e

The behavionr of Scottish Blaekfaee'sheep .

and their prefereneeslror different swards,

ag obgerved on a hill pasture in South-Hast
Seotland.

Submitted as a Thesis for the Degree of PheDs
of Edintargh University “

by
R. Po Hunter B, Sc.

Y 95




viedzements

The writer is indebted to Professor S.d.
Wataon end Kr. R.G. Heddle for their

adviee and eneouragement, to Lord Wanitburgh
for permission to pursue this study at
Overshiels, to the stafl of the Advisory
Botany Department, Edinburgh and Hest of
Scotland College of Agriculture for |
teehnical assistance and to Kr. L. Coltherd,
shepherd at Overshicls, for his hospitality
and help.




e

Introduction
Review of Literature

b) Botenieal analysis,

¢) Instrument for reeording the losation
of grazing sheep.

(@) Making the vegetation map and recording
graging-sheep-locations,

Da
a) Reduction of the data and 1ts use,
b) Factors arffecting the comparative grazing
intensity.

(e) Heteorologiecal Data.

Bracken sward
Area 23 and the Flush Area,
Hardis swards ¥

Young heather,

01ld heather,

Lea heather,

Winter and summer comparative grazing
intensities on different types of heather swan
Draw moss

Burnt heather

Holinia sward.
Comparison among swards,

b) The behaviour of hill sheep

¢) The relation of hill sheep behaviour to

helminthiasis and tiex (;;ggg%_ﬁiagggg)
' niestation.

R rence

Annendices - -
A) Botaniecal analyse
;B; Heteorological data
C) List of species mentioned in the text with

their synonyms,

The maps will be found in the folder at the back
of the volume,

e

1-2

4~18

19-21
22-24

25-28
28-29

30-32
33-40

4048
4855
55-57
57-61
61-67
67-70

70-73
T3=T76
76=77
77=-81
81-82

83-88

89-92
92-98

98-100



TIrnE

2 AT

of sward, the grazing sheep having a choice amonz the

Their degree of preference for the swards, and t..e

ner and eauce of its seasonal variation were
tadieds A review of the literature is given.

The meterial and methods used in the etudy are

described, the latter invelving direct odservation

of the munber of grazing sheep per unit areas of

swards. Observations were made on 76 days, over a

period of 25 eonsecutive months, 10,060 grazing-

gheep=locations being recorded.

In the 76-acre orea ohserved, the following

smarﬁs occurred:- nardus, molinia, {lush grasas+,

grogtis-feseune, hrneken-iafestaﬂnagrostla, barnt,
Eld, young and lea heather, and draw mose. The
Eheep showed marked preferences among the swards and
the order and degree of these varied sessonally.

The reasonc for this, and their long-tem
ffects on the ecology of hill pastures, are
Eiecussed.

A preview of the literature on animal behavionr,
with partieular reference to that of sheep, is givens
$ As used here the tern 'flush grass' refers .

to an agrostis-fescue sward growing near springs

and thus subject tn periodic irrigation by water
rich in bhasés.

Hill sheep pasture is ocmpgsed of different types

Ne




The dlurnal, and seasonal ehanges in certain
aspeets of hill sheep behavionr arve deseribed
and disecussed. A note is made on the relationship
of hill sheep behaviour $0 helminthiasis and siek |

infestation,
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INTRODICTTON

The menegement of hill pasturves is
characteriéed by many dletinctive features. One
of these is that the sheep have a cholee among
ﬁiffereni types of swards

The degree of preference the sheep have for
the different swards, the manner and cause of 1tas
seasonal variastion, its relation %o the
management, and 1ts long-term effects on the
‘ecology and vegetation of hill pasitures are the
subjects of this studye

The degree of prefevcnce the sheepn have for
particular svards, is a meascure, although both
indireed and inexaect,; of the gragzing value of

these swardse
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TVIEY of LITERATIR

There 1ie little data on the yield of hill
pasture swards, What there is enmes mainly from
the workers of the Welsh Plant Breeding Station,
and derives from their studies ori the irmprovement
of hill pasture,
| The figures given in Table 1 are the yields
of the eontrol plots used in their experiments.
As a reservation, it should be noted that the
method of measuring the yield of a sward affects
the yield, and that wide differences can oeccupr
between pastures of tiwe same botanieal eomposition.
Nevertheless, these figures show a clear superiority
of agrostia pasture over fescue and of feccue over
'moliniae To generalise the results, and only
wide generalisations ave possible, molinia yields
500-1000, rassdue arowmnd 1,000 and agrostis fyom
1,000 to 2,000 1bs /De}Me/ scre. Under manurial
treatinent and improved mansgement these figures
are eompletely eltered. The values prescnted here
are thoacht to represent the prodiction of these
swards under typical hill sheep farming eonditions.

Stapledon & Thomas (1) fownd the distritution
of the yield of uplend pasture to be sharply
contrasted to that of lowland. It was mieh later,
‘reaching maximum productivity in July and also
prodicing e smeller proportion of its yield in/
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H
o b o W o
A o BEr ¢ 3 iy 9
0] ‘ﬁ_ ' * (1] (4]
& @ 1 5 AE - 3 :
‘3 3 o, Kegok 8 :
@ a 3 E eSS o I’ @ E.
g o 2T & .
‘E o E & = ®
LD, n" =
olinia on peat| 3 |[504 gms. D.M./L sq.yés. 1351 Cut with sheep shears, plots = 4 &3.7@s. | 4 |YHo grazing
i = 3.76 2 cuts seascn 1931, 3 cuts in 1932 and
2933
Molinia on peat| 1 |[8.% ewt (= 100 1bs.) 722 Triplicate plots cut monthly, iay lst = |1 |Ho grazing
air @ried fodder/acre October 30th, with sheep sheers, 1
¥olinia 3 19,9 ewt (= 100 1bs.) 851 Yield = D,¥, before less I,i, after 2 |Over period of yearsy
air édried folderfacre grazing graging increases the -
yield of the control plots.
Yield in first year of ex-
periment uged in calculation
Molinia 2 |8.5 cwt (= 100 1bs.) 731 One 6°x6" plot cut with sheep shears 3 |No grazing
air dried focder/acre monthly lst Mey-October. Winter
_ growth alloved to accumnulate,
Pestuca 2 |90 cut* * . T4 As already given for this reference 1
Festuca 1 11.2 cwt® " » 963 " L] " ] ] L]
Pestuca= 3 20.3‘ cwt” * . 1745 . " - » » . 2 |The high yield in this case
agrostis is éue, in the author's
* g opinion, to the effect of
prazing
Pestuca- 3 |20,Bewt* * 0 * 1789 » . s % = " 2| = ® ‘e =» @
agrostis :
Agrostise 2 |33.20m * - 1135 i - b = L » 1l
fescue
Agrostis 2 |16.5 cwt* * . 1419 - % " % . » 1




ntere. Nilton (2) states that both fescue-
groatis and molinia pasture gave H50Z of their
&ay-&aptemher vield in Mly-August and only 317
in May-Junee The winter yleld (November-April),
g8 a percentage of the total, was below 127 in all
cases, Devies and Joneas (3) write that the uplend
Fescus-agrostis pasture made "really active growth
enly during May-June-July” while winter growth
[ November-April) wee 57 of the tatal growthe

The rate of protein prodiactisn reaches its

meximum late in summer. Gregor, Wateon & Comnel (5)
ije the followlng reanltBie

postia nasture)

(adapted from Gregor, Watson & Connel)
15th April  5th June 20th July 27th August
518 89 100 73
o data for the yield of other tynes of graminaceous
hill pasture are known.
The yield of heanther is examined by Thomas
& Dougall (18), but the data they give for the

41@1& of heather of different ages cannot be
éeealculated to give a Tigure for anmal pﬁoduction.
!n aseessing the yield of edible materiasl from
jeather a problem srises, The manner in whieh the

gheep graze the plant is not yet clear, end the/




Oe
sampling of heather, to lmitate selective sheen
erazing, has become almost a study in 1tself (6 & 7)e
| Alr-dried edible materiel varied from 3,542 1,
/acre for heather three years after burning, ¢o
4,133 1b, Jacre nine years after burning (8), the

|
!

rate of anaual producstion (= the retio edible ;
haterials gross welghld) being hichest three yoars |
Fftar barnings Thomas and Dougall give the fallowing;
table on the yield of emde protein ete.
ield of emde mrotel n b

Interval sinee burning 3 yrs. 5 yre. 7 yre. 9 yre.

Crade protein - 238e9 28le7 35742 31041
P205 10.7 Ded  12:90 106
Can ?.-00 a8 22. 1 2’6. T 25- 1

! A mrher of workers have chemleally analysed

ﬁe?tain hill plants, The prineipal workew, and
%ublisher of the moat recent papers is Thones.

fie reviews the work of earlier workens on the
&hemical eonposition of hill plants - Kineh (9),
?agan (10), and Louder & Comrie (11), and also
liscusses the obserwations on the grazing velue of
$articular hill plants mnde by Stapledon (12),
inton (13), end Wallace {(14). The literature on

eather has been reviewed by Lemont (18),

—— g

Mueh of Thomas's work has deal$ with heather,
1t is to him we owe most of our knowledge of

K

he graging value of the plants In 8 series of
papers (15, 16, 17, and 8) he hae desnlt with the /

T -
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effects of age and season on its yield and
chemieal eompositinnme

The value of heather declines with fge =
'nitmgen, silica~free ash, Cad and P205 decreasing
while the ether extraed increases. The low mineral
eontent is offset by the faet that heather is rich
in ivon, manganese, eopper and cohalts Copper
and ecobalt deficlieney in sheep give rise to
sway-baék and pining vespectively; Iiron deficiency
regulte in anesemia while the significance of
manganese in the matrition of the sheep is not yet
fully understood. The mitritional value of the
minevel content of heather is thevefore obviouss .
The value of heather is at its highest during the
early sumer, at whieh time the erude protein
approaches 107 of the DelMs, and is 2% its lowent
during the winter. As the heathey ages the summers
winter voeviation in chemical composition beeomes.
very esmalle Thorgs coneludes that heather, Indged
on it DeMe produetion, on its valune as a winter
food; end es a source of minerals, s a valua‘hia
plant on hill grazings.

In addition ta the work on heather; Thomas
ian& his zesoeiates have puhliished chemical
analyses and observations on the grasing valuve of
molinia (19), drew moss (20), blaeberry (21),
stool bent (22) and & paper on the ash components /




Be
of molinia, decr hair; bhlacherry, white bhent and |
agtool bent (23)

Molinla has by 26th April a high protein
eontent reaching 19,267 crude protein in the D.i,
(30) but, in the present writer's experience, it is
the middle of Hay before mich growth is made. When
=1t flowers in late July ovr eerly August the feeding
ivalue deelines sharply and after August 4t suffers
enotheyr gharpy declings AT ifs best molinla is
eomparable to any other grass, Mt its period of
high value lasts for only three months. The ealeium
Gontent is low, according to Thomes,; a finding
eonfirmed by the analyses of Evens (25) and Davies
(26). The grass, being deeiducus, is useleas in
winter, a very sitrong argument ageinst its being
of wvalue on the hili,

Draw monse is shown 0 have a high nitrogen
eontent as esrly as the 5th of April (31.79%
crude protein in the DeMs of the sealllon), this,
end ite high phosphorue eontent, iz the rveason for
the plant's value in early epring. (20) Thomse
sugpests that on heather moors draw mocs 18
mitritionally eomplementary to the phosphoruge
deficient heather,

On the value of blaeberry the opinion of the
varinus authorities is ﬁt varisnce, some gquestioning

if the plant is eaten by sheep, Tvibe (24) vecords /
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Pt as being eaten, and. the writer noted that it wos
eaten during snow periods, when the plant, bresking
through the snow cover, was readlly svailahle,
Thomas's chemical analysis points to its having a
substantial fecding value at all times of the year,
A high phopphorus conltent givee it a qualitative
kalue. while 1% also eontains a substantial
proportion of ealeium, ag do the other Ericaceae
found on the hille The Gramineae found on the

5111 tend to he defielent in this mineral,

Stocl bent, while having no specific gualitative
value, is acsessed by Thomses as follows:

"As a quantitative supplement at opporiune
times and under clearly defined cireumstances €.
on wnlte land pasture ¢iring winter and on heather
noonys after burming, stool bent is of cansiﬁérable
value to the hill farmer,®

Deer hair has its higheat feeding value in the

arly spring and may be a substitute for drsw moca

27)e TNetween April end Septenber the value deelinesd

e plent is not greatly favoured by sheep, though
Tr&he records 1t es being eaten (24)s
In nardus both the ealeium snd copper content
re low while the siliea content is high, a fact
ieh is perhaps related to the unpalatability of
he grass. Thomas sugzesta that in pining areas,
(his analytieal sample wes from an arca not affected |

N
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by pining) the eobalt content may also be low, and
the low mineral eontent of nardus may thus account
for the prevalence of pining in white land areas,
Pagen & Watkins (10) have published chemical
enalyses of herds not dealt with by Thomag.
Included in their asnalyses are typical hill pasture

epecies such as yarrow, wond rash, wild pansy,
Potentilla erects, Yeronica officinalia, sorrel,
éself heal, Carex B8nn., Juneus eamrmmis, ragwort,
Plantagy leneeolats, Erica tetmalix, gorce, dalsy,
lRa_ ulus renens, Honoehoerls radicada and bog

agphodels Except for wood rush and deer helr,

the analyses were done cn samples taken on one date
onlye In general they £ind the herbs, and in
particnlsr thelir leaves, to he rich in erude protein
and mineralse

The mineral status of hill pastures has becen
etudied by Elliot ety ale (23)s 1ill vegetation

ag found to be poorer in slliea-free ash while

the ealorifie value was almost identiesl and the
nitrogen content slightly inferior. The writers
note that sheep, where they have a cholece, graze
the epecies whiech are richest in minerals. It is
no doubt true, that the species not favoured by

heep have a poorer mineral content than those
avoured, hut it 1s almost impossible to measure

he degree of inferiority, To do eo, the analytical
ample woild have to he tmly vepresentative of the /
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sheep's dlet, and it is the nature of this dlet whieh
was, and remains, a prohlem.

The work of Orr and Frazer (29) has shown that
on one hill pasture, and presumably on many, where
lanhing and live weight increasses were poor, it
iz not mineral deficiency mt simply'atarvation that
iz the causes Indeed, most hill sheep lose weight

in the period Hovember-Xay because of starvetion,

and begin to regain weight from May onwerds. (30).

| Perhaps the greatest need in hill sheep farming
researeh is for the study of the relationship
between pasture type and animel nerlformance. The
very nature of hill grazing makes this a @i£7ieult
task and 1t ie due to Peart's use of n natarally
pecuring "experimental desipgn® that we have the

pnly published comparison between live welight
increases in lambs on heather and grass swards. (31).
Peart fonnd that heather gave a significantly
greater dally live weich$ gain bhetwesn lambing,

(8th April-l15th ¥ay) and 4th June. The position was
reversed in tnhe period 4th June t5 4th July and

ubsequent to 4th July the difference hetween live
eight gaine was no longer signifieante At the
inal welghing on 25th August the lambe on heather
nd grass showed an av-rage goin in weight of 81,471b,
61.971b. respeetively, the diference heing -
naignificonts Peart gives no data on tue change
nvelght of the ewess  The live weight increase /
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of the lanbs represcnts & gain Der acre of 7376 1b.

for heather and 7436 1be for grass in the period

fipom 1amh1ng until 28¢h M._gua_ta
; Tiﬁe ditfienlties of econdueting experiments to
:mlate hill rasture swards o aﬁamﬂl performeonece

has forced at least one inveatigamé o gporoach

the problem in an indireet manners Boulet (32)
based his wovrk on the faect that there is a high
eorreiation between the palatabili'ﬁy and nutritional
value of pasture.He observed, over & pericd of 15
months, on pastures where the sheep had a ehoice
armong differeal swards, the nurber of sheep per

anit avea of svard. He then caleniated comparative
graging intensitles, (the ratio between munber of
grazging sheen end unit avea of sward) whieh are
presumed o veflect the valne of the sward. Boulet
makes the point that, as differend swards ere either.
PV E P zﬁm wnder-grazed, there is therefore no direct
relationship between eomparative gresing inteneity
bnd produgdivitye The following table iz taken from

his thesisa

Pagtu Comnn g $1 057 hens
Drained Penme LEY. 00
Agrostis 43
Festuen 33
Undralned Termpe Ley a7
Festuea (grazed)-heasther 28
Fegtuea-Nardus 18
Agrostiselardus-4nolinia 18
Featuca-fern i
Nardua-lolinis - 17
Wet Molinia Y 4

Tall Hesther B
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If we ignore the dralned temporary ley, as not
being quite typieal of hill pasturea, agrostie is
then the hest type, with festues and festuca (grezed)
~heathor second egusle Boulet's elacscification
"festuca (grazed)-heather" is probadbly vhet we in
Seotland eall "les heather,” With the entrance of
nardus or molinia there is & sharn deeline in
eomparative grazing intensity as there is when festuaa
is inveded by fern (bracien)s Wet molinia (molinia
bog?) end tall heather are the inferior types with
e very mach lower comparative graszing intensity
than egrostis and festuca. Doulet noted o wide
variation in the comraretive grazing ianteusity on

aifferent areas of heather, Thie was also noted in

the present atndys
E Bonlet doees not discuss in greet detail seassnal
bhanges in the comparative grazing intensity of
piffarent swarés, but he remarke that, "Pestues,
ﬁarﬂus and tall heather were grazed more during the
' nter” and aleo, "Molinia wsuld be of speceial value
n Jul; end Augist, eotton grass in febrmaary and
rei, and the fern area (i.e. the grass sward formed
ander the fern cover) more grazed from Oetober
pawards, wet molinia end tall heather in Pfebruary
and liareh and the night camping area Crom Octobep
onwards, " |
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Eaeh of the pastures studied by Boulet gontained
one award whieh had a meh highep eomparative grasing
intensity than all the others. This wes eithepy a
temporary ley or an agrostis swards The reiation
between thece superior swards, end the other swards
on the pestures, isc broadly similay in all eases.
At some time in the perdod Hareh-Nay the

eomparative grazing intensity on thae superior swards

ﬂs marikedly greater than on the other swards, and it
graduall; declines throughouts the yesr until it

Fezches 1ts lowest value in the neriod Jenuapye

febmery, This is followed Dy a very steen increase
%o the pealk values o the period laren-laye
| Though there ave very great ddfferences among'
Lhe comparative grazing intensities of the inferiop
warda, they are, in sum, complementary o the
ariation in eomparative grazing intennity found on
he superior swarde Low in the period Moreh-lay,
+hey gradually increase %0 a maximum in the months
ﬁf January-lehmoary,

The prezent writer's explanaticn AL this nrocess
8 a8 follows, At the beginning of Mareh the
voilable grazing is at o minirmm, snd the sheen
Ignaantrate on those ewvards whers growth is

ginning: thie ia on the superior swards, As

e

he season advances, end other growth beeonmes /
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{available, €.ge on heather and molinia swards, the
sheep are attracted away from the superior sward,
and its comparative grazing intensity deelines. In

the months January-February the secarveity of grazing

forces the sheep to search all the swards for
!foggage or ény green bite. At this period the
comparative grazing intensity on Fhe inferior
swards lncreases. With the beginning of spring
growth the process is repeated.

Stapledon (12) arranges the major hill species

§omitting heather) in the following order of grazing

values
grass - Agrostis (various species)
grass - Sheep's Fescue
NON~Erass - Cotton Grass
grass - Holinia

non-grass -  Heath Rush (because winter green)

NON~Erass Deer Hair

grass - Nardus

e puts egrostis and sheep's fescue in the same

9rder as does Boulet, and he places a high value on

1

gotton gresse Both Boulet and Stapledon judge nardus
%o have the least grazing value, Stapledon placing

Ity

© below deer hair,

Tribe, (24) by close observation of the grazing
gheep, determined that they greze heather, draw moss,
deer hair, blaeberry, stool bent, molinia, nardus,

sweet vernal grass, and Deschampsia caespitosa,
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In winter, heather, blaeberry and Desehampnsia
caesnitosa were grazed, and stool bent when the
ground was free of snows Draw mose came into use in
Jamiary and Februaryf In late spring and summer
ithe fescues were ravbured. Nardus was grazed from
April until Augnet or September. This swmer use
of nardus is an exceptional observation, as all
other writers found it to be o grass whose use was
restricted to early spring.

Teibe notes that the diet of the sheep will
be affected by the location of grazing. Yhen the
sheep are on the high ground their diet will be

| peatricted to those plants whieh occur on the high

ground, and a simileor restriction takes place when
they are on the low groands The location of
grazing is determined by the weather. Tribe did
nnt note a seasonal chonge in the loeation of
grazing (yide infra).

His findings on the behaviour of the sheep
tally very elosel& with those of Boulet (32). The
sheep graze the coarcer types of vegetation at
either end of the day and the finer types in the
middle. The ecosraser vegetation is grazed t» a
greater extent when it is wet with dew or rain.

Milton (33) has studied the palatability of
hill plants by comparing the relative amounts
eaten with the relative amounts present in a hill

rasture., He essessed their palatability in two /
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‘periods of the yesr, the winter period (October -
Mareh) and the summer perind (April-September).

All the plants were graged, to some extent, in
the winter, while at the same time there were great

differences in palatablility. Those plants, which

'were relatively unpalatable in winter, were of
igreater unpalatability in swmers This, Milton
|concluﬂes. is due to the greater availability of
food in the suwmmer allowin, the sheep to exercise
greater selectivity, and corresponds to Boulet's
findings on seasonal changes in the comparative
grazing intensity,

| The speeies he studied fall into the following
order of palatability in the winter and suwmer
periods, ‘The table is adapted from Milton.

Snecies ginter veriod gumer period

Anthoxanthum odoratum 3 1
Triodia decumbens 2 2
Agrostis s8on. 3 8
Festuca BpDe. 4 2
Carex Sohe : 5 3
JUNCUS squarrosnus 6 4
Inzula earmestria 7 T
Vaceininm myrtilius 8 13
Nardias stricta ' 9 10
um saxatile 10 11
Potentilla erecta 11 12
Inzula maxima 12 -
Calluna and Briea snp. 13 14
lolinia eserulea vam 6
cirms caesnitosus e 5

The major change between the winter and swuner

periods is the displacement of Agrostis and Featuca /
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sppe from 3rd and 4th place to 8th and Sth. Carex

Bppe maintain their high winter palatability and
hove from 65th to 3rd place while Juneus sauarrosus
movee from 6th to 4th place.

‘ ¥ilton's results indicate thet the better

Fpeaiea. e.Zs Agrostis and ?eatuoa 8DPe » Are grazed
more intensively in winter. He found that heather,
Pf very low paletabllity in winter, was not grazed
in summer, a rather unusual observation.

? Our understanding of meny of the problems of
111l pastures is almost negligibles In the fields
bf pasture improvenent, the ecology of hill
|egetatien, and the chemical composition of hill
lants, considerable work has been done. But we
#now exceedingly little about the relation between
ﬁill pasture conditions and the performance of hill
sheep, or abont the manner in which sheep "work"
%heir ground. )

A knowledge of the e¢hemical composition of a
pecles is of limited value when we do not know

It whatl season, and to what extent, the sheep eat it.

/" A partial answer t» this last prbblem can be

éot from a study of the behaviour of the sheep
+owards the various types of hill pastufe award,
eh a study sho:ld determine at what season of the
ear they are grazed by the sheep and what degree
T preference the sheep exereise among themﬂ/ This

8 the essence of Boulet's study as it is of this.
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AATT T 3
Various methods have been used to determine

the qualitetive composition of the hill sheep's diets
| Tribve, using binoeulars, approached as near as
poaaible to the grazing sheep, and having noted the
plant which hed been grazed, went forward and
identified 1t.

Hilton, from the appearance of the plant,

estimated if it had been graszed (33).
| Other workers have studied, and are studying,
ﬁhe qualitetive composition of the diet by
#dentifying the plant remains in the rumen and
Iaeoes (34 & 35)e This last method may prove
Eatisfaotory in determining the qualitative
composition of the diet, but its use in the
#letemumtion of the quantitative composition
Eppeara unlikely, as so. far it has proved impossible
io relate rumen analyses t» a diet of known
quantitative composition (35).
| Thene methods are used in determining the
gpecies eaten by hill sheep., An alternative
pproach, that used by Boulet, ignores the
etermination of the particular species eaten and
tudies the prefercnces of the sheep for different
lant corrmnities or swards, Thé prefercences of

he sheep for the different swards are measured

e

y the comparative densities of grazing sheep on a
Init area of themes While swards do not have the /

=
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degree of individuality possessed by specles,

\they are, nevertheless, clearly defined units of
Evagetation, not merely eonvenient artifieial
eclassifications, and are valid objects of study.

A hill pasture suitable for this observational
work has to satisfy the following eonditionss I%

sho:ld eontain a number of sward types and the areas

they occupy should be sharply demarcateds There
\should be very 1ittle "dead ground" and the pasture
'should be over-looked by & high vantage point lying
iin close proximity.

A suitable pasture was found at Overshiels
Farm, Fountainhall, Midlothian, belonging to Lord
Whitburghe. (See Ordnance Survey, 1908,
Edinburghshire, Sheet XX111, S.W.) Hap No. 1 shows
the area obgerved, the site of the ohservation hut,
and the vegetation of the ares, Because of the lie
of the land, and the difficulties encountered in
obgervation on the many days of mist and rain,
the observed area was restrieted to approximately
76 amcress This arves of 76 acres forms part of
that grazed by a four-score heft of Scottish
Blackface sheep, & bhound heft of breeding ewes in
regular ages, called the Hiddle Cuts The area
grazed by the heft is also drawn,

It will be noted that the ohserved area is
only part of the area grazed by the hefts In
practice thie meant that on some days all 80 sheep /
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would be in the observed sreas on other days the
nmmbers would he fewer or pernaps there would be
none.

The vegetation map of the area grazed by the
#iddle Cut was complled from direct observaiion
and by the use of aerial photographss

Por the vegetation of the ohserved area see
Map Nos. 2 Thie is inserted loose at the back of
the volume to allow the reader %o place it in

front of him and refer to it while rveading the text.
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BOTATICAT ANMALYSIS
The specifie fremiency method (37) was used in

- |the analyeis of the swards. The design of the
quadrat used is illustrated below,

| Aluminium L bar

I * 25 cms 4 /
&

Guad, A = 25 Bg. cms,
Quad., B Quad, B = area lying inside
A aluminium bar =
5 cmsy ' 625| sq. cms.
3 =0 Copper wire

Quad, 5 cms

| From data presented by ansther writer, 23

éaq, ems, and 625 s8qe cmSe appear %o be suiitable
éq:a.aé%new. sizes for use in the snalysis of grass and
heather swards respectively (38)s The gquadrat was
‘thrown 20 times at random in esch area of sward
%mlysed. These sreas are shown in map Noe 4

EOn the grass swards two records were made at eaeh
:tlm. the occurrence of species in quadrats A and
Be If a epecies occurs in quadrat A it naturally
occurs in quadrat B.. A species was sald %5 occur
;when any part of it lay within the area of the
}:pxadmt. In the analysis of the heather swards

a record was made only of the species occurring /

|.
}
]
]
i
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in quadrat Be

Thic method of analysis does not indicate the
ground-cover afforded by any species nor its
contribution to the D.H, yield of the sward.
It is not therefore o grazier's analysis, or
evaluation, of e sward, and in the description of
graging characteristics has to be used with
diseretion. An exemple of this is the occurrence
of molinia in molinia bog and in heather. In the
first case molinia is the dominant species in the
sward, in the second case it is not dominant but
oecurs as an even dlspersion of a few molinia shootsy
In hoth eases; however, its frequence is 1009,

Any species could occcur l-80 times in the
analysis of an area, The actual scores were grouped
in the following elasces,

Score

occgrg in large quadrat only
58
912

15«16

17-80

i
2
3
&
5

#In the analysis of the gracs swards a species

which oceurred only in the large quadrat, quadrat B,
was placed in the trace clasa. The trace elass does
not appear in the analysis of the heather areas,
Trace species help to define the ecommnity botanieall
but ds not greatly influenge the grazing value of a
swards

9
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In reading the date it should be remenbered
that the relsationship hetween Lreguency and
abundance is logarithmic and not arithmetic, and
therefore the ineresse in abundence of a specles
is not represented by an srithmetie progression

from frequency class 1l-5 (32).




Hap Hos 1 shows the site of the observation hut,
and drawing Ho. 1 the instrument used in recording
the loecation of the grazing cheep.

The Instrument,; made of angled brass rod, was
placed on a plane teble inside the at =0 that the
arm A projected & few inches outside the hat snd the
axis € lay in line with the wall of the huts The
instrument eould be rotated in a horizontal plane
about the axis C and was used in the following
mannevre

Looking through the eyepiece, a small hole
bored in the arm B, the pointer mounted on the slide
G was brought to bear on 8 sheep, by moving slide
D hackwards or forwards. 8lides D and & were
conneeted by a length of twine pessing over pulleys
at £ end P» When the sheep wae correectly aligned,
the plunger on slide D was pressed and its pinpoint
made a hole in a sheet of paper laid on the cork
eovering of the plane tables

This pinpoint was a permanent resord of the
location of a grazing sheep at a particular time,
and the method emabled the location of 80 grasing
sheen to be recorded in five mimites, '
Readings were taken at hourly intervals using
8 Lfresh sheet of paper for esch recording. It
remained to encure that separate hourly veadings
eonld be related to each other. Before each /
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reading, slide D was brought into a fixed position
by a serew pessing through the slide and mating with
a screw hole on amm He The pointer was then aligned
on a landmark by turning the adjusting serew. This
locatlon, and that of two other landmarks, were
then pinpointed on the peper. Bach sheet of paper
bore these three pinpoints and each sheet eould be
sorrectly orientated towards the others, and to a
map of the ares, by superimposing these pinnoints,
It ig obvious that the aceuraey of the
instrument is related to the distance of an object
from the observation hut, &s objects of the same
slze subtend smaller angles at a fixed point, with
inereasing distance from itse The aceuracy of the
ingtrmment iz, however, inecreased by the lie of the
grounds As objects get farther away they also,
moving up the hill, gain in height, and to align
them salide D has to be moved farither eway from the
exis Ces Thus & diminution in the angle subtended
by the hovigzontal dimensions of fthue object has
been offset by an increase in its projections

The argument is illustrated below. (@ee ovew)
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AB = AB;
(/i - §
but ab, = ab
as d » 4,

No sugh eompensation takes place with the vertical

dimensions of an objecte
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If a fixed ohiset was repeatedly pinnoinded mtm
t‘a'za instrament the pimooings generelly eoineided m
a maxicam error of i mme ¢o0:ld ecise. Thls wae Sue }
ta ehanges in the tension of the Syine af affesiing itﬂ
length and, wien visibility wes mosr, %o thus |
‘difﬁeult-s in aligning the ohject. |
__ mmﬁ&mm@flmﬁihgﬂnﬁset@mf
::emr in eorrectly recording the inestlon of M&a f
mheep. at variozs distonoss ez the obeerraiion m& '
:igivea in the tahlis Below, “
Distance from ihe observstion|Sorizontal] Terticel __
Izt in direetion of the vound|erroe/Poct| erpar/Test
g_st_‘.ell/feet ;
] 1540 3g* 7'

1330 FAF L Qg
: 2328 5ige 340"
| 2820 Bhgw oo

A5 the srees of the swards extend Munireds of feet
in leagih and breadll, and e rmximm error is

i'!n.*‘reg:ent, the chances of a false grazing-shesn

The obeerved ares was syuered izdH syweren of |

'190 feet side and tarves dug &% the oormeve of e .
Efaz;,sz--.f.aire. For this purpose & dabme line, mumcing feom
the east end of the Pound siell 3o She chEerwmilon H
Imt, was uszed, As each Turl mae Jug, 1%s Losetlion
aas signalled, and reeorded with the Lnstrmest on |
| 8 sheet of Ethulon, & transgarent planiie Film,
|

| |
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Accuragy of pecordingg |
' |
If a fixed ohject was repeatedly pinpointed witﬂ

the instrment the pinpoints generally coineided but{
|
|
to chenges in the tension of the twine afleoting 1ts |

;length and, when visibility was poor, to the !

aiffieulty in aligning the object,

|
{ The maximum error of 1 mms will give rise o an |

a8 maxirmm ervoy of 1 mme eould arlses This was Que

error in eorrectly recording the loeation of grazing|
sheep, at various distonces from the observation hut#
given in the table below, |
Inistance from the observation dorizontal | Vertical

hut in direection of the rouna arror#%bet error/feet
atell/feet

1340 3ige 7ton

1830 440 gton
2398 50" 14'o"
8820 5tag" 200"

A8 the areas of the swards extend hundreds of feet
in length and breadth, and the maximam errop is ;
infrequent, the ehances of a false grazing-sheep~
location mecord being mede are emalle

The observed area was squared into squares of
100 feet side and turves dug at the cornsra of each
8quare. For thies purpose a datum line, ranuing from
the east end of the round sitell o the observation |

hut, was useds As each turf was dug, its location |
was signalled, and recorded with the inatr@mment on
sheet of Bthilon, a transparent plastie f£ilm,
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| When the obeerver had beeome aoquainted with thé

Eround. and the swards in euturm were clearly defi

by their eolour diffevences, their outlines were i

traced on the sheet of Fthilon with the instrument. ‘

This gave a "pieture" of the vegetation of the area.f

and of the 100 feet grid covering it; the lines of tﬂo
grid and the outlines of the swards being traced witﬁ

indien ink, | |

The "pleture" was of course distorted, but a |
map on a plane projection eould readily be mede framg
it using as co-ordinates the 100 feet grid. With a ’
Planimeter, the approximate aress of the swards eoald
be found fram the plane map, end by ecaleulation, %
their proportion of the observed sreas To check the |
eecuracy of the vecetation mep, aserial photographs g
and direct measurement on the ground, were upeds f

The pocition of the three landmerks was :
recorded on the Ethulon sheets This was then place&f
jover a paper sheet earrying a record of Eraging- !
sheep-locations, the landmark pinpoints on both i
sheets belng made to esincide, = = |

Tharough the outlines of the swards, trsced on |
the Euthulon sheel, the location of the graszing

~ |eheep c¢ould be seen at a glance, All that remained

to ds was ton note the type of sward, count the
numbar of sheep on each, and record the time and '

date of the observation.
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Observations were made over a periocd of 25
months, from September 1950 to Sentember 1952
inelusive. Records of grazing-sheep-location were
taken at hourly intervals from dawn to dusk on 76
days, a total of 726 hours 25 mimutes observation
being made, (see table 2) and a total of 10,060

grazing-gheep~locations being recorded,

The mumber of sheep recorded at hourly

Fntervala on each area of the swards was counted for
Eaeh monthe These mumbers, and the tatal on each
ward type, were then ealenlated as a percentage
£ the total reeorded in the months, The total area
T each sward type, and its separate parts, were
alculated as a percentage of the total ohserved

rea, The following values were then caleulsted.

The gongg;x cnmnnva}ivg ggga;gﬁ ;g;ggs;&z !g.g,;,l
This was got from the ealculationi-

100 X percentage of sheep on the esward type
r a part of the sward type 4 percentage of the
otal observed area occupied by the sward in
estion or by a part of it. Thus, 1f 107 of the
otal sheep recorded in Hay, were recorded as
zing sward A, which occupied 10% of the todal
bserved area, then the monthly cegeie in uay -
00 x'ig = 100,

o S




Table 2

Tumber of ! and Hours' Obcervation in each Month
Gurine the Period Ceotember 1950 to teptesber 1952
1950 1951 1952 Total

Days | Hrs, mins, | Daye | Hrs, mins, | Days Ilira.. mins, | Days | Frs, mins,
January “ - 1 5 30 53| O 4 | 19 30
Pebruary . - 2 7 0 6 |47 O 8 | 5% ©
March - - L 29 IQ L 3 15 8 60 25
April - - 1|10 & | 49 25 5 | 59 25
Hay - - 4 56 Q 2 7 0 6 83 0
June . “ 2 | 30 40 2 {2 © » | 55 40
July - - 3| & O L | 46 40 7| 8 40
August - - 4 | &5 15 L | 50 20 8 | 95 35
September| 2 | 22 o | 3 (3 5 | 5|3 o | 8|& s
October | 3 | 2 30 | 3|25 o0 | = - 6 | 19 30
Hovenber 3| 2 O L | 29 45 - - 7] 53 u5
December 3 10 0 2 i1 50 - - 5 21 50

Total hours' observation = 726 hours 25 minutes

Total days' observation =

Total number of gracing=
sheep locations recorded

in periocd

76
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The averace monthly comnarative grazing intensity

This was ealeulated from the sum of the numbers
of sheep recorded in the came month in different years,
Averare comparative grazing intensity

This is the mean of the average nonthly Cegei-s
of different sward types in the period October 1950
to September 1952, The value for the September 1380
Cegsls was omitted from this ealculation to avoid

|

' weightling the resulis towards the Septesher valuess

ng use of the gagg

To show a seasonal chonge in the c.geis on the

swards, it was necessary to extend observations
over a periocd ol at least two years, The

kemanstration of thils seasonal varistion in the

+8e1s will be based on the values of the monthly |
s@ele, in the periods, September 1950-5epntember 1951$
nelusive and September 198l-September 1952 1nclusive,
The deseription of the seasonal variation in the
*8ele, characteristie of a asward type, will be based
n the values of the eversage monthly o.g.ie This
lue will also be used to show varying degreecs of
tiliaation of different areas of the same sward
ype. and the maried preference of the sheep among
he different sward types.
The average cegele will be used to show varying
grees of utilication among the different aress

of the same sward type.
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In meny of the gvephs accompanylng the text, i
a fourth value will he shown, the avea grazing
intensity, This is the grezing intensity which
would oceur, over the whole area of the paature,
i€ the sheep grazed it unifermly. In this sitvation,
the pereentege of sheep grazing any area of swards
woiild be in direet prepovtion %o the pergentage of
the total area oecupled by the sward in auestion.
The calenlation, 100 x percentage of sheep grazing
the sward & percentage Qf the area occupled by the
sward would alﬁays equal iGO.

In the gramhs, the position of the monthly angd
pverage monthly Cegele, in relation to the aves Solday
Will convey an imp?essicn of the preferences of the |

j
Sheep among the swards,




Before presenting the observations it is

neceesary to diseuss the factors affecting the Cegels .
and 1ts measurement. Some of the points shonld
Droperly be made aftsr the presentaticn of the
observations as they arise out of ths&. They are,
however, taken here as & neecessary preliminary %o
the suhsequent discusszion of the seasonal variation
in the cegede of the awards,

The ce.gel. of & eward is based on the number
of sheep which graze a unnit area of that sward and
will be a resultant of the feetnrs which make the
sheep have a preference for its These fectors are
1isted helow.

' (1) The botanical composition of the sward
which determines:

a) ite produectivity.

b) its palatability.

¢) the seasonal availability of gragzing,.

(2) The grazing animal by:
(e) sessonal changes in the location of

grazing. .
(b) its breed characteristiecs,

(3) The location of a perticular area of a
eward types

a) in relation tn exposure,

{bg in relatlon to other swards.

(4) The proportions of the sward types present
in the grazed area.

. (B) The nature of the sward types present in
the grazed areg,

The c.g.1. is hased on observations wmade during
the hours of Qaylight and is therefore based on/
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8 sample of the time spent grazing by the sheepe
Its sccursey will be affeeted by:

(2) the period of the dey during whieh obaervatiane
are made,
(b) night grazing.

(1)

This is the mogt dimportant fachop inTluencing
the Cegeds and it has o mmber of sspectss
(@) Droductivity
Different specles of planis Qiffer in
productivity and the produetivity of individus)l

Bpecles is in turn iafluenced by the zoil in which

Ithey are growing and the menegement %o whieh they
Iare subjected. It eould be expected thai the more
produective a8 sward is, the greater the number of
sheep which will graze a unit area of 1te Over-
o under-grazing, however, distoris any direct
relationship between Cegoele and produetivity, as do
other features of hill grazings.

(b) 2alatabllity _

Inder this heading are ineluded the stage of

growth, the suceulence, and posaibly, the flavour
of the sward, which affeet the sheep's preference
for ite

On hill pestures, in winter and early spring,
grazing is very scares, and at that tlme of year
the Gegele will not be 8ffected so mmeh by the /
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productivity or palatability as by the amount of §
grazing the sward affords, The presence of winter |
green plants, and the amount of fogpage the swards
eontain, will be important at this time of year.

(2) Ihe grazin: entmay

(a) anes

gee Han No.

The heft stadied at Overshiéls changes the
general loeation of ite grazing throighout the
years In the monthe Jamary-Mareh it tends ¢ stay
on the low ground Mt moves ¢o the high ground when
the weather 1s opens It does not show the regulay
day-low-ground; night-high-ground moverent typical
of the period from April-Septenmher, but reata at
night on the low ground,

At thie time of yesr the sheep are not herded
exeept durdng periods of impending snoﬁ. With the
arrival of spring and after lambing they begin to
move up the hill in the evening, resting danring the
night in the general area of the round stell, and

moving down on to the observed ares in the morning.

ring this period they are herded but will move
ithout herding end it is Aifficnlt to deelde if
heiﬁ behaviour is "instinctive™ or "learnt® by
erding. |

In the period October-December the sheep

tay high, grazing in the area of the round stell
whrougﬁaut the day but coming on to the upper part /
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of the observed area to graze the bracken swarde. |
They are not herded very closely, though during
tupping time the shepherd has %o ensure that the
| tups are on their ground and following their ewes.
This does not, however, affect the general grazing
location,

There are certain obvious reasons for tals

behaviour on the part of the sheeps The

availability of food in different areas, seasonal
‘elimatiec and diurnal loeal elimatie ehanges, the

!aeasonal difference in the physieal vigour of the
sheep, the limitation of movement when followed by
very young lambs, and "instinctive" hehaviour are
some of the obvious reasons. It has been suggested,
by & Russian writer (76), that the seeking of high

ground et tupping 1s a pattern of behaviour "learnt®
by the sheep's wil& ancestors, The wild sheep left j
the hot plains of Eurasia in autumn and went into |
the hille to find both food and eonler temperatures.
This period coincided with oestrms. Initially
unrelated, the two phenomena hecame related and
domesticated sheep today have a "eold requirement"”
during oestrus, H

Our interest is not the reason for "behaviour
Datterns” in hill sheep, but their effect on the ]
meagurement of GefZele '8e ‘
It has been observed that there are differences

dn the behaviour of breeds of hill sheep (77), the /
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§Scott18h Blackface grazing heather more readily
Ethan the Welsh Mountain Sheep, .Indeed the writer
;thinks the development of behaviour studies will
zlead to the understanding that the "behaviour

ipattern“ is one of the characteristics of a breed.

3(5) he loeation of a parti r ar 8 8w
[ type
(2) In relation to exposure

|
i At lambing time sheep are esﬁecially sensitive
'to exposures They will avoid an area exposed to
cold winds and also one so sited that the sun does
not melt "hoar" frost early in the day. They will
leave such an area in preference for one unshaded
and free of hoar frost.

(b) In relation to oghgr swards

Sheep have a normal "rake" on a hill pasture
moving between their night-resting areas and their
day~grazing areas. They will occasionally graze
inferior swards that lie in their path but do not |
appear to go "out of their way" to graze such |
inferior swards. Similarly sheep will spread
outwards from their main grazing area, on the
superior swards, to graze the contiguous inferior

swards, but will not go to graze distant areas of

inferior swards.

(4) The proportion of the sward types present

in the grazed ares
it is reasonable to suppose, that as the

proportion of any sward increases or decreases, /
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1t8 c.gele will change in eonsequence., A simple
1llustration of this is the burning of heather,

. If only a small proportion of the heather is burnt
the sheep concentrate on this area and the €egei.
ia highe If the proportion is greater, and the
seme number of sheep graze the young heather, then

the cegede 18 lowered,

(5) The

If we econsider two swards with a marked and broadly
similar period of seasonal usce, e.g. molinia and
young heather, thelr use will be affeeted according

tn whether either or both are precent in the area.
Where only molinia or young heather is present the |
eheep will be offered no cholces Wherc both are

| present they have & choice and the Gegele Wwill be
‘affected by their cholce.

‘(6) rhe nerd
| re 1mac

Boilet (32) and Tride (24) have noted that
sheep eat the rougher herbage at either end of the
day and the finér herbage during the middle period.

As observations can only be made during dayligh?.
and day-length changes throughoat the yeay, it is
obvious that the time of observation, during the
24 hours daily period, changes with the season

of the year.
This might be thought to influence greatly the /

3
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|accuracy of the observations, but, for the
following reassons, it is doubtful 1f this is the case.

(e) There is no similarity between the Cegeles's |
recorded in those spring and autumn months which
|have the same day-lengthe

(b) The sheep tend to concentrate thelr grazing
in the hours of daylight. Thus, while the daily
period of observation is much shorter in winter than

in sanmer, the difference in the time spent grazing

|0n a winter and summer day, is not so wide.
| (7) Nisht erazing
. If the sheep's seasonal preference for
. different swards during the hours of dark varied
' independently of their preference during the hours
| of daylight, this woild greatly affect the accuracy
of these observations, This is thought to he most
unlikely and night gmsiﬁg therefore not to affect
their accuracye

The cegsie on swards ie influenced by many
factors and will vary between hill pasturés. On

iona hill pasture s sward might have a mach higher
la.s.i.. than all other swardsj on anothen owing

to chonges in the proportion and type of swards
present, the difference might not he eo great.

The C.geis of & sward 18 a value therefore which is
likely to vary between hill pastures, though not,

i1t is thought, t» any great extent.
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A aharaoteriatie of a 3warﬂ. whieh 13 unaikely

tc vary 1n the range ef pasturea in whieh 1% occursy
is the period, or veriods, of its utilisation by

the sheap. On one paature heather may hava a mach

higher average c.gele than on snother, If, however,
the monthly ov a?erage_mnnznly Cefeds's of these

two areas of heather ere plotted on the came greph

ecour in the same period of the yeaws

It is thiz eharsecteristie of a sward, ite
seasonal utilisation, s determined st Overshiels,
which is though$ to be typieal of the sward

wherever it OBCUYEe




Thls was supplied by the Keteorological Office

and wes eollected at the meteorologiesl station at
Losn, Lauder, Bidiothian. Tha station lles eight
miles east of Overshisls and at en altitude of 550
| Peets It was thue considerably lower than the
cboerved area which lies between 1000 and 1200 feete
The data shows the considerable differences
between the period Deeerber-iisy in 1950-51 and in
1951=562, the former being more severe in every ways
Snow lying at C900 hours wae vecorded on 52 days
in the first and on 30 deys in the seecond periods
IIn only one mmnth; January, wes the average of the
mean of the max. and nine Lemperatures greater in
the fivst period, Reinfall was also greater in
the first period in every month except Deeembers
Indeed the winter and spring of 1950-51 was
a severe one for hlll favming generally and this
wae reflected in low lambing percentagzes on many
farmg,. Lanbing percentages for the Middle Cut were
89% 1n 1950, 427 in 1951 and 1007 in 1952
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(See Apvendix A, Tabdble 1 and ¥ap No, 4)

density of the canopy wes low. Its effect wss to
euppress certalin grass species, alisr the type of
growtih of others, while not belng so dense as to

emase the development of a sward dominated by
Holeus poilis or by Calivm henewniewn,

a8 superior types of hill presses then the bracken

swayrd had the best botanieal conposition of the varid
swards. QA. tenuls was dominent and De pratenels had

4 in arezs e end 1lds Jegztien mibra end gvins,

|Agnoetis eanins and Anthoxanthnm odoratun were eomuon,
|

'while Jardus gimicts, Holews lanatus, He mollds and
Irifnlium pepexs were of low frequency.

! in appearance the swerd was rather open and was
green and suceinlent in nid-swmmer and early autumn
when it had few flowering culms.

The eward was floristieally rieh, indicating
that the bracken canopy was not dense, 14 analyses
were made in the 1ocalit;le mmbered on Map Noe 4y
an average of 23 speecies per analysis, and s total

of 54 specles, being recorded.

The bracken sward 1s the grass sward formed below
‘& canopy of Tieridiug aguilinig and on these areas the

IT we consider Agrostis temiis and Pog nratensig

its hishest frequencies in the bracken sward, reaching
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Comparative grazing intensity.

Oompériaan between the periods Septs 1950-Septs 1951
and Septe 1951=Septs 1952,

Monthly and average monthly cegeie
Sept. 1950=51 Septe 1351=52 aversmonthly c.g
200

Septs 170 . 239

Nete 196 236 202
Nov. 261 235 244
Dee, 266723¢ 288 250
Jans 200 62 123
Feb, 91 130 121
Mar, 164 135 152
Apr, 217 215 215
Mey 206 : 147 192
June 158 167 163
July 148 157 155
Angs 102 140 129
Bepte 239 197 -

These values are plotted in graph HNo. le

There is a close correspondence in the shape
of the curves for the periods September 1950-51
ang Septemher 1951-52 which shows the occurrence
of a seasonal cycle 1n the c.g.1.

The average monthly c.gele lies at 2ll times
above the area gele It is at a low value in August
end steadily inereases in the period Septembere
December to its highest value, then falle in the
next month to ite lowest values in the period
Jamary-February. It then inecreases to a peak in
April from which it steadily deelines until Augusts

As the main bracken sward areas are contiguous
to areas grazed at one time or other throughout the
year the variation in the c.gei. cannot be a

location effect.
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Comparison of areas of bracken swarde. |
There are 13 areas of bracken sward but all the
important points will emerge in an examination of
areas B, il, 3 and 8 |

_ Average monthly Cegele
Noe of Area 8 11 3 8

dage of total

area 789 14.28 0,74 2462
Septe 195 238 266 133
nete 101 206 42 o7
Rove 341 2738 117 33
Dece 613 178 93 -
JaNe 100 110 ATT 221
Pebs 806 113 801 56
Hare 133 176 205 158
ADTe 253 193 b4 303
May 238 161 208 190
June 217 107 312 338
July 149 167 250 294
Ange 149 154 204 123

These values are plotted on graph Hos 2

The variation in the ee«g«is on areas 5 and 11,
the prineipal bracken sward areas composing 757
of the total bracken area, is very similar. In
Deeember there is & wide difference in magnitude,
but what matters, is not the magnitude, but the
trend of the wvalues and this does not vary mach
between the twn areas over the year. The very high
value for area 5 in Decerber is largely besed on
the readinz for December 1950, a month in which
there were few readings, and this small sample has
affected the average monthly €.gelse oF the bracken
sward in Decerber. It may be that the cegels on
bracken eward declines earlier in the year than

by the end of December, and probably, in most cases,







45
it does s0 by the end of Hovember
As we shonld expect in small areas, the
variation from month to month in the ceged. is
high on areas 3 and 8, Nevertheless, the high
values for area 3 in the period January-Mareh, and
the low values for both aress 3 and 8 in the period
October<Decemher are suffielently marked, and
unt_zrpical of bracken sward, to deserve comments
| They show the effect the location of an area
of a sward type may have on ite ceZuiep and to a
lesser extent, the effect of the bracken eanopy.
Both areas 3 and 8 lie on the low ground, an area
lightly grazed in the period October-December, The
sheep will not move down to the low ground ¢o graze
emall areas of bracken sward although they graze
intensively the areas of bracken award on the high
ground, the general location of graging at that
time of yeay.
In the period January-Mareh the ce.gelis oOn area
3 is mueh higher than on area 8, 'A.rea 3 lies
between the drains and is contiguous to area 24
which is heavily grazed in winter. The bracken
canopy is thin, end both H« lanatus and T. renens
have higher frequencies on area 3 than on the
bracken sward as a whole, It is therefore not

surprising thet its seasonal varistion in ce.g.is
agrosits - fescue
is more typical of éa.aa-unav than of bracken sward,
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Area 8, whieh has a dense bracken canopy, and,
lying on the slope, is drier than area 3, shows no
sustained rise in the csgele in the period Jamuary-
Mareh. In April, and in the following moaths, 1t
showe the rise typleal of bracken sward..

Diseuscione

~ The variation in the cegZ.is arises from the
effeet of the bracken canopy on the grass helow.
The initial effeet of the canopy is to raise the
humidity and depress the light intensity in the
gronnd layer below it (40)s 0OFf the two effects,.
the rise in the humidity is perhaps of greater
importance, but together they coause growth, whieh
is, in a varying degree, etiolated, more succulent, |
and eonsequently less winter hardy (41)s Certain
densities of bracien cover may incresse the growth
of the grase lying below it. Cowlishaw (42) and
Williame (43) have shown that & rise in yield takes
place in the small areas enclosed by the eages used
in grassland experimente, the cages having the same
effect as a bracken eanopy on wind veloeity,
temperature and humidity,

A proposed seqence of events to explain the
seagonal variation in the csgels of the hracken
sward is as follows. When growth begins in spring,
the sheep are attracted to the brocken sward, and
the cesgels increases to & peak in Maye As the

bracken fronds begin to appear towards the end of /
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June, the sheep are attracted away from the bracken
sward and to the heather. Under the bracken
eanopys nelther plant nor soil suffers to the seme
extent the sunmer drought whienh dries out the
agrostis-fescue sward, and a quantity of green
succulent growth accumlates in the months of July-

Augaste By September, the heather is no longer

Y

OGS = Him raal Ceeten &

attractive, the grass moor is stem:y and rank, and
when the bracken dies baek, aboit the end of
September, the sheep ave astiracted to tae
accumilated growth on the bracken sward, Boulet

| remarks on this concentration of grazing on the
bracicen eward in the third quarter of the year,
and 1t occurs at Overshiels,

Depending on the relative area of bracken
sward in the pasture, and the severity and earliness
of frost, the accumlated July-August growth will
be exhaunsted sometime before the end of December,
The Gegeds then falls,in the Firet quarter of the
year, to its lowest values.

The ;ow Cefele On bracken sward in the firat
marter of the year indieates the deleterious effect
2 light bracken infestation, in terms of density
not extent, has on a n&ll_pasturs; In the East of
Seotiand, where bracken density i1s generally meh
lower than in the West, it is sometimes argued that
it does not have a gperious effeet on the pasture,
provided the grass sward below it is maintained. /




ineluded in the asgrostis«fescue grassland,

Holeus lanatug being co-dominant with Agrostis
tenuis instead of A. tenuis being the single

48,
In so far as a light bragken cover does not greatly,
i? at all, lower the productivity of a sward, the
writer would agree with this, Its deleterious
effect on the 'economy' of a hill pasture, in
reducing the grazing available in the first quarter
of the year, is however disproportionate to any
effect it may have on total produetivity.

Bracken, at any density greater thén a few
stunted fronds per sq. yd., causes a deterioration
in hill pastures by reducing the winter keep. At
higher densities i1t will cause a reduction in the
productivity of the pasture by Buppreséing the
develorment of a grass sward.

Areg 23 and the flush area
(area 23 = 4,27 of area, flush area = 4,9% of area)

Botanical eomposition (see apoendix a, table 1l
and Map No« 4)

The flush area is composed of areas 24, 28,
29, 30 and 31, The flush area and area 23 are
sometimes grouped together under the title, "agrostis-
fescue grassland," and when the comparison ls made
between grass free and grass not free of bracken

infestation, the small area of nardus is also

The main difference between these two areas

and the bracken sward lies in Nardus strictg and

dominant species and in the mich reduced frequency /




or Poa pretensis, and greatly inereased frequency |
‘of Trifoliun renens, Ramnoulng repens end Carex ‘

|
MMMammmamof |
simnar frequencies in both agroatis-rescue gmaalsn#

|and bracken eward, while Anthoxanthum odoratum ahawa\
‘& slight increase in the agrostis-fescue grassland, |

5Thca frequencies of the prineipal species ecommon to |

‘bracken sward and agroctis-fescue gracslend are shole

'in Apnendix A, Table 111, |

Area 23 snd the flush area are distinguished from
each other by the following features. Area 23 is |

§drier and steeper than the flush area, and it is not
80 elosely grazeds X. gtricts and Potentills erecta

‘are more frequent in area 23 and Ps pratensis, 2

Qving, A. odovgtum, Cynogurug crigtatus, I. repens
‘and C. panicea more frequent in the flush area.

Achilles ptarmies, Tarexacun offieinale, Jo artioulotus,
Equicetwn paluotre and Agrostis gtolonifers were |

!recaraed in the flush area but not in arvea ¢3.

Oecurring in the flush area are small areas of
Juncetum, areas 28, 29, 30 and 31. The Juncus Sn7
!(principany Js corrmanis agce), while very frequent
?'i-n those areas, have not suppressed the development of
ia grasa turf,

i Although nardus is very frequent in both aress |
they are not typieal Nardeta. The tusaoeck formation
|1a poorly developed, the areas do not show the "white

land" appearance typical of Nardetum in /
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autumn and they are floristieally rich, which
Nardetum is.note.
42 species were recorded in the 5 analyses,

an average of 25 species per analysis.

0qmnarative Grezing Intensity

Comparison between period Sept. 1950-Sept. 1951
and Sept. 1951-Sent. 1952, '

Monthly c.g.i. Honthly c.g.i. average
monthly cCegsie

Sept.1950/51 Sept.1951/52
Sept. 100 113
Oct, 279 184
Nove 60 71
Dec, 0 14
Jane 249 428
Feb, 462 376
Mar, 295 2386
Apr, 326 258
May 255 404
June 424 187
July 126 188
Auge 173 193
Septe. 113 247

In graph No. 3 the values for the monthly and
averﬁge monthly c.gels are plotted.
'corresponﬂence between the shave of the two curves
demonstrates the ammual eycle in c.g.1i.

The average monthly c.g.i. lies above the area
g¢is except for the months of November and December,

It is at a low value in November-December then rises

Monthly and Average Monthly cgl.

rapidly to a peak in February.

Cegels graduelly declines throughout the year until

December,

feature, common to both the September 1950-51, and

172
263
67
10
352
398

- 291

285
292
261
173
187

The elose

After February the

The averare monthly c.gsi. obscures a

Sept. 1951-52 periods, a marked rise in early summer

/
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51,
occurring in May in 1951-52 and in June in 1950-51.

There is also a rise in October shown by both periods

Comparison between area 23 and flush area

Average monthly c.g.i. Average monthly c.g
area 23 flush area
Sept. 142 208
Octe 249 282
Nove 57 77
Deec. - . 26
Jan. 270 421
Febs 361 392
Mars 289 294
Apr, ; 224 ; 296
May 171 395
June 202 311
July 166 178
Aug. 178 196

These values are plotted on granh No. 4. There
is a eclose similarity in the shape of the curves
end in the asetual values of the average monthly
Cegels in every period of the year except April-
June, In this period the c.g.l. on the flush area
rises to a peak in May while on area 23 it declines
from the high March figure to a moderate value in
April-June.

Comparison between the bracken sward and the
groess sward free of bracken (= agrostis-fescue
grassland eomposed of areas 22, 23 and the flush

area),

7]
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52
Average Monthly cega.i.

agrostis-fescue grassland

Bracken sward including nardus)
Oete 202 231
Nov, 244 115
Dec. 250 67
Jan. 123 201
| Feb, 121 574
Mar, 152 265
Apr. 215 233
May 192 263
June 163 214
July 155 145
Aug. 129 165

These values are plotted on graph No. BHe
Throughout the period October-April the two curves
are complementary and only in May-July are they
similar, This comparison shows that bracken sward
is a type distinetly different from agrostis-fescue
swarﬁ and that the effect of a bracken eanopy is
more than its effeet on botanieal ecomposition and
productivity.

Disecussion

Loecation, and the infestation of much of the

Etotal grass area by bracken, play an important part
!1n determining the seasonal veriation in c.geies on
the agrostis-fescue sward., In November-December the
sheep are on the high ground. When they come on to
the observed arvea they graze the bracken sward and th
CoZols on the agrostis-fescue sward is at a minimum.
Ft cgrries a large quantity of foggage and on the
flush area some succulent growthe These are

extremely attractive to the sheep in the first /
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| B3 |
rqnarter of the year, During January-March the c.g.il
on the agrostis-fescue swerd is at a meximum and far
exceeds the 0.gel. On any other eswarde By April the
;e.gui. declines to a value not much greater than tha?

of the bracken sward, but as growth begins there is a
|

rise in the ¢.geis The incidence of this peak is
related to the seasons In the late year, 1950-51, iti

|
|
oceurred in lay. After this the cegeie deelines until

| occurred in June, in the earlier year of 1951-52 1t

there is a peak in October, a peak which was noticed
to oceur in both 1950-51 and 1981-52, Heather being
no longer attractive will account for this rise, but‘

it is not maintained, as the sheep move off the low !
|
|
|
The average monthly cege.is ig mich greater than‘

ground in HovemberDecermbers

the ares ge.le except for the months of Navamber-naceﬁbar.
Location makes the Novemher-Decemher values lower

than they might be if the agrostis-fescue sward was |
not restricted to the low ground and hlgher in the
first quarter of the year than they might be if

[
bracken 4id not infest so rueh of the total grass area.

If thece allowances are made, then the seassnal |
variation in c.gesle on the agrostis-fescue sward is
'similar to that described by Boulet for the superior
|

ewards in his studye
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The flush area has the highest average grazing
intensity of all the swards and this finding is in
line with the high estimation in which flush grass
is held in hill farming practice. Indeed such areas
| are artifieially created in the improvement of a
hill pasture (44).

More important than its high average grazing
intensity is the faet that this sward reaches its
maximmn C.gei. in the "lean period%" Jamary-March,
and ;n this period exceeds all other swards.

It is not only the flush which attracts the
Bheép but also the spoil hanks whieh are formed at
the side of the deains. Here there is a double
depth of soil and these banks are kept closely
grazed at all times of the year.

The sverage monthly c.g.i. on the flush area
is very similar to that on area 23 except in the
period April-June when a considerable divergence

occurs, the c.g«is on area 23 declining, while that

on the\flush area 1s maintained at & high level 5
and shows e peak in May. This divergence exemplifies
the very important phenomenon on hill pasture, namely
that during the period of spring and early summer
growth, the difference in c.g.d. between the superior
swards and the inferior is at a maximum. The
dominance of Agrostis spp., Festucs spu., C.
eristatus and T. repens will be encouraged on the
flush ares. Differential grazing, especially during /
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| #ardus Svard (2% of area)

| Gifferent iypes.of sward, & phenomenon shown even

tis of high freqpency and is'faund growing in the

'ﬁggg_ﬁgg,_ggggg tends to grow between the tussocks.
_ ngglg,gnn. and 9otg§§ ;;g grecta ave of higher

| Bepts 53
Oete 126
Nove 287
Deas 526
hciy 356
Mays 171
ADPe 86
Nay 106
June 34
Jeiy 52
A Ze 70

658e

the prowing ceason, furthers the formation of the
moye markedly by the amall svea (ares 22) of nar&ua.
Botanie itl

(Bee Aprendix A; Taeble 11 and Hep No. 4)
 The emall sree of_nar&us sward is dominated by

wall developed nardus tussocks and showe the typieal|

"yhite land® appearance in autumns Fegtues oving

nardus tussocks, wheress the smell quantity of

fregquency in the nardus sward then in the agrostis-
fescue swards The sward is florvistically poor, 16
species being recorded in the analysis.

Erazing intensity

Average lHonthly Gefele

These values are plotted in graph No. 6. The
average monthly cegels rizes to ite mexizum in the

veriod Hovember-iarche The low value for Januery is /

-
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to two areas with high c.gei.-s in spring, surmmer,

laccumilation of the ungrazed summer growth of the .

56,
thought to be a sampling error. When the area is
small such errors are liable to arise.

Discussion

Nardus is regarded as a species of inferior
grazing value and its spread over a hill pasture as
evidence of deterioration, That the highest ce.geie 1
Ooccurs in winter is an observation confirmed by
Milton (33), Boulet (32), and also by this study,
but dces not constitute an argument in the sward's
favour, The general scarcity of food in winter, the

eautuim growth of nardus being evergreen, and the

?ub-dominant species in the nardus sward, will attract
the sheep to it in winter.

Immediately growth begins in the spring the
nardus is neglected and from April-September the
Cegsie is at a minimum far below the area geie The
location of the nardus sward cammot account for the

cseasonal variation in c.g.1i. as it is sited contiguous

end sutumn, area 5, and the flush area,
In general, nardus is not found on the low ground

% lies below the broken peat of the summit plateau
45)¢ This general loeation would tend to accentuate
he seasonel variation in c.g.i. shown by this area of
ow ground nardus, as the sheep do not graze the high
round during the growing season but mainly in the

agt marter of the year, The seasonal variation in /
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Cegels on nardus clearly tends to develop dominance
of this species, and gives support to the conclusion|
'of Penton (46); "The dominance of mat grass is

therefore a deflected succession and - so long as

intensified sheep grazing continues - may be

!regarded as a selective biotic elimax,"
EXGugg Heather (15.8% of area) |
Botaniecal Composition \
(See Appendix A, Table 1V and Map No. 4)
E All the young heather areas are of the same
age, having been burnt in 1946, and the heather was |
therefore four years 0ld when the observations began]
in 1950, and six when they finished in 1952,
The drainage is not greatly impeded on these |
areas and few bog species, e.g. Empetrum nigrum,

Eriophorum vaginatum and Eriophorum angustifolium, |

! \
lwere recordeds Except for area 4, they are very |

'similar in botanical composition. Area 4 carries

a much less vigorous growth of heather, the peat is

only 2" deep, drainage is free and high frequencies

.of F. ovina and A. gcanina were recorded. Area 4 is

the only young heather area where the heather is not
clearly dominant. In the other areas it 1is, and the
accompanying species constitute a very minor

proportion of the sward.

Comparative Grazing intensity /
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Comparative Grazing intensity

| Comparison between periods Sept. 1950 - Sept. 1951
and Sept, 1951 ~ Septs 1952

monthly and average monthly Cegole
Period Sept. Period Sept. Average

1950-51 1951-52 monthly Cegeie
Sept. 92 - 62 a7
(0ete 65 - 54
Nove . ; ; 27 31 29
IDch 28 - 156
Jafe . 21 - 8
Feb, 5 - 1
Mar. 22 : 17 20
Apr, - 11 9
May 41 21 36
| June 9 53 39
July 137 67 84
Auge 175 113 130
Sept. 62 7 R
Average CGegeie 52 29 o

These values are plotted on graph No. 7 and

' show a close similarity in the shape of the curves
of the two periodss The falﬁeé in the period
Jﬁly-&ngust are, however, greater in the period
September 1956-51 than in SepteMbér 195152,
Except in the months July-&uguat-the values fall
far below the area g.i, There is a very marked
seasonal variation in cegeley which is low
thrdﬁghout'the yeér except for the sharp peak in
the period June-September with a maximum value in

Auguste

]
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Comparison between arecas.
average monthly cG.geis
|

Noes of area : 32 33 34 4
%age of total area 6430  2:46 6.44 +66
Sept. 1 - 97 175
Octs - 142 - 30 481
Nove z 29 - 69 8 84 .
Dec, - 106 - -
Jans 3 - 12 64
Febe - - 3 -
Mars - 24 6 14 76
Apre 17 . 2 19
May . 40 . 34 11 251
June 40 103 3 139
July 87 189 34 143
Augs - 81 126 182 107

These values are plotted in graph Noes 8 The
shape of the curves for areas 32, 33 and 34 are very
‘similar except that area 33 maintains a much higher
| Cogels than the other aress in the period October -
‘December. On area 4 the CegBele rises earlier in
the year than on. the other ybung heather areas,
‘while the late summer peak is maintained until -
October.
Discussion

The higher esgele in July-August in the period
September 1950-51 compared with September 1951-52 may
bé due to the ageing of the heather, It would be
pleasant to give clear proof of this but at least |

three years' observation wouild be required to show a

trend towards lower c.gel.-8 as the heather aged.
The results for one month do, however, extend over
8 period of three years and they show a downward

tendency. The c.g.ie-s for September 1951, 1952 and /l
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60s '
1983 are respectively 92, 62 and 7., Unfortunately
. this is insufficient evidence for conclusive proof.i
There is also a very wide difference in the average
| Csgels for the two years. In September 1950-81 it |
was 52 and in September 1951-.52, 29, This again may

| indieate, that as the heather ages, the cegels ,

declines; =& result which would be expected from the
chemical analysis of heathey of different ages. ]

The differences between area 4 and the other i
| areas are explained, partly by its dotaniesl
 composition, and partly by its locations It contains
a very high proportion of F. oving end A. cening
and their growth in May will cause the eagels to ris%
thens When, in July-September, the mein young heather
areas come into use, the sheep, finding an abundance;
of heather on them, will not move down the hill to I
graze the small area 4« The heather growth on area |
4 will therefore be "hained" and will he grsged in !
October when the sheep are concentrating on the
agrostis-fescue sward to whieh area 4 lies in close
pProximity. |

The utilisation of young heather is markedly

seasonals, During the period of maximm c.geis in Ju#y

|
and Auguet the cegeie of young heather approaches that
|of agrostis-fescue sward and, on some areas of youngg
heather, exceeds 1ts In winter the c.gels 18 very
low and in some winter months during the period

|
i
September 1951-52 there was an almost complete/ |
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avoidance of the young heather sward, Location of
the aress canuot acoount for thie ss the young
heather areas were either contiguous or in close g
proximity to aress with a high winter cegeis There |

iappear to be four eontributory causes of the low .

cegele 1n winters

(1) The plents have been so closely grazed in June-
September that there is nothing left to graze in ﬁinLeru
'(3) The areas do not contain any quantity of winter~!
green bog specles which would attract the sheep into
them, ' '

'(3) The growth form of young heather is such that
it affords no shelter to the young shoots which are
therefore readily frosted and consequently avoided
by the sheep in winter, |

(4) Thomas (16) sugrests, that as the surmer:
winter variation in chemieal eampoaitidn is less in
0ld heather than in young, the sheep will use the |
|young heather in swmer, when it is at its best, and |
|the 0ld heather in winter as it has suffered less
detariaratian'frum its summer values ' |

0lda gggg er (24.8% of area inecluding areas burnt
f in Noveuber 1951)

Botaniecal eomposition |
(See Aprendix A, Table 1V and Xap No, 4)

The heather ie more than 12 years old and mch K
of it more than 40 years 0ld,

It was felt that there was no noint in
differentiating between heather areas that were/




| high but it is not quantitatively an important

| Comparative Grazing intensity

constituent of the sward and it is doubtful if it

' 81 and 49 are exceedingly damp with high frequencies

‘clear pieture of the seasonal changes in cegsis /

| more than 12 years old and they are 8ll classed

c2. |
together as old heather. The heather is tall
(9% - 24%") bushy, and the sward is floristically poo'r
In the 12 analyses 15 species were rvecorded with an
average of 9 species per area. Molinia, though it
occurs in 9 of the areas with maximum frequency,
is not a co-dominant, being represented by an even

dispersion of a few leaves. Thus its frequency is

has maeh, if any, effect on the grazing. Areas 45,

of Eriophorum sngustifolium.

Comparison between period Sept. 1950-51
and Sept- 1951-52,

monthly and average monthly cegole
period Sept. period Sept. average

1950-51 1951-52 monthly C.gel.
Sept. 3 14 21
Oet. 16 40 20
Nov, 10 24 17
Dee, 47 - 33
Jana , 10 141 ' 2 1
Febe - 4 2
Mar. 23 39 30
Hay 8 3 8
|June 4 v 60 43
July 19 68 50
Auge 81 50 59
Sept. 14 50 -

The values are plotted on graph Noe O

The results are rather unsatisfactory as no




[=mroiy




1

63,
emerges from them. In particular the position in

the period December-January is obscure, there being

' no eorrespondence between the results for the period

1550-51 and 1951-52, It ean be said, however, that

the c.g.1s 18 low, the average monthly c.geis never

exceeding the area geis and that there is a peak in |

Cefeils in the period June-August and probebly anothe
in the period December-iareh,
Comparison hetween areas,

average monthly and average C.gels

No. of area 52 & 53 55 51 49 45 44 41 38 & 39|

%age of - , -

total area 58 69 o6 2,1 1.0 1.0 304 1s3
Sept. - 9 -« 26 - « 15 22
Octe - - - = = = 18 59
NoV. - - = 13 .- - 4 -
Dec. - - - - - - - -
| Jane - - = 5982l = = 131
Peb. - A e e, e W -
Mare 3 87 - 24 199 15 14 46
Apr. - 77 - - 42 - 23 -
 May 2 - - = 11 - 3 24
June - - = 66 120 =~ 60 -
| July - 12 28 37 29 46 89 -
Aug. - 69 36 68 96 - 105 o
average CeZels 044 21 5 24 109 B 30 22

]

—

|
On Map No. 2 some of these areas appear as burnt

burnt they were old heather areas and the ecalculatio

is based on the cegei. up till the time of burning,

All the areas Tall helow the average Cegele of
01ld heather (=30) éxcept area 45 which exceeds it
and 41 which is at the aversge value. Thus, on only
5% of the total old heather area, is the [/

lareass It should be understood that before being l

[
* . =3
o
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average c.g.1. exceeded, and then by a very large

| margine On 53% of the area, composed of areas 52, t

53, 51, 44 and 37 the average c.ge¢les 18 5 or below.
There are therefore wide differences in the
Cegele of the old heather areas and a very high

Percentage of the area is almost completely avoided by

the sheep, while a small percentage is grazed with
fairiy great intensitys The occurrence of a peak 1P
Cegels in July-August is apparent. The period October-
December shows little grazing on the areas as does
the period Mayaéune. Mareh is the only month otheri
then July-August when grazing occurs on at 1eaét 7
| of tﬁe 9 areas and this gives weight to the opinion
thaé cld heather is grazed in early spring. The
absénce of any records of grazing in February is a
resﬁlt which might be expected where the Cegels is low
and the number of days' observation is small.
Discussion

In the grazing of these areas of o0ld heather
thefe are two points of interest.

(1) The low average csgels of 0ld heather and the
wide variation in the c.gels between the different -
areas of old heather.

(2) The ratio of winterssummer c.ge.i.

The adverse opinion about old heather is
confirmed by this study of its c.gei. Large areas
of the old heather are not grazed. If they were
fenced from the stoek, and planted with trees, it /
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would only improve the grazing by providing shelter,
Unt'l they are burnt they are useless.

" The considerable variationlin-c.g‘i. between
the areas is a location effect, and also an indication
that the heather is too large a proportion of the area
for its efficient utilisations It is probable that

sheep will take a limited quantity of old heather as
a proportion of their diet and ignore any excess. \
Where it is in excess, the areas they will utilise |
will be those adjacent to their main grazing areas.
The distant areas will be ignored. ‘
We are touching here the very important questioL
of the most advantageous proportion of heather on
a hill pasture. It should be suffielently large not

to suffer progressive reduction through over-grazing

and should not exceed the amount the sheep are .
prepared to consume as a proportion of their diet. ;
Linton (13) advises that the proportion should be |
1/7 of the pasture but does not state how he arrived

at that figure, or if it refers to heather areas on

the high or low ground, or what proportion the
other swards should be if heather is 1/7., It should
be, however, a relatively simple question for a hillj
farmer or a shepherd, to deeide if the heather on
any heft is being over- or under-grazed, and this,
and not the proportion it forms of the pasture,is

the important point.
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(2) The ratio of winters summer c.g.l.

The ratio of winter (Jamery-April) to summer
(June;September) cegelse on old heather is 293143, and
on young heather, 9:75. The reasons why young heather
is lightly grazed in winter have already been

discussed. The muich smaller yinter:aummer ratio

may
characteristic of old heather/arise from the following
contributory causes,

(1) In old heather both the rate and the amount of |

growth in summer being less than in young heather. |
(2) The chemical composition of 0ld heather not ]
varying greatly between sunmer and winter so that
| 01d heather is not much less attractive in winter
Ithayit is in summer,

(3) Heather being in excess in the pasture, the
sheep have a choice between young and old heather
[in summer and as they prefer the former the csgele

daeg not rise on the latter,

(4) There being more wintergreen bog species in the |
0ld heather than in the young, these may attract the|
sheep into the old heather in winter.
(5) The growth form of old heather affording shelter
to the tips of some shoots and hence saving them
from frost damage.

Comparative grazing intensities were caleculated
jmn.ttting those days of observation on which the
ground was covered with snow, since the snow would

interfere with the free choice of the sheep among /
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the swards, and would hence affect the resulis,
If the days, on which the snow cover was deep,
were included in the calculations, the c.gele on old
heather in winter would greatly increases 0On many |

|days it was the only plant which could be grazed as

the sheep were able to shake the snow off the old

bushy heather with great ease. It was only with great

difficulty that they were abhle to graze the other |
swards when the snow was deep, and sometimes it was |
\impossible. It is for this reason that many herds
|

like to have an area of o0ld heather near & stell as
it affords the sheep a readily available bite during!

periocds of storme IV is the recognition of such

points as these which makes the management of hill |

?pastures something of an art.
Lea Heather (6.4% of the total area)

Botaniecal composition

(See Appendix A, table 1V and Map No. 4)
The two areas, 42 and 43, are composed of heather
more than 12 years old, and contain wi thin them
outerops of stone and pateches of grass swards The
peat lying between these wvaries from one inch to
twelve inches deep, is fairly well drained and bog

species are absents The deseription, lea heather, is

|

not quite accurate but it has been used to distinguish

: !

these areas from other areas of old heather occurring
|

on deep, badly dreined peat and asmeiated with bog

Epecies,




of 15 speeies in the two analyses, and an average of |
|12 species per analysis were recorded. Such typical
%bog species as Eriophorum vaginatum and angustifolium,
EBupetrum nigrum and Eriea tetralix do not occur,
Icomggrative Grazing intensity -

684«

As wo:ld be expected the areas afe floristically

richer than the other areas of old heather. A total;

l
!

|

1951-52 but the correspondence of the curves is
quite good, February and August being the only
maths in which they are contradictory. There are
two peaks in the csgele, a winter peak in the period
January-iMarch and a summer peak in ihe periocd June-
Julys The c.g.is begins to inecrease in May from the

low value in April,

Comparison between the periods Septs 1950- s

Septs 51 and Septel1951-Sept. 52 *

|

monthly and average monthly c«gele I

pericd Septe period Sept. average
1950-51 1951-52 monthly c.gele

Sente 168 70 89
oct. - S -
Novs 35 105 ' 81l
|Dee. o - .
Jans o8 174 142
Febs - 232 165
Mar. 23 154 79
Apr, - 31 25
May. 42 118 61
June 126 121 122
July. 224 82 121
Mg. - 89 64
Septo 70 50 -

These values are plotted on graph No. 10.
The e.ge¢le in 1950-51 is mueh less than in

In both the periods January-February and June- /
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July the area g.i. is exceeded,

Comparison between areas,

average monthly and average c.gol.

No, of area 42 43

%age of total area 3019 30 24

Sept. 36 140

Oct. - -

Novs 66 96

IDecc - I . -

Jan. 78 204 f
Feb. 92 . 235 i
ar. 82 75 E
Dre 12 37 i
May 45 ™ |

June 130 114 |

July 142 100

g“-g' - 60 69 i
average Cogele 62 o5 I

These values are plotted in graph No, 11,

| ;While the average c.g+1s is higher on area 43
ihan:on area 42, there is a very close correspondence
between the curves for the two areas. Only in July, |
when the Cegele On 43 increases and on 42 decreases, !
are they not identieals, The slightly lower altitude

of area 43, its proximity to the areas of draw moss,

ﬁccount for the difference in the cegei., between it

|
and the greater proportion of grass areas in it, may l
|
|

Ind area 43, in the period Jamiery~-Februery., At

ther times of the year the c.g.i. on the two areas

8 very similar.

geussion

|

Eward. It is well grazed in the months of January-

The old heather in these areas is & valuable

l ]
bebfuary and is comparatively early, the c.g.i. riaing

in May and reaching a summer maximum in June or July./




pace)

et

FeEbpis
LT

—a %0

e




70.
It camnot be said if the earlier soring rise in the |
CeZele, in comparison to the other heather areas, .
|e.g. 0old and young heather, is due to the gﬁaea |
content of the sward or’to the earlier growth of the
heather., The latter explanation appears the more
glikely, as grass is only a small proportion of the
Iswabd, and the sheep have an abundsnce of grass on
other areas. I growth is earlier in these lea
heather areas this may be due to their more freely

draining peat becoming warm in the spring before that

Iof the peat below the bog heather, Certainly its

summer peak in grazing lies in June and July, end noty

in July and August, as is the case on the othep heathgr
éareas. The grazing of these old heather aress,

iareas 43 and 42, would support an opinion of Lintonfa
(13), Wwich Thomas questions, that age is not the
only factor determining the value of heather, nor

93 value iaversely related to age.

‘Winter and Summer Comparative Craz Inten e

This point has already been discussed but its

practical importance makes it merit further

consideration. The table below shows the winter,

(Tanuary-April) and swmer, (June-September)
comparative grazing intensities on the different '

typee of heather swerd at Overshielss /




71-
Comparative grazing intensity
Heather Sward Type Winter period summer period

[

Young heather 9 75
0ld heather 29 43

Lea heather 103 29

| Young heather has a high C.g.i. in summer,
certain areas surpassing all other heather areas at i
fthis_time, and is almost completely avoided in '
winter.s The old bushy heather, growing in deep
peat. has a low Cegels in both periods, but the
Esummer:winter variation is not very greats Lea

heather (as defined in the text) has a high c.geis
in both periods, and practically no winter:surmer

variation in c.g.l.

| The following conclusions are drawn from these |
&acts. The burning of heather greatly increases tha!
vield, but asppears to reduce the quantity avallable

for winter grazing. Ceritain types of 0ld heather are

gxtremely valuable, being heavily grazed in both

Eummer and winter, while other types of old heather
|

are of low or almost no value at all times of the year.

| The contributory causes of the low c¢.gsis oOn

boung, and higher c.g0is on old heather, in winter,
ve already been suggested., OFf these causes, the

one to which the writer would give most weight, is

the growth form of the heather plant.

On the 19th Mareh 1953 the heather aress at

_?verahiels were closely inspected and the following

points noteds On the young heather all of the /
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preceding season's growth was exposed to both wind
; and sunes The leaflets facing the south on each

sprig of heather were frosted and of a foxy brown

. eolour, The leaflets, on the side of the sprig

| faecing away from the sun, were green and apparently

caused, not by the freezing of the leaflets, but by
their being rapidly thawed out by the suns

to have developed from buds which had remained

dormant until some time after the plant was well

grown, and their subsequent growth was therefore

unfrosteds It is therefore likely that frosting is

On the old heather some of the sprigs were gree

and had a fresh sppearance. These sprigs appeared

n

sheltered, The presence of unfrosted growth from thé

| preceding summer in the old heather,and the lack

| : ‘
 of the sheep's winter preference for old heather,

If this is the case, it might be a practical

proposition to plant, not shelter, but shade belts,

|to protect young heather from the winter sun and

\winter grazing.

While it is true that heather should not be

allowed to get very old, and it is generally
‘recommended that it sho:ld be burnt at 10-12 year
lintervala, this is a recommendation requiring
intelligent applications Until we know more about

the growth, and response to grazing of heather on /

thus preserve considerable guantities of heather for

of it in the young heather, is probably the explanation
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!different soils, its susceptibility to frost damage,
|

‘1%3 growth habit, the proportion of the pasture heath
'should eonstitute, and the best proportion of differed

ler

nt

ages of heather, its management will not be fully

|
!understood.
! The type and location of some heather areas

mey meke it advisable to burn once in seven years, |
| [

iin other cases once in twenty years might be the

|bast intervals

lparticular conditions of esch hill; intelligent

Certainly, without deep knowledge of the

management of its heather sward is impossible, and
in this connection, the practice of game keepers

heing in charge of heather burning, is little short

Iaf ridiculous.
!Draw Moss (4.16% of area)
Botanical composition
| (see Appendix A, Table 1V, and Map No. 4)

There are five areas of draw moss but in only
one of these, area 54, is it so well developed that
1t is dominant over heather and attains the highest |

frequency claesss In the other areas the draw moss

o1l draw moss is of fairly high frequency but this
area is not included emong the draw moss areas as
there the draw moss is quantitatively insignifieant
and the tussock formation poorly devéloped. The

heather accompanying the draw moss is old, and the /

occurs as tussoeks growing among the heather, In area
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peat deepe
|

écomparatgye Grazing intensity

Comparison between periods Sept. 1950 - Septe 1951 |
and Septs 1951 - Sept. 1952. |

monthly and average monthly C.gele

Period Sept. Period Sept: Average

i 1950=51 1951-52 monthly cegeis
'8epte. 21 39 27

|0ct, - 82 14

Nove - - -

Jane - 165 95

Feb. 80 51 60

|Mar,. 129 198 151 :
\Apr, 74 15 26 5
May - 27 10 23 -
June’ - - -

July - 19 14

|Age 117 19 45

|Septe 39 5 -
| These values are plotted in greph Nos. 12. The
total area of draw moss is small, and as ecould be

| . ]
‘expected, there is considerable variation in the

'values between months and between years. Nevertheless,

|
‘there are clearly two periods when the sward is

utilised; the first from January-April and the second
| - .

ifrom August-October, Except for March the average
|

monthly ce.g.ie lies below the area gele
Ecomparison between areas of draw moss swarde
average monthly Cogele

|
l ! "
INO. of area 46 47 48 50 54

Iage of total area 1,69 0s35 0489 0457 0,66
.. Sept- 37 - - 45 53

Oete . o e Lo 95

Nove - = e e a

l Dec. - - - - -

Jan, 61 . - - 289 250

Feb, B . o o« 319

Mar 160 = 42 - 589

#E?“ S T

June - - - -

g:lv -~ 46 27 28 15
Av§§age CoBole 33 fg %g %Z 1%%
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These values are plotted ia graph No. 13,

In the comparison between areas the most obvious
feature is the outstanding difference between the
grazing intensity on area 54 and all the otherss ALl
the areas show a peak, or peaks, in grazing intensity

in the period January-May and smaller peaks in the period

July-October, On small areas where the grazing
Eihxensity is low, it is not expeeted that changes

= _
in average monthly c.ge.is will emerge as clearly as

they do in large areas with a high c.gei. However,
exeept for area 47, where the cegelese in the period 5
Jemiary-kMay is very low, the curves for all the area&

of draw moss sward are broadly similar.

|

Discussion . . '
|
| |

kalue in the early spring, especially if sited on [

All the writers are agreed that draw moss is of |

%the low ground, and Wallace has said that many a
farmer has "...riined his farm, his stock, and
himself" by draining draw moss bog (14). The
chemiéal enalysis. of Thomes is further proof of the
valne of draw moss in the early spring and the
seasonal variation in e.gels certainly indicates its
use in this period. Indeed, of all the areas of draw

moss, the area whieh contains the greatest quantity

of draw moss is the one with the highest c.gels 1n

.i ;

ithe period January-Aprils. The slight rise in cCegels
whieh occurs in July-August is due to the heather

eontent in the sward and is much less than the rise /
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| in January-Marche |
rat Henther (5.9% of total ares)

ani nrannai 44 o

(Bee Appendix A, Table 1V and Map No, 4)
| Botanieal analyses were made of the burnt
'heather areas in the summer of 1962. The areas were

burnt in November 1951, The heather was successfill;

g

regenerating on all the areas except areca 39, This

had been en area of very dense, tall heather, similar

gto areag 38 and 40, on which areas the peat wes thin
‘end dry and where only 6 species wers recorded at eaéh
fanalyais. In half of the queadrat readings on area |
33 no young heather shoots were recorded, indicative
of very poor regeneration,

The amount of available grazing was small on all
(the burnt areanss It was noted that the molinia wes
well grazed while J. smquarresus and T, esesnitosum,
were available on the burnt areas in the winter
following burning.

Comparetive Grazing intensity

Comparison between aress before and after burnings |

i
' (Monthly cegele (Monthly cegels i
before burning) after burning) 1
|

Nove - (Burnt Nove 1951)
Dec, o -
Jans a8 -
Feb, - -
Har, 18 17
ADYPs - -
May 24 40
June - 85
July 8 73
Auge 13 78
I thf B 51
cte L -




i
|

(LI
The ceZs1s on the areas before burning was veryi
low, and during some montha they were not grazed. Al
can be seen the burnt areas were, in their first yea*,
grazed in the period Meveh-Beptember. It is thought
that the fresh, and after burning, readily available?
ghoote of molinia attract the sheep in the months of |
Jay-June. In the months July-September the young

heather growth is grazed, while in Hareh J.

gquarrosas and deer hair atiract the sheep to the
recently burnt aress,
Diseunaio

The c.gs1e On the burnt ereas is moderately |
high and is in the order of that on a representative

ares of mature molinia (area 17) in the neriod Juno-!
Septenmbers The D.Ms produetion per unit area of !
the mature molinia sward is certainly many times | i
higher than thst on the freshly~burnt heather areas |
yet their graszing intensities are ronghly equivalents
If anything, the burnt areas are slightly higher, |
Growth is less on the burnt aress than on the maliniﬁ
sward, but 1% is all young fresh growth.
Thie ie a clear demonstration that the sheep

graze for quality and a2 further proof that cegels i8

not in direet proportion to produetivity.

Fo;ia;g gward (72 of eres)

Sotanleal eompocition

(See Appendix A, Table 11, and Map No., 4)
This iz bog molinia in which the large molinia |

tuseocks are the most conspicuous feature of the /
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[
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vegetations, There are fairly wide differences between
he several areas of molinia. Area 19 has a high

frequency of F» ovina and N. stricta and is mach
irier than the other areas., Area 17 is the dampest

£ the aress and shows small frequencies of J.

squarrosus, heather, Yacoiniyn myrtillug end le.smm.
Vitisniggg and there is a trace of Erica tetralix.
Areas 14-16 are drier than 17 and contain a fair

#epresentation of F. ovina. Area 21 1s not considered
és it cannot be satisfactorily classified as molinia,.
molinie sward is floristically poor, 22 species
n the 5 analyses and an average of 13 per analysis

#eing recorded,
!o arative ng inte t

Comparison between periods Sept. 1950-Sept. 1951
and Sept. 1951-Sept. 1952,

Monthly and average monthly ce.ge.1.
period Sept. period Sept. average

1950-51 1951-52 monthly c.geie
Sept. 176 21 68
ﬂﬂtt y 11 29 13
NOVs 36 24 28
Dec. 94 225 148 |
Jan, 34 52 47
eb, 123 81 93
are 71 19 48
Qpr. - ; 45 36
May - 13 13 13
June 62 48 52 -
guly-. 66 62 63
Lo a7 40 42
ept. 21 _ 31 -

The values are plotted on graph No. 14.

, It has to be remembered that molinia itself
erords no grazing during the winter period and is
only available in the period May-September, There / |
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iis an increase in the ce.g.is in the period May-July
hhich is thought to be due to_the early growth of
&hebmolinia. The c.geles then declines in Auguat-
%eptember. Only in December does the average monthlyi
L.g.i. exceed the area g.is During the summer period
%t, like nardus and old heather, falls to exceed
#he area gele

bomparison between areas.

average monthly and average Cegeie
| - molinla areas.

ho. of area

#age of 20 19 18 17 16 15 14
total area 0e32 1a44 0432 3448 0428 04,40 0482 .
gept. 26 118 - 62 189 = 42

ct. - - - 27 - - -
Nov. - 38 = 36 - 35 -

Ce - 544 - - - - 318
Jans - - =~ B3 71 50 125 |
Feb. - 140 - 73 528 « b1 1
Mar, - 6 50 31 332 62 113 -
Apr. - 1lk21 - 23 -~ = - ;
May - - 30 24 - - - '
June - 63 - 40 328 115 -
July 34 856 - 74 139 27 6
Aug. - 30 = 64 39 12 20
fverage CoeZeie B 95 6 42 135 25 56

| Some of these results are plotted on graph No. 15,
| ‘The highest intensities occur in the December-
ﬂarch period and again in the period June-September,
ﬁprii—May and October are periods of low Cegsls

ihe very small areas with low c.g.ie-8, areas 16, 20,
ia, and 15 are omitted from further consideration
ﬁecause they are small and liable to give misleading
?esults.

| Area 17 1s thought to give the most reliable
&nﬂication of the seasonal changes in the c.geis as it

bhows consistent trends with no wide variation, is

the largest area of molinia, and being situated in /
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;losa proximity t- the main grazing areas, it offers |
Fhe sheep the choice of grazing or avoiding it. Thes?
bonsiderations also apoly in some measure to area 14
%hich has a curve rather similar to area 17. Area 19
PB not sited in c¢lose proximity to the main grazing

Preas and here the results are very erratiec.s It has,

howavar, certain similarities to areas 17 and 14 in t?at

there is a peak in the winter, a low value in May andé
L further peak in the period June-September; The |
ﬁolinia sward has two periods of above average
utilisation, a period from Decembernmarch and another
kn the period from June-September.

ﬁ;sgussigg

' There is a certain similarity in the grazing of
#olinia and nardus swards. Both show a peak in the
;.3.1. in the winter, a peak that is related to the
scareity of food that makes the sheep search these
%wards‘for uneaten summer growth. In the molinia
sward it 1s obviously not the molinia they graze but
&he sub-dominant Agrostis sppe. and Festuca SDD.

i Here the similarity ends, molinia having a peak
in the csgsis which rises in June and falls in September.
&his peak does not rise to the level of the area ge.l., |
‘thus indicating either that the grass is of marked
#nferiority, or that other factors are causing an
under-utilisations Under-utilisation may be due to
the counter-attraction of the heather, especially the
#ea and young heather., When molinia reaches 1its

@aximum growth, towards the end of June, heather is

at its most palatable stage and the sheep graze the /
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| heather in preference to the molinia, ‘This is an
!example of the utilisation of s eward belng affeated

}by the other types of sward preseat in the pasture.

| Had the heather not been present it is probable that

| the molinia would have been grazed much more intensively.

2P hetween Sw [

Thaet each sward has & characteristic seasonal

| variation in the c.gels has already been shown aﬁd
discussed, In nseking a comparison betwesn the swards
' the date have been further reduceds The aversge bi-
monthly ¢.g8eie has been calculated and all the heath

o
b |

. areas have been grouped together,

average bi-monthly cegede

Sward - Bracken Agvostis- Holinia Heather HNardus Draw loss
sward fescue (1ess

burnt

heather)
%age of
total area 206486 9465 7406 41,223 2,02 4. 16
Bepts-0ct. 201 21 41 38 89 21
Nove=Dece 247 38 88 27 280 | -
Jan -Fehe 122 375 70 40 204 &4
Hars -ApTs 183 288 42 24 128 88
HayeJune 177 2786 34 33 70 | 11l
JALy-Auge 142 . 1380 52 82 61 | 30
average Cefeies 130 211 56 41 138 43

. These values are plotted in graph MNo. 18.
ﬁraph Nos 16 shows the wide variation in the cegele
which exists among swards., Agrostis-fescue sward is
superior in every period except the November-Decembern one,

the superiority being most marxed in Jamary-February and

declining from that period onwards, Nardus has very
i

%1gh values in the Noveuher-February period, (it mst

be remenbered that this is nardus sited on the low

ground) but during the growing season the values falﬂ

|
below the area o.f. Nolirnta hes o low volue at a3y 4
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_ times of the year and shows a similarity to nardus

in that the highest Cegeie~s Ocour in winter., The .

| bracizen sward is second to the agrostis-fescue

; sward and the cegelas never falls below the area gel.

- As already noted the bracken sward and agrostise

: fescue sward curves are complementary in the periodl

September-April and from April to September they

| both show a gradual decline. The values for draw

| moss never exceed the arca geies but from Jamery-

April they approach ite Thne shape of the curve is

- peenlisr to draw mosse The cegele of heather is |

also low, and the curve has a shayp rise from July-

| Angust, 8 feature peculiar to heather.

There are very wide differences in the average
GeZeie~8 of the swards but it is felt that no

{ useful discussion can be based on thems They are

avernges strack between periods of the year which

| are dissimilar and in which the reasons for the

. sheep's preference for different swards changes

They are, however, useful in a comparison among

| areas of the same type of sward and have been used
for this purpoces,

A discussion which arises out of a consideration

| of these facts ie ineluded in the discussion of

sheep ag a factor in the ecology of hill pastures.
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Sheep as & factor in the ecology of hill pastures

|
i Grazing is a dynamie factor in both changing
and stabllising plant comrmunities, The different
!reSponses of speecies to defoliation, treading and
;manuring lead to the suppression of some species and

ithe encouragement of others.s What is diseussed here

%is not the effect of sheep on particulaf species, |
but their long-term effeet on the hill pasture viewe%
las a wholes '

Sheep will affect the wvegetation of hill pastures
bys-

| (a) their effect on particular plants and plant
communities.

(b) causing a disproportion to occur between the
. amount grazed and the mamurial return on
different swards and different loealities of
the pastures

(e) the movement of produce i.e. lambs, wool, off
the hille

(d) the concentration of grazing in localities for |
reasons other than the atirections of the i

swards found in that locality e.ge. concentrations
arising from local climatic differencess

|
' (e) their reactions to particular plants e.g. their
avoidance of bracken.

a) The effect of sheep grazing on particular plants
and plant commnities

! Some plants are suppressed by close grazing,

Eothera are encourageds Of the dominant species found
kt Overshiels the following are encourageds-

i#grostis Spp. s Festuca sppés I repens, Ce cristatus,
|

and H. lanatus, and those suppressedi- heather,
kolinia and narduss Depending upon the management
Fnd the edaphic conditions, one or more of the speclies’ /
|

|
1
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%1n the two classes, becomes dominant.

' The effect, however, depends not only on the
intensity of grazing but also on the time at whieh
|1t takes place during the seasonal growth of the
lplant. It has been shown that {the highest comparative
igrazing intensities occur on the inferior swards Guring.
lthe period of least growth, and it is in this period
that they are least affected by grazings During

periods of active growth, in spring and early sumer,

‘the inferior swards are ignored by the sheep, who have
|

at this time an abundance of grazing on the superioré

|Bwards. The effect of sheep grazing is to further

the dominance of the inferior species while excessivq

grazing, particularly in early spring and summer,

impoverishes the superior swards,

i The operation of this relationship, over the

course of centuries and on the basis of an initial
edaphic and topographiec differentiation between areas),
has led to the development of swards sharply defined

and localised on the hill pasture.

(b) The disproportion between the amount grazed
and the wanugia; return

Sheep graze more during the day than during the

|
|
i
|

night, and under many hill conditions they use one

grea for grazing and another for restings As a

onsequence the manurial return is deficient in the
razing areas and excessive in the resting areas., No
tnantitative data can ve given for this phenomenon
> <

cept the observation of Crofton, that dung pellets

;ere twenty times more numerous in the night camping ,

N
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areas than on the grazing areas, (47). and Bears%’

finding that lowland sheep took 60% of their total
I

Ifeed during the day but exereted only 40% of their
;dung and urine (49). The striking effect which 1
idisproportion in the manurial return has on the
productivity of a sward has been shown by Sears and
!Goodall (48), and Sears also realises the long-term
ieffect of fertility transference on hill pastures in
‘New Zealand (49).
Fertility is carried in the dung from the

superior to the inferior swards. It is sometimes
argued that hill grazings can he improved by giving

intensive manurial dressings to small areas and

allowing the sheep to spread the mamire over the

|
'pasture in their dung. The reasoning behind this
JI:léleva is mistakens The greatest transference of

fertility will take place in the winter months, at

attain their highest comparative grazing intensities.

‘This fertility will ald the un-eaten summer growth
:of the inferior species. In addition there will be
a transference of fertility to the high ground
ungrazed areas of the pasture. In effect the fertili
will be dispersed and dissipated over the pasture and
only notieeable change will be the regression of the
Eimproved areas,

These remarks Bhouid not be understood as a
ceritieism of the system of complementary grazing, fonr

indeed they do not refer to this system, What is /

which time the inferior swards, sited on the low ground,

ty
the



eriticised is the attempt %o improve hill pasmresaﬁa
while taking no steps to control grazing.
(¢) The movement of produce off the hill

orr and Frazer (29) have pointed to the contimual

| drain of lime and phosphorus, from the hill pastureé,

is in the region of 35 tons of each mineral (ca0

caused by the sale of stock reared on thems In the

County of Argyll the annusl lose, they calculated,

& P205). This is slight, but over & eentury, from
an area already deficlent in these minerals the losd
is, "en impoverishment which eannot be ignored."
(d) The concentration of grazing in sheltered areas

Griffith & Hutton (78) found that lambs wintered
on improved pasture, which was located on an exposed
area, became sluggish and stiff during periods of
exceptionally cold weather. Where there were areas
of improved pasture on all the aspects of the hill,
the sheep invariably grazed those sheltered from the wind,

It is the writer's observation that sheep are
most sensitive to exposure in the spring, and hence
the effect this has in determining the location of
grazing will be greastest at this time of year, the
time at which plant growith begilns.

Tocalities which have & good soil, but are
exposed, will not be grazed to the same extent as the
sheltered areas and hence will carry an inferior
sward,

The sheep's preference for a sunlit slpe will /
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be enother factop in restrieting grazing to certain
areas, and will lead to under-grazing of the northern
slopes, |
Inereased exposure at higher sltitudes will res&lt
in the high ground being grazed to a lesser degree
than the low ground, Thus the prevalence of inferior
swards on the high ground, while due principally to
Iadaﬁhic factorsy; will be encouraged by the distribution
lof grazing,
((e) The evoidance of bracken by the sheen
| There 1s good reason to belleve that bracken is
spreading rapidly over much of the hill pastures.
The csuses of this are obscure, What is elear, is
that it suffers no check from grazing. The direct

|

;already been discusseds In short it reduces the total

and indirect effects of bracken infestation have

: .
availsble grazing, decreases the proportion availsble

!1n winter and probably encoursges the dominance of

inferior species. | |
If we eonsider the sum of the different effects
of sheep on hill pastures, the essence of the
relationship is as follows,
In the course of years of practice a balance

between stocking rate and mutritional supply has been

trucke On one side this belance is affected by socinl-
Economie factors having an influence on stocking rates,

|nd on tﬁe other by the eontinuing effect the sheep have
n the pastures At best that continiing effect
intains the pasture at its present level of /
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production, but change, where and when it takes place
and as it is effected by the sheep, is towards lower
levels of productivitys

b3
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Sheep Behaviour

Stapledon and Jones (50) first drew the attentioh
of workers in this country to the importance of animal
behaviour studies and,'since then, interest in this
subjeet has steadily developed.

In the main the work has been descriptive, dealing
with the pronortion of the day the animsl devotes to

such activities as grazing, ruminating, and resting;

‘the occurrence and sequence of these ectivities throughe
I
out the day, end the sessonal variations in them, It|

11l be an aid to the more efficient ntilisation of
asture and at least one writer has ettempted to draw!
ponclusions, of sugpested practical epplication, from
%15 observations (51).
‘ Behaviour studies have also been made as an aid
o the solution of specific problems e.g., inereasing
Ihe cow's apnetite for bulky foods, (52) milk taints
653), conserving energy under conditions of severe
Arought (54), and suggested as an aid to the study of
Aroblems of helminth infestation (55).
{ Tribe and Gordon (57) and Tribe (56) have studied
he importance of the sense of smell and vision in
heep, beiieving that studies in sensory perception I
re a "necessary forerunner to a eritical study of
its general behaviour,"
The work has been reviéwed by Tribe (73),
Castle et 81.(68), and Hughes snd Reid (59), while
Haneock has summarised criticisms of the experimental

technique used by previous investigators (60),

s thought that an understanding of the animal's behaviour



Eheep to be similar to thet of the flock as a whole,

Kﬁl), and the case of both cattle and sheep by Hughes

Fmount of time spent grazing by catile increases as
h

emerged from work on this subject.

and Reid (59), who found considerable individual

variation about the flock and herd average.

(68), Atkeyson et 21.(63), and Hancock (60) the

|
900_;

The following features of animal behaviour have

Tribe (72) found the behaviour of individual

conclusion question by Ivins in the case of cattile

According to Waite et al.(62), Castle et al.

e pasture detériorates; the contrary opinion is held

y Johnstone-Walliace (64) who found that & herd of beef

?owa spent a constant proportion of their time grazing,
#rrespective of the stage of growth of the pasture.

I

i

t

experience of Johnstone-Wallace must be regarded as

based his eonclusions has bheen criticised in the light

of further work,

although the latter workers found it to be slightly

n view of the volume of contrary evidence the

Xeeptional, and indeed the small sample upon which he

Tribe (72) and Haghes and Reid (59) found little
easonel variation in the time spent grazing by sheep)

owe? in winter.
There is a marked periodicity in grazing dring |
he hours of daylight (72), which is related to sunrise
nd sunset (59, 62, 58, and 65), but no marked |
erliodicity during the hours of darkness.
In the temperate elimatic zone, grazing is
oncentrated during the hours of daylight and its /
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- of grazing is meh less than in the short day-lengths

9l

intensity is affected by the day-length and probably

]
by the temperature, OCattle and sheep will graze very

lightly, or not at all, during the short sum-er nights,

' but do so during the long winter ones (59, 62), and%

during the long day-lengths of summer the intensity |

of winter,

Behaviour, in rclation to elimatie factors, has
not been critically studied in the temperate zone,
but for obvious reesons has oceupled the attentions |

of workers in tropical and semi-tropieal zones.

' Bosman (66) has studied the effeet of high temperatures

' on the behaviour of sheep, and found that the sheep

| heat tolerance is being etudied at the Hamnah Dairy

|
|
!
|
|
|

 Institute (89) and other workers have shown the

tend to restriet grazing to the cooler parts of the
day., In the high summer temperatures of Louisiana,
UsSehey dairy cows. do rueh of their graszing during the

night and considerable differences among breeds in their

heat tolerance were founds The physiological basis of

deleterious effect of high temperatures on
spermatogenesls in sheep (70)s One of the most
interesting observations is that of Hancoek (60) who
found the behaviour of monozygotie twin calves to be

gimilar, That behaviour patterns are inherited has
very ilmportant implieation in the breeding of hill |
sheeps Under hill eonditions the behaviour of the
sheep in winter may meke the difference between

survival and deaths The use of tups reared off the /
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hill, whose behaviour under hill conditions hes
never been severely tested, is therefore questionablf.
The Behaviour of Hill Sheepn
No behaviour studies of hill sheep, in the
restricted sense of the study of the proportion of
the day devoted %o different activities, have heen
published, although Boulet epparently made such
observations. He does not, however, publish them in
his thesis (32),
Boulet discusses the behaviour of the sheep in
relation to rain, strong cold winds, insolation, end
their "daily routine, "
Welsh Mountain sheep are sensitive to changes in
the weather. Their normal grazing behaviour is upset
by réin, cold winds make them seekx shelter and they
congregate on the sun-exposed southern slopes,
esﬁecially in the forencons The floek as a whole
has a daily sequence of aectivities, using the rougher
Bwards at elther end of the day and using more or

less the same night camping aress, On wet days they

raze the rough herbage more than on dry days. They
Ppear to have an intimate knowledge of their own
11l pasture, knowing where tn go at different times
f the year for a palatable "bite,"

Obse iong on Sheen Behavio ershi

a) General observations
1) Behaviour in relation 4o rain

When the rain was heavy and driving the sheep

. T s

stopped grazing and stood up facing away from it. /
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After a night of rain, followed by a damp humid

|
‘morning, they were late in beginning to graze. In

isuch conditions they would not begin to graze until
:a short time after sunrise: nofmally they begin to
graze before it. They were not observed to utilise
' the rougher types of vegetation to a greater extent
iwhen they were damp.
5(2) Behaviour in relation to exnosure

Sheep are sensitive to exposure but this

‘sensivity appears to be more acute at certain times

of the year, During winter they will continue to

igraze under all conditions except those approaching |

ia blizzard. 1In spring, and during lambing time, th&m
Eiam.e mich more sensitive to exposure and seek shelter

under eonditions of exposure to which they would
|
hot have reacted a month or so before. Indeed, it wap
|

only during lambing time, and for a month or so

?fterwards, that behaviour which could be surmised
%a be due to exposure, was noted. No departure from i
their normal routine was noted at other times of the |
year, whieh, it was thought, could be attributed to ‘
%he weather, }
Fa) The sheep's knowledge of its own hill pasture |
| That this knowledge exists is something which
the writer thinks is indisputable, and the following
instanoes are given as evidences of it.

g In the period December-February the sheep were
éften observed at first light to be on the low ground,

%here they were grazing the agrostis-~fescue sward,

This was covered with hoar frost which persisted /
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%han the sun rose because the area lay in the shadow.
%he area in the vieinity of the round stell was not
'Fn the shadow and the hoar frost did not persist there
?his the sheep appeared to know, for when the sun rose
they immediately moved from the hollow to the high
ground. The sheep could not see the sun on the high
graund from whefe they were, but they knew the correct
éourse of action was to move up the hill.
: At the time when the sheep were grazing the '
&oung heather they were often seen at first light south
éf the round stells 1In spite of the fact that they
¢ould not see the young heather areas from where they
Igiad camped during the night, (and they did not camp
in the same place every night) they moved in a straight
line towards the heather, This presumes, not only a
#nowledge of the type of sward they wished to graze,
ﬁut also 1ts exaet direction from where they had
rested for the night.
(4) Daily grazing rbug;ng and its seasonal variation
i In the period January-February the sheep tend
%o keep to their low ground at all times of the day
and go to the high ground only when the weather is
£pen. From April to September they rest at night on
%he high ground, moving up, or being moved up by the
éhepherd, about 1700 or 1900 hourss There they graze
&nd rest, principally rest, until they move down to
%he low ground before sunrise, It is only in this
#eriod, April-September, that they are closely
ﬁerded; at other times of the year the shepherd /
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 preferred the sheep to find their own grazing. From
October to December they tend to remain on the high il
lground throughout the whole day., Boulet remarks tha?
the sheep graze their night ecamping areas from Dctobér
onwards. If these night camping areas were sited onithe
high ground it may be that Boulet is recording what

1the present writer calls a location effect, and that:
the sheep graze their night camping areas in the 1as#
quarter of the year because they tend to remain on !

the high ground where these are sited. This was

|certa1nly what happened at Overshiels,

(8) Periods of rest during the hours of daylipght
At each hourly observation, the total number

|or sheep and the number lying down was noted, This
latter figure was then ealculated as a percentage of‘
|the total, i
If the primary object of this study had been !
Esh.eep behaviour, then the method of collecting the }
Idata would be open to severe criticism, the animals @
‘being observed neither continuously nor at night. i
However, as the results are of interest, they a#e
presented with the above reservations on the method |
of observation, |
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Average percentage of sheep resting during
daylight hours (period Sept,1950-Sept. 52)

Gy Mo T
(hrse) 3 4 5 6 7 8 910
Jan, 0
Feb, 0 2 30
Mar. 9 9 814
Apr, 36 25 13 8 26
May 5644131 6 5 21
June 10 66 42 41 48 21 13 52
July 2 9 52 43 40 20 60 15
Ang, 10 20 54 51 30 30 22
Sept. 0 24 25 27 41
Oct. 0O 0 8 45 38
Nov. 0 115 52
' 0 0 89 33

!130 showe the times of sunrise and sunset on the 14th

These values are plotted

of each months

Yo September,

éround, they rest.

1l
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12 36 40 37 34 2
314 14 25 22 7
25 30 16 21 16 15

21 14 18 5
2 7 :

4 2
16 0

on graph No. 17, whiech

Periods of rest are related to the times of

7unriae and sunset in the long days of the period Apr?
The sheep begin to move from the high
ground before sunrise, and after a period of grazing i
the course of moving to and after arriving at the low
They rest for one or two hours

then begin to graze again. There is another, less

general period of rest in the afternoon, less general

in the sense that the sheep do not all rest at

approximately the seme time. In the late afternoon

zre sheep move up the hill and begin to settle down

hortly before sunset.

| ]

ittle at night.

_Eb observatione were made at night, but Crofton |
(71) remaﬁke, that hill sheep move and graze very

Of the sheep observed by hip during
Gaylight 90% were grazing, while only 10% were grazing

at night. Wallace noted that hill sheep do not graze

19 20 21

55

36 54
21 65 88
11 22
35 50

/50

i

|




Graph No. 17.
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during the short summer nights but do so between the
'houra of 11 peme 8nd 2 8N during'the long winter

nights (14)s

i - No evident periodiecity in resting emerges from
‘these Pigures, but it is unlikely this would be cleaﬁly
noted unless observations were made on the behaviour
iof individusl sheeps |

- During the short days, from October-March, the
;Shﬁep rest mueh less than in the long days of summer
iand only one general period of rest occurs. This
;takeslplace before midpday, and according to the day-
 length, at some time between 0900 and 1200 hourss
Comparing months oceurring in the first and
second halves of the year and having similar éaya
lengths, e.g. March-May and August-October, it is
‘seen that rest in daylight is much less in the first

half of the year. This behaviour is perhaps related

to the differences in available grazing and
I%emperature between these periodss ' |
It will be remembered that the spring of 1951
was nuch more severe than that of 1952 and that

trazing wag also more scarce in the former year,
t is therefore interestling to note, that the averagei
#umber of sheep resting in the daylight hours of Apri
;as 4%, and of Hay 8%, 1n 1951, while the correspondi
fig1rea for 1952 were 17% and 18%, |
% Hill sheep are much more.active during the hours
+f daylight than lowland sheep. The table below shows

#he comparison between the average times epent restin§

' #uring the houps 0700-1900, in the months April- /
|
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September by cheep under lowland eonditions (figures.
'adapted from Tribe (72) ) and the sheep at Overshiels,

Average percentege time spent resting in the
hours 0700-1900,

| Apre May June July Aupe Eepte

 Tride (lowlend) 32 32 40 45 A7

.Ovemniela 14 13 29 &1 26 23

a_.-..wv..,

Only in July do th3/h111 sheep reat more than
the sheep nnder the ﬂaﬁaitions of Tribe 8 abservations-

zing Behs »
Horgan et al. (74) have shown that the marked

|8pring rise in worm egy counts is due to en 1ncrease¢
worm burden and not to an increased egg production

'by helminths which have over-wintered in the sheep.

|
' The increased worm burden ean arige from either

.an inereased htooking rate or the activation of
larvee in the soll or grass mat; or what is move
likely - a éombination'of these events., The period
of highest infestation lies between the firat week
of March and the end of liay. Grazing was most .
Goncentrated at Overshiele in January-February and
remained at & high level until the sheep began to
graze the bracken sward in the middle of April.

There is a further decline in the eoncentration of
grazing from the middle of June onwards when the
sheep begin to use the heather sward, The
eoncentration in March and the early part »of April
is on the elovery flush gresss sward snd Taylor has

pointed out that elover may aid nematode infestation (55),.

There is therefore a decline in the eoncentration /




of grazing from the early spring onwards which is
offget tn s certain extent by the inerease in

Bdocking rate when the lambs begin-to graze. It is
doubtful, however, if the lamba can have any great

effect in inersesing the infective larval papalation|

before the middle of July, In the laet quarter of }
ithe year, when the gheep change thelr general laeatiJn
!of grazing to the high ground, they are on ground
whieh 1s comparatively fresh, though local

|coneentrations of infective larvae can be expected

on the night camping areas. By Hovember-Deceuber the

eoil temperatures begin to fall helow the threshold

value for the activetion of most larvase (eirea 50° %),
| Wnille the stocking rate does not detemmine the

ﬁéegree of helminth 1nr§atat15n. it certﬁinly does
effect it, and at Overshiels, and presumably on many
|

hill pastures, the behaviour of the sheep woe:ild
encourage & high spring infestation. If the degree |
' Br concentration of grazing were the only factor
ﬁetermining infeatation we chould axpoct it to

peclino as the season advences, This ia espeoinlly'

80 when we remerber that the sheep are extending

their grazing range to inelude swards whieh they had
Elmoat completely avoided in the immedintely preoeding

riod, i.e. young heather,
| The findings of Morgen ¢t al. are not at veriance
*ith what might be expected from the hehaviour of the
#haap. The esusation of helminth infestation, however,

ie Bo somplex, that no exect eorrelatinn between

|
?ehavzour and infestation ean be expected,
i



.| that ariges is whether this is due to differences

' micro-olimate between swards which result in good

tiek eount grazing intsneity
Agrogtis-fencue 100 100
| fiush with Juneus
!Agrnatia-faeeue
invaded by bracken T0-100 55
014 elimax heather 0 7

100,

?ha relation of grazing intensity and tiek
Ixndes rinieus) eount on different swards,

Tick eocunts vary between swards and the question

in the grazing intensity, or to dlfferences in the

development of the tick in some, and partial
suppression in others. The relatively low tick
eount in o0ld heather may be due to & low grazing

intensity or to the miero~¢linmate below & heather

canopy bheing unsuitadle for the development »f the tﬁck'

Campbell planted young ticks on aifferent swards
end found their development to proceed favouradbly on;

all (75)s He therefore discounts the respective miecro-

in their tiek count, and suggests thet differences 1P

grazing intensity (= stocking rate) are the correet

explanations | |
" In this connection it is of interest to conpare

relative tiok count and grazing intensity during the

tiek season (March-June) on three typieal hill swards.

The_tigk counts are those of Campbells _
Sward Type Comparative comparativé

This tadble indieates that tick count is

related tn the grazing intensity on a award.

'_ elimates of the swards as the reason for ihe variatipn

the
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Vaccinium vitis-ideae (L,)
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Deschempsia flexuocsa (L.) Trin.

Nardus stricta i,

Eriophorun angustifolium Honck,

Cryptogramma erispa PNook & Pauer
Pestuca ovina L,

Empetrum nigrum L,
Eriophorum vaginatum L
Agrostis tenuis Sibth.
snthezanthum odoratum L,
Juncus squarrosus (L.)
Calluna wvolgaris L,
Erica tetralix L,
Vaccinium myrtillus L,

Agrostis cenina L,
Potentilla erecta

Trichophorum
Lathyrus montams

Carex 8.




Appendix B

Heteorolozical Date during Period of Cbservation

Data from Loan Meteorological Statien, Lauder, (altitude 550 feet)
far period September 1950 « September 1952 inclusive

- Temperature Bain i .
iverage in 1ying & Hall
Mean of | Mean of
o of Mex, mmg. | 0900 hrs
Max,°F. | 0P, | oa Hin,
1950 | 58,9 13,7 51,3 | 105.7 0 0
September | 1951 61,6 L3.7 52.7 35,6 o 0
1952 5541 L2.4 L8.7 52,3 o 1
1950 | 531 39.4 46,5 | u2.h 0 1
October | yo51 | 55,0 39.9 47.5 . 0 0
1950 Lh 21,6 38,0 111.3 4] 0
Rovember | 3061 | 49.7 37.7 13.7 | 166.5 0 o
1950 | 36,3 25.6 30,9 | 51.8 23 0
December | 3051 | 4.8 3.0 38,9 | B4l 1 1
1991 39.5 28,5 .0 101.3 18 0
Jenuary | 3952 | 379 | 25.0 | 315 | 65 | 23 0
1951 | 40,3 29.3 3.8 | 63,8 6 0
Pebruary | 1952 | 4,3.5 30,8 37.1 | 1.7 5 0
1951 | 42,5 29,3 35,9 | 645 4 1
Harch 1952 | 46,7 35,0, B.1 | 3.0 2 2.
1951 | 48.% 33,2 40.8 | 62.0 1 1
April 1952 | 58.7 | 37.0 | 46,3 | 33.3 0 0
1951 | 3.7 37.5 45.6 | 67.1 0 0
»y 192 | 62.0 3.2 52.6 | 46.0 0 0
- 1951 | 62.8 42,6 52,7 | 27.4 0 0
152 | 62.7 45,7 | 542 | 52.6 0 0
Sy 1950 | 66.6 50,2 58,4 | 68.6 0 0
1952 68,1 49,6 58,9 42,7 0 0
1951 | 631 47.0 55,1 | 86,4 e 0
August | 3952 | 6B 49,2 57.3 | 88.4 0 0




\ 11 neeie
ommon name/s and Latin
ne/8 where the latter
g different from that
dopted by Clapham,
tin and Warburg,
laeherry

éog asphodel

Brackan
Daisy
|

beer hair, Seirpus
#aespitosun

Draw moss, cotton grass
Falium aaxatgle

%nrse

ﬁeath rush, stool bent

geathar. comann heather

#olinia

ﬁarﬁua. white bent

éagwort

galt heal

%arrel

gheep'a fecone

Sow taistle

éweet vernal grass
riodia decumbens

ﬁild pansy

ﬁoad rush

Yarrow

ne

hy

Nomenelature according to

Clapham, Tutin and Warburg,
"Flora of the British Isles"

Cambe Unive Press., 1952,

Vaceinium myrtilius L.

Hartheeium ossifragum
(L) Hudse

Pteridium aquilinum (L. ) Kuhn,

Bellis perennis L.
Trichophorum caespitosum
(). Hartman.
Eriophoram vaginatum L,
Galium hereynicum WQigelﬁ
UJlex europaeus L. |

Juneus squerrosus Le

Calluna vulgaris (L) Hull

lolinia caeralea (L) MOG?Bhu

Harduz stricta L, 5
Benecio jacobaea L.
Prunella vulgaris L.
Rumex acetosella agye.
Festuea ovina ags,
Sonchus oleraceus L.
Anthoxanthum odoratum L,
Sieglingia Qecumbens (L)
Viola trieolor L. !

Bernhs

Luzula sylvatiea (Huds,) Gaude

Achillea millefolium L.

il
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MAP No. 2

Scale | inch=210 feet (approx.)
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MAP No. 3
Seasona ] Variatien in Grazing Location,
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