above. The first of these is. about the use of "models" in order
to make theoretical arguments easiler 1o carry out. The second concerns

the importance of writing down eims and formulating hypotheses before carry-
ing out experiments.

In the terminology of biometrics a "model" is any set of concepts,




- 42 -

having the same logical structure as the associated theory which is
easier to use in making deductions. Models may ofrten be represented

in pictures and diagrams and frequently provide the most convenient way
of thinking about the structure of a theory. As an illustration of a
good mocel one may consider the representation for ordanic chemistry of
carbon atoms as having valencies orientated in 3-dimensional space like
the lines joining the centre of gravity of a regular tetrahedron to its
vertices., Agaln, genes may be represerted according to Mendelian theory,
as particles locateé in definite positions on a linear chromoscme. The
purpose of these models is to concentrate attention on those features of
a situation which are the essence of its logical structure, avoiding and
ignoring all irrelevant factors.

It is often possible to give a mcdel a quantitative intercretation:
in this case deductions about the system may be given mathematical form.
Not only does this lead to more precision in reasoning but quantitative
predictions are made possible. This is not an essential characteristic
and models of a quite simple kind may be usecful and stimulate ideas about
the theory. It i1s always necessary to remember, howevaer, that a model
15 not identical with its theory - thinking about a theory in terms of
a model is always "as if" thinking. One model may not, therefore, be
sufficient for all aspects of a field of study. For example, while the
rectilinear ray model for light is useful for problems of reflection and
refraction, a wave model becomes necessary for problems arising in connecticn
with diffraction.

4 simple model of the gereral grazing situaticr is shown in Fig. 3.
This is based on suggestions of J. Olson and reépresents the thecry that
grazing and the growth of herbage depends on a circulation of energy and
matter within the terrestrial environment. Boxes in the diagram represent
positions in the system where matter may accurulate and be built-up into
living tissue or be degyraded to more elementary particles of matter.
Transfer occurs between parts of the system according to the arrows between
pairs of boxes. Attempts have becn made to formulate mathematical models
of processes similar to these: with mary "boxes" where accunmulation is
possible such models may be difficult to manipulate (see J. Qlson 1964),
One of the most useful functions of a quantitative model is the guidance
it gives in deciding how to represent a complex system by the values of
a few variables, Quantitative models also help 1. the design and analysis
of experimental results. In all rthe above discussicn of models, whether
quantitative or not, it is implied that some theoretical structure 1is
embodicd in the model. W“hen as may be found scmetimes, a particular
model is chosen arbitrarily, this is only of use for interpolation and is
not suitable for prediction.

There are two main reasons for recormending experimenters to write
down the objects of an experiment and to specify explicitly any hypothesess
before doing experimental work. First, this is a valuable spur to thought
and calculations based on the theory. It helps in devising critical experi-
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ments and in deciding on the observations which should be collected.
Second, by this means one can avoid the trap of "data-snooping", i.e.
using the same data to suggest a hypothesis and then to test it. Besides
these considerations, it is necessary to define objects and express
hypotheses explicitly when-deciding how ‘to arrange experimental treat-
ments within given plots and in connection with any sampling which might
be required,

4. Conclusions

Although the Inductive Qutlock ‘has been considered mainly in terms
of experimental work 1t is clearly just as desirable in connection with
management problems._ An adequate framework of theory is essential for
this function and thc use of models and pictures just as helpful with its
particular problems.

The ideas presented in paras. 2 and 3 may be summarised under four
heasdings:

(1) Pelicy making, Management and Research should be integrated
by an adequate Scientific Theory. The adoption of the
Inductive Qutlook in each of these functions will stimulate
and promote this integration.

(2) The Inductive Outlook -comprises

Introspection ~..theorising; speculation.
. Observation - recognising significant phenomena
Experiment - testing and tempering theories.

(3) Models are indispensable aids to the use of theory in
management and in research.

(4) The aims and objects of an experiment should be written
down and hypotheses formulated cxplicitly before any
experimental work is commenced.
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THE POWER OF TESTS, AND INFERENCE FROM
SMALL SCALE EXPERIMENTS

P, Holgate

By small scale experiment, in this context, I do not mean those which
take only a small amount of effort, but ‘thcse in which the amount of
replicaticn of the treatments is small. in fact, one of the points I
bring out is that much work can be expended on work which is incapable,
because of the small scale on which replication takes place, without
leading to any useful results. In cases like these, waste of effort
could be avoided by the use of the thecry of the power of statistical
tests,

The use of the term "statistics" to cescribe the application =f
mathematics to biological experimentation is unfortunate, and I much
prefer the term "applied probability". It 1s commonplace to complain,
Oof the high variability of the material with which ecologists have to
work, and it is generally accepted that this makes it necessary to call
on the related branches of applied probability theory known as “experi-
mental design" and "statistical inference" in the planning and 1interpretation
of experiments.

While. these should be familiar ts any ecoloygist contemplating ar
experiment, the theory of power may be less well known. I describe .the
clements of it here, concentrating on experiments laid out in simple
randomised blocks, an¢ illustrate.its importance- by reference to the.
results of an experiment recently carried out in the Nature Conservancy.

Before discussing the theory, 1 present part of the results of the
experiment, which was to investigate the effects of different treatments
intended to control the growth of bracken on Canncck Chase. It comprised
tarec blocks, in each of whicn were three plots to which the three treat-
ments were assigned at random. Table 1 gives the nunber of bracken fronds
counted in each plot. I should point out that the data refers to an
early stage in the experiment when a treatment cannot have been expected
to have produced a resulrt.

Table 1.

Treatment X v Z Block ﬁeans
Block

A 1523 1517 1502 1514

B 3821 3625 4103 38492

Cc 972 1268 "1188 1152

General mean

Treatment means 21053 2146% 22645 2172 1/9

The model assumed irn an experiment of this type is that the number
of fronds is the sum of four terms: (i) a general effect independent of
block or treatment, {ii) a bleck effect, (iii) a treatment effect, and
(iv) ‘a residual random component which is normally distributed abcut its’
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zero mean, and for which the realised value 1s independent in each plot,
and which is taken to account for all variable factors which could con-
ceivably affect the growth of bracken, which are not accounted for by
block and treatment effects. '

From the above results it is possiblc to estimate the effects involved.
Clearly the estimate of the overall effect is the general mean 2172 1/9.
The estimate of the effect of being in Block A, say 1s the difference
between the mean for that block, 1514 and the general mean of 2172 1/9,

i.e. it is -658 /9, Similarly the effects of each block and treatment
can be estimated, and the results are given in Table 2.

Table 2
Block effects Treatment effects
A -658 1/9 X -66 7/9
B + 1677 5/9 Y -25 4/9
C - 1094 4/9 Z +92 2/9

From these results it is possible to reconstruct estimates of what the
reading would be in each plot, if it were not subject to the randem "error"
component. Tor instance for the plot in block A, receiving treatment X,
the estimate is the sum of the general mear, the effect of block A, and
the effect of treatment X. The values obtained are given in Table 3.

Table 3
Treatment Block X Y Z
A 1447 2/9 1488 5/9 1606 2/9
B 3782 8/9 13824 2/9 3941 /S
C 1085 8/9 1127 2/9 1244 §/9

If the values cf Table 3 are subtracted from the cbservations in
Table 1, we are left with the residuals, the parts cf the observations
which canrot be explained by the factors that kave been taken intc account.
These are given in Table 4.

Table 4
Treatment Block X Y Z
A 475 7/9  +28 4/9 =104 2/9
B +38 1/9 -199 2/9  +161 1/9
o -113 8/9 170 7/9 -56 8/9

I have analysed this data at length to try to cenvey the point that
"high variability in the material" is not just a vaguc term or excuse, but
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something which can be studiced numerically. In the present case we

see that after allowing for treatment and block cffects, even after

being as favourable to the data as possible by estimating these effects
from the observations themselves, the number of fronds may be say 100

out in ‘either direction, from what would be expected in view of the block
and treatment effects. This estimation means that when the standard
deviation of the random component 1s estimated, the sum of squares of
quantities in Table 4 has to be divided by 4 rather than 9 before taking
the square root, since 5 degrees of frecedom have been lost. The answer
is just over 180,

‘The Neyman-Pearson theory of statistical tests provides a way in
which the rc¢sponscs to treatments applied during an experiment can be
compared with the interral variability of the material so as to give
the experimenter an idea as to whether these differences might have
arisen as a result of chance fluctuations, or whether they are sufficiently
large that he can assert that since there was say only 5% probability
of getting such a decisive result in the absence of real differences,
he accepts, "at the 5% level", that thcre are real differcncces.

The theory of power functions, introduced by Neyman and Pearson
in a series of papers during the thirties, (1) - (3), and described well
by Kendall and Stuart (4}, is concerned with the fcllowing problem.
Suppose an experimenter is working at a %% significance level, and that
there are certain rcal differences between his treatments. What is
the probability that in a given experiment the observed results will be
sufficiently decisive for him to detect these rcal differences?

The mathematical problems involved are generally very difficult,
and have to be worked out for each test. However, for several types
of experiment leading to an analysis of variance, the power can be read
off from a serics of charts provided in a paper by Pearson and Hartley,
(5). Randomised blocks are dealt with in their section (4.2). To
compute the power it 1s necessary to know the standard cdeviation of the
riésidual component which will be denoted by , and the actual treatment
means which will be denoted by Ti, Suppose therc are h treatments and
k blocks.  All that is required is to computé the sum of squared deviations

of the Ti about their mean T
T2 "
S = Ti1 = hT2

and then calculate

g1 ks
h

Let 'v. be the number of degrees of freedom in the numerator of the variance
ratio (onc less than the number of treatments), and v_ the number of degrees
of frecedom or which the residual mean square is based, Pearson and Hartley

provide separatc charts for each value of Vl from 1 to 8, The correct




curve for the value of V, is then sclected, and where it meets the vertical
line for the calculated Valuc of @, the power can be read off on the left
hand "scale.

Of ccurse, the standard error may not be known, and the treatment
effects are unknown or the experiment wcould not be being conducted.
However, an idea of ¢ 'can ofren be gained from other studies. It.is
certainly often worth while conducting a preliminary experiment simply
to estimate this factor. For the Ti, the e¢xperienter should put inte
the calculation a whole series of values representing both pessimistic
and optimistic forecasts of what real treatment differences there are
likely to be. For each case he will be able to answer the question,
what is the chance that the experiment will reveal these differences?

The use of thc charts is illustrated by the bracken experiment.
Assume thet o = 180. We have h = k = 3, One treatment was a control,
and I suppose that each of the others had. reduced the number of bracken
fronds per ten square. yards bty /4 and B respectively, as an overall average.
Table 5 gives the chance that, in the presence of so much randomr.ess, the
superiorities of A and B would have been cetected. '

Table 3

A 300 400 SO0 600 700  .800
B
100 .26 .45 .65 .81 .91 .96
200 26 .42 60 .77 .85 . .55
300 .33 .45 .60 .76 .86 .94
400 .54 .65 .76 .86 .94
500 73 77 .89 .94
600 : .86 .91 .95
700 .94 .96
800 .98

This table illustrates the dangers of small scale experimentation.
Suppose the overall effects of troatments A and B arc¢ to recduce the
numbers of fronds by 300 per plot. Therc 1s onlv one chance in three
of detecting what is clearly an impcrtant effccrt. Even 1f they both
caused an cverall reduction of 400 fronds per plot the chance of detec-
tion of only just greater than a half.

The lay out of the bracken control experiment illustrates the inter-
action between mathematical ideas and biology. After considering the
planned experiment and with a rough ideaz of the variability,.a certain
size experiment was recommended. This was halved or "practical" grounds
at the outset, and halved agair in the process of being carried out, leaving
.three blocks of three. although I have described the data on bracken
fronds, measurements were alsc made on several other'variables. Not




surprisingly, most of these failed to give significant results, probably
because of the smallness of the experiment, and the outcome of three years
of substantial work has been to prove that if you cut down all the bracken
in & ten yard squere and seed it with heather, you definjtely get less
bracken the following year.

In thinking about grazing experiments with the above ideas in mind,
and being conscious of the expensc of these experiments even when carried
out on a hopelessly inadequate scale, I am forced to the conclusion that
formal experiments are not likely to be a fruitful source of knowledge
at the present stage, and I recommend some other line of approach such as
large scale surveys of grazing practice.
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THE NEED FOR COLLABORATION BETWEEN ZXPERIMENTER
AND STATISTICIAN

M.D. Mountford

The severity of the biometrical requirements for successful grazing
experimentation imposes on the experimenter the necessity of a keen aware-
ness of statistical considerations. The experimenter should consult the
Bicmetrics Section at the outset, at the early planning stage cof the
experiment. The collaboration between the experimenter and the statistician
should be close and two-way: the statistician can produce worthwhile advice
only if he understands the biological aspects of the experiment; the
experimenter will rarely make the most of his resources without the appli-
cation of statistical methods and principles. The success of the experi-
menter in answering the guestions he sets himself, within a fixed budget
of time and money, depends largely on the right choice of statistical
methods. The decisions on the size of the experiments, the number and
the nature of the treatments the amount of replication, are too often
decided solely by the experimenter; he calls for statistical advice only -
on the firer details of the plannlng and cn the analysis ¢f the results.
Often the experimenter has only a rudimentary knowledge of; the power of
the statistical methods and yet is unaware of serious consequences of his
deficiency; he does not realise that his experiment can be considerably
imporved by a little statisticel ingenuity with no extra cost ir time
and labour. For example many experiments are planned without the

experimenter appreciating the usefulness of a factcrial design in improving
efficiency.

When setting up an expériment the experimenter  first must, as closely
as possible, define the problem which led up to the experiment. He -must
then define the objectives of the experiment. Though 1t 1sinot always
possible to define precisely the aims of the experiment, if the experi-

menter asks vague questions, he must expect vague answers from the
experiment.

- The experimenter, in collaboration with the statistician, must then
give an exact documentation of the different treatments to be included
in the experiment. The important criterion in the selection ¢f treat-
ments in their relevance to the field to which the results will be applied;
%n grazing trials, questions of whether comparisons made between small
paddocks are relevant to ordinary grazing conditions need to be carefully
considered.

But to have treatments and size of plots relevant to: the problem
under consideration, sometimes means that the proposed experiment is too
costly. Whether or not an experiment is worth setting up depends on
the precision of the estimation and on the money and effort allocated to
the experiment. Some idea of the precision of the experiment may be
obtained either from a preliminary trial or from the data of previous
experiments in the same field of study.
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The cost of the experiment needs & closce consideration. The mecasure-
ment of the cost of such different i1tems as time, labour, materials on
& single scale is difficult and approximate. However even a rough
approximation can be enormously helpful 1n maximising the return on expense.
When the total cost of the available resources is determined it can.be
used to determine the best allocation of treatments to plots. In the
simple example of an experiment in which the cost is determined by the
treatment, the maximum precision is obtained by replicating the jth treat-
ment by a number proporticnal to '

-

where Cj is the cost per plot ¢f the jth treatment, After deciding on
the amount of treatment replication, the experimenter must allot the
trcatments to the plets by a random procedurc. The results can be given
a valid interpretaticn only when some forr of randomization has been
included ir the design. If there is no randomization the analysis will
depend for 1ts validity upon perscnal judgement rather than statisticel
theory. b

In his initial documentation of the ¢xperiment, the experimenter must
specify the measurements and the records to be made c¢n each plot.* The
choice of measuremert should be based on its relevance to the aims of
experiment: for example it is of little value in an experiment relating
the weight of vegetation to grazing regime to sample the vegetation by
pointquadrat readingss



DISCUSSION FOLLOWING MESSRS. SKELLAM, CRYER, HOLGATE AND MOUNTFORD'S PAPERS

Dr. Mellanby copened the discussion by agrceing that in all well
conducted scientific experiments the thought processes and cycles of
induction which Mr. Skellam and Mr. Cryer had expounded as beiny the
basis 2f the scientific method were essential and often overlooked.

In all leong term ecological research, in which teams of people often
worked. together, it was essential that the objectives of the experiment,
methods of evaluation and ways of analysing the results were clearly
thought ocut and written down before beginnirg the experiment. Dr. Duffey
noted that most of the remarks made by the speakers had been~orient5ted
towards the research worker, but he thought that the same principles
should be applied to the planning of research programmes.. Other
research organisations had a plenned rescarch policy based on the needs
and functions of the organisation and it was thought that with the body
¢f experience which the Conservancy now had, a planned programme of
research which embraced the many facets cf conservation was required
and essential,

A shortage of funds and manpower was suggested by some people as
the reason for the few management experiments that had been done, while
..others thought that the limiting factor may have been that i1deas had not

been developed tc the full. Further controversy was evoked by the
statement that many of the research staff worked under a handicap of
academic tradition, choosing a line of fundemental research when many
of the Conservancy's commitments required a merc simple apprcach related
to practical management. This statement met with severe opposition
from some members at the meeting, who felt that precisely the opposite
was true. -

Experience had shown that the distinction.. between simple management
treatments .and true scientific experiments had become blurred, and it
was suggested that it would be better toe use the term "trial" for work
which did not allcow the use of normal statistical methods.
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CONTROL OF VEGETATION BY GRAZING PROJECT - ASTON ROWANT N.N.R.
~ CONSIDERATION OF SOME OF THE PROBLEMS ARISING FROM THE USE
OF SHEEP AS A GRAZING 'TOGL'.

e o e ey -

M.J. WOodman_

Introduction

This paper is an outline of some of the problems which faced the
Southern Regional staff in operating their part of the Control of Vege-
tat1on by Grazlng Project on the Aston Rowant National Nature Reserve.

‘First we would wish to say that we formed part of a team drawn both
from the Research and Conservation Branches, and that much of the success
of ‘the project so far is due to the co-operation of all concerned, although
individual views have occasiocnally conflicted. We are also deeply 1ndebted
for the help given by the Advisory Connlttee under the distinguished chair-
ranship of Dr. F. Fraser Darling.

The chalk grasslands of Britain have provided some of the most
interesting floral and faunal associations in the- -country. .Under tradi-
tional farming systems, a short sward with an abundance of species was
produced by sheep specially chosen for chalkland conditoins and by the
grazinrg of rabbits. However with changes in dgr1cu1tural practlce and
periodic outbreaks of myxomatosis .since 1954, the grazing on many chalk
grgsslands has been reduced. Consequently the growth of coarse grasses
and scrub species has proceeded ‘unchecked, resulting in a much less
interesting flora and fauna. !

'

The grazing project, which is the first ‘of its klnd, 1n1t1ated by
the Conservancy, was sel up to éxamine certain aspects of these preblems
by comparing the effects of dlfferent sheep grazing 1nten51t1es on the
composition of the sward.

1. Poiicz
(i) Resources

The proper management of a Reserve depends on(i ) the presence of a
full-time Warden who is a member of the Conservancy.staff . and. (ii) on the
guidance and direction the Reserve receives from the Ruglonal Officer,
who has the necessary administrative structure to carry out thls functlon.
These requirements have only begun to be met in-the past few yecrs, and
much: remalns to be done.

Again it is only recently thgt .the necessary finance needed for
management has been ‘made avallable. Many discussions, both formal and '’
informal have sought a scientific basis for conservation management and
research, but these ‘theoretical con51derat10ns cin only go so farv
Ultlmately hypothe €s must be tested in the field by ‘trial and experiment.
All these problems were recognized by the Regional staff, who have contri-
buted where possible to their solution. Thus the initiation of the
Control of Vegetation by ‘Grazing Project {CVYGP) represents an important
stage in the development of conservation management.
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(ii) Other experience-

There was little or no experience either within the Conservancy or
outside, which could assist in the formulation of this particular project.
Organisations like the Grassland Research Institute, Hurley, have carried
out similar projects but as.their aims are usually directed towards grass-
land improvement and product1v1ty their expericnce was not really relgvant.
However, HMr. Aldcr, Head of Dept. Animal Agroromy at the Institute 1s

member of the Advisory Committee (See below) Several Naturalists Trusts
have similar problems, but their experience and resources were less thar
that of the .Conservancy. The Society for the Promotion of Nature Reservcs

had been condugtlng similar grazing and mowing trials on their own Reserve
at Dancer's. End, near Iring, which are now supported by a contract with
the Conservancy (awarded 1st April, 1964). Close liaison was maintained
by the Warden/Naturalist Oxfordshire who attended the S.P.N.R. management
committee meetings., ) h

(iii) Management Plan

The Reserve Management Plan (J.H. Hemsley and M.J. Woodman, February
1960) stlpulates as its conservation objectives, the conservation of the
chalk grassland - scrub - woodland sere, and also thé retention of a
representative sample of open chalk gr&ssland. In the Management Plan,
under the section headed "research obgectlves" it was suggested that the
setting up of a series of grazed/hngrazeu plots for future recording cf
grazing effects upon the grassland should be set up. While it was
possible to remain within the remit of the Plan with respect <o cxamining
the effects of grazing, it was clear that the project would take up most
of the 0x1st1ng chalk grasslund within the declared Reserve. This
experimental usé could conflict with the retention of sarple grassland.

This difficulty stimulated further efforts to acquire more grassland
in the P.N.K.R. along the south eastern edge of the declared Reserve, which
have resulted in the negotiations fer the acquisiticn of a further 35 acres
now nearing completion. s e

(@v) aim of Project

This was firally set down as a comparison of the effecis of two
intensities of grazing (at 1 ard 3 sheep to the acre respectively) on
the floristic composition of the sward on three aspects of the grassland
at the foot of Beacon Hill. The plots were paired, one for each grazing
intensity, on north east, north, and north west facing slopes, together
with control plots. ~ The grazing season was to extenc from 1st September
to 31lst May, and the duration of the project was for five years. The
vegetation was to be photographec and recorded before and after each graz1ng
season. The warden was also to be instructed to make field notes regularly
on the condition of the vegetation during grazing. )
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2. Public Relaticns

As the project was the first of its kind its smooth running was one
of the vital elements required for success, especially in the first year.

The project was expected to arouse national interest because of the
implications of using sheep as a grazing tool, under controlled conditions
on chalk grassland. Other Hational Kature Reserves might benefit from
the results, whether we were managing our own sheep or providing precise
details of our needs to grazing licensees,

On several occasions distinguished visitors from overseas were shown
over the Reserve, so that the project took on an international significance.

In the initial stages of the project it was most important to obtain
the good will of local interests.

A great deal of the Regional staff's time was taken up informing our
neighbeurs of our intentions, and ensuring that we were seen tc be respon-
sidle and humare in the conduct i the grazing project.

The local Hunt was restricted in its use of the Reserve, and the need
for visitors to keep their dogs under control emphasized. One of the
Honorary Wardens was a local councillor, and this facilitated the support
of local government.

University Scientists from Reading and Oxford and the Buckinghamshire,
Berkshire and Oxfordshire Naturalists' Trust (B.B.O.N.T.) were kept informed,
and representatives invited to serve on the Advisory Committee,

A Voluntary Warden Service was set up tc assist the Warden and Warden/
Naturallstln watching over the project and in guiding public interest.

Finally an article by the Warden/Naturalist in the leading county
newspaper the 'Oxford Times", set out our aims and methods 51mply and
clearly for the public to understand.

3. Organisation

(i) Finance
This was met from Mature Conserﬁancy funds.

(1i) Staffing

It was essential that the'Cénscryancy Staff responsible for the day
to day running of the project were both trained scientists and agriculturists.
In this we were fortunate that the Wardeq/Naturallst was a trained agricul-
turist and that the Warden had practidal experience and ‘training in agriculture
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especially with sheep. Trained sheep dogs were necessary. and agairn we
were fortunate in the Werden FOSsessing two of these animals.

One of our Henorary Wardens is a local farmer, and has on several
occasions looked after the stock in the unavoidable absunce of the Warden.

Section (iv) and (v) below show the weaith of practical advice and
experience which were readily available in the advisory Committee and
Scientific Staff Panel. N '

(iii) Logistics ~ Phasing ¢f Operations and Assembly of Materials

In working to a dcfinite date when the sheep were to be introduced
to the grazing plots, it was necessary to plan the various operations sc
that all wculd be ready ir time. The Land Agents' Scction were deeply
invelved at this stage with the Regional Staff. Scrub had to be.cleared
to make way for new fence lines, after SUrveying. Farm equipment was
purchased mostly at sales, and included troughs, hurdles and weighing
machine. Purirg this period botanical surveys were made by the Conservation
Research Section. Fencing was carricd out under contract, and sheep
purchased.  The latter were hcld nearby until the grazing plots were
ready, firrangements were also made to provide a holding area For the
sheep whern they were taken off the plots during the grazing pericd because
of bad weather. :

(iv) Specialist Advice

This was thought nccessary in view of possible difficulties that might
arise from the unique nature of the project, Therefore an Advisory
Committee was established under the chairmanship of Dr. Fraser-Darling,
member of the Scientific Policy Committee. Committee members included
Mr. F.C. Alder from the Grassland Research Institute, Hurley; Professor
ii-H. Bunting, Department of Agricultural Botany, University of Reading;
Dr. R.H. Clarke, representing thc Naturzlists' Trust (B.B.O.N.T.); Mr.
F.T. Holmes, farmer and Honorary darden; Dr. F.M. Perring, Monks Wocd
Experimental Station; The Hon. Miriam Rothschild, S.P.N.R.; Mr. 2.XK.
Sharratt, veterinary surgeon; Dr. F.C. Warburg, Department of Botany
University of Oxford. This Committec keeps in touch with the Staff
Panel by regular meetings on the Reserve, attended by Dr. J.F.D. Frazer,
Conservation Officer, (England), and the Regional Staff. This ensures
that their advice is available at the right time and place and accordingly
their help has been invaluable. Mr. Sharratt has actively participated
in the project by studying the level of parasites in the dung.

(x) Staff Panel: Scientific Control of Project

The Staff Panel is constituted as follows, and cmphasizes the team
wCrk required to mount such a prcject. Not the least of the problems
were the difficulties in co=-ordinating the functions from the various
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sections, often separated by large distances.
a-list of these sections and their duties illustrate the difficulty.

(a) Conservation Branch - Regional Staff, Wareham, Dorset; Thame and Aston
Rowant, Oxon.

Day-to-day management of stock, continual observations on stock and
vegetation and public relations, including wardening, general administration
as requirced,

(b) Conservation Research Section - Monks Wood Experimental Station

Botanical Recording and analysis of data.

(c) Land Agents Section - London H.Q.

Arrangement of contracts, licences agreements, supervision of estate
work, advice on stock and equipment.

(da) Bicmetrics Section - London H.Q.

Project design and evaluation.

(e) Technical Services ~ London H.Q.

Photography in connection with recording.

(£) Veterinary Surgeon - Thame

Welfare of stock.

4. Animal Husbandry

The welfare of the stock used in the project was of paramount importance.
Although our primary aim was to examine the effects of grazing on the sward,
its use as a management technique would be very limited.if too much were
demanded of the stock. In the event, the stock chosen stood up well to
winter grazing conditions although they had to be taken off the experimental
plots in February - March owing to insufficient feed. All of the stock came
through the winter well and remained healthy, the only damage being a bruised
knee-cap on one animall

(i) stock

_ Twenty-two 7-8 month Scorch Half .bred ows lambo -wuere used as the best
preed, age, sex of sheep for the project. This choice was eminently successful.

(ii) Fencing
Fencing in the experimental plots was erected by the Economic. Forestry
Group, and by the Warden in the holding area just off the Rescrve.
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(1ii) Feed

The vegetation in the experimental plots provided most of the feed,
but when the stock were removed-to the holding area, the stock were fed
on hay and concentrates purchased lccally.

{iv) water

This was brought in churns in a Land Rover to the trcughs in the
experimentzl plots.

(v) Disturbance of Stock

No problems were experienced here and it seems reasonable tc assume
that the efferts of the Regional Staff and the Voluntary Warden Service
played a large part in achieving this result, especially on a Reserve
wherc public pressure could be a problem.

{1iv) 'Natural' HaZzards

(a) Medical

The shecp were dosed with "Loxon" (against parasites), vaccinated
with mixed enteroxacmia vaccine.

(b} Foxes, dogs, etc.

No disturbance or harm from thesc animals was apparent.

(c) Poisonous Plants

All the experimental plots and the holding area were examined for
living and dead yew plants and none were found.

5. The Future

In looking back over the first grazing season, it is obvious that
there were many problems but most of these were solved. Many difficulties
arose during the initiation of thc project and should not recer. The
remainder shculd be capable of scluticn by the Regicnal Staff in their
rocutine management of the prcject, especially in the light of their newly
dgained experience.

It was agreed at the Advisory Committee mecting {June 1965) that a
detailed §Soil Survey and the establishment of a small climatologidal’station
would enhance the scientific value of the project. These measures with
other minor modifications e.g. periodicity of weighing stock, should ensure
the successful continuation of the project over the next four years.

O
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GRAZING RIGHTS AND THE AGRICULTURAL HOLDINGS ACT, 1948

D.H. Wood:

In this paper 1 propose to deal with letting grazing rights and the
Agricultural Holdings 4ct, 1948, in England and Wales.

The art of not creating a tenancy when letting rights for stock
ownea by one person to graze the land of another began to develop after
the passing of the 1923 igricultural Holdings Act under which licences
for less than a ycar were excluded from the Act and the custom of granting
successive 364 day licenccs came into vogue as a neat means of sidestepping
the law whilst cnabling the grezier to enjoy his rights over leng periods
of time.

This simple evasive tactic was finally stopped by the Agriculture
Aact 1947, which was re-enacted in the 1948 act and as far as we can tell
is unlikely to be available again.

The 1928 /ct section 2 with cértein excepticns ncw. brings any letting
of agriculturel land for less than a year to year within the scope of its
terms., In letting grazing rights we have tc stay with the excepticns
otherwise an agricultural tenancy is created under which the tenant will
enjoy a security of tenure a wide freedom of use of the land, and rights
to compensaticn when he finally vacates.

The ict dces nct of itself requlate grazing it merely indicates at
which points a tcnancy may be Created, and as it does not do this very
clearly it is inclined to makce lawyers and land agents over-cautious lest
their sins of omissicn ur commission shall have far greater results than ever
were intended.

Sec;ibnaQ of the Act applies to the grant of a licence to OCCUpPY SO
that the nice distinctions between a letting.and a licence become pointless,
Therc 1s case law to show that & person who has purchasccor hired grass keep
gets the legal right to use and occupy the land. As grazing is expressly
included within the definition of "agriculture”, anyone letting grazing
rights thus risks c¢reating a tenancy.

fis a matter of interest 1 have never had the experience of receiving
a ¢claim for a full agricultural ténarncy and in those cases where a grazier
could have claimed, for example at 0l¢ Winchester Hill where the agreement,
in writing, continues from year to year, the person concerned has not done
SU.

I have dealt with the .first effect of the Act, to cause fear, the
second effect 1s to limit freedom of action and the third it to take grazing
out ¢f the direct control of the rRegicnal Officer and make it indirect
through the Land Aygents section, which whilst being a normal situation on
a landed@ estate is not entirely satisfactory when applied to Naturce Reserves.
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Grazing as a problem frequently met with in our section is almost
entirely concerned with the control of vegctation on Reserves resulting
from reduction in rabbits, shertage of staff and nmachinery and, from an
agricultural point of view, the uneconomic size or location of the Reserve.
The particular requirements of each Reserve as to period, type, and
intensity of grazing rcquired often makes reliance on the farmer as a
source of stock appecar irrational,

When considering a request to let grazing richts we have tc bear
in mind the following features:- '

Firstlz the igricultural Holdings act. In order to aveid a tenancy
only a single period may be offered. The period must not exceed one
year, no promises as to further pericds may be made, and although successive
licences may be granted no acticn may be inculged that might suggest that
further licences will be forthcoming, such as the erection of permanent
fences or laying on water supplics by the grazier. Tempcrary shelrter
and temporary hurdles are acceptable. Stock and any other property
'Qf the grazier nust be removed at the end of the pericd and rights for
the Conservancy- and its staff to use the’ land must be reserved.

Secondly the scientific requirement. The most common requirements
that we are asked to secure provide that artificial fertilizer and chemical
sprays should rot be applied, lime is rot to bo spread and hey should not
be brought on to the land although: purchased feed in the form of cake or
nuts. 1s often acceptable.. Therc is usually a specified time of the year
when grazing may or may not be required, and longer grazing seasons seem
to be acceptable. The improvement of the land ir an agricuttural sense
has never in my experience been a requirement. 1 have listed these so
as to contrast with the third feature:- the farmers requirements. The
normal and gquite natural approach is that the farmer woulc like the
grazing for as long as possible, for successive years and that given
security of tenure he would be delighted to invest money to improve the
land. He has of course to be disappointed.

Fourthly general practicability, as to adequate water supply and
fences, access and the type of stock to be used, our tenure of the land
and any covenants or other rights which may affect the proposal,

To succeed. therefore the Conservancy must be prepared {for some
capital investment on water supplies and fencing, and possibly shélters,
the farmer must be able to see some financial advantage in using the
land, the scientific interest must be safeguarded, the licence must
remain outside the terms of the .ct, and the land rust either be Freehold
or the Conservancy must hold it on a lease the terms of which permit the
letting -of rights. ‘

’

Other cases arise from time to time where we are put in considerable
Aifficulty. For example where common land is involved, as at Castor
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Hanglands, and we are prevented by the Law .of Property Act from fencing, or
where the purchase of land is made subject to an existing 'grazing. tenant
as is the case at Wye and Crundale Reserve.

The rents cbtained from letting periodic grazing . are quite-dispropor-
‘tionate to the work in which Regional and Land Section staff are irvelwved
and this work is no less for a small area than for a.large..

At the present .time some 1,600 acres on twelve Reserves, are let on
periodic licences in England and Wales and others are under consideration,
but this forms only a small part of the total land holding.

Wherc the scientific requirement is more exacting than those I have
alraady mentioned the letting of grazing rights becomes. unsatisfactory and
it is only where there is grazing of reasonable nutritive value (e.g.
Bridgwater Bay Reserve) that the stocking intensity can be raisecd suffic-
iently to give the stancdard of control usually required. On poorer grassland
our task 1s increasingly difficult and any restricticns at all will tend to
deter. graziers. '

From time to time there have been discussions on increased mechanisation
and the purchase of stock for use on Nature Reserves both of which in the face
of shortages of local labcur have their part to play. But they both have
severe limitations for contrelling the small and scattered areas such as
the Conservancy Own.

It is cutside the scope of this pazper to venture into the future cf
‘Reserves or the given scientific aspects of each case, but (to generalise)
i1f 1t is seriously wished to continue grazing regimes with stock that are
not cwned by the Conservancy then it fcllows that more consideration will
have to be given to pasture improvement either as ar inducement to graziers or
25 a resultant of grazing.

The Conservancy's grazing land has as it were been frozen at a point
in time that the average farmer left many years a2go, and as agricultural
advances are mace the demand for rough grazing where improvements to the
pasture are nct allowed will disappear.

The Agricultural Holdings .ict is no friend of Nature Conservation,
‘security of tenure subsidies for draining and improving land amongst many
other features are so often incompatible with your requirements that I
can see no advantage in granting an agricultural tenancy, apart from the
ather cansiderations that this would raise.

Where the letting of rights appears to be the only practical solution
I would ask you to consider an acceptance of some agricultural practices.
This acceptance may be limited in time, it may be limited to zones on a
particular Reserve but it will almost certainly involve fertilisers, its
result would I hope be just sufficient to make graziers keener - to put their
stock on the land in succeeding years.
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- As 1 have said the essential point in keeping 2 grazing licence out-
side the Act is that it shall be for a single zeriod, of less than one
year in extent and that no promise should be made as to the grant of future
periods.

There is no bar to the number of successive pericds that may be granted
and in the case of Scene Estate Ltd. v. Amos there were no less than 21
successive agreements each for a period of 3 months, each complete in itself
and making no reference to any possibility of a future extension of the period
of letting.

A specified pericd does not need to be any special season and may
stretch over parts of two calendar years.,

However once the details of the licence have been settled and the
farmer has paid his money he cannot be made t¢ graze the land, since the
positive convenants necessary to achieve this would be impractical. He
can be made to cut thistles or cther named plants but if the period of
the licence is short he may well consider that it would not be worth his
while and is unlikely to accept such a licence.

On the other hand he may decide that it suits his purpose to stock
very -heavily and where this is likely we can stete in the licence that
he is permitted to graze not more than a specifiecd number.

In practice therefore once the grazing is let there is very little
cdntrol over stock numbers on the land at 2ny one time and extending or
shortening the grazing period is not then possible. The pericd itself
will have to suit the farmer.

The type of stock used will depend entirely on those available in the
district, sheep and cattle are most commnon but uccasionally graziers wish
to put on horses as well. There has becn no demand for grazing for any-
thing more exutic.

This lack of flexibility is one of the unsatisfactory aspects of using
someone else's stock. The advantages are that it is cheap possibly profit-
able, we have little if any responsibility for the health and safety of the
animals and we use very little capital.

Another aspect of grazing involveg thesperscnality of the grazier and
if we fall out with him over some matter which is not covered in the licence
a difficult situation can develop. An example cf this is omitting any
reference to a bull in the licence and the grazier promptly puts one on
the land.

In my plea that you should consider accepting some agricultural
practices my main object is to get competitior for the grazing, since if
a demand can be creatcd control is more easily imposed. I also have in
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mind that if you accept grazing in principle then you also accept some
improvement in the sward from manuring and tillering, and the logical
extension to this is to apply fertilisers or lime where by so doing the
particular scientific interest will rot be harmed.

To the Land figents Section grazing is cone of many management problems,
a visit should always be made to see the land and a meeting held with the
prospective grazier and I have always found that personal contact is werth
a great deal. This all takes time and I doubt if we devote as much
attention to it as we ought to, or would like to. I1f I can persuade you
“tc loox at this problem from the farmers' point of view as well as from
that of floristic composition on the Reserve I have hopes that letting
gra21ng rights will continue to prove a useful tool. '

Occasionally we meet grazing problems in reverse - In acquiring land
the owner may be willing to grant a lease provided that he can retain the
grazing and the right to apply fertilisers and lime, or use chemicals to
control weeds. Such matters are promptly referred to Regional Staff for
advice but the stakes can be high - to secure or lose a Reserve - and not
only are there practical issues but the integrity of the future Reserve may
be at risk.

I hope that 1 have been able to indicate some aspects of grazing that
may nct have been entirely obvious and why in the future its use as a tool
of management may be dependent upon the Conservancy's willingness to provide
a better diet for stock.

POINTS RAISED IN THE DISCUSSION FOLLOWING MR. WOOD'S PAPER

(i) whilst the Act has a general application to licences, licences do' not
have general application to Reserves and have to be tailor made for each
case.

(ii) Where yrazing rights are lct some compromise is usually .necessary -between
scientific interest and the g“a21er s reéquirement, bearing in mind the
future of the Reserve is no action is taken.

(iii) Rent - generally an economic rent induces graziers to stock fully -
this is advantageous as maximum stock numbers can then be controlled.

(iv) In the case of some Reserves it may be possible te acquire additional
land in order that stock can be carried, or which can be treated on agri-
cultural lines, making a base from which a Reserve can be grazcd.
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GRAZING EXPERIMENTS IN SNOWDONIA

J. Dale

l. Introduction

The research programme being conducted at Bangor is concerned with
investigations to determine the influence of local variations in rainfall
and geology on the soils, vegetation and biological productivity of areas
in Snowdonia. To this end work is being carried out at sites located
along a rairnfall ygradient, which runs in an approximately north - south
line across Nortn Wales and shows a variation in rainfall ranging from
less than forty inches at the drier coastal end up to almost two-nundred
inches at the wettest end, centred over the Snowdon massif. Within these
experimental areas, are soils derived from both basic and acid igneous
rocks, as well as scils derived from glacial deposits and the plant
communities associated with these soils include many of those common to
upland Britain.

In an area, such as Snowdonla, a factor wnich is of paramount
importance is the grazing animal (in this instance sheep ). The agri-
cultural activities of the kuman race and ir this particular area,
grazing by sheep, have a profound influerce on the eccsystem as a whole.
The human influence has becn present since prehistoric times but of
course its effects have become more pronounced and intense with the
passage of time,

The pattern of land settlement and utilisation has beern largely
determined by environmental factors and therc has been conscious se.ection
of areas of-high productivity. This selection is perpetuated up to
the present day, in that certain areas are more interselry grazed than
others, because of the reputation of these areas for producing heavier
animals or beinyg capable of carrying larger flocks .of animals.

The part played.by the combined effect of rainfall, soil type, and
vegetation in determining the numbers of grazing animals carried by a
particular area is complex and in turn the effect of the grazing animal
on the soils and vegetation is equally intricate.

II. A few years ago Dr. Hughes established the broad relationships between
the environment ¢f Sncwdonlar sheepwalks and the population densities of
sheep which they carried. [r this work Dr. Hugh:s anaiysed stock data
for nine ecologically distinct groups, based on fifty-five sheepwalks in
Snowdonia and the Conway Valley. Seven of these sheepwalks are located
within the low or medium rainfall range of the ygradient and two within

the high rainfall range. This work demonstrated a nocrth-south line

of sheep numbers per unit area and it would scem that climate is respon-
sible for this, but scils and vegetation are of importance in areas where
the mean annual rainfall is less thar a hundred inches. Areas which

are substantially Agrostis/?estuca grassland on brown earth scils, derived
from basic rocks, were shown to carry the highest nurber of shecp (viz.
2-2.84 ewe units/écre), whilst areas on podsolic, gley pedsolic or peaty
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podsolic soils, derived from acidic rocks, the population density 1s sub-
stantially smaller, {only 1.3 - 1.7 ewe unmits/acre). At low rainfall these
latter areas are cdominated by Calluna vulgaris and at high rainfall, Molinia
caerulea and Nardus stricta.

Thus it was considered that the hundred inch isohyet is an 1mportant
ecological boundary as Dr. Hughes showed a clear difference in sheep numbers
above and below tHis level of rainfall.

'111. An extension of this earlier work 'is the sheep census work which is
being carried on at present. This sheep census was initiated in 1956 on

a weekly basis. The units of study for the earlier work were whole
sheepwalks, but the present sheep census is of the numbers of sheep grazing
cn particular areas within a sheepwalk. These census units were selected
as being uniform, as far as possible, with regard to vegetation and soil
type, and.these are located along the rainfall gradient mentioned earlier.

The results of this sheep census are being prepared for publication
elsewhere, but some generalisations may be made.
1. Differences in scil, vegetation, rainfall and
___altitude-ail play some part in determining the
- stock ~number per unit areav e

2. On the whole the summer sheep population density
shows an inverse relationship to altitude, rain-
fall and the trend towards podsslisation.

—--3. The census work confirms the earlicr observation that
sheep preferentially graze those areas- where the soils
are derived from basic igneous rocks, rather than
adjacent areas where the s0ils are derived from acid
igneous rocks.

An investigation into the differential effect of differing levels of
grazing has been in train for a number of years, This is being carried
on at four sites, which are also sheep census sites. The experiment:
consists of a randomised block of enclosures covering the following
treatments replicated four times:-

(a) open to grazing 2ll year round.
(b) grazing permitted April to October only.
(c) closed to grazing all year round.

4t three sites, Cwm ldwal, Pen-y-Pass and Llyn Llydaw, one block of
replicates are located on contrasting soil types, & brown earth and pod-
‘solic type.

Each year the plots are sampled during the month of august by a point
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quadrat technique. The accumulated data hitherto, have not been examined
in-great detail, but at present, consideraticn is being given tc the
applicatiocn of the statistics of information theory to these data. No

results of this are aveilable.

4 casual observatior. by eye of these plots after six years, shows
that certain plants have become promincent where enclosure has been cocmplete,
These changes arc dramatic and easily catch the eye, but other more subtle

changes have been taking place less

In general the observed trends
the same as those to be observed on

noticeably.

say an acld site at Cwm Idwal are

an acid site elsewherc. Different

locations however, do show differences in particular features notably in
the scale of the changes. The same is also true of the trends to be

seen in the varicus basic plots.

The histcgrams illustrate scme cf these changes and show examples
of acid and basic sites at Llyn Llydew and Cwm Idwal under open grazing

and clcsed grazing treatments.

The most noticeable feature c¢f the enclesed subplots on the acid
sites is the prominence of the ericoid shrubs. In considering these
Erica tetralix, E. cirerea, Vaccinium myrtillus and Calluna vulgaris

have been lumped together since the scale of response of individual

species to enclcsure was s¢ small,

These species are present only

on the acid plots and show only a very small increase after enclosure.
The numbers of plants would seem not tz have increased, except perhaps

in the case of Vaccinium myrtillus.

On basic sites, two plants whichk

become noticeably prominent after enclosure, are Deschampsia caespitosa
anc Achillea millefolium both of which, show stroryg positive response
to enclosure (rather more marked in Cwm Idwal example than Llyn Llycéaw).

Species which have increased in prominence in the enclosed subplots,
have not necessarily undergone any increase in actual numbers but have

only increased in height and spread.

Nardus stricte

hcid site

On subplots which are open to
grazing this species maintains
the same general level, with
only slight variation, which
is prcbably due to season. On
the subplots which are closed
to grazing the quantity of
Nardus 1s seen to decrease
stecadily.

casic site

The responses on the basic sites
are substantially the same as
those already described but
obviously on a much reduced scale,
as Nardus stricta is not present
in any quantity on these sites.

It is interesting to note that
enclosure gives an initial boost
to the Nardus. In years 5 and 6
there is total absence £ Nardus in
the enclosed subplots,
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ncid site

Festuca ovina

On the open subplots there is a
pronounced seasonal fluctuation,

but on the whcle, a fairly high

level is maintalned. Initially
encldsure produced a reducticn

in the amount of this species present.
This thase is followed by an increase
4in subsequent years.

Agrostis Spp.

There is considerable seasonal
fluctuations in the cases of
both.A. tenuis and A. canina.
On the whole both Agrostis
species seem to increase- under
enclosed conditions and at

Cwm Idwal therc seems tc be

a tendency for A. canina to

be gaining ascendancy over A.
tenuis,- at Llyn Llydaw this is
not the case.

Molinia/Holcus

Basic site

On the.basic site the enclosed

subplots show an increase in
the amount of Festuca ovina,
but the scale of the increase
is different at Cwm Idwal and
Llyn Llydaw. At Cwm Idwal the
difference between open and
closed plots i5 quite Emall,
but there is a maintained
increase in the amount of F.

ovina in the enclosed subplots.
. .

4t Llyn Llydaw on the freely
grazing subplots the figure

for A. tenuis is consistently

high and steady. Under enclosed
conditions, for the first three
years h. tenuls shows a steacdy
decline but subsequently:an upward
trend in the percentages for this
species 1s shown. At Cwm Icdwal
there is a different piciure,

here free dgrazing produces a

lower figure than for the enclosed
subplots. hAgrostis canina at Cwm
1dwal follows the same pattern but
at Llyn Llydaw the quantities of
this latter species are too small
to be comparable.

Molinia ceerulea shows a marked response to enclosure in locations

where 1t 1s present.
rapidly in:the subplots.

For example at Cwm Idwal it has increased very
Year four, corresponded with a very late

‘Sprlng after a very herd winter and this may account for the rather low

figures for this year.

At Llyn Llydaw on the equivalent site

Molinia

is not present in any quantity, so unfortunately no comparlson is poss1ble.

On basic sites Holcus lanatus seems to take over the role of Molinia

and it shows a similar pattern of response to enclosure.

This 1s very

well demonstrated at the Llyn Llydaw site and at Cwm Idwal it is seen on

a smaller scale,
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Two plarts present on cne of the basic sites viz., Llyn Llydaw are
worthy of mention, these are Trifolium repens and Plantagc lanceolata.
One of these species, Plantego lanceoiata shows a positive response
to enclosure and there is a steady upward trend in the arount present.
The other species, Trifolium repens, shows 2 negative response and
enclosure has produced almost total eradication of the: species.  These
two plants are an interesting example of how morphology of a species
determines its fate under changed circumstances, Plantagc lanceclata
being a rosette, suffers badly, particularly in s.ring from qrazing
and under ccnditions of free grazing the plants are dwarf and stunted,
whereas Trifoliwn repens being a creeping plant, it does noi suffer so
much grazing damage. When the removal cof yrazing allows the vegetation
to grow up however, the position is reversed, nuw the Plantago 1s able
to compete successfully against neighbcuring species beceause of its
rosette form, But Trifoliun shaded from all sides by the surrcunding
vegotation, cannot get sufficient light to maintain its growth and there-
fore gradually diminishes in guantity.

-

Partial-exclusion of grazing, that is enclosure curing the winter
months frem the end of October "to April, does not appear to produce any
changes in the composition of the vegetation. ialthough at the start
of a season, in spring, the subplots which have been enclosed for the
winter, do shcw a flush of growth and appear rather jreener than areas
outside, especially if there is an early spring. However, once sheep
graze these subplots after the removal of the tarriers the different
appearance is soon lest,

At Crib Goch where this work has been proceeding for a shorter
period, (1965 will be the fourth season), it is rather too early fer trends
to be well established, especially as the rate of growth at tnis higher alti-
tude is much' slower,

The above comments show a very inccnplete picture of what happens
when the grazing pressure is suddenly altered. Many questicns remair to
be answered, but the examples quotaed, 1llustrate the extrene complexity
of the situation.

The interactions between competing species ave very complicated
and the process of building up the complete picture will take quite a
number of years yet. Yhat will be the effect of the reappearance of
trees, as must surcly happen, already two szedlings of Sorbus aucuparia
have been recorded as present on one of tne sites.

IV. During the past four years, an attempt nas heen made to find out

if the voluntary densitics, as indicated by the sheoep census, reflect

a real difference in the increment of animal material per unit area.

Two sites, dissimilar both ecoloyically ané in sheep population densities
‘they bear, were enclosed,. Onc site 1s on a peaty podsol derived from
acid igneous rocks and acid <¢rift and the vegetation is dominated by




Nardus stricta. Here the sheep population density varies from l.5 to

2.5 ewe units per acre during the growing season. Tne plot size is
6.5 acres and the enclosed experimental pcpulation density would be
approximately 2.75 ewe units per acre,

The other site 1s on a brown earth derived from basic igneous
rocks, the normal voluntary shecp population density during the growing
season varylng between 2.25 tc a maxirun of 4.1 ewe units per-acre. The
“plot size is 2.4 acres and bore an experlmctnal populaticn density of
7 ewe units per acre. The‘vegatatlon is Agrostls/?estuca grassland.

'Since the véluntary sheep population densities differed, the plots
were constructed so that the cxperlmental densities were proportlonal
tc the densities observcd under free grazing conditions.

The management of the experimental plots depended on the co-operation
of the 'tenant farmer concerned, but for the last four years it has been
as follows:-~

-January until experimental grazing began - clesed to stock. LAfter
experimental grazing was complete, the plots were left open until the
folliowing January. -

The animals are weighed at the ‘beginning of the experimental period,
at an intermediate stage at the end. The results being expressed in
the “form of a net gain or loss of animal material in 1bs/acre.

The start of the experiment coincides as near as possible with the
time when leccal farmers are returning their flocks to the mountains from
lowland wintering and lambing gquarters.

+  This time varies slightly from year tc year depcndlng on weather,
the condition of the sward at the stage of growth of the lambds. Some-
times as.in tne case of 1963 after a severe wlntgr th1s return may be delayed
until quite late. In other years after a mild winter the shecp return to
the hills earlier. :

The duration ¢f the experiment is also subject te variation depending
=-on the condition of the experimental animals, the’ state of the sward, and
the utilisation of the available herhage by the animals.-. Thus the duration
of the experiment has varied betwecen 28 and 40 days. ;

The stocking rates for the ekgeriﬁLnt ware calculated in ewe units
Fer acre, .the animal units consisting of ewe/lawb pailrs, each lamb being
considered as representlng half a full ewe unit.

Mcasuremvn s were also made of the hertage dry matter yields in lbs/
acre, both at the beginning and end of the experimental period. Climatic
data are also available for the experimental sites. (Monthly rainfall, mean
air temperature anc mean earth temperature).




- 72 -

Results

From the results cbtained for the four ycars it has been shown that
the net production of animal per acrc differs on the two rlots. Performance
on the Nardus plot scems to be rclatively the same cach year, and only ranges
from a nct gain of animel material of 8.15 1lbs/acre in 1963 to 14.52 1bs/
acre in 1964. On the hcavier stockoed Agrostis/Festuca plot, results show a
range from a net loss of 12 1lbs/acre in 1963 to a net gain of 46.00 lbs/hcre
in 1964,

The large variation in the results of the Agrostis/Festuca may be due
to the variation in the losscs in welgnat incurred by the owes.  For all
years, except 1964, the owes or the Agrostis/?estuca show larger weicht
losses in lbs/écre ‘than thcse on the Nardus, results from the Nardus plot
show either very small losses or small Jains. in the casc¢ of the lambs
however, total gain of lambs.in 1bs/acre on the Agrostis/Festuca is always
double the gain produced cn the Kardus.

Environmental climatic facters have some. cffect on the liveweight

gain results, becausec the highest net gains are produced in scasons fcllowing
mild winters and mild springs, C.G. 1562 ard 1963. The springs preceding
these two seasons showed low mearn air and ssil temperatures for the early
part of the year whilst the 1961 ané 1964 scasons werce preceded by relatively
warmer milder springs. Cold, very wet springs will give adverse growing
conditions and will affect sward production which is reflected in corres-
pondingly low herbage dry matter yield results, for 1962 and 1563, The
Hardus sward appears to be less affectod iy these culd spring conditions.

The low value for the net gain animal material Per acr¢ c¢n. the
Agrostis/?estuca in 1962 and also the less in 1963, may bLe attributed to
an insufficiency of herbage being available tu the ewes on the Agrostis/
Festuca. It is likely that in crder to maintain their body heat etc.
and produce milk for the lambs the ewes were utilising their body source
for supply of energy, so producing a loss in body weight, which was not
cffset by the gain in weight achieved by the lambs. i very small loss
in weight of ewes occurred on the Nardus. in 1963, but nct necarly as
large as that which occurred amonygst the ewes on the Agrostis/?estuca.

A possible explanation is that the Nardus plot carried only half the stock-
ing density compared wilth the Agrostis/Festuca, s¢ that there was more
herbage available per cwe, to satisfy the body requirements.

In 1964 the stocking rate on the agrostis/Festuca was slightly
recuced frem 10 to 8 ewe units and the results indicarte that there may
have been overstocking of the Agrustis/?estuca in the years 1961, 62 and
63, because in 1964 after a mild spring and under good growth conditions,
the ewes on both plots produced dains in weight on = lbs/écre basis.

The increase on the Agrostis/?estuca over previous years being more marked
than that produced cn the Narcus. ‘
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Generally, the results tend to show that in years when the spring
seasons are warm, have adequate reinfall, .and good growing ccnditions,
net production of animal material/acre on the Agrostis/Festuca, even at
the higher stocking rate, is about two to three times greater than the
Nardus. Whilst in years which have had a wet spring with low tempera-
tures the net production on the Agrostis/?estuca is very much lowered
and may be less than the net production ¢f the Nardus.

V. In the foregoing, an accounrt has been given of some of the work
which i1s going on in Snowdonia to investigate various aspects of the
effects of the grazing animal on the nountain grassland ecosystem.
The picture is as yet incomplete and only time will rectify this.
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DISCUSSION FOLLOWING MR. DALE'S P.PER

Mr. Moss stated that on some Scottish heather mcors productivity
was about the same from both acidic and basic sites. However, in
those situations, excess food was always available and differences
in productivity might become more obvious if sheep densities were
increased, Seascnal differences in weather greatly influenced the
productivity of mountain grasslands and it was necessary to obtain
results from several years before definite trends could be established.

Species which changed their habit of growth in response to enclosure
and increased competiticn for light were commented upon by Mr. Wells, who
compared changes which occurred within an enclosure on the chalk with
those described by Mr. Dale in N. Wales. In both cascs, normal rosette
plants such as Plantago lanceolata greatly increased in leaf area and
became erect in habit as a result of enclosure. The importance of this
change in relation té defoliation by cutting cr grazing was discussed.
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GRAZING STUDIES AT MOOR HOUSE FIELD STATION

My investigations are concerned with the effect of sheep grazing on
the vegctation and 80ils of Moor House, which although owned by the Nature
‘Conservancy, is common land. In this, it 1s typical of much of the open
fell of the northern Pennines where sheep farming and grouse shooting are
the normal land-use. The greater part of the Reserve lies just below
2,000 £t. but the swmmits rise to 2,800 ft. Well over half the 10,000
acres 1s blanket bog mcorland. The grasslands tend to be small and those
¢n mineral soil cover less than S% of the area, but they .are of major
importance to the sheep. Pearsall once remarkec to me at Moor House that
wE€ were fortunate in having a place whose ecological state was so low that
whatever we, or I, did to it, it would be next to impossible to make it.worse!

Be this as it may, my object is to present evidence of fertility,
generally exemplified by the vegotational cover, in relation to a known
sheep ¢razing regime, and, by altering this management experimentally, to
effect changes thought- to be in some cascs desirable and in others undesirable.
You are all prcbably familiar with~the often repcated saying .that sheep
grazing is rosponsible for ‘much of the continuing impoverishment of our
hills. It 1s this statement that has led me to make my investigations and
my hypothesis is that although -this is true in some instances, it is a
gencralisation, and some upland grasslands are dependent for their variety
on the continuatisn ¢f grazing. 1 hope eventually to give factual evidence
cn this aspect of land-use as it affects Moor House, Te do this it is"
necessary for me to obtain informaticn not-only on the present position .
but on the past; ‘I need to know what occurs in both the absence of grazing
6hd when the grazing reygime is altered. I propose now tc tell you briefly
‘how far I have gone to. meet these req@irements.

The first necessity has been to study past history. In this, as in
211l our research, we nust draw ¢n the work of others:, Johnson and Dunham’
¢n soils and pollen analyses, the work of geographers and numerous historians,
On estate, manorial and county and parish recerds, and more recently on-
Agricultural returns. From this we can deduce that shecp grazing of the
fells is long-continued, probably since the Nerse -introduced the mountain
sheep. we know that a grazinyg pattern, similar to the present, has been
in operation for many years, certainly over the last 200 years. We alsc
know that contrary to vopular belief, sheep.numbers have been steadily
increasing over the past 200 years in the hilly counties of Cumberland and
Westmorland. agricultural returns of four parishes, -one of which contains
}and mostly above 1,000 ft. and the others largely hill land, show a doubling
of the sheep population in the last 100 years. .On commen land the grazing
pressure has always been thought to be too high. ‘45 Far back ‘as 1794
a’‘report to the Board of agriculture complained that the Commons of West-
morlard were almost always overgrazed.

The seccnd part of my research concerns the~ppesent.position. We have
information ¢f plant cover and sheep numbers. In the case of the sheep we
know their management, we know the live weight increment of two flocks and
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an estimate of their mineral composition, We can calculate from these

data the annual sheep production fur the Reserve as a whcle. Unfortunately
in so far as the mineral analyses of the animals arc concerncd we have

to rely on data produced 100 years ago by Lawes; surely a strange commentary
on progress in this field!

In more specific work I have attempted to find vut the weight of
herbage removed by a recorded number of sheep grazing certain swards. This
has involved detailed werk. Measurement of sheep pressure has been by
counting nwmbers and collecting dung. Measuremernt of herbage consumption
has been by a cage difference method and hand sortirng has permitted estimates
of grouped plant intake to be mace. In some cases it has been possible to
relate the herbage removed to the sward's primary above-ground production.

The swards we have dezlt with in this manner, have so far been the
better class grasslands, the Festuca-igrostis swards, and the poor grasslands
of the summits, dominated by Festuca and Deschampsia flexuoso. Last year
we investigated the productivity of a Juncus squarrosus cdominated sward and
in the present season we-have returned to Narcus, which I first lcoked at,
at Moor House, in 1957 with rather rncgative results.

With a2 completed vegetation map and widespread observations of sheep
pressure, it has been possible to relate these small experiments to the
Reserve as a whole. In some cases it has been possible to measure the
sheep utilisation of the vegetation immediately surrcunding the grassland
investigated. By this means we can demonstrate the poverty of the blanket
bog in so far as its use foer sheep is concerned. However, work by others,
such as Hunter on hill sheep behaviour and on the comparative grazing inten-
sities of different hill swards, has proved invaluable, I believe that
much of the grazing pattern and its effect on veygitation is strecnglyrelated
to arimal behaviour, the development of sccial groups that determine sheep
density. Fer example, work on one of cur more rroductive grasslands showed
that the standing crop of the grazed sward was approximately 900 lb/acre
(dry weight) in September. This does not suggest that the sward was
grazed to capacity. The population utilising the sward averaged 5 sheep/
acre, and remained comparatively constant throughout the season, although
increasing slightly after July when family groups merge into larger units.
Hunter and Milner have shown that sheep groups habitually take possession
of part of the hill, and do not n>rmally graze ouiside it. Swards on
mull scils are preferred and it is on thase grasslands that competition
between animals leads to aggressive behaviour. It is probable, thercfore,
that social barriers prevented an increase aboVe.a certain level in the
Mcor House Festuca/Agrostis grasslands. f fairly constant population
will use them although in the first place this will be dependent on their
productivity. Changes in the over-all populationwill, however, lead
to alrerations in the grazing pressure on the poorer swards and this change
must affect their botanical coemposition. I am not, however, convinced
that improvement of the swards will not destroy existing social barriers.
This remains to be seen.




Finally we can present a rough nutrient balance sheet .of -a moorland
ecosystem as it exists today. Measurements c¢f nutrient input by way cf
rainwater and losses in run-off (estimated by Crisp) show that the part
played by sheep is indeced small. On a 200 acre catchment Crisp calculated
that the 1loss to the catchment by way of shecp products, wool and sales,
was no morc than 1 ' of Ky 13 1b ¢f P, 2 1b of Ca and 7 1b of N.

The annual loss of mincrals by way of the sheep could be met for the
whole Reserve by applyinyg each year a ccuple of tons ¢f ground limestone
and superphcsphate, a few baygs of muriate of Potash and 10 tons of Sulphate
of fimmonia.

However, as the input of rain-borne nutrients is greatly in excess of
this it can be argued that the amount removed by sheep is tco small to
consider.- This is not, however, to say that other biological effects of
sheep upon the distribution of nutrients over the fell as a whcle is
negligible. )

The third part <f my investigation is to show what happens in the
absence of grazing., In view of the long-~continued history of grazing,
removal of sheep is certain to produce relatively quick changes on the less
exposed grasslands. The more adverse the climatic concditions the less
spectacular will these changes be. Enclosure of ericaceous swards, where
the sheep pressure is-low, can not be expected to produce much measurable
change initially. Some 10 years age a variety of exclosures, each ncrmally
not less than 160 m, werce set up on selected sites at Mcor House. In time
these exclosures will provide our ungrazed control swards. A paper on the
first seven years of sheep exclosure from three high-level grasslands was
recently published. In this, cur conclusions were of an increase in the
amount of fine-leaved grass, especially Deschampsia flexuosa, and a general
decrease in the number of species. Most important probably was the sharp
fall in Juncus squarrosus, a rush whcse widespread occurrence in the north-
ern Pennines 1s largely related 0 sheepr grazing. Kowever, in our view,
the present build-up of undecaying vegetation in these exclosures is of
much greater interest.than .the passing floristic changes. iUnder conditions
of sheep grazing there-may be no accumulation of plant material on mineral
soils even witn rainfall above 70 inches a year. The fraction of dead
material in the herbage of grazed vegetaticn has not been found to alter
drastically during the summer. at the end of May, 46% of the vegetation
above 1 cm. of ground level may be sencscent and in September, 36%.

When dgrazing is removed the dead tissuc accumulates and the animals and
agencies involved in plant decomposition are unable to éeal with this
additional material. _ In time we shall see if this ccentinues and leads
to the development of a mecre acidic and uninteresting sward. This may
well occur on the previously close grazed limestone grasslands which are
cur most diverse habitats.

Lastly we need to investigate the effect of -different grazing regimes.
Mcor House is common land and any interference with the commoners rights of




grazing Va; its difficulties *dowever, 1 have Leen able. to compare different
grazing- systcms by using aCJO;nlng Felxs. ror example, last year on blanket
boyg we, Cov»;roo *‘l-year round Jr;Zlng of Lwo intensities, with the Moor
House” summer gr521ng regime. we'were able 'ty show biy differences in vege-
tation ané existing yrazing pressures. = In this case, the heavier continuous:”
grazing far from loeding te botanical impoverishment, rcsulted-in Jreater
variety, thou,h less Calluna, without affecting the bog surface. The
nractAcal methods of creating a sward tnat can be utilised to -the extent

of 1 hccn/? acres over the’ ycar’as agalnst 1 sheep/100 acres on 2 Moor

House Bog 'is important encugh to attempt experimentally.-

T would like to conclude by saying that in my view kill sheep farming

Aeed not be *ncompaLxhlL with conservation. So> often the first reaction

‘a conservartidnist is to éncluse the rarity, fencing apparéntly givirg
Lhe necess afy mystic protecticn. We nave had several instances-of this
in cur arca. An oxample is the rare saxifrage, Saexifraga hirculus, which
admittedly has its flowers grazed. An enclosure was set up and within a
matter of a few years the ungrazed flush vegetation quickly suppressed 1it;
it ig now éxtinguishedol Then there are alpine plants that grow in unstable
habitats wherde plant comﬁetition is low. Sheep by treading .often maintain-
these oyen'corditians ¢n slopes and their removal could- endanger the plant.
One specics I have in mind in'this context is Mycsotis alpestris. For the
conservation of a wide range of species it is desirable tc have areas grazed
and ungrazed, Usually these conditions exist in hill country. .1 believe
carcful trials with plants. under controlled conditions should pricede any

attompt to preserve the plant 1t 1ts own habitat.
. Y -~

. : _

To sum up, I am in the first place .attempiing to provide basic infor-
maticnof past and present urtllisation and procductivity of this upland arca.
We intend to measure the effect .that chanjes in management may have, and ‘1t
is in this ccntext that I believe it is ‘just as impcrtant tc have experiments
aimed ‘at creating conditicns that.we consider to be bad-as t¢ have trials cf
so-called improvement. - .

‘Finally, I would.emphasise that changes in scoil fert ility are usually
slow. and therefore difficult to measure. The recogniticn.of decline should
be Ly way of vegetaticn change for ‘although loss of animal productivity 1is
more obvidus, it denctes an advanced state of soil deterioration.
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DISCUSSION FOLLOWING MK. RAWES' PAPER

The effect on the ecosystem of burning Hecather and moorland grasslands
was commented upon by several speakers. In the west of Scotland excessive
burning of heather and excessive grazing by sheep led to severe erosion.
it Moor House, experiments had been laid down to measure the effect of
different regimes of burning on the soil and vegetation 2f selected areas.

Burning, sheep and grouvse were the important biotic factors on mocrlands
which greatly influenced the vegetation as a whole. At a lower level, changes
in intensity of any one c¢f these factors cculd be responsihle for the
eéracication or success of individual species of special conservation
interest. Mr. Rawes did not agree with the comment that there were no
examples where grazing had been used to meintain the conservatior interest.
Grazing was impcrtant in preventing tree regeneration in the Highlands
but there were good examples available at Moor House where grazing had
maintzined the interest in particular arecas. Myosotis alpestris was an

example of a species which benefited from heavy grazing and treading,
while Saxifraga hirculus had disappeared when enclosed.
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"THRIFPLOY GRGZING EXPERIMENT

G Crdm?tcn

For a full account of tris experiment the reader-is referred to the
1962 Handbook of the Cambridyeshire Naturalist Trust. In this account
I will concentratc cn scme of the difficultics we have encountered, and on

selected observations made over the past four years.

This experiment was rlanned by Dr. Walters with thc_limitéd aim of
learning something about the variatvion in tho numbers of Flowering
Dactylorchis under different forms of management; it is concerned with
acsthetics as well as with changes ir the numbers of flowers of this species
of orchid. It 1s not concerned with the survival of the species,

The.Nature_Conservancy gave a grant towards the setting up of the
experiment and I would like to take this opportunity of thanking Dr. Duffey,
Dr. Gecorge and Mr. Ducker for all their hely and interest,

anlthough the aims of the experiment are simple, the complicaticns of
beirg dependent on other people's livestock and machinery are not only
very time consuming, but have the added disadvantage of not being controllable.

Under the gencral heading of difficulties 1 weuld Ffirst like to discuss
the uneveness of the plovs or strips fur purposes of compariscn.  As you will
sce from the diagram {(Strip 1, 48%, Strip 2, 86%, Strip 3, 37%, Strip 4, 28%},
the percentage of arca in which the Dactylorchis are found in each strip and
the area over which Carex acutiformis is diminant, 1s very uneven. The
arrangement ¢f the strips was necessitated by the access arrarngements for
grazing.

Secondly quadrats should not adjcin fences. Despite 211 the exra
wiring around quadrats the animals lean over a goo¢ 5C cms. and graze the
contrcl or cut strip making it necessary to discard a third of each quadrat.,
Furthermore, a quadrat should not Se by a gate. The ponies in strip 1 are
fed twice a day by the owner and thcy stand by the gate waiting for this.
Heavy trampling has occurred in a quadrat rlaced there, and during the
vinter of 1964 vegetation in the quadrat was almost eradicated.

Thirdly, because cach strip is over an acre, the margin of error in
the annual count must be very great (usually counted ca 1 July). The method
of counting adopted 1s to assemble as many volunteers as pcssible in a
straight line at one end of a strip and to slowly walk across, counting all
the orchids between oneself and the next perscn of the left. Every 5
yards cr so the line comes te a halt and each counter given their tctal
to a teller whc is staadiag facing thom. Dr. Duffey has made the helpful
suggestion that cach person counting should held on To a knot in & long
rcpe which 1s knotted at regular intervals.

It is too early to come to any corclusicns abdout the results cbtained
s¢ far. No analysis has been made of the recordings 1ir: the quadrats and
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the orchid counts have nct been related to the fluctuations in the warter
table, climate or the grazing times. However, useful subjective observations
have been made, and are recorded below.

Grazing preferences: the cows when put in at the end of the year will
eat everything that is not prickly, except Juncus inflexus. | They will eat
Carex acutiformis. I have never seen the mares or yearlings, who were .
thoroughbred frabs, touch Carex acutiformis but on the other hand one of
the ponies (retired from the circus), will eat Carex acutiformis even when
there appears to be much better things on offer., Differences within a
species of animal must be taken into account, as well as bLetween different
species.

One of the factors we are interested in is the palatability of the
orchids. I have never seen any animal eat a Dactylorchis. It was
suggested that I try offering a bunch of Dactylorchis to the cows and
horses but I did not do this, It was also suggested that a trough be set
up with compartments filled with different species growing in the meadow
and observing which species were selected by the animals. This has not
becn done because of the danger of poisoning animals which were not owned
by'the Trust. We would be interested to hear if anycne has tried this
methoud, )

I have alrcady mentioned the trampling effect on one of the guadrats.
by the ponies during last winter. This is an important factor vhich
speakers have already referred to. I have rarely seen a trampled
Dactylorchis, but trampling has an important effect-on the taller herbs
and furthermorce the cows do flatten Carex acutiformis by lying on it (a
damp and cool area in summer?),

I would like to mention only two cf the measured results. Firstly,
the totals of the orchid counts.
% decrease

Strip 1661 1962 1963 1964 1963-64
1 1047 1516 2049 1222 40%
2 486 409 658 500 25%
3 693 - 498 309 40%
4 250 (vst.)716 1231 908 27%

There is a steady rise for three vears (at least in the grazed strips)
gnd then a tremendous arop. 1 would not like tc draw any conclusions
after only fqur years recording, as we know nothing about seasonal '
gluctuations cr the effect of the low water table of the past 3 years.

Secondly one of the measured effects in the control has been the advance
of 3%m. by Carex acutiformis into the permancnt Blysmus quadrat set up in
1958, In 1958 quadrat 1 contained 1 plant of C. acutiformis and 150 other
plants of 12 Qifferent species, In 1964, the same quadrat contains 52 plants
of Carex, and 2 plants of Equisetun palustre,and 1 plant of C. otrubae,
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Tne results obtained up to 'the present time indicate. that the orchids
'flowgr best in’the grazed strips. .Tt 1s sugjested that this may be because
grazing effectively reduces the shading from tall herks. /i second factor of
some importance is the wspalatability of the crchid to jrazing animals,

Dactylorchis usecd.to flower abuncantly when the rides in the osicrs
werc open but as they closcd cver the oréhids bocame paler and fewer and
now that the cancpy has cleosed-orchids are scarce, This suggests that
shading may be important in regulating the number of flewering specimens

£ Dactzlorchis. -

But the shadirg effect may not affect the survival of the species;
for exemple, my lawn adjcins these meadows and has been regularly mowed
since it was created thirty years ago. However, fwo,years 24o Lt was not
cut at’a critical tifme and .about thirty. flowering heads of Dactylorchis
were counted, which I_suspect-had buen present all the time.  Although
there has not been a comparable rate ol Increase in the numbers counted in
the strip cut annually, it may bo that cutting in kugust reduces their
vigour-but” this does not neccssarily mean thoir absence.,

This pilot trial has a life cf § yaars. With dniy CrRe more year to
go we are therefore bteginning to think about the design of a future
experiment in theé arca. One suggestion 1s to contair the managemernt
experiment in_much smaller units, all to be placed in Strip’2; firstly
for ease of management and secondly, for counting accuracy and most
important for uniformity of comparison. : :

We have recently -begun- two'*cther small trials.connected with the
flowering ¢f Dactylorchis.

(1) Following a suygestion made by Mr. ».E. Smith we rave cut twice
a year a plot 10 X 30 yards in an area comina-ed by Carex acutiformis to
see 1f biannual cutting will reduce or even climinato Carex. in the .
first year .there was. some sigr of diminished vigeur znd the bare earth
between the Carex plants was found to be more cor less completely colonised
by grasses and ecight species of dicotyledons. It will be interestiny
to see whether these ctlonisers can compete effectively with the cut
Carex, and whether there will be any orchids.

- -

(1I) The humen factor'has alsuv not been investigated and I have
therefore started a smell trial in whkich the flowering Dactylcrchis
are puiled by hand. ’ )

Palatability tests as cutlirned will have to be undertaken and there
-are many -long term effects stjill to be investigated.

" . .The effect of. a fluctuating water table and the manuring ‘effect of

iivestock are 'two aspects which' we hepe to study, in our investigations
- T . Lt - 1 - . R .

of the factors influencing the flowering™5f Dactylorchis,
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DISCUSSION FOLLOWING MrS. CROMPTON'S PAPER

Mr. Skellam thought that the fluctuations in the number of orchids
with time was probably related to the water table. From the little
evidence. available, it appeared that the number of orchids and the
water table were fluctuating in phase and it was suggested that this line
of investigation would be worthwhile following upe.

Comment was made 2n the fact that sheep, cattle, horses, rabbits
and hares ¢id not eat plants of Dactylorchis, although other species of
orchid are readily acceptable to the grazing animal. The reasons for
this need elucidating.
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GRAZING AND MOWING EXPERIMENTS ON CHALK GRASSLAND

T.C.E. Welis

1. Irtroduction

Chalk grassland is one of seven vegetation types discussed in an earlier
paper which 1s dependernt for its continued existence on the grazing animal.
Changes which occur in chalk grassland when the grazing animal is removed
have been documented by Tansley (1939) who describes the effect of excluding
rabbits and sheep from an arca of Zownland in Hampshire, ard mecre recently
Tnoras (1960, 1963) has described tre dramatic effect which the absence cf
rabbits hdas had on the flera of the chalk. In general, invasion by scrub
cccurs in the aksence of the grazing animal and there is arn upsurge in the
growth of all species with the result that competition for light becomes
intense and the lower growing species disappear and are replaced by more
vigorous species, such 2s Upright Brome Grass, Tor Grass, False (at Grass
and Cocksfootl. Tre cverall result of these changes 1o the conservationist
is a lowering of the biological interest, although it has been observed
that the rate of change in the vegetaticn in the absence of grazing varilies
from site to site, and is dependent on many factors of which scil depth,
aspect ard the presence of parent plants for invadirg species arc most
importart.

The Conservancy have 7 Reserves on the chalk containirg mcre than
1,000 acres of grasslard, while Naturalists' Trusts owr or lcase other
arcas of chalk grassiand. To manage these areas .successfully information
is required assessiny the effects of different management techrniques on
the floristic compositior ¢f these areas, and the purpose of this paper
is tc describe experiments that are being done, and tc suggest lires of
research which would provide the kind of informaticn that is required.
It might be thcught that the agricultural literature could provide many
of the answers, but unfortunately, most of the work in this country, 1in
which grazing and mowing experiments arc reported, Is related to sown leys,
and therc are few references te work on downland pasture. Excepticns
to this statement are papers by Warne (1934} Normar (1957) and Kydd (1964)
in which the effects of varicus cutting and grazing tieatments on the
ootanical composition of permanent downlang Fasture are reported, although it
should be noted that Norman anc Kydd's work was done on gyrasslard which was
grown on deep drift deposits overlyirng the chalk and tna:s their "permanent
downland” had been arable 30 years pPreviously. It is rot surprising then
that the floristic composition of the Srassiand Zn wrich they werked contained
nany species nut characteristic of chalk grassland, ard their results arc
onwy of limited value to the problem of chalk grassiand managemert.

2. Informaticn required for managing chalk grassland

(a) Grazing

(i) & comparison of the cffect of sheep and cattle
grazing on the structure and floristic composition
of chalk grassland;
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(i1) The effect of differnet intensities of sheep
and cattle grazing on the floristic composition
of the grasslend;

(ii1) 4 comparison of the effect of time of grazing
on the floristic and faunistic interest of chalk

grassland.

(iv) Thc effect of different breeds of sheep on the
botanicel composition of grassland.

(b) Mowing

(i) Effect of frequency of cutting cn floristic
composition.

(ii) Effect of time of year of cutting ¢n floristic
COmpoOSsSitiorn.

(iii) Effect of height cf cutting on floristic composition.
(¢) Burning
(i) Effect cof frequency of burning on the vegetation,
with particular reference to the spread of invading

specles such as Tor Grass.

(d) Individual Species

(1) The effect Qf the above management treatments on individual
species, particularly those of special conservation interest
e.d.- anémone pulsatilla, Sceseli libameétes, many orchid
species.

(11) A study of the biclojy of individual species.

(e) The rate of reversion of sown pastures and abandoned arable to
chalk grassland.

In an idealised situation, the manayement of chalk grassland Reserves
would be founded on ecological knowledge derived from experimentation. At
the present time, we €0 mot have this information, but experiments are being
done to provide some of the answers tc the questions cutlined above, and
the rest of this paper describes experiments that are being--done on chalk
grassland in socuth England. It is not possible to quote reéesults from
many of tnese experiments because none of them have beern down for more than
two years, but some of the long-term studies of changes in the vegetation
of the chalk, begun by Dr. Thumas and continued by the Conservaticon Research
Section are providing information on the rate of reversicn of sown pasture
to downland, and results from these ohservations are discussed later.
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3+ Experiments on tke Chalk.

The werk of the Conservation Research Section is concentrated on the
Barton Hills in Bedfordshire, 6 miles rorth of Luten and on the eastern
tip of the Chiltern Hills., This arca was chosen fcr detailed work on chalk
grassland problems because (i) it was the nearest extensive tract of chalk
grassland to Morks Weod, (ii) tne owner was willing for experiments to be
dcne on his lard, (iii) the Hills hacd been graze: by sheep fcr the previsus
ten years and the present-cay management provided an example of kow Bromus
erectus - dominatad grassland could be maraged to maintain the bicloygical
interest,

The ‘past history of the Hills has been investigated and is worth
relating in some detail as it illustrates the way in which the fluristic
interest in an area can be reyzived after a long period of reglect. The
steepness of the chalk slopes makes it unlikely that the Hills have ever
been ploughed and both the Tithe Award Map of 1778 and the Enclosure
Award Map of 1814 describe the Hiils as common grazing. Sheep have bheen
the main jrazing animal, and the rumber of sheep have fluctuated with
changes in agricultural prosperity. We know from the records of the
early Bedfordshire bctanists <hat although Bromus erectus was abundant
¢n the Hills 1n 1884 (Herb. Saunders, Luton Museum), a rich chalk flora
was also present and in an excursion made oy the Herts. Natural-Histcry
Society in 1892 to the arca, 7 specics of orchid were reccrded in addition
to Ancmone pulsatilla, Grazing of the Hills with Dorset Horn sheep
continued until 1920 when, because cf the Jeneral Jdepression in agri-
culture, sheep farming became uneconomic and was abandened on the chalk
in Bedfordshire. From 1930-4%, rabbits were the main crop cktained from
the Hills although sheep grazed there orn occasions. Nevertheless, nelither
rabbits nor sheep contrelled the spread of Hawthorn scrub ur the growth
of Bromus erectus and in the late 1940's, the vegetation was 2' - 3¢ deep,
with a deep layer of dcad ygrass leaves at the base. In 1954, the Hills
were reclaimed by the present tenant who burnt the dead vegetation at
Easter, cut down the scrub by hand and :ireated the cut stumps with an
arbericide, and from then until the present day, Border-Leicester x Cheviot
sheep, at a stucking rate of about 3 sheep per acre have grazed the Hills
for rine months of the year.

The Hills today are covered with a short, heavily jrazed turf in
which Bromus erectus is still the dominant, but its habit is more like
Festuca rubra thar the coarse tussocky hatit which one nermally associates
with Bromus in underygrazed yrassland. 49 species ¢f flowering plants
have becn recorded from one south-facing slope, inciuding species such
as feneciv integrifolius, anerene pulsatilla, Hippocresis cemosa and
Filipendula vulgaris. Despite 30 ycars of neglect, the potanical
interest of the area is as high as ever, and this point is further exempli-
fied by Ancmeone pulsatilla. The distribution ¢f this species in the arca
was mapped by Miss D. Mcyer in 1952 who found it at 5 stations cn the
Hills. This species was found at the same 5 stations last year while
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two new sites were discovered on the Hills, and although the ‘plants are
riot obvious because only a few flower in each year, they appear to be
capable of surviving in the vegetative state for long periods.

- v

s e A sheep and_rabbit-proof- exclosure.was erected in-1963 on the Barton
'Hills to study the effect of various cutting treatments on the floristic
composition of chalk grassland and to compare the effect of cutting with
sheep grazing,. i replicated experiment has been laid down within the
exclosure to investigate the effect of both time of year of cutting and
frequency of cutting on fleristics, but it is tco early to be able to

say much about the effect of specific treatments on the f_ora, although
several interesting cbservaticns have teen made within the exclosure during
the. flrst year.

:(ij Lnemonc pulsatilla-

Before the exclosure was erected in 1963, the rumber of Anemone plants
with flowers within the arca of the exaldsure was six. In 1964, as a.result
of removing grazing.for 9 months, 135 plants of which 100 had flowered were
observed and marked., -An area of 2qual size, outside the exclosure, wkich
had been grazed by sheep, yielded 5 plants in flower.

(i1) The biology of indivicual species requires study if the résults from
cutting and jrazing experiments are tc be explained fully, Species differ

in the time of year in which they produce leaves, inflorescences, set seed,
anc the effect of grazing or cutting at cne time- of. the year may be disastrous

.- for some species and.have no effect on.others. For example Cirsium acaulon

produces its. leaves at.the beginning of May and any cutting treatment .applied
before that date ooea not directly affect this species, although its com-
petitive relatlonsh1ps with other species which were defoliated will:have

been changed. Other species such as Centaurea nemoralis and Succisa pratensis
produce their leaves even later, while many. of the chalk grasses commence
growth ecarly on in the seasdn and are more affected by early defcliation.

'Knocking.ﬁbe'h. .R.}

(a) h second ‘exclosure was erected at Knocking Hoe in the summer of 1964
to investigate the effect of Time of year of cuttirng on the floristic com=-
position of the grassland, with specizal reference to the contrcl of Bromus
erectus. A split-plot cdesigr is being used in which the cut material is
removed from half the plots and on thé other-half: the cut material is
returned in & finely diviced fornm.

The effect of these treatments will be compared with grazed areas-
outside the exclosure. '

(b) The iutumn Ladies Tresses (Spiranthes spiralis) is one of a jroup of
orchlds whlrh is sald to fluctuate greatly in number from year tc year.
It occurs in abundance on the chalk at Knocking Hoe, Bedfordshire. advantage




has been takern of its abundance on a soutn-facing slcpe .to study changes
in the populaticn in relaticn to sheep and cattle grazing.,

Grazing Pressure No. of Ko. of Inflorescencies Fresent '63 Fresent '64

Plants Intact Bitten—cff nct '64 not '63
1963 Light,nu grazing 467 447 120°
in September.
1964 Heavier, grazed 482 217 95 140
in August and
Septrember.

In the twc years that this crchid species has been studied, there have
been no great changes in the tctal peopulaticn as has been reported for this
species in the past (Ferring 1956}, although internal ch“ngts in .the population
have occurred. From the management point of view, it wculd seem undesirable
tc yraze a Reserve where this species is of special interest during late
fugust and September, -but is is encouraging tc kpow: thaL more than ‘half the
plants which produced inflorescencies came to maturity and shed their seeds,
even though' grazing had bLeen heavy during the flevering scason. :

01d VWinchester Hill

.

-The effect of light winter grazing Ly Scuthdown ewes is being studied
on the south-facing slope below the Iron .ge Camp at Cld Wirchester Hlll.

Although the grazing is rcstr;cteu to thL winter months, and has usually
been for only cne month in the year distinct cifferences arc visible betwecn
the grazed and unyrazed areas. After eight years under this grazing regime,
nc -species is found in the yrazed area which does net cccur alsc in the
‘ungrazed. arca, but differences in the parformance ¢f species in the two areas
have been detected. Sheepis Fescue (Festuca ovina), Carratich Sedge (Carex
flacca) ard Salad Burnet (Pot;rlwmsungulsv ba) are more abundant in the
ungrazed paddock, while Meadow Oat Grass (Avena pratensis), Squinancy Wort
(fsperula cynanchica) 2nd Rough Hawkbit (Lecntodon hispidus)are more abundant
in the grazed paddeck. Mosses, especially Tseudoscleropodium purum are
more abundant'in the deeper turf of the ungrazed paddock.

_Liston Rowant

This experiment has-already been discussed in a previous paper by Mr.
woodman.

Crundale Down

Hany areas of chalk docwnland have heen ploughed up in the last 10 years
and sume have Leen sown with strains of cultivated grasses in an attempt to
increase production. iany of these areas have been put down to long leys
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and in the event of 2 change in agricultural practice, it is likely that

they will remain as grassland and will not be ploughec again. It is
important to have avallable information ‘concerning tke survival of chalk
grassland species in this grassland while the rate of reversion of sown
chalk pasture to downland is not known. To pruvide this information,

annual records of changes have been made in an area of dcwnland at Crundale,
Wye, Kent, which was ploughed in 1957, Before ploughing, Strawberry Down
was an old chalk pasture dominated by Festuca ovina and Brachypodium pinnatum
and contained many characteristic chalk speci-=s.,

The Down was ploughed in 1956 and reseedec with a mixture of:-

Lolium perenne

L. nultiflorum
Dactylis glomerata
Trifoliwr repens
T. pratense

Since 1957, until the present time, the Down has been grazed heavily by
sheep and cattle, and the turf has never been more than 2" high when visited
€each yaar in summer. A permanent transect was marked out by Dr. Thomas in
1956 and this has been recorded annually at the same season, using the
vertical point gquadrat. The following changes in the sward have occurred.

Lolium multiflorum disappeared after 1957 and Red Clover, which was never
very abundant rapidly decreased after 1958 and had also dlsappeared by
1960.

The three other sown species, Lolium perenne, Dactylis glomerata and
Trifoliwn repens have decreased in cover with time, but still make the
largest contribution %o the sward in terms of dry matter procduction.

The most successful invader intc the ley has been Agrostis stolconifera
which has increased in cover from 4% in 1956 to S0% in 1964. During the
last 5 years, 16 species which may be classified as weeds have been recorded,
but the contribution made to the sward by these species has been small.

13 species characteristic of chalk grassland have survived ploughing or
have invaded the ley from elsewhere, but none of these species are very
frequent, except Brachypodium pinnatum: this grass, a tough, unpalatable
perennial first appeared in 1960 and the tufts of yellow green leaves are
now scattered across the ley. Festuca ovina is also present and had a
cover of 11% in 1962, but the indications are that altnough the pasture
contains many species characteristic of chalk grassland, the-rate of
reversion is slow, and many of the more interesting species such as
Hippocrepis comcsa and anthyllis vulneraria are slow in recolonising the
sward. -

Cornclusion

Experimental work is being done which should provide information which




will be useful to those with responsibilities for managing Neture Reserves
on the chalk. However, many of the prcblems outlirned at the beginniny
of this paper are not being tackled because of lack of tire and staff,
‘and much remains tc be dorc.

Experiments in which sheep anc cattle are used demand a great deal
cf time and money, and many werkers (e.g. Hurley) feel that controled
experiments can o5nly be cone successfully on land attacked to experimental
staticns. Many of the Rreserves in England are t.o small for use, both
by the public and research workers, especially when grazirg animals are
being used. in experiments and it is suggested that consideration should be
given to purchasing an area of land which should include a farm which could
be used solely for management experiments.
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RESEARCH TN PROGRESS ON THE RESERVES ON
THE CHALK IN SOUTH-EAST REGION

P.h. Ga!

All the research on grasslands in progress in the Region is specifically
designed to provide information to help in managing the Reserves.

Wye and Crundale Dcowns

(1) Randomised blcck experiment to determine the effect
Of cutting season and height cn the sward composition
and especially on the control of Brachypodium pinnatum
which is a problem on the Reserve and widely on the
Bowns in the S.E. Reyion.

{2) Plot trial on the mode cf action of burning in its
effect on Brachypodium pinnatum.

{3) Documentation of the voluntary grazing pattern of
stock.

(4) Randomised block experiment on the build up and
breakdown of litter of Brachypodium pinnatum, the
effect of cutting season on the lay of grassland
regrowth and on subsequent annual growth increment.

Lullington Heath

(5) Field trial on the effect of mcwing season on the
rehabilitation of chalk heath on former areas of
dense gorse scrub.

{6) Plot trial on effect of mowing on maintenance of
existing chalk heath.

(7) as for (4) but on Agrostis stolonifera. This
experiment supersedes a randomised block experiment
on the effect of cutting season on the annual growth
increment.

Kingley Vale

(8) as for (4) but on Bromus erectus.

Knocking Hoe

(9) As for (3)

(10} On all the above Reserves cbservations are in progress cn
the year to year persistence of several species which it is
important should be cornserved. These observations so far
are confined to finding the base level of the pcpulation as
a preliminary to determining the effect of certain manayement
treatments.
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wWherever appropriate photographic records are taken to augment
other forms of record of the results.of the ahove research,
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GENERAL DISCUSSION .ND SUMMING UP 4T THE END OF THE SYMPOSIUM

Dr. Mellanby, in his summing up, vutlincd the need for grazing on
reserves and suggesied that two quite cdifferent approaches could be made
which used together would provide the sort of information recquired for
managing grassland reserves.

. Careful experimentation, using standard statistical techniques was
likely tc yield the most useful information, but unfortunately neither
staff nor financial resources were sufficient for carrying out the large
nunber cf experiments cn a range of vegetation types which required study.

At the same time, Reserves had to be menaged, and useful work could
be done by testing different management techniques on small parts of
rescrves which were representative of lerger areas of similar vegetation.

Other methods of controlling vegetation, such as burning and mowing,
should be considered as alternatives to grazing, especially cn land which
was not too steep te preclude the use of machinery. Special attention
should be given to comparing the effect of different types of livestock
and mechanical means cf control, on the botanical composition 4f grassland.

Mr. Skellam mace the plea that in all long term experiments which
were likely to involve many peosple, the whole aims, terms of reference,
and division of responsibilities should be clearly defined and stated
in writing. It was suggestced that e Freforma for each experiment
shoulc be complered and depesited with the Biometrics Section. It was
stronjly recommended that before large scale experiments were done using
animals, small pilot trials should be made.

Dr. Duffey thcught that we had to be certein about what we were
actually trying te conserve. Different typecs of grassiond required
differcnt management technigques and cach site would have te be consicdered
seperately, althcugh gyeneral principles would cvolve which could be applied
to problems in general.

Flexible systems of management using animals not owned by the
Conservancy had not been successful in the past, and it was essential
for experimental purposes th2t animals were purchased by the Conservancy.

Dr. Frazer noted that some form of grezing was necessary to maintian
the botanical and entomological interest of chalk grassland. He suggested
that a committec should be formed to investigate the possibility of
using a large flock of shecp for managing grassland on reserves owned
by the Conservancy and Naturalists' Trusts.
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DISCUSSION FOLLOWING FPAPERS BY MR. WELLS AND DR. GAY.

Mr. Thompson mentioned that he had cobserved specimens of Orchis Fuchsii
in Monks Wood in which the inflorescences had been bitten off and left on
the ground beside the plant. in details, this agreed with what Mr. Wells
had described at Knocking Hoe for Spiranthes spiralis and it would be
useful to know whether rabbits or sluygs were the responsible animal.

Dr. Perring thought it impurtant to know if burning & grassland
occasionally could result in the spread of 3rachypodiuwm pinnatum, or
whether annual burning was necessary for its spread. At Wye and Cruncale
Down, burning fcllowed by grazing had improved the turf.

Mr. Ccllier thcought that too much attention was belng given to studies
on the rarities of chalk ygrassland and that more work should be done on
the commcn species. This was gererally agreed to be desirable although
it was ncted that rare species were often of national importence and merited
speciel attention,
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