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INTRODUCTION

The goat appears to have baen the firat ruminant te have
un&ergone domestication. Archaeological records indicate that the
probable centre of domestication lay in South Weat Asia (Harris, 1962,
Zenner, 1963) the earliest known remaine cowming from Neolithic Jericho,

and dated to 6-7,000 BC,

The probable ancaestor of the domestic goat, Capra hircus hircus L,

1758 was the Bezoar, or Pasang, C.L. acgagrus Erxleben 1777 (Zeuner,
1963) whose past ranga (Iran, -Asia Minor, Greaece and Lsbanon) includes
the sites of the discoveries of the earliest known ramains of domastic

goats.

That the Bezoar was an important ancestor of the d;mnatic goat
ie indicated by the fact that the horns of ;he males have a sharp
anterior keel which is a feature of most domestic brecds, the
classification of capinea baing largely based upon horn morphology.
The Ibex gzoup of goats, which, like the Bezoar and wost domestic
goate, possess scimitar—shapad horns, differ from the latter in that
it is the posterior keel of the horn that is sharp cdged. The )

anterior edge is flat, and beare well marked cross-ridges, a feature

not gaeen in any domestic goat,

It is unknown whaether the evolution of the spiral horned
conformation found in soma domastic billies is a result of daliberate
selactive breeding by man, or tha result of natural variations in
the wild ancestral Bazoar stock, which although normally possgssing
Scinitar=ghaped horns, sometimas show a tendency to curve inwards

or outwards in the ‘dorcas’ conformation,
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The Bezoar may probably not ba the sole ancestor of thae donestic

goat as both C. hircus aegagrus from Asia Minor, and the Arabian Ibex

C..lbex nubiana F, Cuvier 1825, will both hybridise with the domestic

C. hircus producing fertilae F; gonerations, thus suggaesting a close
relationship between the thraee species. (uarrieoniJ}967) attempte

to hybridise male Himalayan Tahr, Homitragus jemlahicus H. Smith 1828

with domestic goats, have only resilted in abortione (Harris, 1962)

thus indicating a more distant relationship,

The goat is not indigenous to Britain. It wma probably
introduced around 5,000 BC by Neolithic astock keepers, and in its

domesticated form.

Like many other domestic mammale, the goat will readily go feral
wvhen given the opportunity. Truly wild goats are Palasarctic in
distribution, with offshoots in Southexn India, Southern Arabia and
Ethiopia, but goats living in the feral state are now world wide in
distribution. This includes the mainland of New Zealand and many
off=ghore islends (Riney & Caughley, 1959, Rudge, 1969), Cypxrus
(Whicahead, 1972) and Hawii. The la::e; supports large populations ~
of faral goats descended from a male and two females left by Captain
Cook in 1778, Paral goats are also reported from British Columbia
(Geist, 1960) and in some Japanese islands, having originated from
primictive oriental breedas (Asahi, 1960).

There are today approximataly 60 populations of foral goats
in Britain (Greig, 1970), the main strongholds being in Wales
(Merionathshire and Snowdonia), with a number of herds in Westaexr
Ross, Davon, tha Hebrides, Galloway and the Moffat and Chaeviot Hilla

(Boyd=wWatt, 1937, Whitehead, 1972, Lever, 1977).
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The date and origin of most of the British populations of

feral goats is uncertain, though most are beliaved to be lass than
150~200 years old, It is known that the majority of the Walsh 'wild®
herds are descendants of large herds of goata allowed to roﬁm tha hille
for much of the year, though many are balieved to have been descended
from aescapaes from Irish herds driven through Wales to aales in England
up until o, 1891, (Lever, 1977). ‘'wild' goats in Wales are referred |
to in Nicholas Cox"s "The Gentleman’s Recreation™ of 1674, in which

the 'wild® goat is regarded as a beast of the chasa,

The origin of many of the Scottish feral hards is even more
uncertain, Fraser—Darling (1937) indicatad that many herds originated
from the time of the Highland Clearances of the eightaenth century,
particulatly in the west of Scotland, where more feral herds are found
than in the East. Lever (1977) doubts this, .suggesting that the goats
of the crofters became uncatchable as they grazed furthaer in the late |
summar when lectation decreased and herbage coarsencd, with some nevar

'betng caught up and continuiug to live frea.

Up until the mid eighteenth cantury in Scotland, goats played

" a major role in the economy of the mnjofity of the Highland pobulation.
namely the laesser tenants and croftera. In the 1700°s goat keeping
vas discouraged by many lairds in an effort to raduce damage done to
woodlands by the browsing goats (presumably to increase financial
returns from the timbar). This practice may wall havae resulted in
some herds of feral goate in the Highlamis, and may ba also in the
Lowlands. There exiaca today a herd of feral goats in Morvern, not far
from Ardnamutchan, whare, in 1730 thie is known to have happaned.
(Magaw, 1963, quoting from the Delvin Papera: Murray Nationmal . Library
of Scotland, M.S. 1415). |
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The now extinct Torrachilty herd in Ross and Cromarty, is known
to have been introduced in around 1880 by a local farmer supposedly
to keep down addars, while dubious legend has it that tha ‘wild'

goats of Ailsa Craig originated from goats coming f£rom an Armada wrack,

Both the date and origin of the feral population of the
Colloga Valley (Chaviot Hills) around which this etudy was made, is
unknown. That at least some of the herds of thae Chaviot Hills have
a long history is certain. Tegner (1952) quotes the late T.R.Goddard
in saying that %,... knowledge of the (Whickhopa Liunn) herd went back
more than 100 years and that it was considered an ancient herd
then eeee’ Uhforﬁunacely no date for thie quote is given, and the
Whickhope Linn herd died out in the severa winter of 1946=47, Ome
theory maintains that the Cheviot feral goats may be daescendad from sﬁock
liberated by monks from Lindisfarne Priory, :yough no evidence for this
has been found (Whitehead, 1972),

In about 1860 gosts ware reputedly dbrought to the College Valley
apparently to replace an oldar herd existing at Southornknowe (Whitechead,

1972).

By 1946 28 goatn'exinted in tha College Valley, a number which
was reduced to 14 in the winter of 1946~47, those on the S.E. face of
The Chaviot dying out altogether. By 1950 they had recovered to 32
when all but 9, later found on top of Newton Tors,wore shot for

allegedly damaging crops (Tegner, 1952).

It appears that somatime prior to 1961, the then population of
23 goats was said to be ’competing’ with hill=grazing sheep. Survival
.df the College Vallay goats after a pre=1961 cull was due to the
introduction by Sir Alfred Goodson of a feral billy from Scotland to
the remaining herd of 7 namnies, but no billy (Tegner, 1961).
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The goats numbered 30 in both 1969 (Greig, 1970) and in
1970 (Whitehead, 1972). 1In 1976, prior to the present study, the
population numbaered about 150, mainly situated on the eastaexrn slopes
of. the Newton Tors (G. Elliot, P, Fergie, pers. comm.). In December
1976, the College Valley herds wore culled, mainly as a result of
serious damage to young plantations at Hethpool, and on Southernknowe
inflicted by the goats eating out the apical shoots of young conifars,
and uprooting them (G.Elliot, K. Robertson, pers. comm.) Electric
fences proved inefficient, and the goats from the Eastern slopes of
Newton Tors, above the Collagu Burn, were rounded up with dogs.
A small herd, living on Yeavering Ball at the Northern ond of tha
College Vallay, escaped the round up (P. Pergie, T. Wolsh pers, comm.)
and returned to Yaavering Ball, probably being the same animals that
formed the nucleus of the present study. Two mature billies from
the Southernknowe area are also known to have escapad the cull, ons
by refusing to pass through 8. cartain gate, tha other by breaking
avay f£rom the herd. DRoth raturned to their previous range {P. Fargie.

pera. comm.),

Of the 150 goats rounded up, 55 wara alaughterad, 25-30
allegedly being returned to the hills, and the remainder being sent

to various zoos aetc, @.g. Bellvua Zoo and Lambton Safaxri Park.

The reported ease with which the feral goats were rounded up
(G. Elliot, P, Pergie, pors. comm.,) is of interest, Unlike many

primitive breeds of sheep, e@.g. the Soay, the goats made no attempt to

~ scatter, and auowed'themnelves to be turned and directed by well=-

trained sheep dogs, contrary to that which would be expected. Thay
ware also apparently surprisingly docile when being handled (ilcading
for tranesport, slaughter atc,) considaring faral goats aexist aeffectively

a8 wild wmammals.



THE STUDY AREA

In the summar montha of 1977 tha Lome range of 12 of the 14
goats of the College Valley was centred on a hill known as Yeavering -
Bell, 360 M high, the hill lies at the North aend of the College

Valley, about 4 miles West of Wooler, Northumberlaad.

The geology of Yeavering Bell and much of the Collage Vallay
to the South is mainly of andesite, with outcrops of mica porphyrita.
On the South Weat, West and North sides of the hill, thought not top,
patéhas of scree exist, some of thoes consisting of a jumble of large
boulders. BEnclosing a large area on top of the hill are the remains

of the wall of a large Xron Age fort or township.

Much of Yeavering Bell and the moorland to the South and South
Rast towards Tom. Tallon's Crag and East towards Akeld Hill is covered
with a wostly thin layer of blanket peat. The ground to tha South
Waat and East {s drained by two small burns, eventually joining the
River Glen. Mo burn arises from the slopas of Yoavering Dell itself,
the upper slopes being wall drained, even after heavy rain. To the
North of tﬂe hill, above 0Old Yeavering, the base of the hill adjoins
farmland, the fialds going up to the lower slopes and aéparacad by

a stona wall,

Yeavering Ball supports a reasonably diverse flora. On the

North and North East of the hill the dominant plant is Calluna vuluaris

with Deschampsia flexuosa as the dominant grass. These oceur with

Anthoxanthum odoratum, Agrostis tenuis and Nardus stricta plus

Luzula sylvatica, Gallium harcynicum and Erica cinerea. Towards the top

Vaccinium myrtillus becaua very frequent, though patchy in distribution,

and Pteridium aquilinum bacame both small and sparse. On much of the
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lower elopeé. Ptoridium becama the dominant plant, especially the South
East, North West, North and Noxth Bast of thea hill, where it occurrs

with the grasses Holcudlanacua. D, flexuosa and A. tenuis, and with Oxalis

acetosella, Gallium har¢ynicum, Campanula rotundifolia and Stellaria

holostea,

An open oak wood of mature, though small trees is situated on
the northern lower slopes of the hill. The ground flora consists of

D. flexuosa, and lolcus mollis (the dominant grasses) with a ferm

Dryoptaris sp. being very abundant. Algo presant were Urtica dioica

and L. sylvatica. A few hawthorn trees (Crataegus sp) grow at the

Horth East corner of the wood.

Ulex europaeus and Pteridium form the dominant plants on the lowar

South West slope, whore D, flexuosa is also very abundant. Also present
amongst tho gorse (some of which was of emall statura following burning

sevaral years earlier) were D, caespitosa, Aira praecox, A. odoratum,

H. lanatus, Poa pratensis, A. tenuis, Thymus drucei, Endymion non=scriptus

and G, harcynicum,

Higher up tho slopa Ulex and Pteridium gave way to a Vaccinium

and B. flexuosa dominated vagetation awmongst the screa.

Tha gentle slope of tha South East aspect of the hill supports a
different, grassland aud flora, though with Pteridium being dominant on

the lower slopes. D. flexuosa and P, pratensis are two of the dominant

grasses, occurring with Anthoxanthum, A. tenuis and D. cacspitosa (very

sparsa). Both Vaceinium and Thymus increase with height, and with

Gallium, ara fairly frequent towards tha top.

To the East and South East of Yeavering Bell an area of moorland

{s dominated by Calluna, with rather sparse and stunted Pteridium in



patchy distribution. The Calluna appears to have been burnt {in
fairly recent years, and is much younger than that on the nothern
sidea of Yeavering Bell, Erica is also prasent, though infrequent.

D, flexuosa and Nardus are both very frequent in that area,

Festuca ovina only occure in a small shallow gulley between Tom

Tallon's Crag and Yeavering Bell, and then only sparsaly. South Wast
of the burn draining the ground to the South of Yeavering Bell and
running North West, the hillside in common of much of the area, is

dominated by Ptoridium, amongst which D. flaxuosa, P. pratonsis,

ll. lanatus and Anthoxanthum grow abundantly. _ Also preseut arae A, tenuis,

D, _caespitosa, Cynosurus cristatus and the herbs, Gallium, Stellaria,
Potentilla, Campanula, Oxalis and small amounts of Vaccinium,

The vegoetation of the approximately 250 x 150 M area enclosed
by the hill fort contrasted sharply with that of the uorthern slopes,
being of poor grassland dominated by Nardus and D. flexuosa, with

L., sylvatica and Vaccinium also present.

Wat flushes along both small burns support a vegetation ian which

Juncus effusus, D. caesnitoaa, Carduus galustris, Urtica, H., lanatus

and Carex pendula are often frequent., Also growing in these areas

is Filipendula ulmaria, C. nigra, Mysotis and Ranunculus sp. Little
Sphapnum was noted.

Other mammalian herbivores present in the home range of the

Yeavering Bell goats were Roe Deer (Capreolus capreolus) which were

‘mainly seen in the oak wood (though also on other parts of the range)

Brown liare (EEB““ cagenaia) but few rabbits (ggxctolagus cunnicula)

though the nearby Weast hill supported a very dense rabbit population.
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Yeavering Bell and the moorland to the South and South East
carriad Blackface sheep at a fairly low density, in contrast to the
nearby fields which at times were quite densely stocked. Red Grouse

(Lagopus _lagopus) appeared fa:lrlj common ;ln both the long mature
| heather on the North of Yaavering Bell, and in the younger growth

between Yeavering Bell, Tom Tallon's Crag and White Law, .

Foxes (Vulpes vulpes) were frequently seen on and around

the hill, with about eight individuals being recognised, including _

three cubs from an earth East of the oak wood.
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METHODS

(1) Visite and Observations

Visite vere made to the study area daily in the periods May
18=29, Juna 8=20 and July 5~17 and 25~31. The goats waere usually
located by scanning the area with 8 x 30 binoculars. In the case of
Yeavering Bell itself, this was usually dono-from the surrounding
lowar lying ground, or neighbouring hill, enabling a greatar section
of the hillside to be observed. Failing this, a more detailed search
on the hill was somatimes necessary, when the goats may have been hidden
from view by the contours of the hill, or in vegetation. Ouca the
home=range of the goats and their praeferred areas became clear, the
animals bacame aasier to locatae, though a search of 3=4 hours was
- on occasion necessary before tha goate were located. This was
espacially true if the herd was lying down when a particular area
.waa being searched, By the middle of June the bracken had growm
| sufficiently tall to hinder location of the goats, and by July often

completely hid the animals, thus making observations difficule.

Although, as the study, progressed, it proved fairly
easy to get quite close to the goats, most observatious were made
at a distance with tha use of a 15-60 x 60 telescope mounted on & tripod.
ﬁot only did this reduce disturbance and therefore behavioural upsats
to a minimum, but also enabled all or most of the goats present to
be kept under observation at once, and obsarvations of their movement
was greatly.fgcilitated at timas when the maximum area posasible could

be watchad,

In the event of the hard-dividing into two, tha larger group
was normally chosan for observation. Soma degree of stalking was

somotimes naecassary when the goats werae in tha oak wood, or when
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tha goats were inside the ruins of the hill fort whera thaey could

not be observad from'anywhere alse,

(i1) Number of goats present, and individual fdentification

In the summor of 1977 a total of only 14 feral goats was
found in the College Valley, A search of the surrounding area did
not raveal any additional herds, and none of the shepherds spoken to,
who between them covered larga areas almost daily, had not secn or
heard of any other goate in or around the Valley. Neither were any
others reported to Jack Hope, Chief Warden of the Northumberland
Nat{ional Park, in which the College Valley lies. It is thus assumed
that the 14 present, including 4 kids, in the Valley between May
and July 1977 reprasent the sole survivors of the 1976 cull, as it is
known that nanny hards and young will stick to a definite home range,
which they are normally reluctant to leave. Lone billies, which
are knowvm to wnader up to 50 miles normally do not do so until tha
rut; from the beginning of September until the end of OJctcbar

(Whitehaad, 1972),.

For the duration of the atudy, 12 of the 14 animals axisted
as ane hard with a home range on and around Yeavering Bell. This hexd .
comprised 6 nannies, 2 young billies and &4 kids (being twins plus two

singlas).

The remaining two wore matura ‘batchelor' billias that (from May
to the end of July at laast) had a home range of just over 2 km on
the Western slope of Hare Law and Southervknowe by Whitehall East of

the College Burn and ranging from the Cuddy stonea to ﬁarrowbog.
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Dua to the very dense stands of gorse on the East banks
of tha Collagae Burn at this asection, the woods and latar on the
tall bracken abova the woods, observation of these two billies
was oftan diffigult. Visually no morae than a glimpse was had as thay
moved in the gorse patches and woods. It was moinly for this roason
that attontion was concentrated on tho female herd on Yeavering Ball,
Tha two °batchelor’ billias were on average just over 5 lm from

the fomale hexd,

There is no fixed pelage colour in Britain (Whitehead, 1972)
anongat feral goats, colours ranging from black and dark browm,

pled and skewbald and blue roan through to pure white.

It is locally believed that the original colour of the Collega
Valloy hards was a blue roan, the large proportion of skawbald animals
found today baing the result of a skewbald domecstic billy running
wild in the hillo soma 20 years ayo (G, Elliot, pors. comm.)

Whitehead (1972) and Laver {1977) both stata that the goacs Horth of
The Cheviot, and East of the College Burn = {.e. the range of the goats
culled in 1976 = ara (or were) mostly blue=grey, though they are
posaidbly ueing an old source of information as ﬁn 1976 the dominant
colour vas skewbald (B.M.Fergie, pors. comm). 'Tognar, writing in

1952 described the goats of the Northern side of The Cheviot as mostly

piebald, though the now extinct hard on The Cheviot itself was of

the blue~roan goata.

Tha najority of the remaining goats of tha College Vallaey
are skaw or piebald, with a tandency for ths hindquarters, head
and foraequartars to ba daxk with the middle white, the pattern on soma

rasenbling that of badly warked Balted Galloway Cattla. About
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half had white tail tips, white rumps and white on the inside of
the hind legs.

Two individuals, both femala, showad white stripas running
down the face above each eye, eimilar to the 'Swiss Markings' of tha

modern domestiac Toggenburg goat,

In atature the goats resembled that of the Toggenburg/Alpine
braeds of domestic goat, being small in stature, well proportioned,
with the facial profila being slightly concave, the muzzle fairly
largae and the ears short and erect. Tha dishad facial profile
and prickad eare ara also charactoristic of the Scottish faral
goata (Groig, 1970) and of tha Waelsh onaes (Milner, Goodier and Crook,
1968). Neck toggles characteristic of many domestic goats, wore
abgant from the College Valley herd, as they are in the majority
of faral goats, including those from New Zealand (Williams and Rudge,
1969) .

In pelage type and colour, and hoxn conformation, todays faral
goats of tha Scottish Borders rescmble the "Upland’ breed of the now-x
extinct and unimprovad ‘0ld English™ type of goat, the Upland and Lowland
type diatinccion_being postulatad by Werner (1977).' The "Upland®
type of goat included the Irish, Welsh, Highland and Hebridean breeds
*native’ to Britain, having such characteristics as lomg coats, of
variabla colours, ears prickad but not directed forwarde, and of small,
light conformation, Tha hoxns werae of the scimitar—shape, or the

‘dorcas’ form,.

Goats of this type wero formally run in large herds in upland
and mountainous rngions of Britain, without receiving much attention.
It {8 possible that the 'old upland goat comtributed much to the

appearance of tha goats now found feral along the Scottish Borders.
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Given the small size of the population, it was easy to
identify individuale,each of which was nawed to facilitate racognition -
in the fielde Tha use of the initial letter of each will be

continuaed in this dissertation when reference is wade to individuals.

Description of Individual Goats

Yeavering Ball Herd

Females

B

A large, rangy skewbald nanny with very long horns going back in a
circular curve over her ehoulders. She had pronounced 'Swiss' facial
markings., ' More or less a faded brown on ona side and a dirty white

on the other, hear summer coat was rougher than that of the other nannies.
Although with no kid of 1977 at foot, her udder was grosaly swollen,
particularly on one side, with the teats not being viaible as tha £inger
like projectionas of the normal udder. In no apparent discomfore,

the ceuse could possibly have been some form of mastitis, to which goats
are prona, Her clear horn rings indicated she was about lo'yearn old,
P

A large 6 year old piebald nanny, She showed a lot of white and

as such was often the £first member of the herd to be located. She had
& large white patch between the eyes. Ona side of her udder was
noticeably swollen, though to a much lessor degree than E. She had

a blue=roan and white kid at foot.

G

A blue roan 4 or 3 year old animal with a ashaggier coat than the other
females, and faint "Swiss Markinge® on her face. She had female twina

at foot (one skawbald, one'blua-roan and white) and appeared a good mothar.



D

A very dark brown yearling with a white belly and tawny 'eyebrows's.
Her horns ware sat very closa togethar and ware more parallel than -
the others. Probably tha 1976 kid of female E, whose company whe
usually kept. |

L

A pied animal thought to ba about 5 years old, possibly younger,

ller horn ringas were too indistinct to assess her age, even when

she approached the observer to within about 15 feet. ler white
'bele® was marked with black spots.

F .

A piebald yearling with a skaewbald female kid at foot., She

was an indifferent mother and was thought to havé baeen the previous
years kid of L, the two often accompanying each other, éhe had a

- digtinet white belt and a narrow facial blaze. Her beard was

short amd sparse.

_IHalas

H

" A threc year old billy, with a shaggy dirty white coat with dark
brovm forequarters, brown saddle patch and brown hind qﬁhr:erso

The base of the anterior keel of onas horn was pale in colour,
somatimas appoaring semi-=translucent in sunlight, His horms

were of the "dorcas' type, and he had a broad white facial blaze,

‘B

Smaller than H, B had a shaggy grey/brown coat with dirty white patches
on either side, Had a pronounced tuft of bair on the forehead, with
a long tendril hanging baetween the ayes. Ha nppedred to be about

2 years old, with horns beginning to show :ﬁo "dorcas’ conformation,

Often followed G and the twin kida.
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Whitechall

Males

Pied Billy. The larger of the two Whitehall billies;, he was
predominantly black with vhite patches on either flank, He had
large horne of the 'dorcas® type, though it was not posaible-co
gee the animal rings clearly, the animal was thought to have been
5 or 6 years old. |

Blue Billy. He was the only goat of the 14 to exhibit the scimitar
horn formation. His shaggy coat was blue=grey in colour, and he
appearad to be aged about 4, possibly older. Usually, though
not always, found in the company of tha Pied biliy.

(iii) Sex Differences

Saxual dimorphism in the adult feral goat is fairly well
mnrkﬁd. In the field the billiaes can bae distinguished from tha
nannies by their greater shaggineses and the *mane' of long hair
hanging below the neck that merges with tha beard is much longer
and thicker than those of the females. The female beards, though
emaller, were morae distinct. This haz also beaen obsesrved in the \
feral goats of New Zealand (Willliams and Rudge, 1969). The summer
coat of most femalee contrasts to the shagginess of the males, whose
long coats appearad matted, The winter coat of the females is long
and shaggy (P.McDougall, G, Elliot, pers. comm.) By the time
field observations were commenced in May, thay had mostly moulted out
the shagginess. The ona exceRion was the grey nanny, G, who still
.showed a great deal of long shaggy hair., By July, she had lost most
of it from the bock, ribs and astomach, though still had a fair amount
on the hind quarters, soms on the foraquartaers, and a fringe along
the spine. The other nannies also showed a ratontion of a fringe

~along the back, and a few tufts om the hindquarters, the ends of which
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appeared a faded brown colour. This distribution of longer hair
on tha body i8 also seen fraquently in the domestic Toggenburg goat

(Jeffary no date).

It is ccﬁmonly balieved that the shagginess of most feral
goats of the temperate zone is an example of raeversion to the ‘wild type'
e.g. Fraser Darling 1937 who stated that this 'roversion’ can occur
in a vary short time., However, the coat of tha probable main

ancestor, C. hircus aepagrus, whose natural distribution is far more

goutherly than that of the British feral goat, is short haired.
It is far norellikely that shagginess of coat is an example of
adaptation to a harsh enviromment rather than reversion to 'wild=
type®, the wild-type not necessarily being adapted to the climatic

conditions experienced by British feral goats.

The horna of tha mature animals are ma#%dly differant f£rom

observation of both goats in the fiel@ and hoads from the }976
cull the horns ﬁf the males are of greater size in relati#n to aae,\
much broader at thae base and generally thicker. The male horn has
a pronouncad anterior keal, whereas the female horn does not, being
more oval in crosa=section. The annual growth rings (see page

are oftaon marked in the male by a notch in the anterior keel (c.f.
the ridge of the Ibex horn) whaereas those of the female are not.

The annual ring itself was oftan (though not always) better defined i
in the famales, and, in the field, the females were found to be E

easior to age by this method. Milner et al (1968) found female

goats more difficult to age in the field. Determination of the

number of horn rings is oftaen impoasible if they ara_worn.iwny.
particularly at ths distal end of the horm, by fighting and fraying : 4

vagatation,
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The horns of the males showad a greatar diversity of form
than those of the femalas. The famale horn curves over the withers
in a marked, though not exaggarated arc, with the tips being saveral
times furthor apart than the bases. Tha male horus either rise in
a parallal manner to curve over the back in the ‘scimitar®
conformation, or tha distal end of the horn has a marked twist,
the tips projecting laterally. ('Dorcas’ conformation). The
majority of the billies remaining in the College Valley, and those

in the cample of hsads, were of the ‘dorcas® horn typa.

Detexmination of the sex of the kids waeg morae difficult, the
ouly reliabla way being tha observation of urination, when the
femalas assume a marked squatting position. Precocious sexual
behaviour was found to be unreliable, as kids seem to mount others

later proved to be female.

(iv) Range, Movements and Activity

Range

A 43" to the mile map tracing was carried out in the f£field, -
and the position of the Yaavering Bell herd recorded evary two hours
from the time of location, when the goats were under continuous
obsaervation. Tﬁis was not done for tha two Whitehall billies ase
sightings wera too infrequent. The direction of wmovement was
also racordad.
Activity

Recoxdings were-made every half hour of the percentage of ﬁhe
total animals visible at the tima that were grazing, ruminating, and .
total lying down. As summer progressed it became increasingly

difficult to observae the animals when amongst bracken etc. When



known to be lying down and hidden in the vegetation it was
impossible to determina how many were ruminating at any one tima,
In such instances only the total lying down could be recorded.
The averaged results for each observation period are shown in

fige. 3-6.

(v) Analysis of Diat

Although observations ware made on the faeeding goats
in an effort to estimate the consumption of their diet, it was
usually impossible to iduntify food plants when ;ha goats' muzzlaes,
an'd often entire heads, were buried in long vegetation. Identification.
" of food plante from direct obserxvation was only possibla when tha
goats were browsing on trees and shrubs, e.g. Ulex, Crataegus and
and Quarcus, and latgq hotbnccous plants euqh as_Carduﬁs, Dryopteris

and Ptaridiunm,

Hunter (1960)calculatad the grazing intensities (i.e. £ood
preferences) of flocks of South Country Chaviot sheep on pre=marked
- plote reprosanting the varfous plant associations of tha study area.
Howaver, this only gave an inaccurate approximntion of the diet
of the sheap. It was neceasary, therefora, to use gome other methad

of diet analysis.

J

Early invastigators of the diats of ungulates concentratad,
under axperimental conditions, on tha analysis of xrumen contents
for identifiable plant fragments, e.g. Tribe (1950), Siucae this
involves either the use of fiastulataed animals (Vhich way give sampling
difficulties) or the killing of animals for gut contents, it is
obviously an unsuitable mathod for unenclosad mammals, espocially
_any change in diet in relation to vaegetation is to be raecorded

over a period of tima,



Since tha early 1960's attention has been paid to the
identification of undigasted Rlant epidermal f£ragments, by comp;riaoh
to known reference material, in the faeces of herbivorous mammals,
This is a moans of entimntiﬂs the qualitative composition of the
diet, and has the obvious advantage that the animals need neither

bae handled, nor killed,

The epidermnl calls are characteristic of ‘the plant family,
genus or even specias, being aeepacially well marked in the Gramineaes
(Martin, 1955). The overlying cuticle beaxs an imprint of the
epidermal cells, is resistant to most chemicale and the action of

gut microbes (Hercus, 1960).

With methods basaed on thosa of Haercus (1960), Zyznar and
Urnese (1969) and Henry (1975) faecal pellets wera collected froﬁ
both the goats and black=faca sheep grazing the study area. Since
faecal pellets of goats and sheep can appear alwost identical

only those sean £o be sliminated from the snimuls were collected,

After storage of thae pellats in 70X aethanol (chrée, or the .
equivalent of, per sampla) were boiled in 10%Z sodium hydroxide for
about 15 minutes to break down the mucus binding. This treatment
waa unlikely to have damagaed any of tha epidermal cells, since some ‘
magophyll cells often remained adhering to the epidermis, mesophyll
calls being less resistant to chemical treatment than epidermal

cells (Stawart, 1967).

The sample was stirred and diluted, a subsample withdrawm
stained with saffranin and examined wet under a 22 x 64 wn
coverslip. The slides ware examined at x100 under a binocular
microscope, and the numbar of spacies from tha first 15 occular

fields with identifiable fragments ware racorded., Since each




faccal sampla was wall stirrad after boiling, exanination of
only one alide per sample was felt to be sgufficient. At the
gama time che entire slide was acannedtfor presanca of nematade

finfactions as indicatad by aggse

The fragnents of cuticlae and epidermis ware ldaentiiied by
comparison to raference slides made froa plants collected £rom
the atudy area. Fragmonts of fresh plant material wore boilad,
in a watar bath, fn 30Z nitric acid until the epidernis had
separated fxom the mamophyll (Stewart, 1965, Zyaznar and Urness, 1969), the
time varying from 10-30 ﬁindtee. depending on tho nature of tha
plant, Separation of 3:653 aepidexmis was facilitated by making
. incislons along tha length of the blade. Tbe excised opidarnis
was washed in very dilute MaOll to £acilitatczs£ain thake, £loated
onto alslida and mounted in glycarina jeZly'ataiaed with aqffranin.

The slides were then phofographed.

(vi) Determination of Age

Many different mathods can ba employsd £o age mamuals, ~
though are not all neceasarily applicable to individualiapacius.
One of tha best indicacors of age in the anatoﬁy of a wmammal are
the teeth. JFrom oxamination of the teath, age can be assessed in
a number of ways., One.suthwmethod {s based upon structural
dogredation is tooth waar (Morxis, 1972) and is a mathod long usaed
in animal husbandry aud game wanagement, (particularly ungulates).
Howevar, tho method tands to be unreliable as tooth wear varies with
harshness of diat and therefore locality, and is at tha bost only

applicabla to the oldor animals of a population. Younger animals




can be aged with a fair degree of accuracy from the sequenca of
eruption of the parmanent teath. This can reliably age roe dear
(Capreolus capreolus) up to 1) months, red deer (Cervus elaphus)
up to 2§ years (de Nahlik, 1974) and up to 26 months in the wild

pig (Sus scrofa) when the animal has a full set of permanent teeth,

It is only fairly recent¥y that atteuntion has been paid to the
deternination of absoluta age from incremental lines in the teeth.
Although present in the secondary dentine (Morris, 1972) the most

widaly used growth incremonts are those of the cementum, which are

laid down in vesponse to annual environmental £1uctud:iona, Each
annual layar consists of two bands; a band of collagenous

cemént. usually calcified and containing a large number of camantocytas.,
The narrower translucent, or dark, band is strongly calcifiad

wvith few cementocytes (Henry, 1975). The light band represents

summar growth, the Jhrk, viantar, (Mitchell, 1963).

In rocant ysars &hie metiwd has received much attention aftex

the initial wurk-of Laws {n 1952 on the elephant seal (Mirounga leonina)
followed by many others e.g. Mitchell (1963) and Almason and Rieck )
1970 on Red daer (C. elaphus), Ransoma (1966) on White tail dear _
(Odocoileus vif&inianus) and White (1974) on roe deer (C. caprcolus). -
.These workers all invastigated ineremental lines in the camentum

of polished sactions of first wolar (Hl) viewed undar reflected light.

Success has also been vraported from histological saections of
f£irst incisor (11) by Sergeant and Pimlott (1959) on Moose (Alces alces),
Low and Cowan (1963) on Mule deer (0. hemionus) and Gibert (1966) on

0. virginiamies., No reference was found to such work on the goat.




In the domestic goat and some related ungulates discontinuities

of horn growth occurring during the winter result in the formation
of annual growth increments. These are not often clearly visible,
This has been demonstrated in the Himalayan Tahr (i, jemdahicus)
(Cauéhley 1965), Tall shaap (Ovis dalh) (Hemming, 1969) and bighorn

(0. canadaensis (Geist, 1966).

Howaver, it appears necessary for sharp seasonal variation
in climate and food supply for tha formation of annual horn growth
increments, ae suggested by Rudge (1972) for feral goats living in
New Zealand, Here tho relatively constant climata and food supply
result in year round breeding and horn rings that are not strictly
annual in sequence. As geral goats in tha British Isles are

subjectad to pronounced seasonal diffaerences in climate, and therefore

food, it is gencrally assumed that the major growth riange in the horas

will be annual onas, éorresponding to a cessation of growth in

the winter. ~ As none of the animals nor material used 1n'£ha prasent
etudy were of known ages, the growth rings were taken to be annular,
and their occurrence was correlataed with ;thar criteria of (relative)

1

Because the mammalian eye lens is coutinually added to
throughout life, aven in times of under feeding, and is subjected
to a nil degree of wear, it increases in mass exponentially, the

weight therefore being proportional to age (Friend, 1967; Morris,

1972).. Lans woight is one of the most accurate methods available for.

aga detormination in wammals, and was first described by Lord (1959)

for cotton tail rabbits (Szlvilaggo floridanus).
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Growth of the lens can also be measurad by determination of
the protein content (Birney ot al 1975) and has been done so for
a variety of mammals, including humans (Satoh, 1972, not saean).
Increasa of protein in the lens is affected by the conversion of new
soluble protein from outsida to the insolublo state (Dapson and

Irland, 1972), tho total amocunt being related to age.

Following the cull of the College Valley goats in 1976, a
nunber of heads bocame availabla, 8ince no evidence for previous
. work on age determination on feral goate from growth increments in
the tooth cementum was found, this was to be attempted. vAs the
goats were of unknown age, it was decided to attempt a correlation
batwaen any possible cemantum layers and the major growth fncremants

6% the horns, in addition to the pattern of tooth eruption.

My

Baing the £ixst permanent toocth to erupt, the f£irst molar
wae chosen as the most suitable for sectioning. The lower jaws
were reamoved from a random subsample of 14 hcads,'the right half A
held in a vige and the M; sawn vertically between the cusps, as
shown by White (1975), the cut contiuuins through the jawboue,
Ideally the teeth should have been removed from the }Jaw to facilitate
grinding the desired section, but as the jaws ware fresh, this

would have been difficult without possible damage to tha cementum,

so the taaeth were retained in & section of jaw.

The two cut surfaces were initially polished on a griund
stona using two grades of aluminium ozide and water paste. This

proved taedious and the sections wara ground on &4 f£aagter water coolad



diamond impregnated wheel, this giving a sufficiently fine polish.
The polished surface was then examined by reflected light under a
binocular microscope using varying powers of magnification.
Because of the poor results this gave, the method was modified

by grinding away the base of the jaw section until the root tips‘
waere just visible, and using these with the notch between the
cusps as a guide, the tooth was carefully ground away until the
degsired section was reached. This . in fact gave no bet:er‘results

and attention was turned to the first incisor.

Ii’ was histologically examined using a modified version of :he'
method used by Henry (1975). I is the first permanent incisor
to erupt. On removal from the jaw, the teath w;re dacalcified
for 48 hours in 5% HNO,, and then washed for 24 hoﬁrs in running
tap water to remove all traces of acid. Longitudinal sections
from the central portion of the tooth wera cut at 20 microns on a .
'cryostaﬁ, and affixed to slides using albumen glycerol. After
staining for 5 minutes in haematoxylin, they were washed in distilled
" water to remove all traces of excess stain,fimmersed in alkaline
alcohol, followed by one minute each in 70% etﬁanol and two changes
of 90%2 ethanol. The sactions were counter stained in eosin for
5 saconds and dehydrated by immarsion in 2 chnngés of absolute

alcohol, After cleaning in xylene for 10 minutes, the sections

ware mounted in DPX mounting medium, and examined under high power.

Horn Ringa

The number of rings on the horns of a subsample of heads were

coﬁnted, and the distance between the rings measured. The ‘same - heads
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were used as a source of material for 11. sactioning and eyes for

lens weight and protein content analysis.

Eza Lensas

The lenses were removed from the heads whilst still deep
frozen, and fixed in formalin, the frozen lenses being leas promns to
damage than whaen {n the fresh state. Any adhering tisoucs were
carafully removed. Both lenses were then oven dried at  80°C

to constant waight, and weighad.

Estimation of the protein content was made using a mudified
varsion of the mathod used by Dapson and Iriuad (1972). As fixation
in formalin had precipitated tha protein, the dried right lenscs were
ground with a pestle and mortar, and made up to 10 cm? of 1 M NaOH

which effectiVQiy dissolved the ground wmaterials, The gsolutions
wera then read colourimetrically ou an SP 1800 ultra violet
gpoctrophotometar at 500 nm,uainé tha Folin test. Because ﬁha
original 10 cm3 volume was too concentratae to give accurate readings,
it was diluted 50 timea; this coucentration being found to give the
moet accurato reading after several trial ruus at difforent
conceutrations. Tha readings were couverted to u grams of protein
by comparison with a standard curve prepared with bovine serum -
albumen (in tha range of 0-400 uam/cn3 of B.S.A.; and multiplied

By thae dilution factor of 50,



PLATE 2

(a)

The goats often grazed in close proximity to agricultural land.
The six annual horn rings of nanny P (photographed with har kid) can

claarly ba saen.

" (b)

Billy B on tho only oc casion a goat was seen to cross a wall.
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RESULTS

(1) Home Range

Female Herd

Home range can be defined as the area over which an animal
normally travels in pursuit of its routine activitiee (Jewaell, 1966,

after Burtt).

The home range adopted by the goats on Yeavering Bell in the gummar
of 1977 was a joint one, the area being used by the entire hexd. The
daily excurgions were usually undertaken as a group. The boundaries
of the area concernad were wall defined. =~ Figure 2 shows the home range
from mid May to the end of July. Local residents claim that goats
that had habitually been in the Yeavering Bell area had had a home
range up to 3 years prior to this study covering the flatter moorland
on and around Tom Tallon's Cfag. They were existing then, as they
ware apparantly prior to the.cull of 1976, as a distinct herd £rom

the once large population of thae Newton Tors.

As the summer progressed, the female herd tended to range more
widely than in the earlier part of.the study, though still within a well-

. defined and voluntarily restricted area.

The preference for certain parts within the range appears'tq have bean
related to the state of the vegetation in differant areas. In May, and
slightly less so in early June, the goats tended to spead the greater
part of their feading time in the large patch of Ulex on the South weat.-
of Yeavetiﬂg Bell., It was éhen.in flower and the goats spent a
considerable amount of time brqwéing on it. In that time, new growth

of Pteridium was negligible, and had not yat hidden the yodAg.gtowthé



FIG.1.. Home Range Of The Whitehall Billy Goats
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of Anthoxanthum, Holcus, Poa and Deschampsia flexuosa and several herbs.

This may account for the goats in theory often crossing the stream
running SE-NW along the base of Yeavering Bell to graze amongst

the dead bracken on the hill side opposite. Once the bracken had
started growing, the goats rarely visited the area, though black

face sheep in the area continued to do so. Ground along both sides of
the stream ware often visited duriné May, and its close proximity

to the often fraquented Ulex patch may have accounted for this,

The frequency of visits to the oak wood situated on the lower
slopes of the Northern side of Yeavering Ball in early June was possibly
-correlated with the palatability of the young Dryopteris fronds,
which were observed to form the bulk of the food taken when tha goacn.
were feeding in the;wood in that period. By July the goats were,
in their daily movements, covering the greater part of ﬁheit range.
Although faecal analysis indicated no apparent drop in the amount of
Ulex eaten (see later) the goats in fact spent considerably less tima

feeding in the parts of their home range on which this plant grew.

When disturbed towards the boundaries of their home range,
the goats usually ran back onto familiar ground, even if by doing so
tha path of flight was not directly away from the source of disturbance.
This reluctance of the female feral goats to leave the home range

has also been noted by Greig (1970).
Males

The two mature billies of the Whitehall area, appeared, from
fewer observations, to have had a summer hpma range of approximately
2.5 x 0.5 km, stretching from along the College Burn from the ruins
. of Harrowbog to tha Cuddystones, on the west of the Newton Tora; Harelaw

and Southernknowe. In height it extendaed from tha'eas: banks of thia
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Burn to a height of about 320 M (Figure 1). They were never

observed at or near the tops of the Tors, unlika the female herd

who would, at times, freqﬁ?nc the top of the 360 M Yeavering Bell,

The two billies were naver observed across the College Burn on its
western bank., Although generally faral billies have a much less
ridgedly defined home range than the nanny herds (Riney and Caughley,
1969, McDougall 1975) no sightings of the two billies were made outside
this area either by the author or by the shepherds of tha College Valley

Estate, who batween them, cover a wide area.
(11) Movements

In early summer the Yeavering Bell nanny herd showed a well defined
pattern of movements through the day. As summer progressed their daily
movements became less predictable. Throughout the study, they would
often be left at dusk near or heading towards the area where they would
be discovered the following morning. Thie was frequently balow the-
fort wall, high on the morth, nmorth west or western side of Yeavering pelle

It was concluded that the animals were spending most nights there. ~

Because of the infrequency of a clear night with a full moon
in the study period, only one all night visit could be attempted. This
was on 7 July. In the late afternoon of that day the goats had baeen |
grazing to the south of Yeavering Bell, west of Tom Tallon's Crag,
However, instead of moving towards the. north ﬁide of Yeavering Bell
as they usually did, the goats bedded down for the night on the gfassy

slopes on the south side of Yeavering Bell.
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During May, the goats usually descended each morning from the
north of the hill down into the large patch of Ulex on the south wast.
They would work their way round, rather than over the hill, and reached
the ;treamousually by mid to late afternoon. Generally, the goats
would work their way up stream from the gorse patch, or up the slope
on the other side of the stream before heading back towards the high
slopes of the north, grazing as they walked. This pattern was changed
in June to include the oak wood to the nortﬁ of their range. It was .
frequently entered, usually from mid morning to late afterncon from
the south west, or west. Although less time was spent feeding in the
gorse along the lowar slopes of the hill to spond pariods of up to &

hours browsing on the fewar, more isolated gorse bushes above 0ld Yeavering.

When feeding in the wood, the goats would either pass through
it to browse on the hawthorn trees at the eastern edge, or would move
randomly within the upper half of the wood., On disturbance, the goats
would run straight from the trees onto the open hill. In June and July;
the goats were fraequently found grazing on the lower slopes of the hill,
above 0ld Yeavering, sometimes right up to the stone wall enclosing
the fialds of Old Yeavering (PlatesZ o+b) thara they would gtaze.on bracken

and associated vegetation.

It was not until July that the herd was first observed on the .
south side of Yeavering Baell, in the shallow gully between the hill and
Tom Tallon's Crag, and on the area of moorland to the south., In most

instances this area was used betwaen mid-day and early avening.

The wood was rarely visited in July, one possible reason
being the increased numbars of bothexrsome dipterans, though a change in
the palatability of the ground £lora may also have been a contributory

factor.
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The patterns of movement were readily upset by the increasing
disturbance from tourists and hill walkers in mid June and July,
On repeated disturbance the movemants would become non=directional

or zig=zage

Thick sea miste typical of the Bhevioﬁa, cama in froﬁ tha
coast én three occasions during the study period, and lasted up to
six days. As these sometimes did not lift until as late as 16,00
hours, descending again in the evening, observations were seriously
hampered, and eapeciallx when even the low lying ground was obscurad,
However from the few sightings made whilst searching for the herd
in the mist, it appearad that, although the animals did not move nuch
under these conditions, the height at which thay were found was not
affected by poor visibility. The goats often grazed in the mist
towards the top of Yeavaring Bell, where viasibility could be as little
as a few feet, the lower slopes at such times could be clear of mist,
They tended to remain in a close bunch in such conditions, however.
Rain also tended to cause a cessation of movements. Although the
goats often continued grazing, albeit half-=heartedly, they tended to fémain
in the same place, shelteéing on the leeward side of bushes. This was
often observed under conditioné where sheep in the same area would be
actively grazing and moving around, Milner et al (1968) observed

this distinction also.

Unlike sheep, which tend to follow clearly defined self-made
pathe, the goats tended to move in a broad front, though they might
occasionally follow a sheep path whan moving across a steep slope

on-which a path happened to be leading in the direction of travel.
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(iii) Types and Patterns of Activity

Like other herbivorous mammals, the goats spent the greater
part of the day feeding. Intervening peripda not spent feeding were
normally spent in lying down and ruminating, Although the animals
almost invariably lay down when ruminating; they ware sometimas
noted to do so whilst standing. Casual observations indicated that
rumination whilet standing was more frequent in the sheep chan.in

goats.

It was not found to be possibla to distinguish periods of
paradoxical from the deaper grades of ordinary sleep. The go#ts were
- assumed to be in a deep sleap whan lying in a completely relaxed state,
with no obvious bodily movements: This was observed most frequently.
in the early worming from ;bout 4,00~6.00 hours., (Visibility
earlier than this was usually too poor to 4etermine acéurately and
from a distance what the goats were doing. There was a sacond paaﬁ
from mid to late morning (not shown in £igs.3=5). The kids were.

seen to be in apparent deap sleep more frequeatly than adults.,

In the only all night visit, the light was too poor to determine
how much of the period of'darkﬁess was spent in the position of apparent:
deep sleep, the only scarcaly visible parts of the goats being thg wvhite
markings. Thaey spent the entire night lying in the same spot.
Individuals occasionally stood up to change position. Sheep, in
_contrast, were seen to move around and graze all through the night,
with intervals epent lying down. Sleeping adult sheep, where the
loss of vigilance (i.e. paradoxical sleep) was obvious from the ability
of the observer to quietly approach the animals very closely, usu;lly
slept whilst lying on the stomach with the legs-tucked underneath, and

the chin resting on the ground. The goats differed in that appareat



sleap occurred when the animals, both adult and young, were lying flat

on one sidae with the legs either outstretched in a manner reminiscant

of many juvenile ungulates, or tucked underneath. They were less
frequently observed app#rently asleep in the position adopted by sheep,
though usually with one or both forelegs outstretched. On some occasiona

goats-were observed sleeping with the head propﬁed up on a large stona.

Bafore lying down tha goats often pawed the ground with a front
hoof. . This was ounly noticed when the animal intended lying in very
short vegetation, or bare ground, but was not observed when the goats
lay down on rock. It was seemingly limited to adults, though on two
occasions a kid was seen to paw its mother befora ly{ng down besidae herx.
Favoured resting or sleeping places gave a good view of the surrounding

area. Rocky outcrops and block scree were also favoured locations.

The Yeavering Bell goats ' had two primgry grazing periode
'(Figs.'S-S)o One was in the early morning from approximately
thrae hours after sunrxise to about 9,00 hours, and the sacond, which
formad the main feeding period from about noon until dusk. ~ The N
grazing intensity increased towards the evaning.v Rumination reached
:a mean peak towards mnoon, aﬁd a smaller peak ig the early.morniug.

The general pattern of rumination followed that of the time spent resting. -

The patterns of activity were modified slightly by bad weather.
The goats showed a tendency to feed laess in rgin and heavy mist, Very
wet vegetaﬁion discouraged the gdats from lying down, and under such
conditions they showed an increased tendency for rumination whilst

standing.



~ FIG.3.

DAILY ACTIVITY OF GOATS

MAY 17-29

«—(Grazing

o—-—-—-oRuminating

22" hours.
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No significant change in pattern of daily activities was found
during the pariod of field observationa. It is possible that the
slight differences in the times of activity peaks may have reaulte&
from activity records being averaged over too short a period. This is
reflacted in the fact that it sometimes took several hours to find
thea goats in the mornings (for example when hidden in bracken), thus
the surves from mid morning onwards are smoother. Figure 5 in which
_data from the periods July 5~17 and 26~31 is combined, is however,.
c&nsiderably smoothad. Human disturbance may also have contributed

to a certain amount of distortion to the patternm.

Minor activities such as play and scratching followed no set
pattern of daily movements, though the goats showed a slight tendency
to play more in tﬁe afternoon and early evening than at other times.
Scratching and rubbing occurred intermittently through the day.

- A hind hoof was employed for.scrntching the forequarters and face,

for the hindquartarh and back a horn was used. The goats ﬁbuld often
tub the sides of their bodies and backs along the rough vegatation
such as Calluna and tall Vaccinium when walking across a slope where )
“this could easily be achieved by leaning into the slope. The sides .

. of sheep erosion crescents on the hillside were also used for this
purpose, though naver a tree trunk or rock as are used by many other
ungulates such as deer, sheep, and equines. - In the kids, the uéq of a

horn for scratching was first noticed in early July, when the horns

were approximately the length of the ears.

As in most juvenile ungulates, the degrea of play

was affacted by the weather. Sunny, warm or slightly windy weather



was more inducive to play than cold, overcast, and, above all,

wet weather. Although playfulness was more characteristic of the kids,
the adults including the old ones, sometimes indulged in bouts of
playfulness. In the kids play took the form of mutual head butting,
butting each other from the rear, racing and chasing one another. Rocky
outcrops were strongly favoured for play = the kids running up them only
to jump off again, thae whole procedure somaetimes being repaated several
times. Often two kids together would climb onto a large rock and

engage in mock fighting, one having chased the other up. The object

of the game sometimes appeared to be to push the opponent from the

rocke When available, kids would, with great agility, climb into the
lowar branches of oak and hawthorn trees. They were apparently
motivated by the desire to play, rather than browse, the animals

running up and down slanting trunks and walking along branches rather
than feeding. The two yearlinés F and D, and the two year old goat

B were also seen to climb dinto the lowar branches of oak treas, though
only to a height of about 1 M. Kids werae observed as high as 2=3 M .

from the ground.

When moving in a definite direction, the herd would occasionally
make a detour to include a large rocky outcrop, or an area covered in
. large loose boulders in their path, of which there were several on the
north and west sides of Yeavering Bell., These would be clambered over

with no abvious motive, the goats having gone out of thair way to do so,

(
If a February birth date is assumed, the kids were about 3 months

old at the commencement of £ield observations. At this age they would

frequently roll onto their backs and wave their feaet in the air for a
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few seconds, behaviour not seen in any of the adults. As the summsr'.
progressad, this habit, together with playfulness in genaeral, declined
somewhat, At comparative agea, the goat kids were much more playful
than the l;mba of sheep grazing the same area. Adult sheep, unlike

adult goats, were never observed indulging in play.

(iv) Social Interactions

Within the femalae herd of Yeavering Bell the social structure
seemed to be based on the relationships of the nannies and their offspring
of either the current or tha previous year. No evidence was found
for the exisﬁencg of a herd 'leader' (Tegner, 1961) in this herd.
When on tha move, whather peacefully grazing and walkiné, or in headlong'
flight, no one animal was observed to persistently take the lead.
The leading animal was simply the one being in the front at the time,
and was frequently a kid., No order or leadership was observed when
the goats were fleaing a source of disturbance, the animals rushing
off in a closely bunched group that frequently damaged its order as
individuals dropped behind to glance back at the source of disturbancaé.
When a long distance was covered in flight, a female was usually seen
in the lead, However, with a greater number of females than males
present, the probability of this happening wua.increased anyway. - In
flight the tail was held vertically, or curled over the back in both
. adults and kide. Shank (1972) describes this as a mostly male
characteristic, though in the present astudy this was observed in the
femalaes just as much as in the males. The kids frequently carried .
the tail in a horizontal position when moving peacefully. Romping

adults also carried the tail in an elevated position.
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It became evident, however, that a social hierarchy did exist

within the female herd, though was not immediately obviéus. The social
status of individual goats became apparent during play, or mock fighting
amongst the 6 nannies and 2 young billies. 1In an encounter between

two individuals, the goats wonld’face one anothar and wigorously -

bang the horns together in a forwards and down wards direction in the
"clash’ association of Shank (1972)., Very often, however; one of the
contestanta wpuld rear up and almost vertically on the hind legs, take
one or two steps forwards and hurl itself downwards to clash its horns
againat those of the opponent, who stood braced, waiting for the impact.
Usually when rearing, one foreleg would be outstraetched, the other flexed.
and the head deflected to the sidé of the outstretched leg. The sound
"of the impact could be heard up to about 200 M away. It was noticed that
of each combination of two nannies, the rearing animal in each encounter
was the sama, ' The rearing gogt was consistently the older and thereforé
larger animal. When equally sized, however, as was the case with G

and L, each was seen to rear in differeant encountara.

.

That the rearing goat was the dominant one was confirmed during
obsarvation of the animals grazing. If one goat grazed too close to
another, one of the two would suddently charge the offender. Unless it
moved out of the way first, the dominant animal would hit the sﬁbordinate
recipient broadside in the ribs with the horns. The subordinate nanny
always retreateﬁ a few metres, and in this kind of encounter was never
seen to be pursued, or to rataliate. In the Yeavering Ball herd, tha
animal charged in this manner was not necessarily the closast to the nanny
exproaéing dominance, though was always the closest aubofdinace animal to

the challenger. With the exception of the G and L,ﬁnd F and D combiﬁations,



in every instance was the giver of the blow and the same animal that
~would rear up in a mock fight encounter between the aaﬁé.two individuals,
On a number of occasions when 2 nannies were engage&, a third animal
would be observed walking up to the combatants and take over the

£ight', When this happened, tha interfering goat would take over the
dominant role (by rearing) and the original subordinate goat would wander
away leaving its opponent, previously in the dominant position, receiuing
the blows as a subordinate. Very often, the rearing animal was,. in fact,
at a disadvantaga when, for example, it was standing down hill from its

opponent, This situation never causad the roles to ba reversed.

Subordinate animals were sometimes goaded into a mock-fight by
repeated jabs in the rare and flank from the horns of a dominant goat.
In the event of a subordinate not immediately responding it was harassed
until it did so, If an attempt to retreat was made, the dominant goat
might, but not always, mova in front of the subordinate animal in an
attempt to resume the encounter. It became apparent that the dominant
.nanny in the female herd was the nanny E. At about 16 vears of age
she was easily the oldaest, andlher dominance was never @een to be
challenged by the other goats. IF was often she who interfered‘in the

mock=£fights of the other goats.

Thae corraelation between age and position in the hierarchy extended
to the kids, which were fairly frequently butted aside by nannies other
than their own mothers, if they approached closely in a manner reminescent

of the Rocky Mountain goat, Oreamnos americanus (Lentfer, 1965). This

applied o y.inies both with and without their kids at foot. Sometimes

a short rush preceded the act, the adult uéually going out of its way
to butt the kid. Kids ware never seen to retaliate, and neither of the

2 young billies was ever seen butting a kid,







. Encountars batwaen the 2 billies, H and B wera less frequent,
but when thay did occur they might continue for as long as 20 winutaes,
compared with less than 5 minutas by the ﬂemaiqs. On such oecasions
both males ware saen to rear up (never simultaneously) though normally
it waa the largar H who did it., It was also ﬁ who normally initiated
the head banging precoding a °rear clash', No social encounters wore

observed betwaan tha two Whitehall billies.

Encounters between the nannies and 2 young billies were |
infrequent, although they had nlightiy increased in fraquoncy by late
July. Interactions batween billy H and the females were vary few,
and the outcome difficult to interprats The 2 year old billy was,
on saveral occasions, saeen to run up behind one of the younger nannies
and deliver & butt on the rump. In every'caaa the nanny retaliated and
B invariably retreated. Although probably playful in wmotive rather than
an attempt at exerting dominance (where the two animals fﬁca each other)
his retreaté each time indicated a position of subordinance.. The few
*rear clash . associations’ witnessed betwean him-nnd females were half
hearted in natura, neither animal rearing up and usually only lasting\

for 2=3 blows, It was difficult to place the 2 billies within the

order of dominance of tha nanniaes, This is summarised below:

Dominance E
¥ H Arrows indicate
| direction of
“,/”’ B exprassion of dominance
G L . .
| | | )
D& F . Por description and
\\\‘ - ‘//" ages of individuals
. Subordinance Kids _ see page 14




Although normally moving as a single hard, the group souctines
split up, Illuman disturbance at times resulted in the herd dividing,
each half travelling in different directions. Within a day the herd
usually reformed, A second, more natural kind of herd division occurre&
vhen sone of the herd got up from a resting placae, and moved on leaving
the rest still lying down. The goats left behind in this manner were
uosually a femnla and kid, or kids, the latter normally having lain close
to the mother, No single nannies weore observed to isolate themsalves
from the rast of tha hérd. but Yocum (1967) did obscrva this in the
Hawiian feral goats. On occasions B and H would leava the herd.
They would remain in each others company, and at such times wufe oftean
quite distant from tha rost of the herd, but astill on the same home ranga.
Thay rejoined the herd aftar periods of up to 3 days. On two occasions
in the study (11-13 June and 10=12 July) H isolated himself from the herd,
and was usually found living alone in the gorse patch on the west and
south west of Yeavoring Ball. At such timaos he appeared morae alert,
but did not break into a'éun on disturbanca by hill walkoxs atc.
as did the femala hard. Instead he tended to retreat into the gorse -

bushes.

Although uéually content when alonae, it was seen on one occasion
30 July, to ba i1l at ease on becoming aware of having been °left behind'
by tha herd.- Out of sight of the rest of the gqats,hn wandered in tﬁa
gonaral direction taken by tha herd, not grazing and bleating continuously

until he sighted tha herd.

On re—analgawation of the temporary subw=groups, no sign of
recognition or antagonism was madae, the two groups mevely drifting
togaethar un;il grazing ws ona, This applies also to the faral goats

in New Zealand (Riney and Caughley, 1959).



' (v) Mother=Kid Relationships

By May tho &4 kids on Yaavering Bell gave the imprassion of being able
to fend for thomselves if necessary, though they were still emall in
8iza in comparison to the adults, and still following thair mothers

clogaly.

Intoractions betwoon the female goate and theirx kids seemed to be
controd around tha act of .suckling, When vary young, kids suckle
frequently, but at 3 months, suckling was infroquent. The firequency
declined further towaxrds late summer, Thora seamed to ba no particular
time of day whon suckling reached a peak, though it was noticed that
tho twins of G normally suckled together. In contrast to sheap, suckling -
by tha kid was of short duration ouly, and was nearly slvays taerminated
by the kid icsaelf, tha nanny standing patiently. Eweas, oven though
thair lambs were considerably younger, werc observed to almost invariably .
wvalk avay whilst tha lamb was still suckling. This occurred even when |
the lambe were still very younge Both wag their tails when suckling.
Lanbs up to 3 wontha of aga (and probably older) will often rush up to - L
the teva to suckle on baing disturbed. The ki@s at a similar age were never
sean to do this, Suckling by thae kid was somatimes initiated by the .
mother apparantly calling the out of sight kid ox kids to her with a
serias of bleats., In suckling the kida showad none of the vigorous butting
of lambs and calvas, stimulating let down of the milk, though might on

occasions give the udder a gentle poke with the head.

From tho age of at least 3 months the kids would vander greater .
distanca from their mothaers than the lambs wcre obsorved to do at that age.
Somatines divinidn of the herd would result in the kids being in oﬁo
_group, and the parent in another. Seldom in such instances was either

visibly distrassed.
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The three nannies with kids at foot (P, G and ¥) paid differant
degrees of maternal attention to their kids. Twins are thae xule in the
feral goat (Whitehead, 1972) and it was probably no coincidence that the
only nanny to rear twins (G) appeared the wost a:tenciye mother of the
threes 'Single' kids are frequently the sole survivors of twina.

Not only wera the twins observed ﬁo suckle more frequently than the

single kids, but G fraquently called them when out of asight by blnnting.
When out of sight of their mothers, tha thin, high pitched bleatings of the
twin kids were far more likely to ba answared by G than were those of tha iwo
single kids by their mothers P and F. The yearling F gsecomed a
particularly indifferent mother. Only twice was she observed to answer
the bleating of her kid, whose attempts to suckle were at times cut short
by P walking away. Although I’ had a smaller udder and suckled her.

kid less often than either P or G, the kid was of similar size to the
others. Sometimes a kid lying away from its mother would suddenly

stand up and bleat. On hearing an answering bleat from the mothar, the

raassured kid would 1iks down agein in the sams placae.

A kid calling its mother genmerally got more response than a
nanny calling her kid. On one occasion the herd moved away from a small
clunp of gorse bushes on which they haJ been feeding, 1éaving the kid of P
behind in the company of B. By the time the herd had travelled about
50 metres, P had began lagging behind, and frequantly stopping to look
back and call the kid with persistent bleating. The kid ignored its mother
-complecaly. not even raising its head from the gorsa bush. It eventually
cadgh: the hexrd up in its own tima. No nanny was seen to iuterfere
when her own kid was playing with that of another nanmy, though Rudge

- (1970) did note this.



In view of the association between a female goat amd har offapring
lasting until waell after the kid is sexually mature at 0=7 monthe
(Colias, 1956) a behavioural trait also seen in dousstic shaep, there
{8 reason to Leliuve that since the yearling D was necarly always in
the company of the dowminant nanny E, awl nearly alwuys xesting by her,
this yearling was haxr kid of the previous year. HNeither had a 1977
kid at foot, though the possibility of either female having had and lost
a kid cannot be ruled out., Thae other yearling F, spent more time in the
company of L than of her own kids, but the degree of associatiou between
then was less marked than betweon B and D. This was posgibly anothar
example of a uwaternal relationship continuing after the sexual maturity
of the offspring. lowever, L, F and F's kid were never seen as a trio,
L bdtting the kid aside as sha would the others if they approached too
closely. D, who was often in tha company of A and her twins, and’
wmoking fairly raegular attempts to mount hex, could possibly hava been
still followiug his mother, though at 2} yoars this was £alt to have been

unlikely.

(vi) Reactions to other mamaals and hunan disturbauca

Apart from human disturbance, encountere.obqgrved with othar -
mammale werd faws In the evéniug of 22 May, a hunting fax was saen necar
tho grazing herd. It was approached by the curious kid of P, with
outgtretched neck, pricked ears and raised tail., DBy the timo the kid
.uaa a fow feet away from the now crouching fox, I had also spotted it,
and walked towards it wich horns held low anﬁ directed towards it and
ears back. Thae fox ratreated. On another occasion in July. a hunting
dog fox trotted past the lying herd at 4.20 a.m. The. goats watched it
paes with acute interest, but made no attempt to move. However, thrae

hoggets in its path scattarad.
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Roe deer were fairly abundant in the study area. In the two
encounters witnessad»bocwnen them awx the goats, the latter appeared
frightened by tha deer. In mid June the goats were grazing in a woodland
_clearing at the edge of which a young roe deer doe was also grazing,.

Tha deer and nanny D gradually worked thair way towards each other
until only a couple of metres apart. ‘Tha goat, on suddenly baconing
aware of the deer bolted, putting the rest of the herd to flight. A
Toe doe was startled by the obsgerver from bracken on the lower north=
eastorn slopa of Yegverins Ball, resulting in the haerd bunching and
running. That the goats were ﬂeging'tha deer rather than the observ er
vas avident as by running away from the bounding dear, thaey came towards

the obsorver.

A few timus the herd was seen to sud denly bunch up and run,
with raised tails characteristic of flight, although no visible source of
dieturbance could be found, Iunediately prior to one of these £lights
. 2 hares (leverets) wore seen chasing each other towards tha goats. It
is poss#ble that such reactions having no apparent cause cou1§'reuu1c from

"\

unusual movemants of this kind.

Shaeep were frequaently observed in close proximi:y to the goats,
Tha sheep nornally moved aside whaen theae approached. No instances of
direct conflict were noted betwean the two species and only twice were
sheep.aeen to be mildly threatened by the goats. On being approached
by an inquisitive ewe, the pied Whitehall billy lowexed his head, slightly
pointing the hoxrns forwards. The ewe backed away. Similar behaviour
was observed in nanny E, but this time the owe and goat 1ightly touched
heads before tha ewe retreated. Sheep unaccus;nmed to the goats treated
then with curiosity réthcr than respect. Biliy il, when at the extrame
edga of the homa raﬁso (an areca seldom used) was observed standing on his
hind legs browsing in a hawthorn tree. In this position ha was approached

by two inquisitive hoggets, who cautiously sniffed him. On dropping
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to 4 feot, ho lowaraed his head, and the shaep flad.

By far the most usual causes of disturbunce wera humansg, .
As reported by Shank (1972) and Greig (1969) the males and kids were
far eésier to approach than the nannies. They were seldom the £irst to
detect any cause of alarm, rarely kept their attention on any pogential
causa of dfsturbancae and usually raesumed feeding after n0 more than a
glance:. This behaviour contrasted with that of the nannies, whicﬁ weré
‘extremaely watchful in the suspected presenca of humans. This was
- demonsetrated fraquently when the goa:; wvere ﬁoving towards the motionleas
and hidden obsarver. A nanny would invariably become aware of the human
intruder befora the billies and kids, who might approach to within

2=3 metres before suddenly stopping dead and staring.

As‘:he suriax progressced, disturbance of th@ goats by tourists
increased, espacially at waeekends. On some days the goats were repaatedly
disturbed by groups of people, and sometimes ended up running in larga
zig~zags across the hill sida. On such occasions any patterns of
behaviour were completely disrupted. When disturbed, the goats usually

ran up hill. VPeople with dogs were given a wider berth,

Unlike hill sheep, which bolt, then slow down, stop and turn to
stare at the sourca of alarm, the goats would, if not duly alurme&. nove
off at an easy trot. It was not until the herd disappeared from sight,
8. over a ridge, that they woﬁld break into a gallop to put the maxirum
distanca between themselves and the disturbance. Only in cases of mild -
panic, such as hill walkers suddenly coming upon them over a brow of a
hill would thoy {immediately break into a gallop. After galloping

100-290 M they would sloﬁ down to a trot before stopping altogether.




=48 =
Sometimes individual nannies would pause to give a backwards glance.

When disturbed by shepherds collecting sheep from the hills goats
are reputed to sometimas join and run with the flock of sheaep (P.Fergie,
pers. comm;)  This was observed at noon on 23 May when shaep were
being collectad f£rom Harelaw for docking and castration of the lambs.
The pied billy, feeding in the gorse bushes by the College Burn and
disturbed by the shouting shapherd and the sight of his two dogs, ran
uphill to meet the flock of sheep. For about 150 M he ran with them
at the head of the flock before turning aside to diéappear from view

in a dense wood.

When a source of alarm was suddenly discovered to be very close
(e«g. thae author stalking the goats for photographic purposes) the
discoverer would emit a warning sound. Perhaps best described as
something between an explosive enort and a ’raspberry’ noise, the sound
. could carry some distance. It was usually only uttered once, and
stimulated the rest of the herd to flight only when the giver bolted
as well., In June, the nanny L developed the temporary habit of giving
the warning snort when other individuals had already become aware of the
prone, motionless and downwind observer though showed no sign of uneasiness.
They- would, howaver, on hearing the warning snort, immediately lift the .
head and look in the direction the observer was last seen. If at such
times L bolted on giving the smort, the others usually followed, even

having been aware of human presegdce- prior to the warning snort.

Although most observations were made at a long distance, the goats
got used to the author extremely quickly. At the beginning of the study
period the goats wera once inadvertently put to flight from & distance
of approximately 200 M. By the end of July it was possible to approach

the goats upright (as opposed to the pronme stalking position) visibly




moving and with tho animals fully aware of a huwan preseuce. This was

onca done dalibarately at the end of July, whan tha graziug animals

tolerated the observer walkiug slowly aund directly towards them to a distance
of about 3M. At this distance they showud some uncertainty and milled

around befora making off at an unhurried trot. io alarm enort was _
given, and the goats did not break into a gallop. That they had become
used to ona particular person rachur than people in genural was indicated

by the goats baing put to £light on the same day by a parxty of

hill walkers whon about } mile distant. On each return after a few

days abseuce from the study area the goats were sufficiently more wary

than they had been at the e¢ud of the previous visit,

(vil) Sight, hearing and smell

The goats usually seenad to be disturbed by humans through
a combination of both auditory.and visual awareness. Distant, though
noisy hill walkers when seen at distances up to § mile could results
in tha goats fleeing. lowaver, as sometimes occurred, hill walkers
could approach the haerd cd within about 20 yards with naeither being ;
awvare of the others due to tha slopa of the ground. In these cases..
although convarsationicould be perfectly audible to the obsarver
at far greater distance, the goats would not becoma frightened umtil
the people cams into viaw of the goats. Conversely, singlae and silent

. people walking on an opposita hill would ba ignored 5y the goats, eapeciail?

if walking in a direction awvay from them.

Paral goats are raputed to have an acute sense of smell (Yocum
1969)s It was found to be possible: on tasting this, to approach the

goats fairly closaly upwind with tha animals showing liccle agitation



- 50 =

‘unlaess thae observer happened to be spotted as well,. This, howvever,
would secm to contradiet most other peopla's obunrvucionn. Aﬁ incident
that gceno to suggest that the goats wore feacting to a cﬁmbinntion of
visual and othiofy stiuuli, rather than either alone, occurred when
the goats vere being atalked on an oﬁen hill side. The goats on
suddenly doubling back came upoun thé unhidden obsaerver when they approached,
and walked past with suspicion but uo obvious fear, It was not until
they had moved down wind, atill in sigﬁt.6£ the observer, that they all
suddenly Sroka-into a gnllop.- Since flight, when not unduly alarmed
was not rapid until the goats were ou:.of gight of the cause of
diaturbance, preﬁumnbly the sudden cétching of human scent when ;lready

aware of human presence precipitated a stampede.

Rocognition of humans saemed to be based upon tha typically
upright stanca, since the goats could be approached to and tolerated by
at closer distances when lying'prone. The goats would, at times,
approach the prono observer to within & few feet. On bn;oming avare
of this, the goats would stop and gtarae intently, and.ﬁuually took
a few steps forward fbr a better look, apparantly full of curioqity.h'
The sudden discovery of an -~upright person at a similar distance would

irmodiately initiate flight.

The goats ware apparently used to the very low flying fighter
jets from R.A.F. Acklington that frequeantly flew down the Valley.
' The adults would scarcely flinch at the sudden loud noise, though
the kida might run a fow circles in a c&nfuaed manner, Thin_reaction
was in contrast to that in rasponse to the click of a camera on a
etill day. This-was obviously an unaccustomad though small sound, and
had the effect of immediately stampeding the'hard. uowever.-although
| some dtatu;bancn was inevitably caused by the peopie agcending tha hill,_onge

.air bourne tha hang gliders were ignored by tha goats, Likewisa, gliders




from a noarxby gliding club were aleo ignored. On only one occasion

was a low flying glider seon to startle the goats.

Cozmunication amongst the goats by eithar visual, audicory
or ol/hohag . maeans saemed to be of little hnbo;-:ancn other than in
maternal fola:ionshipa. Here vocal communication seemed to be of
importance, though the sniffing by the mother under a kids tail whilst
suckling probably served o reinforce the pacernal bond, KNanniecs
appeared to be able to recognisae thair own kids visually, as no kid
was ever seen to ba sniffed before being butted aside by a female

other than its own mother.

(viii) Fecdingﬁﬁehaviour

The goats had a much larger fecding area than the Black face
sheep, and grazed in a group of larger siza than ever obsecrved in the sheap
in the low stocking densities found on Yeavering Bell. In tﬁeir daily
grazing movements, the goats travelled much furcher than the sheape.
However, raecognition of individual sheep was difficult. The goata. ~
frequéncly grazed in a tight bunch, and only taking ona or two bitaa
before walking on, Although Yocum (1967) reports goats trotting
between bites, and Crook (1909) in winter, chié was naver obsgrved in

tha College Valley goats.

When browsing in small treas, thae goats frequently stood on the
hind legs with the back vertical and the fore feet resting in the trea.
Somatimes the fore feet were used to hold down a pufticular branch
while the loavas ware nibblaed off., The fore foot would ba placed on
top of tha branch, usually with the fore foot flexed, and tha branch
batwaeon the ﬁoof and dew claws, the other leg supporting the animal
in the tres. Less frequently, a thin branch might be held batwaen

the claws of tha hoof, the branch being deliberately ‘caught' by pawing




PLATE 4

(@)
Part of the female herd grazing batwman Yeavering Bell and

Tom Tallon's Crag. The difference in texture of summer coat

betweca the two adult fomales and male (centra) can ba saen.

®)

Femalas feeding amongst and on bracken. .






PLATE 5 N

(a) '
Although not appearing in the faecal analysis, the goate ware

froquently observed browsing on oake Pictured is yeariiug F

with har femala kid.

(b)
Nanny L photographad whilat browsinge.







movenments in the air. On one occasion, a goat (Pf’wns seon to paw

a hawthorn branch before feading on it. Kide often climbed into a

troe to browse, though tree-climbing was mora associated with play.

The goats seemed to show a liking for some plants that were either
very coarse in texture, or thorny. When browsing on gorse, or
feading on thistles, both sexes were seen to thrash the plants with
the horns, using several vigorous forwards and downwards movements
of the heads, Every thistle seen consumed received this treatment,
which often completaly severad the leaves from the stem. On examination
of the thistles after the goats grazing, the plants were found to have
bean completely eataen down to the ground, with no stem or leaf remaining.
The leaves of plants such as Urtica and those of similar shapes and
sizes were delicately picked off, one by ona. This has also been

obgerved in Merino sheep (Armold, 1961).

Althougﬁ the goats spent at least some of each day grazing
by a stream during May, only once was one observed drinking at it, and
then for a short period only. Apart from a billy seen to'drink in
July, no other observations of drinking waere made. | It is assumad
therefore that most of the water requirements were provided by the

vegetation.

ANALYSIS OF DIET

Characters ugseful in the identification of plant epidermal fragments
included overall cell shape, shape and arrangement of stomatal guard
colls, and, in some plants, trichomes. Although Martin (1955)

states that epidermal characteristics of the Graminae differ widely
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batwaeen species, there was a considerable degree of overlap in thae
characteristics of the grasses in the present astudy. Identification

of some graminiferous colls was aided by examination of the silica

bodias, which were daeply staining in both the xoference and faccal
samples. Monocotyledons were easy to distinguish from dicotyledons

and Pteridophytes by their rectangular and usually elongated epidermal
calls, Tha degrao of corrigation of the coll wall werae also an aid

to identification. Some epidormal fragments were too small to idantify;
and many waora observed by adhoring mesophyll tissuas. Thuse werae omigted
fron cosndigration, only thosa fragements where identification was

positive baing included. In most cases, it was possible to identify

plants dovn to the species lecvel. Calluna and Erica epidermal cells,

howaver, proved indistingdishable from each other, and simply racorded

as Ericaea.

As the study area supported both sheep and goats, evidence for
” _
overlap of diats waa sought, X~ tests ware applied to the raw faecal
anulysis data, and tha differences between that of the goats and sheep

vere found to bae highly significant, with P < 0.001 for each study period.

As expected from casual observations, the goats took a lower
total porcentage of grasscs than did the sheep during the summer months.

S8ince such grasses as Anthoxanthum and Poa flower early in the sumner,

and are comsequontly more available than other specias to herbivoras,
it io raflacted in tha analysis of faecal pellets where the amounts caten
by both the sheap and goats of thase two grasses diminish through the

summoxr, The amounts of Anthoxanthum taken by the shaep and goats is
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oinilar byﬁthu end of July. Lven after Poa (togethor with Anthoxanthum)

had diod down, the éhaap ware atill finding a substantial amount of it

‘(Fisso 6 aad 7)5

Although the spring of 1977 was very lata, and growth of heather
did not commenca until wall in June, Calluna was navertheless an important.
food plant to tha goats during May, and when the new growth appearad,
it apparantly constituted as much as a third of the diet. When grazing
on Calluna, both tha goats and sheep seemed to be takiug the tips of thé
young heather shoots only. Until Juna Calluna forwed only a small
part of tha sheap’s diet. During July both sheap and goats were taking

equal amounts of tha plant.

If the effacts of random variation due to tho small sample sizes

ara allowed form it appears that Deschampsia flexuosa was grazed more

by the sheap than the goats, tha amounts taken remaining more or lass
constant from May to July. This was the dominant grass over ruch of

the study areu. D. cacespitosa is a velry coarsa grass, so as expected

did not form a large part of the diet of either the slheep or goats. ~
It was notad, howaver that in adjacent fields heavily stocked with sheep

and had apparently baen so far some timo, that D. caespitosa tussocks ware

eaten down very short. Although seemingly unpalatable, it would appear

therefora that shsep at least, will utilize D, caespitosa when other

grazing 18 scarce,

Although abundant, aspocially before tha growth of braclkan,Holcus .
lanatus appeared in very small amounta in the faccal éellats of

goats and cheap. Tho possibility that, due to its soft and delicacta



aepidermis, fragments did not survive passage through the gut and

the plant is thercfore under—-represanted and cannot be ruled out

(sco page 77 ).  Sheep certainly, were observed grazing upon llolcus
amongst growing bracken, yet the faecal analysis showed a very low
fraequency of the grass (Tables l.and 2 Appendix). Before the growth
of bracken, goats ware also observed grazing in areas where there |

wvae & high frequancy of Holcus,

.Tho dacline of Juncus in the diet during the sumwmcr might
roaflect its increasing coarsencss and unpalatability, In July the
goats sometineso nﬁon: long paeriods feading in Juncus stands. It seens,
howaver, that thay wera taking plants growing in the wet £lushes
othor than Juncus although it was naver easy to obsaervae which plants

wera being talien,

Although Ulex wmight be expécted to ba a somawhat unpalatable
plant it formed a considerable part of tha diaec of tha goats. The
goats apant more tima in May than any other study period browsing on
the gorse, but the anounts appearing in the faecal paellets did not
decreass. The explanation may lia in the flowers being ecaten in
late May when tha gorsa was flowering heavily. - At this timo, thae
goats wera observed to be caraefully pulling thae flowers from the
steus, rather than eating tha young shoots which were still very emall.
It could be seaan that the contents of the mouth were bright yellow.
Since difficult& was experienced in making reference slides of Ulex
flowers, whereas the leaves and spines nade very good roference slides,
it iq suggested that Ulex flowara are too delicate to survivé as

recogniaable fragmaents, resulting in the under-estimation of Ulex in the
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‘May diet of the goats. DLy the tiwe the gorse had finished flowniina
fn late June, the young shoots wore well growm, anq the goats appeared
to be concen:tnting_bn theses If the small samples sizes and the |
inavitable discrepancies are allowed for, this is in agreement with the
results from tho faacal analysis, which shows an increase in Ulex
consumption aftor June., Although sheep on the lowly qtocked Yeavering
Boll wore only rarely seen to browse on gorse, the plant appeared to |
form about ten parcant of the diet during June and early July. Howevaer,

in this instance, the plant may be over-raepresented.

As the brncﬂen bacane nore available, the goats took increasing
quantity, and by the ond of July it constituted as wuch as a quarter
of the diet., Apart from the pariod July 5-18, when tha bracken fronds
werae fully opened but etill fairly soft, and presunably more palatabla,
the gheep took considerably less than the goats, through on average
they appeared to spend more time than the latter feeding in Pteridium
dominated arcas., The pgoats wera observed to sgelaect and eat ferns

(Dryopteris ap) when feeding in the wood. Howaver, aven after

h‘

exanination of many refarence slides of both Dryopteris and Pteridiunm
thae differance between the epideriul cells were not great enough to
exclude confusion. It is possible, cherefore,’thac the amount of

Pteridium could be over—aestimatad.

Although both sheep and goats were fraequantly observed faoding
upon Vacciniur it is suspectod that the intake of this plant as shown”
in Pigs. 7 and 8 is under-represented., The goats did appear to consume

leas as othar plants baocumc availabla as the sumnmer progressed.

Other plaut material observed in the field to ba fad upon
by the goats, but which did not show up in the faecal analysis u

included Quercus sp, Urtica and Carduus sp. Howaver, thae total bulk




K

of each of thase plants ingasted appeared from obsorvational

data to be low,

.Although present in soma parts of the study area in large patches,

Luzula sylvatica did not appear in any of the faccal samples of either

sheep or goats. No animal was observed cating this plant, and an
exanination of the stands shows no evidence of grazing in the plants,
This is apparently the only common plant in the study not utilised
by either spacies. The much smaller and considerably less abundant

L. campestris did appecar in very small amounts in the faecal pellets

during May.

An avarall imprassion of this cémparative faccal analysis
was that a greater number of recognisable epidermal fragments survived
passage through the gut to appear in the faecal pallets of the goat than

tha shaep.

Nematode Infactions

The sheop are supposadly wormed geveral times a year in the .
College Vallay (G. Blliot, P. Yergie, T. Welsh, pers. comm.) so it
was surprising to £ind the shacp of Yeavering Bell had a higher worm
egg count than did the goats, who receive no ﬁormina at all. Accurate
identification of thae parasitaes would have necessitated the culturing
of larvae from tha eggs, but storage in 70% alcohol had rendered them
non-viaible. No larval stages were recorded from tha slides presumably

having been daestroyed if present, by boiling in 10Z NaOH,

Although nematodas are notoriously difficult to identify
with any certainty from the ova (R. Thomas, pers. comm.) it was

posaible that the bipolar, eliptical oggs found in both tha sheap



and goats belons;d to the genus Trichuris, a parasita of the caccunm
(Soulaby, 1965). The frequent, similarly eized but thinnor walled

ora, which wara not bipolar, could have possihly bean a Strongyloidee ap.,
comson in the small 1nten£ina of sheep, goats and other ruminants | |
(Souleby, 1968). Nematodirus, having ova similar in shape and

appearance to Trichuris, but very much larger, was not found in any

- samples, It is reported to have been virtually eliminated f£rom the

College Vallay sheep (G, Elliot, P. Fergie, pers. comm.).

Coughing in shaep and goats is commonly a symptom of infoction -

by Dictvocaulus filaria (’Husk?) (Soulsby, 1968). The adult goats

werae frequently observed coughing, especially P and F. However,
fofaection with this parasite is only onoe cause. The sample .-
8izes wera too small to determine whather the levels of infection (as

indicated by egg counts) changed through the course of the aetudy.

Critaeria of age

() ¥

Examination of grose sections of the first molaxrs of animals

nos. 1=9, 11, 13 and 14 yielded no firm aevidence concorning the
validity of cementum growth incPements as a criterion of age im the

British feral goat.

Mitchell (1963) and subsequent workers 1nvastig§fing dental
cemant laycrs in temperate zone ungulates found that tha best results
ware obtained from examination of the pad of cementum between the roots of
Hl' Not only iS the cemdntum here considarably thicker, but the leas
distinet layers from youngor animals with thinner cement deposits are

more clearly scen than alsewhore. The roots of most ungulates wolars




investigatad by other workors wore markedly bifurcated, the cementum
pad occurring between the roots. In none of tha molar sections
exanined did the cementum appear as a pad, and, with the possiblae
exception of goat no. 5, aged approximntely.é. the roots scamed to
remain together for most of their length and with littla ox no
bifurcation. The teath were froaﬁ. and £irmly held in the jaw, so
removal for examination for possible lines of cut batween the roots

was impossibla.

The majority of goats in the sample from the Collegs Valley

cull ware very young uwost being about 18 months of aga. If the roots
of the young caprine molar are, as described, un~bifurcated, then the
.growth of. the sample may oxplain tha absencae of a vieible cementun pad
betwaen them. This is supported by the fact that the apparent oldest
animal in the sample, no 7, a fcmale aged about 7 years, did, in facc_
appear to have geparate voots to the Ml' In both the oldast, and naoxt
oldest goat (no. 5) in the sample, the roots ended abruptly, and wera
ashorter than those of the youuger animals., However, a much Iargers

sample size would be neaded to confirm this or show otharwise..

Very faint and discontinuous lines were found on soma molars
from the cementunm around the root. lowever, they were not comvincing
and always less than the number expected on the basas of ona translucent

band being laid down per year (see page 22) and so were disregarded.

Tooth wear was only found in the molars of goats no 5 and 7,
and then was only of a alight degrees The rest of the jaws wera

presumably too young to hava shown any visibla signs of wear,.



@ 1
Dark narrow bands Qare found in the cemantum of the firat

permanaent incisor of those goats where Iz had, at least, also aerupted.
These bands reprosenting winter growth amd staining a dark bluae,
ware thin and widely spread (Plate 6). In most placaes tha dark
bands were faint and discontinuouss The total number present was
recorded as the maximum count from examination of up to 15 sections par

tooth, The dentine~-cementum interface, also a narrow blge—-staining
band, appeared as a much more clearly defined and continuous line than

the incremantal lines.

Goats hﬁving only ona erupted permanent incisor showed no
vigible growth increments, though four of the five temporary incisors
exanined showed one incremental lina. In these cases, however
(2,3, 12 and 14) the dark bands were less distinct than those of tha

permanent incisors (Table 1).

One discrepancy was in goat 5, where, although the second
permanent incisor was erupted, no incremental lines were found.
It is possible that they may have baeen pressnt but faint to show up
in the staining techniques, or too much of tyn cementum destroyed

on oxtraction of the tooth from the jaw.

In only one case was layering of tha dentine obsewved in this
instance the lines being very distinct,. No other evidence of even

indistinct growth increments was found from examinacion of the denﬁinc.

(ﬁv Correlation between dental cement lnzers and horn ringa

The major horn rings are taken as annual and therefore indicate
the true age of the goat. A correlation was found between these and the

number of dental cement layers.



TABLE 1

Goat No.

| 10
11
12
13
14
15
16
17
20

21

1D a Increment in Deciduous I1

" Horn Rings and Dental Cement Layers

No. Increments

oo O v O

cC ©O ©

No. Hoxrn Rings

Incremental lines in dentine

L]

Hoxrn badly worm

Sex

Estimated Age
(in months)

46
22
22
22
22
22
94
22
22
22
22
22
10
22 -
N
22
70
22

106






If animal no. 8 is disregarded, the total number of incremental -
linas waé, in the few animals old enough to show them, congistently
one lass than the number of annual horm rings. ‘The first permanent
incigor does not erupt in the goat uhtiifwéll into ché second year.
Thus animals with one horn.ring and Il_parhﬁnent, would not, by
early December, 53 expected to show any incremental line in the cemantum,
as the I, would not by then (date of death) have been present throug§ :
& winter. This, in fact, was found. It is suggested, therefore,
that the absolute Qge of British feral goéts as assessed from denﬁal
cemanc.layers of the first permanent inciso? is the total number of

layers, plus ona.

As the deciduous Ii is retained throughout the animals first
_winter, when the first horam ring is also formed, it would be expected
that this tooth would form a growth line. This was found to be 8o,

though the daciduous growth lines were indistinct.

Sequence of Tooth Replacement

From the College Valley cull sample, it would appear that
when full mouthed, the dental formula would be

0, o3 3, .
1%, M7y M7/ =32

Since the jaws examinéd all came from a single cull, when the youngest
goats would have been about 10 months old, it was not possible to
investigate the sequenca of eruption of deciduous teeth., For this,

a much younger sample would hava to ba examined, with representative

jaws of all agas from birth to éttainmgn: of a full mouth,




As moat of the sample of heaads ware from animals who had not
yeﬁ gained a full mouth of permanent teeth, it was possible to see
the sequence of replacement of the deciduous teeth by the permanent

(Table 2). This, from a limited sample, would appear to be
MoM I GMLy I I; I, M

or By (PMy_,)

Although the daciduous PM4 is tricuspid, the permanent tooth
is bicuspid. M3 is also tricuspid, M, and M, being bicuspid.

PM, has only one cusp, both in the deciduous and permanent tooth.

No firm conclusion concerning the ages at the times of eruptions
of.various permanent teeth could bé madae owing to ‘a) the small sample
giza with a high proportion of yearlings, and (b) the fact that the
data of déath was the same fqr each specimen, thus reducing the age

range available.

If a February birth date ie assumed, and taking the absolute
age from the horn ring, and deatal cement layer data, a tentative
suggestion for ages of eruption of permanent ;eeth in the College
Valley goats, in months, is as follows:

M1 already present at 10 months of age

M, 10-22 +

. I; about 22
PM1_3 about 22 or later

12 about 22 or later

13 by 34

14 by 46

-M3 from 34
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Lens weight and Protein Content

The results of the lens protein assay and lens dry weights are

summarised in Table 3.

" Estimation of age based upon lens weight is known to be most
reliabla in the younger mammals investigated, the rate of lens gréwch
slowing down with increasing age (Friend, 1967). That this is so
for the goat is indicated by the fact, that within the major age
class of the sample (approximately 22 months) the lightest and heaviest
lenses differ by about 0.12 gm. The difference within this age
group are considerably greater than be;ween the other three, older age class.
However, it is possible that results from a larger gsampla size

with more than one animal per age class may not nacessarily show this.

As expected, the protein content of the lens was (Table 3)
more or less related to lens weight. However, quite large
discraepancies occurred which may be explained as loss of dry lena.

material during grinding, prior to dissolving in NaOH.

DISCUSSION

Feral populatioqs of goats exist‘in manf parts of the world.
.Theﬂh ara, perhaps, more legends and beliaefs actaéhed to the goat than -
any other mammal. Local residents of the Collaga Valley (and' 7'
elsewhera) strongly balieve that feral goats will deliberately destroy
adders by trampling them with the front hoofs.' In the past goats
ware run with cattle along the boxders in the belief that they prevented
outbreaks of brucellosis (T. and A. Elliot, paers. comm.). The goats
supposedly did this by eating ergots in the rye that wera reputed
to cause brucellosis in the cattla. Their presence was also supposed

to prevent outbreaks of enzootic ataxia in hotses. In Merioneth,

the mare small of a billy goat was thought to keep infection away (Lévet. 1977).

H
)



Soma: feral goats owe their origin to the belief that being more
agile than sheep, they wiil graze the rock faces and cliffg, and thus
keep the sheep from the dangerous areas (Whitehead, 1972), Feral f
goats ara generally regarded as good "weather prophets® reputedly
leaving the high ground prior to a snowstorm, enabling the sheaep to’
follow in their paths through the snow (T. Elliot, pers. comm.)
However, they will sometimes allow themselves to be covered and
suffocated by snow whilst sheltering from it, as happemned in the
winter of 1976=77 when about 8 of the Hindhope hard were buried and
killed when sheltering in a rxuin in a small plantation (A. Elliot,

pers. comm.)

In emny parts of the world where indigenous mammalian herbivores
are absaent, the feral goat, once introduced and out of control, has
done irreparable damage to native floras which have evolved with
out the competition and grazing pressures from herbivores. A prime
exampla of this is Hawii, whare a lot of the native flora has been
deatroyad largely bf grazing pressures from large introduced herbivoras
such as the goat. Hera, ona of the most important of native :rees;.
the Koa (Acacia Koa) has beon seriously depleted from the Hawiian

Islands through goat damage of the defoliation, girdling, stem breaking and

killing of gsaplings type (Spatz and Mueller-Dombois, 1973).

Like many ungulates the feral goat exhiﬁita a ﬁell
defined home range, which as is typical in gregarious ruminants iS'uséd
by the herd jointly, rather than each individualkhaving a definite home
range. Joint home ranges are described for the feral goat in New
Zealand (Riney and Caughley, 1959), British Columbia (Geist, 1960),

Japan (Asahi, 1960) and in Britain by Whitehiead (1972). lome range



behavidug haﬁiﬁeen described in the Welsh hexds (Milper et al 1968,
Crook, 1969) in the Scottish feral goats by Greig (1970) and in the
nearby Kieldar herds by McDougall (1975). A number of authore

have reported that female herds of goats remain faithful to a restricted

home range. - This attachment to a particular area can last some years.

Features such as stone walls and fences secmed to form nﬁtural
boundaries to the homs ranges. Although at points during the summer
of 1977, the College ﬁurn was only a few inches deep, neithar of the
two Whitehall billies werae aver seen on the west baunk although they
frequently browsed on the gorse bushes growing close to tﬁe water on
the eastern bank. Thae dry stone wélls and wire fences enclosing the
Yeavering Bell area appeared to form natural boundaries to the home range
of the female haerd. | They grazed on numerdus'occasions close to fences
and walls (Plate 2a), yet on only one occasion was a goat seen -to
squirm under a fence into a field. It left the fiecld after a few
minutes by jumping onto and off a dry stome wall just over 1 M high
(Plate 2b). Goats are kﬁown for their agility and are perfectly

\‘

" - capable of crossing such barriers. McDougqll (1975) reports goats
clearing a 1M fence, and K. Robertson (pers. comm.) reports an adult
nanny squirming (with difficulty) under a plantation gate, the bottom
bar of which cleared the ground by only about 25 cm., TFrom discussions
with local shepherds it appeared that goats were in the habit of
crossing walls and fences in the winter to graze in low lying fields.
Observations carried out in the summer in dicated that this habit

wag restricted to the winter months only, when the goats might be -
axpected to feed at lower.altitudes.' The feral Soay sheep of Hirta,
St. Kilda are also reported to be élightly restricted in movement by

barriers such as streams (presumably wide ones) dykexw and walls

(Grubb and Jewall, 1966).
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The home range of feral goats can be auzptisingly!small,
with areas as small as 500 x 50 square yards reported by Geist (1960).
The most widely spaced observations of the Yeavering Bell heré
were about 1.5 Km apart, and the Whitehall billies about 2 Km apart,
though the bulk of observatious came from areas smaller than this.

During the rut, males may wandexr 120 KM or so.

The reborted siza of homa ranges (hafts) of hill sheep in similar
habitat types are congsiderably smaller than those of the goats. The
home range of Cheviot and Blackface sheep is given as not normally
more than about 48 ha (Griffiths, 1970. The few casual obsaervations
of one or éwo blackrmarked.and therefore recognisable mheep in the
area seemed to support this, The boundaries of the goats home ranges
were not  influenced by the home ranges of the sheap, several of which
‘lay within the area traversed daily by the goats. No antagonism
indicating territorial conflicts between sheep and goats were observed,
either in this study, or in Riney and Caughley’s study of home rangs
in New Zealand feral herds (1959). Crook (1969) reports instances _
of inter-specific aggression; the goats butting sheep out of their path,
- though usually. the two species fed peacaefully side by side. Ha does
not, however, indicate whether be helieved this to be a form of
territorial behaviour or not. The overlapping of home ranges of
adjacent herds of feral goats in Snowdonia (Crook, 1969) indicate that )
goats ara not territorial amongst themselves. While sheep and goats
are observad to have overlapping home ranges, it is of interest to
note that in a mixed stocking, Blackface and Cheviot sheep will occupy

different home rangas in a common pasture (Hunter, 1964). ; b




4

Daily movements of tha goats included a descent from tha
high ground in the morning and an uphill movement at dusk, indicating
ﬁhat the favoured over night areas are on the higher ground.
Patterns of daily_movement have been noted in the domestic sheep
(Scott, 1945) were a fairly well set pattern of movement around
£ields through the day was noted. Sheep were, in the present study,
noted to move uphill at dusk, and to descend the following morning
to feed, as did the goats. Feral Soay sheep can perhaps be better
compared with feral goats than can domestic sheep. The former show
too, set éatterns of daily movement (Grubb and Jewell, 1966) like the
goats and domestic sheep, they move to'higher.ground at night
(Morton=Boyd et ;1. 1964). The movements of Soay sheep towards
:hc‘evening grazing grounds were fairly rapid, again reminiscent

of the goats.

Allelomimatic behaviour seemed to be very common.in the goats.
This was particularly true of grazing where the rising and commencement
of feading by onea or two animals would invariably result jn the whole
~herd getting up to fead. Play in adults appeared at times to ba
an allelomimetic form of behaviour as well, the sight of a couple of
nannies sparring seemad to initiate similar behaviour aﬁongst other

"adults,.

‘The observed patterms 6f aétiviciea are in basic agreement with ;
the limited exiéting data (Crook, 1963, Mcbaugall, 1975). The latter
author, howavar, did not observe the Kieldefheﬁd Moor goats to ruminate
before 11 a.m. whereas the College Valley goats had a small earxly worning
rumination poeak, followed by a wain peak towaras noon. The studies |
of.Bullock. North & Williams (1976) on the Galloway feral gﬁats-Which

warae slightly later in the year showed a slightly earlier time of dawn




grgéinéipeak.'and the main afternoon feeding period commencing
slightly later. In an entirely different habitat type, the domestic -
Angora goats studied by Askins and Turner (1972) on a West Texas
range also showad peaks of grazing activity. The méin differen;e

in this study was that the high day time temperatures caused the
goats to rest in the shade until about three hours before suhset,

when the second major feeding period began = the first being from dawn

to mid morning.,

It has bean shown by Squires (1975) that similar patterns of
activity occur in domestic sheep, but with the grazing activities ceasing
well after sunset., The Yeavering Bell goats were almost invariably
grazing inten;ly when 1ef£ at dusk each day, though the one all night
;bservation. made in fine weather, possibly indicate that grazing

in the feral goat ceases just after sunset,

Slow sheep (S.8.) has been démonstrated experimentally to
occur in ruminants. Since they ame often sieéing down ruminating and
apparentlyhaware of thair sufroundings. $s is difficult to detect -~
in tha»fiold. Racent aéudies indiéata that periods of paradoxical
sleep (P.S.) total only a Qery short period-ip eaéh 24 hours (Ashby
1972 after Ruckbush). Although SS occurs fof longer in each 24 hour
period; its difficulty of detection in field conditions made it impossible

to estimate the total time spent in sleep in the goats.

Goats are naturally gregarious animals, and with the.exception
of some old billies, and young billies wandering in the rut to £ind

an unchallenged female herd, are usually found in herds or small groups.
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In Northumberland, these wandering biliies are dascribed as "banished'
from the herd by local shepherds. The formation of one=sex herds

for at least.part of the year is by no means confined to tha goat.

It is wall marked, for example, in the red deer hind herds, whare the _
matrilinearly based sub units may include daughter hinds in thair

third year (Darling 1937a). An old hind in the group, with almost '
invariably a calf at foot, characferiastically ieads the herd to cover
and feeding areas, and away from danger (Darling, 1937a, de Nahlik, 1974).
In domestic sheep the flock is often lead by an old ewe (Scott, 1945)..
Soma authors describe leadership existing Qithin feral goat herds. |
Darling (1937b) dascribed it as patriarchal, whilst Tegner (1965)
described it as matriarchal in the feral goats of the Cheviots, the
"leader' being a dominant nanny. Whitehead (1973) states that the
"leader', also female, is not necessarily dominant aqd Greig (1969)

found no evidence of either a patriarcheally or matriarcheally

govarned herd., Yocum (1967) only reports one clear case of (matriarchal)
leadership. However, Scott and Stewart (1946) found no correlation
batwean leadership and dominance in a herd of domestic goats under
experimental conditions, This certainly seemed to be the case in the
feral goats of the present study, where in fact no clear cases of
leadership were observed. Tegner (1961) deﬁcribed the dominant female
as the "guardian’ of the herd. Although the dominant nanny of the
Yeavering Bell herd showed no tendency towards leadership, she was the
most alert and wary member of the herd. She seldom initiated flight,
but would keep the observer in sight (when observed) whilst the |
rest of the herd grazed (Plate 3a). She was inevitably the first
member of the herd to appear aware of distant hill walkers and shepherds.
It is possible that this is directly related to age, greater experience

rather than the dominant position in the herd being tha important factox.
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She was also seen to ruminate in a standing position to a greater

extent than the othars. As would be expected from tﬁis. the young kids
vere the least alert, and frequently seemed to be unaware of the

danger even when the herd took flight, and merely following the reactions

of tha ndul?s. While Darling, 1937b) reported that in movement,

and presumably flight, a billy led the way followed by the kids and then the
nannies, the habit found by Shank (1972) of the feral goats of British
Columbia remaining in a closely bunched, orderless group when in

flight was typical of the Yeavering Bell hexd.

Most descriptions of social hierarchies in seasonally breeding
ruminants are of male behaviour duri§g the rut when dominance systems
ara greatly intensified as the sexually aroused males compete for
.astrous females. Male dominance hierarchies have been described
by Darling (1937a) in red deer, Geist (1964) in Rocky Mountain goats

(Oreamnos americanus), in rutting feral billy goats by Crook (1969)
and Shank (1972) and by Schaller and Laurie (1974) in C.L. aegagrus living

in Pakistan. Lever (1977) refers to female feral goats also having

a "pecking order' though McDougall (1975) did not observe any of tﬁ;
Kialdarhead ﬁnor nannies clashing horns-and'rearing i; an expression

of dominance and subordination. In contrast to these findings,

Asahi (1960) found no evidence of hierarchy in tha free ranging domestic
goats of Tomogasima Island, Japan. A possible explanation of this
discrepancy lias in the low latitude of the study area. This results

in year round breeding, with no closely defined rut, during which any

male social hierarchy would be most obvious.

No reports were found describing the actual mechenism of dominance
expression in female feral goats, but the observations of Reed (Schaller,
1968) in fighting male caprines does contradict the findings in the female

goats of the present study. He describes that, during a fight, it was



usually the subordinant, and not the dominant male that reared

up. This was definitely not the case in the.Yeavering Bell females.
It is not clear, however, to which species of Capra he is referring.
Crooks' (1969) detailed account . of soéial behaviour in the feral
goats of tha Glyﬁker Mountains, Caernarvoushire, “ does not .
montion any sigﬁe of expression of dominance amongst the fcuales.
Dominance amongst rutting males is described as being cxpressed by
the socially superior billies standing on higher ground than his
subordinates, who stand in a group below. This behaviour, which is
possibly limited to the males was not noted in the College Valiey females,
No information on rutting behaviour from the College Valley goats was

available,

Since age is pos?ibly correlated with body size, Crooks (1969)
and Whitehead (1972) suggestion that the social position within the
herdiis correlated with age was bourne out by tha observations that
the dominant goats-in the Yeavering Bell herd were the bigger, and
therefore clder animals, Crooks observation that hornless males
often occupy a position of social dominance during tha rut suggaest ;hat
possession and size of horns is of minor importance in the goat in
determination of social rank, though the hummels concerned were
consistently larger than their horned rivals. Certainly, hummel red
deer stags are frequently seen to ba successful °‘master’ stagslduting
the rut; and appear to be-at no sacial disadvantage to their antlére&
counterparts. That tha role of horn size in determining social
superiority is of little importance was supported by the fact that
the horns of G were longer than those of L, even though they had equal
social status. They werae close in body gize. With the exception
of these two nannies, horn and body size in the rest of :ﬁe herd were

positively correlated with age, 8o no separation of these factors

was possible. Howaver, Collias (1956) reports that in young domestic



Boats, horned animals of both sexes regularly dominated polled ones.
Observations of play and headdbutting in the young kids did not reéult
in any conclusions as to the development of social dominance within
thea four. At least three of the kids were female. The fourth,
whoaa sex was not determined, was not obsexved to show any of the
precocious male sexual behaviour characteristic of young billy kids
(Coll ias, 1956) such as pelvic thrusts accompanying mounting of other
kids, penile erections, front kicks and the vocalisations of- |
sexually arousad males. All kids were seen mounting others, but
without the above mentioned accompanying behaviour. It was probable

that the fourth kid was also female.

In the temperdte zone, the.ruc and therefore the kidding,
is determined by photoperiodic changes. The kids are born from
late January to che.end of March, following a gestation of 150-151
days (Greig, 1969, Whitehead, 1972, Lever, 1977). Although the main
kidding time of the nearby Kielder head Moor feral goats zecems to be the
second half of March (McDougall, 1975) residents in thae College Valley,
some 38 km distant, report having seen new born kids in early Janua¥y.
Where the photoperiod is'relatively more even through the year, feral
goats 4o not show the well defined breeding éeaaon of the temperate
zona., Some New Zealand feral nannies kid twice yearly (Williams and
Rudge, 1969) while those of ngii will breed fo a limited extent throughout

A

the year (Yocum, 1967).

The early kidding season in Britain which occurs at a time
when environmental conditions are harsh, is respomsible for the high
mortality of kids in feral goat herds along the borders. Sheep

grazing the same areas are a::ificially-festrnine& from breeding un:il_
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later. The lambing season occurs in the Cheviots from late April
to mid May, whaen conditions are more favourabla. The gastation

period is similar to that of the goat.

The maternal relaciénmhips in the g&ats tended to ba of a
loosar naturae than those of the Blackface sheap for lambs of a gimilar
aga. [Even so, the maternal bond between female goats and their kids
_ is long laatiﬁg and can, in fact, be stronger batween mother and
daughter than between daughter and kid, as described by Rudge (1970).
Tﬂe dagraa of maternal association between the yearling F and her kid
seemad to be of the same intenaity as that between her and nanny L,
thought to have been har mother. Matrilineal relationships of this
nature form the baaiq of tha *hefting' system of hill sheap raising areas.
ﬂhtrilineal ralationships also exist amongst the feral Soay sheap of

Hirta, St. Kilda.

Collias (1956) stataes that doﬁestic kids will suckle up to
about 6 months of age, and the College Valley feral kids were still
aﬁckling, infrequencly,:at the end of July, when the studj emnled,
McDougall, however, did mot observe kids to suckle in the daytime from

early June when they were aged about 1l waaks,

.Yocum (1967) has described the fieral goats of Hawii as having
extremely acute senses, and being harder to approach than deer. However,
the College Valley goats were found to be fairly easy to approach
once tha animals had become accustomed to the observer. ATﬁis was
probably due to tha fact that Yeavaering Ball, being easily accessible
by xoad is an area. fairly heavily used for xecreational purposes, so
the goats would be more used to disturbance by tourists and shephcrda

than populations in more remota parts of Britain.




The'Blackfaée sheep,‘whose home ranges ware supe¥imposed on
that of the goat herd, are a less gregarious breed then mpét British
shaap. Individuals are usually found in very small groups, with a
homne ranée centred around a patch of good grazing (Hunter, 1960).
The goats grazad a conasiderably larger area than the sheep and werae

observed feeding in a wider diversity of vegetational types.

Yocup's (1967) interpretation of horn—thrashing of vegetation
suggaests play as the motive, while Shank (1972) describes this
behaviour in both sexes as ‘comfort’ behaviour, or in males as having
agonistic implications.’ Ia the latter case, several males would horn=-

\ _ fhrash simultaneously. In the present study only single animal;
wara seen doing it. Since this behaviour was observed during

! periods of peaceful feeding, and seemed directly concerned with the

| ~ ingestion of thorny broken plant material, it would seam.that, in the
present case, this behavioural trait was associated purely with feading,
rathor than play, or agoniastic behaviour. The thrashing of wire-fence
strands by billy H (but not B) does, as stated by Shank (1972)
suggast ‘comfort' behaviour, especially as in these instances he wo&ld

| rub the area betwaen the horns along the wire, hehaviour never seen

when thrashing horny plants. The wire-=thrashing bouts occurred during
- perioda of peaceful grazing, therefore suggesting no displacement of

aggrassive behaviour,

The conclusion from the faecal analysis of the goats and sheep
is that the goats utilised browse to a greater extent ﬁhan do sheep.
Likewiga, in an arid zonae of New South Walas, Australia, feral goats wsre

also found to take a greater proportion of their diet as browse than do

¢




the Red Kangaroo (Megaleia rufa), Hill Kangaroo (lMacropus robustua

erubascens) and Merino sheep that utilise the same range (Dawson et al,
1975)., However, this is probably determined by habitat type as
Malachek and Leinwebar (1972) found that domestic Angora goats utilised
a greater proportion of grasses and herbs on a lightly grazed range in
Texas (than they did on a heavily grazed range). The stocking density
was about 40 acres per animal = slightly :lower perhaps than that of

Yeavering Bell, and with a very different vegetational type.

With two similar specias feeding in the same area, some
compatition batween tha two would be expécted. On Yeavering Bell at
least, the goats and sheep in fact showed a considerable difference in
their dierry components, although there was some degree of overlap.
Vaccinium beéause of its early growth is reputed by shepherds to be
preferentially grazed by sheep in spring (G. Elliot, pers. comm.) before
the growth of other plants has resumed., It is possible that somae
competition for this plant between sheep and goats may occur at that time
of year., Certainly, both sheep and goats were utilising it, though the

; plant is possibly under estimated in the diet of both,.

Although described as being of lower palatability than Poa pratensis

(Hubbard, 1954) Anthoxanthum odoratum generally formed a larger

proportion of the diet of both sheep and goats. Howavér, since the
graminae are often difficult to identify from epidermal fragments,

and errors of identification cannot be entirely ruled out as the
explanation. Little competition occurs for Ulex. Its appearance

" in Juna and early July in the shoep faecal pellets probably reflects

the higher palatability of the new shoots at that time, That goats are

capable of dealing with plants of thornier nature.than sheep is indicated




=76 - ¢

By the fact that , in late July, whan the spines of the young Ulex
ghoots had hardened, this plant formed 31Z of the goats diet, yet did
not appear in that of the shaeap. ‘Neither were sheep observed eating
thistles, but the goats frequently were. The high quantity of
Pteridium appearing in the faeces of the goats im of interest,

Reputed to be toxic to livestock.:e.g. Hall (1938) who described bracken
poisoning in the goat to be cumulative in act%on and leading to internal
haemorrage and coma, Changes to the blood and Lone marrow have also
been reported, and the symptoms of poisoning appear a month or two

after the Ingastion of the plant. The plant apparently constituted

an averaga of 24% in tha diet during the month of July, having inetreased to
this lev;1 as the plant became available. This correiatea with the
observed frequency of bracken iungestion. (Plate 4b). As much as 212

of fragments in the sheeplfaecal pellets from early July were of bracken,
but by the time the plant was fully grown by the end of.Jﬁly,

(the secason being late) the frequency ﬁad dropped. This was possibly

telated to a decrease in palatability of the plant.

MeDougall (1975) suggested that the feral goats of Kielderheadx
Moor consumed‘mora Calluna than sbeep during most of the year. In the
present study this was so during May aund Jurie but in July the percentage
taken seemed to be the same for both species. However, the two habitat
types differed considerably in vagetational type. Ericacaca seemed to be én
important dietry constituent for both the sheep and goats, and some

dagree of competition for this plant may be assumed,

Ualike roe deer, which will readily take advantage of
supplementary food put out for the sheep in winter (hay etc), the goats
would appear, from local reports, to seldom interfere with the

artificial winter feeding of sheep.



= ]7 =

Analysis of diet by faecal analysis has proved the most

~ suitable method £o£ diet determination of the dietry constituents

of wild herbivorous animals, since it does not necessitate the
slaughter or use of fistulated animals. However, even this method

has its drawbacks, since the observed herbage intake by_the animals did
not fully agree with the results of the analyaia.of faecal pellets.

The goats wera fraquently observed feaeding upon the foliage of Quercus

(Plate 5a) and Crataegus sp and eating Carduus and Urtica whereas in

none of the samplea examined did fragments of any of these plants.
appear. Difficulty was éxperienned in making good reference slides
of all these plants, the cuticles and epidermal cells readily

disintegrating. Some plants, for example Holcus lanatus were found to

;pparently form a lower percentage of the total diet than was expected
ffom direct observation of the animals grazing. Its frequency in the
faacal pellets was extremely low (Tables 1 and 2 appendix). Direct

| observation suggested that the goats ware eating sufficient quantity

of it to ;how up in a faecal analysis, especilally inm May. The sheep
definitaly wera. Like the abova mentioned plant specieé. this plant -
- appearad to have a thin and delicate cuticle. It is assumed, therefore,
that a lower degree of lignification and in consequence, a higher
digestability of certain plants taken by animals resulted in some
components of the_diet being under represented, or even totaliy absent
from the faeces. This may in part explain the low percentage of Lgfgg"
(12%) recorded for the goats in May, at a time when the animals were
feeding extensive ly on this plant. If the goats were taking mainly
the flowers, as was indicated from observation, then a low degree

of }ignification and delicate epidermal cells of the flowers could well
account for a probable under estimation éf‘glgg in the diet, Evidence

for thia lies in the difficulty in preparing a good reference slide
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from Ulex flowers. Similarly, the robustness of some epidcrmal
calls, for example, Calluna, Ulex and Pteridium may have resulted
in some degree of over .estimation of the relative percentages of

. these plants.

Further distortions of the analysis may have arisen from
errors and difficulties experienced in identification of some plants.
Although apparently robust from ease of preparation of referenca slides,
Vaccinium fragments were freéuently hard to identify from faecal
pellets due to adhering mesophyll cells obscuring the features of
the epidermal cells. Fragmnnts.chat could not be identified .
with confidence were omitted, which undoubtedly caused an under

reprasantation of the amounts of Vaccinium in the diats

That errors can occur when using this method of diet analysis
was shown experimentally by Stmwart (1967) who fed diets of knoﬁn species
composition to salected East African ungulates.s Subsequent faecal
analysis showed that differential dkgostability of some plants resulted
_in under or over rapresentation of some of the plants investigated.™
Neal et al (1973) reported similar errors caused by differences in
digestability of different food plants of thg meadow vole (Microtus

pennsylvanicus), Here the percentaga of sedgas and dicotyledons

was considerably under represented in faecal samples, being approximately
half of what it had been in thei.stomach. In contrast, Todd and

Hansen (1973) claimed that frequencies of occurrence of recognisable
.plan: fragments remain relacively.similar in passage through the

gut of Colorado Bighorn sheep (0. canadensis), and that digestion

only raemoved the soluble material from fragments of all plant species,
The evidence from the present study, and those of Stewart (1967), Neal

et al (1973) disagraee with this and strongly suggest that differential

digestability of plant spacies does cause a distortion to the picture
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obgaingq for quantitative analysis of diet. Another possible source
of erfor iiaé in iha_daily movements of the goats andithe resulting .
utilisation of different vegetational types within one day. The
time lapse from ingestion to defecation of plant material is

roughly 36 hours in Odocoileus hemionus and Q. virginianus (Zyznar and

Urness 1969) and a similar time may be assumed for the goat. The
Sward type from which the faecal pellets would be.reprasentative
is thus never known, The mixing action of the rumen

may particularly compensate for this.

Some of the errors of this method could be reduced, perhaps,
by preparing reference slides from faecal material of captive animals
artificially fed over a period of days on a diet of the plant under

investigation.

It would appear that the number of horn rings in the British
faral goats are a fairly reliable guide to the absolute age of the
.animala. In thae present instance the numbar of annual growth increments
in the dental cement corresponded fairly well with the number of hoxm

rings.

Estimation of the age of artiodactyls under field conditionms

' is'important in the management and ecologicalistudies of many of them,
especially where live animals are to be aged. Ageing by horn rings
would seem to be a suitable method for some bovids, particularly males,
where the horn rings are often clearer than in females (Caughley,

1965, Geist, 1966), but the age at which the'first ring appears must be
known. This appears to form in the British feral goat at about the first

birthday, and ar the latest, early in its second year. (Table 1).



However this is not so in all species., Both the Bighora sheep

(0. canadensis) and Dall sheep (0. dalh) from the first ring before

the first birthday, (Geist 1966, Hemming, 1969) and in the Dall sheep

can form as early as the first winter. The Himalayan Tahr (li,jemlahicus)

is in contrast in that the first ring does not appear until the animal
is two years old, (Caughley, 1965). Since the formation of horn
animals is causad by a temporary cessation of growth under winter
conditionas, the formation Sf“aubaidiary rings due to stress (such

as the rut, pregnancy etc) might be expected to occur under some
conditions. In New Zealand, where seasonal climatic differences

are nit marked enough to produce clearly defined annual rings, goats
will form doubla major rings. This is tentativaly suggested to be more

common in males than females (Rudge, 1970).

In the present study, gross sectioning of M1 for the presence
of annual growth increments in the dental cement proved unsuccessful
whereas the same procedure has been successful in various cervids
including the Red dear (Mitchell, 1963) Almasan and Rieck (1970)

. Ransome (1966) on white tailed Deer and White (1975) and Henry (1975)
on Roa Dear. Partial success was reported by Lockard (1972) who

found no more than four layers in My cementation from white tailed Deef.
even from old animals. In the current study the sample was small

and only consisted of mainly young animals, 'and the absence of dental
cemant layers in the Mi of British feral goats remains unconfirmed.
However, their occurrence is suspected since the histological

sectioning of I from the same animal did feveal annual greowth increments

in the cemgntym, Possibly more sophisticated techniques must be

employed in sectioning the M.
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Sactioning of the I, of feral goats would seem a suitable
method to employ for the detaermination of absolute age in feral goat
populations when the horns are unobtainable. lowever, it is suggested
that they can only be taken as annual in Animals living‘in temparate
zonaes since the formation of horn rings, positvely correlated with the
occurrence of dental cement layers (Hemping, 1969 on N1l sheep, and
this study) raequires the animals exposure to sharp secasonal climatic
changes. (Rudga, 1972). The mathod, however, has proved to be

unsatisfactory for ageing Rupicapra rupicapra (Almasan and Schroeder, 1970)

In some equatorial ungulataes experiencing two wet and two dry

seasons a year, as in tha Water buck (Kobus defassa ugzandae) two major

lines are formed each year (Spinage 1973). Nutritional stress cannot

explain the average two clear lines per year formed in the Il of

the Greater Kudu (Tragelaphus strepsiceros) which only experiences one
.dry season per year. Tha presence of cementum lines'in the I1 of
impala (Aepyceros melampus) could not be demonstrated by Spinage (1971)
The usae of dental cementum growth increements as a means of age
determination in tropical mammals may be limited, but it has, howaver,

been insufficiently investigated in the tropical situation to be -

certain (Spinage, 1973).

A possible source of confusion in ageing feral goats from the -
first incisor lies in the fact that since thé deciauous I1 is
not shed until an estimated 22 months of age, one growth line will
'be present in its cementum, and also one in the ﬁerm;nent I of
animals of approximately 2 years of age. Care must be a
taken therefore, in using this method to check that the permanent
1; is ceclioned. Counting of the cementum dentine interface as a
ting can compensate for the fact ghat the first winters incremental

line is absent from the permanent 1.
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Froq tha literature it appears that the ageing of young
goats from tha sequence of tooth aruption and replacement tends
to be unreliabla as considerable variations in the eruption of each
permanent tooth seem to occur. The information available is
summarisad (Table4) together with data from feral Soay sheap, and

Dall sheep living under natural conditions in Alaska.

Although the results of eye lens weight and protein contents
wera unsatisfactory in the present study (mainly due to the small
sample siza and errors in preparation of lens material for protein assay),
age determination by ptotein.content of eye lenses has proved reliable
in a number of cases, but particularly in the younger age classes,
as in Dapson and Irland (1972) where the insoluble protein fraction

was shown to reliably age deer mice (Peromysius polionatus) to 750 days.

In cotton rats (Sigmodon hispidus) lens protein content and weight have been

found to be of rouéhly equal reliability as age indicators up to
130 days of age (Birney ot al 1975). Above this age the amount of

the insoluble protein fraction was found the most reliable eriterion

~

. of age.

The use of lens weights has proved satisfactory for the ageing

of Columbian blacktail Deer (O. Hemionus Cdumbianus) in the carly years

of life. After five years of age the method was unreliable (Longhurst, .
1964) Henry (1975) found it less satisfactory thaun the condition of

the denti-on as an index of age.

The sample size was too small to investigate any lens weight
difference between sexes in material from the College Valley feral
goat cull. Differences have been found in Black tailed Deexr (Longlhurst,

1964) and in Peromyscus polionatus (Dapson and Irland, 1972).
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Tha correlation between the increase in lens weight and
the state of the deciduous premolars and eruption of éhe first
permanent incisor in the approximately 22 month age class of the
College Valley goats is of interest. If it is assumed that goats
No's 2,3,4,6,8,9 and 11 are ranked according to age (Table 3) increase
‘in lens weight being directly related to increase in agej it would éeem
thaﬁ although some authors give fairly wide age ranges for the erupcioh
of some permanent teeth (Table 4), it may be somawhat more age
spacific in at least some cases. This takes into account that, although
an average birth date is assumed, births have bean recorded in the feral
goats of the Borders from early January to mid—=March, thus giving |
an age range of some 23 months wi:hin.each year class, .It would,
however, be unwise to accept this as so withoﬁt examining a far

greater sample siza.

Most populations of feral goats along the Borders are_small
in‘size, and local.in distribution (Greig, 1968, McDougall, 1975).
Most herds today are not managed ian anyway, although a few might
occasionally be shot for sport, or persistent damage to plantationslf
or walls. The College Valley herd is culled every 4-6 years (G.
Elliot, pera. comm.) if the numbers become too large. The presence
of feral goats in tha College Vélley does not seem to clash with
‘farming interests apart from winter damage to coniferous plantations,
which at ;imes has been severe (K. Robertson, pars. conm.) and
- especially prior to a cull. Contrary to popular belief competition
between the feral goats and the sheep of the valley is not intense,
and givan a due amount of carceful management, thera is no reason

why the Borders should not continue to support feral goat herds for

a long while to coma..
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SUMMARY

The history of the feral goats of the Cheviot area %s reviewed.
Their origin is uncertain, but feral goats have been present in the area

for many centuries.

During the summer of 1977 the movements, activity patterns, food
and social behaviour of the goats to the N.E. of the College Valley were
monitored. Those present wera a female herd centred on Yeavering Bell,

and two mature males to the West of the Valley.

The female herd was found to have a well defined group home range
of approximately 2 kmz. Likewise, the two billies showed a home range
of about 1.25 kmz. The main feeding period was from noon onwards, until
dusk, with a smaller peak around 8 a.m, Peak ruminating and resting
periods were at dawn and again from about 9 = 11 a.m. A social
hierarchy was present amongst the female goats, dominance being expressed
in mock fighting and aggressive encounters. Maternal relationships
werae fairly close. The reactions of the goats to othar mammals and

human disturbance were recorded,

Analysis of diet by examination of plant epidermal fragments
in faecal pellets indicated that the overlap between the goats and Blackface
sheep in herbage selection was not marked, suggesting minimal competition
for food between the two species. In general, the goats utilised browsé
- to a greater extent than the sheep, forming an average of approximately
56%Z and 26% of the diet raespectively. Plants common to the diet of

both included Calluna, Vaccinium, Poa, Deschampsia, and Anthoxanthum,

The relative daegrees of overlap in the various species varied as the

summer progressed. The limitations of the method are discussed.
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Histolégical examination of the first permanent incisor for
growth inﬁremants in the dental cemangum proved a reliable means of
- aga determination, the absolute age being the total numbar of lines?..
plus one. .The corraelation between this #nd the number of annual horn
rings was positive. Sectioning of the first molar proved unsatisfactory
for ageing, no lines being vigible in the cementum. The raesults
of aye lens weights and protein content were incemclusive, partly
due to small sample size and experimental difficulties which might be

overcome in a futura atudy.



APPENDIX
TADLE 1 Mean Composition of Diet of Goats Lxpressed
As Paercentage of Fragments in Faecal Pelleta

May . Juna July . July

17=30 : 8=~20 5-18 . 26~31
Calluna/Erica 20 35 37 - 34
Vaccinium uyrtillus 11 ' 2 .i -0
Ulex europaeus 12 30 13 31
Juncus effusus 8 1 1 | 0]
Carex ap. 6 : 0 | . 0
Luzula campestrs 2 (4] 0 0
Anthpxanthum odoratum 19 | 5 11 3
Poa pratensis 12 ' 8 , 3 0
Deschampsia flexuosa 6 ) 4 5
D. caespitosa : 3 2 . 1 1l
Holcus lanatus ‘ o _ 1 : 0] 0
Nardug stficta . .0 : o o '0
Pteridium aquilinum 1 6 22 25

Dryopteris sp. 0 1 2 1




APPENDIX
TABLE 2 Mean Comparison of Diet of Sheep Expressed
As Percentage of Frapumenkts iu TFuecal Pellets
May Juue July
17=30 8=20 5-~18
Calluna/Erica 1 10 37
Vaccinium myrtillus 5 8 1
Ulex europacus 0 9 8
Juncus effusus 5 1 1
Carex sp. 2 1. 1
Luzula campestris 1 .0 0
Anthoxanthum odoratum 24 15 11
Poa pratensis 31 31 13
Deschampsia flexuosa 25 20 4
D. caespitosa 2 2 1
Holcus lanatus 1 2 0
Nardus stricta 3 0 o
Pteridium aquilinum 1 1 21
Dryopteris sp. o 0 2

July
26=31

w O W

12

29
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