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Even though the goat was one of the first ruminants to be
domesticated some 9,000 vears ago, information on 1its social
behaviour in domestication or the feral state is minimal. Aspects
of the behavioural ecology of the population of feral goats in the
Moffat hills were studied between 1979 and 1983.

The general social organisation was groups of females, their

offspring and associated adult males (heft). Each heft occupied a
discrete area of land. Movement between hefts was restricted to
males during the rut.

Kids were born in late winter and perinatal survival was low.
Kid production varied between years and hefts but not between age
classes of adult females. It appeared that male survival was lower
and more variable than female, resulting in a skewed adult sex
ratio. For the first few weeks of life kids were 1left 1lying out
while their mothers fed. Females returned to suckle their kids at
intervals throughout the day. Male kids sucked more frequently and
for longer periods than female kids. Female kids associated with
their mothers after weaning whereas male Kkids tended not to,
although they remained in their natal heft range.

During a short rutting period in the autumn males campeted for
access to oestrous females. Fighting success and mating success
were both closely related to pre-rut body weight. The frequency of
aggression appeared to be related to the potential costs and
benefits of such behaviour. Subordinate males were more 1likely to
leave rutting groups than dominant animals and go in search of other
females. During the rut adult males lost 10-30% of their pre-rut
body weight. This loss was probably the result of a decrease in

time spent feeding and an increase in aggressive and social/sexual
activity during this period.
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INTRODUCTION

Wild goats of the genus Capra occur from Spain eastwards

through the Mediterranean basin and central Asia to the Himalayas.
The wild ancestors of the domesticated goat are thought to be Capra

hircus aegagrus of Greece and central Asia. This was probably one

of the first ruminants to be domesticated. The earliest remains of
domesticated goats to be found are from Asia on the Iranian plateau;
they date from approximately 10000 B.P. (Bokonyi 1976).

Goats were first brought to the British Isles by Neolithic
peoples. Remains of domesticated goats found at a Neolithic site in
Wiltshire date fram 2960+150 years B.C. (Jope and Grigson 1965).

They were brought as damestic stock and were presumably used for
their milk, meat, skins and to clear scrub.

These goats are believed to have been small, stocky and

longhaired (Greig 1969), very similar to the 01d English/Scottish

breeds of goat. The 01d English/Scottish breeds of goat became
extinct in domestication before 1930 (Greig 1969, whitehead 1972).

This was due largely to two factors, the introduction of Saanan and

Toggenburg breeds which have much higher milk yields and the
increased demand for mutton and wool. The combination of these
factors made the husbandry of 014 English/Scottish goats
uneconomical.

It is likely that because of their intractability, populations
of feral goats became established soon after their introduction to




this country. In the Scottish Highlands the collapse of the

sheiling system is thought to have been responsible for the
establishment of feral populations, while in England and Wales the

clearances and rural depopulation were important factors (Megaw
1963, Crook 1969, Greig 1969). In the Southern Uplands of Scotland
most populations are believed to have been established for between
one and two hundred years; their origins have been reported as stock
owned by monks, miners, gypsies, railway workers or farmers. Some
of the populations may have been deliberately established or
maintained by farmers in the interests of their livestock. This is
because feral goats are believed to kill adders, prevent contagious

abortion in cattle and sheep, act as weather prophets, lead sheep to

shelter during storms and eat luxuriant vegetation on cliffs where

sheep would probably get stuck.

Feral ("wild") goats have been the subject of many tales ard
legends (wWhitehead 1972). However, until recently there has been
very little scientific attention paid to them. Work by Riney and
Caughley (1959), Yocum (1967), Tomich (1969), Clarke (1976) and
Rudge and William (1962) was 1largely concerned with their
eradication or control. In this country most studies have been
concerned with their status (watt 1937, barling 1937, Brown 1977,
Brown and Lloyd 198l), their general ecology (Greig 1969, Crook
1969, McDougall 1975, Buckland 1977, Stevenson-Jones 1977), and

their population dynamics (Boyd 198l). In a detailed study Bullock
(1982) investigated the population dynamics, biometrics, diet and
general spatial organisation of several populations in the Southern

Uplands of Scotland. With the exception of Munton (1975) and



Maisels (1982), most studies of the behaviour of feral goats have

been carried out in tropical or semi-tropical regions where breeding

occurs throughout the yvear (Shank 1972, Gould 1979, Coblentz 1980).
In view of this lack of detailed information on this aspect of the

biology of feral goats I undertook a study of their behaviour and

social organisation, with particular emphasis on mother-offspring
behaviour and rutting behaviour. The population in the Moffat Hills
was chosen for two reasons: firstly, it 1is a relatively small,
unmanaged population that can be observed with relative ease and

secondly, information on the population status and general spatial
organisation had been obtained by Bullock (1982).

This thesis is divided into six chapters. The first briefly
describes the study area and outlines the methods used to collect
the data. Chapters 2, 3, 4, and 5 each have their own introduction,
methods, results and discussion sections and deal with population

dynamics, spatial organisation, mother-offspring behaviour and

rutting behaviour. These are followed by a general discussion.



CHAPTER 1

THE STUDY ARFA, DATA COLLECTION AND BEHAVIOURAL DESCRIPTIONS

1.1 STUDY AREA

The study area was in the Moffat Hills (NT1614) Dumfriesshire,
Scotland (Fig. 1l.1). The goats live in a series of rugged valleys,

Capplegill, Blackhope, Spoonburn, Carrifran and Grey Mare“s Tail
which run into Moffat Water, a large glaciated valley (Fig. 1.2,
Plates 1 and 2 ). The valley floors are approximately 100m above
sea level and the sides rise to over 700m; the highest peak, White
Coomb, reaches 82lm. The underlying rocks consist largely of
silurian greywackes and shales.

Grassland dominates the lower slopes: large areas ©of

Festuca-Agrostis and Agrostis-Anthoxanthum grasslands occur with
areas of Nardus and Juncus squarrosus on the wetter peatier soils.

Extensive areas of Pteridium aquilinum also occur on the lower
slopes. Molinia grasslands are restricted to flushed areas.
Between 300m and 600m there is a zone camposed of a heath community
dominated by Calluna and Vaccinium which 1is dissected by steep

craigs and lines of scree. A Nardus-Vaccinium community is present

on the smoother slopes. Blanket-mire (Calluna-Eurcphorum) is

extensive below some oOf the sumnits along with areas of Vaccinium
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Plate 1. Blackhope valley.




and Empetrum nigrum. The summit vegetation 1is predominantly

Festuca-Rhacomitrium heath along with areas of Erica cinera, Calluna

and Luzula campestris. On the western slopes of Moffatdale, between

Carrifran and Grey Mare®s Tail, there is approximately 330ha of
fenced conifer plantation from which goats were shot or driven out
prior to planting in 1968 (Greig 1969). There is an extensive area

of forestry plantation and mixed deciduous woodland on the southern

boundary of the study area.

The Moffat Hills are mainly managed as a sheep walk with
predominantly South Country Cheviots and Blackface breeds. The area
is divided by an electric fence between Roundstone Foot burn and the
forestry plantation to the west of Carrifran. There are numerous
gates in the fence which are only closed when the fence is switched
on during lambing (April-May) and tupping (male sheep are put out on

the hill during November and December). During these periods goats

could still get under the fence where it crossed burns.

1.2 DATA OOLLECTION

l.2.1 Recognition of individuals

Prior to the study an identification sketch of each individual

goat was drawn; notes were also made on their coat colour and shape

and colour of horns. There was considerable variation in the

pattern and colour of the coat of feral goats (Plates 3 and 4) and
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after six visits to the study area every individual goat could be
recognised without the aid of the identification sketches. Each kid
was drawn when it was first seen. These sketches were modified as

the kid grew and its coat colour changed. The coat of male kids
usually became much darker and shaggier during their first two
vears. The coat colour and pattern of females changed little after
their first yvear of 1life. When in the field the indentification

sketches were always carried.

l.2.2 Census Data

A census of the population was made by walking the whole study
area and scanning the hills from vantage points. On finding goats
the 1location (eight figure grid reference), activity, and estimated
distance to nearest neighbour of each 1individual was recorded.
Distances between individuals were estimated in goat lengths; the
length of an adult goat®s back (base of neck to tail) is

approximately 1lm. Weather conditions and date were also noted.
Goats were regarded as being in the same group if they were 1less
than 100m apart. The route taken around the study area was similar
each time but by necessity had to vary on occasions due to weather
conditions and the location of goats. The route was walked in the
opposite direction on successive visits. Each census was completed
in one or two days depending on the weather and the time of vear.

The whole study area was censused 3 or 4 times each month between

Febuary 1980 and March 1981 and then once each month between April



and August 198l. A further 16 camplete censuses were made during
September and October 1981 and single censuses were made in May,
September and December 1982. F. Maisels also made a census in July
and August 1982. A total of 83 censuses were made during the study.

When an individual was missed during a census an intensive

search was made for that animal or its carcass. In spring, foxes

(Vulpes vulpes), mink (Mustela vison), crows (Corvus corone corone)

and ravens (Corvus corax) rapidly devour dead sheep and goats.

Consequently the remains of several individuals that were thought to
have died were never located. Extensive movements out of the étudy
area were never recorded (Bullock 1982 and present study).
Therefore it is unlikely that these individuals left the area.
During the 1981 kidding period (20 Febuary - 1 April) an
attempt was made to locate each female every day. However, poor
weather conditions meant that most females were actually located

every 3 or 4 days during this period. Females suspected to have

given birth were observed for a minimum of one hour to see if they

returned to their hidden kid.
In order to monitor the movements of males and to record when

each female came into oestrous the main study area (Capplegill,

Blackhope, Spoonburn and Carrifran but not Grey Mare’s Tail) was

censused every second day between the 1 September and 30 October
1981.

l.2.3 Biometrics

The capture of goats provided data on the age, size, weight and



weight changes of individual goats. Goats were captured by building
a temporary fence at 45 degrees to the electric fence which crossed
the study area (see above and Fig. 1l.l) to form a "V" on the valley
side. A catching pen was built at the point of the "V" and the

gates in the electric fence were closed to make it relatively

goat-proof. A group of goats was then driven along the hillside by
a line of people to the electric fence and then turned downhill and
herded into the open end of the "V" which funnelled the group,
hopefully, into the pen (see Plates 5, 6 and 7). Once in the pen,
the goats could be examined at close quarters. Each goat was aged

by counting the number of major horn rings (Greig 1969 and Plate 8,

Figs. 1.3 and 1.4). The following measurements were made using a
flexible tape measure; horn length, horn span, horn ring increment
length, ear length, body length, tail length, height at shoulder and
chest girth. Also the eruption of adult teeth was recorded and all
females were checked for milk. Goats were weighed to the nearest
0.5kg using a Salter balance from which the goat was suspended in a

weighing crate or in a sling put under its belly (Plates 9 and 10).
Every goat caught was photographed from both sides. A total of 192

captures of 107 individuals were made during the study. Those adult
goats not captured were aged in the field. With the aid of
binoculars the major horn rings can be clearly seen on males, but
they are much less conspicuous on females. Forty one (65%) of the
females alive in 1979 were caught and aged during the study. Of the
remainder, four were obviously still kids in autumn 1979 and five
died during the study and were aged when their skulls were recoverd.

The remaining 13 were all aged several times in the field at close



Plate 5.




Plate 7. Goats confined in a temporary catching pen.



Plate 8. Close-up of an adult male showing the major horn-rings.




Plate 10. Weighing a goat using a sling placed under the belly,
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range with the aid of a telescope. Goats between birth and one year
of age were termed “kids”, while those between one and two years of
age were called “yearlings” and those animals greater than two years

old “adults”.
1.2.4 Continuous Watches of Individuals and Groups

In order to measure the activity patterns and obtain data on
the frequency of behavioural interactions individual groups or goats
were watched continually for a minimum of four hours and often for a
whole day. The activity of each goat under observation was recorded
every ten minutes (instantaneous scan sample, Altmann 1974) ard
classified into one of seven mutually exclusive categories:

1) Feeding: biting or chewing vegetation or moving between feeding

spots with head down.

2) Walking: walking with head up, including walking while chewing.
3) Cudding: chewing cud, lying or standing.

4) Resting: lying down, not cudding, awake or asleep.

5) Aggressive: involved in an aggressive encounter or fight (see

1.4.1 and 5.5) with another goat.

6) Social/Sexual: interacting non-aggressively with another goat.

7) Standing: not cudding or interacting with another animal.

By using data collected during continuous watches it was shown
that the proportion of time that an individual was recorded to be

involved in a particular activity did not differ significantly

between instant scan samples taken at 2min, 5min or 1Omin intervals.
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Recording instant scan samples every ten minutes allowed enough time
to complete a 5 minute focal animal watch (Altmann 1974) between
scan samples. Five minute focal animal watches were used because
this period of time was long enough to include most behaviour

sequences and short enough for the observer not to suffer eye
fatigue when observing goats through a telescope. Some behavioural
sequences which lasted more than 5 minutes were watched continually
from start to finish whenever possible. Continuous records were
analysed separately from focal animal watch data. When watching a
courtship sequence or a mother and kid, the behaviour of both

individuals (focal pair) was recorded.

Individuals for focal animal watches were selected in a
semi-random fashion. When the group under observation was first

located the identity of each individual from left to right was
recorded on a check sheet. Goats were selected to be watched by
starting at the top of the sheet and working down. During the

spring, females with kids were watched more frequently than other
individuals, as were adult males during the rut. The frequency of

behavioural acts for individuals or age/sex classes was expressed as
the number per goat hour (g-hr) (2 g-hr = 1 goat observed for 2 hrs
or 2 goats observed for 1 hr each).

A total of 718 hours of observations were made during the
study, the majority being done during the spring and autumn (Fig.
1.6). Poor weather conditions during the 198l rut made dawn-to-dusk

continuous watches and dusk-to-dawn watches virtually impossibile.

To overcome this problem the day was divided into six mutually

exclusive sequential blocks, each four hours in length. On any one
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day, observations were made during one or two of these blocks.
Activity budgets were expressed as the proportion of time involved
in each activity per four hour block during the pre-rut period (20
August - 10 September), the rut (21 September - 28 October) and the
post-rut period (4 - 9 November).

1.3 TREATMENT OF DATA

Standard parametric and, where necessary, nhon-parametric
statistical tests were used (Siegel 1956, Sokal and Rohlf 1961,
Snedecor and Cochran 1967). The null hypothesis was rejected at the
probability level of 0.05 or less. Analyses were performed using
hand calculators and the computing facilities of the University of
Durham. Greenwich Mean Time was adopted throughout and the seasons
of the year were defined as follows: Spring - March, April, May;

Summer - June, July, August; Autumn - September, October, November:;
Winter - December, January, February.

1.4 DESCRIPTION OF BEHAVIOUR PATTERNS

A total of 23 distinct behaviours were recognised during this
study and each is described below. In each case, the actor is the

individual performing the behaviour and the recipient is the
individual to which the behaviour is directed.



1.4.1 Aggressive Behaviour Patterns

DiSplaCeececcsseeseessACtOr approaches recipient showing no

overt aggressive or sexual behaviour

pattern and the recipient moves away.
GLArC.eeseeeeasssessss ACtOr stares directly at recipient while

holding its body motionless. Used in

aggressive encounters and appears to be a

low intensity threat.

Horn pointe.eeees.s...The actor’s head is lowered with the

horns pointed towards the recipient.
BUtteeeseeeseseesssessACtor hits recipient®s body with its

horns.

RUSNeeeeeeoseeeenesssACtor rushes directly towards recipient

with head lowered and chin tucked in, and

either stops short, or delivers a butt if

the recipient does not move out of the
way. Recipient flees, occasionally first
parrying the blow with its horns.
Chas€seesessssecsseesAS Rush, except that actor continues to
follow after recipient moves away.

ClasheceseseeseseseessACctor and recipient stand facing each

other usually 1-2m apart and simultaneous-
ly strike forwards and downwards so that

head-to~-head contact is made with

considerable force, the crack of impact

12
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being audible from a long distance. Horns
are usually interlocked.
Rear and clash........AS Clash except actor rears onto its hind
legs and delivers the blow on descending.
Horn wrestle....»s 00 .0pponents attempt to push each other back-

wards having interlocked horns in a Clash.

Neck wrestle..........Bach opponent pushes against the other”s
neck, the two facing in opposite
directions.

Shoulder push.........0pponents push against each other”s
shoulders while facing in the same direct-
ion.

Side smpe cesesssssssFOllowing Clash in which opponents fail
to lock horns so that their heads slide
past each other, actor twists its head to
bring horns horizontal and thrusts them

rapidly into recipient®s neck, abdamen

or rump.
Horn thrash...¢eee....Actor bashes vegetation with its horns by

swinging its lowered head from side to
side.

1.4.2 Sexual Behaviour Patterns

Sniff/lick head.......Actor sniffs or licks recipient’s head.

Usually performed by female to male, but



sometimes by male to female or male to

male.

Sniff/lick external

genitalideeceeceecese..Male sniffs/licks vulva of female during
courtship.

ApProaCheecessess««0+.-Male walks up to rear of female.

Low stretch approach..As Approach but male holds head low and
horizontal, straining muzzle towards
female.

Leg KiCKeeesseeesesossActor raises one front leg stiffly, kick-

ing to the side of, or between the hind

legs of, recipient. Usually performed by
male to female during courtship but also
occasionally by victorious male to

defeated male opponent.
GobblessssseeseeseesssActor lunges head or whole body towards

recipient and makes deep guttural moan
with flapping of the tongue. Usually
performed by male to female but also

occasionally by dominant male to subord-

inate male, especially one just beaten
in a fight,

MOUNtseeseesceccecesssACtor approaches recipient from behind,
extends penis, rears up onto hind legs
and clasps recipient with forelegs.

Normally male to female, occasionally

male to male.

14
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Scent urinate.........Male with erect penis bends head down
between forelegs and urinates onto
beard, head and forelegs.

Lick peniSesecssceees.Male 1licks or nuzzles penis during

scent urination. Usually followed with
flehmen.

FlehmeNe eeeesesosssossMale holds muzzle elevated with upper
lip curled back for 10-31 sec. Occurs as
response evoked by taking urine (usually
female’s but occasionally his own) into

mouth.

Tail WageeeoeaeesesssACtor wags tail rapidly from side to
side. Usually performed by receptive
female in response to male courtship,

but also sometimes by fighting males.

Tail rais€eeseessecs...Actor holds tail vertical or bent back

over rump. Males always have their tails

raised when courting a female.
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POPULATION DYNAMICS

2.1 INTRODUCTION

A population is normally defined as a group of individuals of
the same species living in a particular area with limited genetic
exchange with other groups of the same species.

There have been few detailed studies of the population dynamics
of feral goats in Britain. Crook (1969) and Greig (1969) provided
basic population information for Scotland and Wales respectively.
This was sumarised by whitehead (1972) and added to by McDougall
(1975) and Stevenson-Jones (1977) in the Southern Uplands, also by
Brown (1977) and Brown and Lloyd (1981) in North Wales. Buckland
(1978) , and Boyd (1981) have censused the population of feral goats
on the Island of Rhum. Boyd (1981) found that the population on
Rhum had apparently fluctuated in a cyclical manner since 1960
showing three peaks at approximately six vear intervals. Bullock
(1982), in a detailed study of seven populations in the Southern
Uplands, found that the size of unmanaged populations appeared to

fluctuate about mean levels and showed no long term trends or cycles
in their numbers.
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2.2 HISTORY AND DESCRIPTION OF THE MOFFAT GOATS

The origin of the goats in the Moffat hills is rather
uncertain. Ribble (1972) recounts a tale that the wild goats in the
Moffat Hills are descended from goats owned by monks in the time of
King David I circa 1200. Goats were kept near to the sulphur spar
at Moffat during the 18th century (Sinclair 1791). The whey from
the milk of those goats grazed by the spar was thought to have great
healing powers. Feral goats were certainly present in the area at
the turn of this century (J.Dalglish and J.Mitchell pers. cam.).
It is clear that there have been domestic and probably feral goats

in the area for a considerable time. However 1t 1is uncertain
whether the present feral goats are descended from these ancient

introductions or are of more recent origin. The goats in the Moffat

Hills are now one of eight populations of feral goats in the

Southern Uplands. All appear to be isolated from one another with

apparently no movement between them. The nearest population to the
Moffat Hills is on Roan Fell some 24km away.

The goats in the Moffat hills show the characteristics of the

old British breeds. They are small and light, with males measuring

less than 70cm at the shoulder ang weighing less than 80kg. Both

males and females possess horns and lack the neck tassles of the

modern breeds of goat. In common with most feral goats in Britain

they are Jlong-haired and often have a shaggy appearance. In
addition to this long hair, short fine under hairs (Rashmir) may be

present. The coat colour is highly variable ranging from black

through various shades of grey, black and white patches, and browns
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to completely white individuals.
The population was censused several times between 1964 and 1967
by Lockie (unpublished data) and his counts varied between 30 and

74. In 1969 Grieg (1969) recorded a total of 60 individuals in the

area.

2.3 METHODS

Measures of survival and kid production were obtained from
censuses and the recovery of carcasses (see l.2.2). The population
counts for 1978 and the ages of the animals that died during the
1978/79 winter were provided by D. Bullock. In the spring of 1981
estimates of age specific fecundity (number of 1live kids born to
females of different age-classes) and perinatal survival (survival
to one month of age) were obtained. Kid production was defined as
the number of kids reared to weaning per female.

Any animal found dead was identified and examined for any
obvious cause of death. A sample of tibia marrow was examined and
the skull was collected. Bone marrow fat is the last fat reserve to

be mobilized in large herbivores suffering malnutrition, and it has

been shown that wvisual estimates of

marrow reflect actual

differences in fat 1levels and therefore condition of the animal

(Sinclair and Duncan 1972). The tibia marrow was asssigned to one

of three categories.

1) white or cream and firm to touch (high fat).
2) Pink, firm and wet.

3) Red or yellow, gelatinous and translucent (low fat).
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In 1982 the goat population was subjected to management. Feral

goats are occasionally reported as causing economic damage to young

conifer trees (J. Walsham pers.

comn.). The Forestry cammission

planned to replant part of the Craigieburn plantation, and they

believed that the number of goats using the plantation in the spring

constituted an unacceptable risk to their young trees. Therefore in

May 1981, 13 goats (six females, £five males and two kids) were
driven out of the plantation, captured, and given to the Hill
Farming Research Organisation. In September 1982, two white male
kids and a white male yearling were taken from the population for
research into managing feral goats for Kashmir production. These

goats have been included in the 1982 totals.

2.4 RESULTS

2.4.1 Population changes

The number of adult goats decreased from 94 in 1978 to 76 in

13979. Since then, the number has increased to 103 by autum 1982

(Fig. 2.1). This represents a 34% increase in three yvears. There

are more females in the population than males. The adult sex ratio

fluctuated between 1:3.27 to 1:1.76 (males:females) during the

study, and appeared to be due to fluctuation in the number of males
rather than the number of females (Table 2.1). 'The sex ratio of

kids was biased in favour of males in three of the four years for

which data were available, but it did not differ overall from a 1:1
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Fig. 2.1 The number of goats present in the Moffat Hills each
autumn between 1978 and 1982.



1979 1980 1981 1982
M:F M:F M:F M:F

Number 18:59 20:57 38:67 39:69
Adults

Ratio 3.27 2.85 1l.76 1l.76

Chi 10.9 8.8 4.0 4,2

Squared

Probability 0.001  0.01 0.05 0.05

Number 3.4 26:15 9:8 10:15
Kids
At 4 Ratio 0.75 0.57 0.88 1.5
Months

Chi

Square ———— 1.47 0.02 0.5

Probability NS NS NS NS
Table 2.1

The sex ratio of adults plus yearlings

and the sex ratio of kids at four months
of age. Chi squared test is used to test
whether the sex ratio in each year differs
significantly from a 1.1 ratio.
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ratio (Table 2.1). The number of adult females decreased by 4%
between 1978 and 1979, while the number of males in the population
was halved over the same period. Between 1979 and 1982 the number
of adult males increased by 117%, while the number of adult females

only increased by 17%.

2.4.2 Fecundity and Kid production

Estimates of age specific fecundity were only obtained in 1981
(Table 2.2). The fecundity of vearling females was significantly
less than that of older females (X’=9.04, d.f.=1, P<0.01). However,
after two vyears of age there was no clear difference in fecundity
between age classes. It can be seen from Fig. 2.2 that Kkid
production was significantly higher in 1980 than in the other four
years (X'=19.03, d.f.=1, p<0.001). There was also a significant

difference in kid production between hefts of females (Friedman two
way anovas 'X.’=7.16, d.f.=4, p<0.001, Table 2.3). PFemales belonging
to the Capplegill heft produced more kids per female each year than

females in other hefts. Kid production by vyearling females was

significantly lower than by adult females (X=31.7, d.f.=1l, p<0.001,
Fig. 2.3). Although adult kid production was highly variable there

were no age specific trends (Fig. 2.3). There was no difference in

the probability of a female rearing a kid in any year between those
females which had successfully reared a kid in the previous season,
and those that had not (x’=0.16, d.f.=1l, N.S., Table 2.4). The
probability of rearing a kid showed no significant difference if the

female had reared a male kid, rather than a female kid in the




No.of No.of Estimated

Age Females Kids Fecundity
1 15 3 0.20
2 4 3 0.75
3 8 5 0.60
4 5 3 0.63
5 8 6 0.75
6 10 7 0.70
7 9 5 0.55
8 4 3 0.75
9 4 3 0.75

10 4 3 0.75

11 2 1 0.50

Table 2.2

Estimated age specific fecundity of
females in spring 1982.
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79 80 81 82

Year

Fige 2.2. Kid production of adult females between 1979 and 1982.

Chi squared test camparing 1980 with other vyears,
%=19.03, d.f.=1, p<0.001.



Heft

Grey Mare’s

Tail

Carriferan
Spoonburn
Capplegill
Blackhope

Table 2.3

1979
No. No.

F. Kids
/F.

11 0.00

10 0.00

15 0.07

7 0.40

16 0.18

1980

No.
F.

11

14

16

No.
Kids

0.90
0.55
0.78
1.00
0.47

F.

14

10
17

17

Kid production of each heft 1979-1982

1981
No.

No.

0.70
0.10
0.11
0.42

0.25

1982

No.
Kids F.

/F.

18

16
12

14

No.

Kids
/F.

0.38
0.55
0.50
0.55

0.16

Mean

0.49
0.30
0.36
0.59
0.24

Se€C»

0.19
0.14
0.16
0.13

0.08
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Fig. 2.3 Age specific kid production. Each point indicates four

vear mean, and the vertical lines one standard error.

Chi squared test camparing yearlings with adult females,
X}=31.7, d.f.=1, p<0.00L.
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previous season (X'=0.23, d.f.=1, N.S., Table 2.4).

Most kids were born during late winter, but one kid was born in
June 1981 and another in July 1982. Excluding the summer born kids
the mean date of birth in 1980 was 8th April, s.d.=12.0 days, and in
1981 was 5th March, s.d=15.1 days (Fig. 2.4) Kid production was

0.73 and 0.34 in 1980 and 1981 respectively. In 1981 the perinatal
mortality of Kkids born prior to the mean birth date was

significantly higher than those born after this date ( X' =5.77,
d.f.=1, p<0.01, Table 2.5).

2.4.3 Survival rates

The survival of Kkids during the first few weeks of life was
low. 1In 1981, only 34% of kids born survived to six months of age.
The survival rate of goats increased after the first six months of
life, but showed considerable variation between vears and was
particularly low for males between 1978 and 1979 (Table 2.6). A
four year mean survival rate was calculated by following known
cohorts (Table 2.7). This information is presented in the form of

age specific survival curves (Fig. 2.5). It can be seen from this

figure that the mean female survival rate was high and approximately
constant between the age of one and seven vears, after which it

decreased rapidly. The mean survival rate of males was

(nonsignificantly) lower than that of females between the age of one

and seven. Males alsO tended to die younger than females.



YEAR N YEAR N+1

No.of females

Rearing ~ not Rearing| Dying
kids kids

History n

A) No kid 83
Reared

B) Male Kid 40
Reared

C) Female 28
Kid
Reared

Table 2.4

A Comparison of the breeding success of females in
year N+l that reared A) no kid, B) a male kid,
C) female kid in year N.

Time Period No.kids No.kids Survival Chi
.Born Alive in rate Squared

May
20 Feb-2 March 18 2 0.11
Sel7
3 March-12 March 14 8 0.57
p<0,05
13 March-22 March 15 7 0.46

Table 2.5

The perinatal survival of kids born in different periods
in spring 198l.
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Fig. 2.4 Cumlative frequency of known births during the spring in
1980 and 1981. The cross indicates mean date of birth

each year.



Survival Rates

Adults Kids
Year Male PFemale Male Female

78/79 12/34 53/60 6/9 5/9 Bullock 1982
0.35 0.88 0.67 0.56

79/80 17/18 54/59 3/3 4/4 Present Study
0.94 0.91 1.00 1.00

80/81 18/20 52/58 20/27 14/15 "
0.90 0.89 0.74 0.93

81/82 29/38 61/66 7/9 8/8 "
0.76 0.92 0.77 1.00

Mean 0.73 0.90 0.79 0.87

Standard 0.13 0.001 0.07 0.10

Error

Table 2.6

Survival rates of adults plus yearlings and kids of both sex.The
enumerator is the number alive in the autumn of the first year and
the denominator is the number of goats alive in the following autumn.



Number of female goats present
in autumn each vear

Age 1979 1980 1981 1982
Class N N N N
0-1 4 15 8 15
1-2 8 4 14 8
2-3 6 8 4 14
3-4 8 5 8 4
4-5 10 8 5 8
5-6 9 10 8 5
6-7 4 9 8 8
7-8 4 4 7 8
8-9 7 4 3 5
9-10 3 4 4 2
10-11 0 2 4 4
11-12 0 0 1 3
Total 63 73 74 84
Table 2.7a

Age structure of females 1979-82,



Number of male goats present
in autumn each vyear.

Age 1979 1980 1981 1982
Class N N N N

0-1 26 9 10

N W

1-2 20 7

2-3 16
3-4
4-5
5-6
6~7
7-8
8-9
9-10

3
5
5
2
0
3
1
0
0
10-11 0
1

3
5
4
2
0
3
1
0
0
0

o =) O O O +=# W O N U
O O O N O H+H W oW

11-12

N
=

Total 46 47 48

Table 2.7b

Age structure of males 1979-1982.
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2.4.4 Causes of death

Fourteen goats were found dead between autumn 1979 and autumn
1981, seven were female and seven were male. The majority of males
died during the winter months (Fig. 2.6). All except one appeared
to be in poor condition with low marrow fat reserves (category 3).
The one exception was a male found dead by the side of the road in
June 198l. It appeared to have died from injuries (broken hind 1leg
and hip, internal bleeding) sustained in a road accident. This
animal appeared to have been in good condition prior to death with a
high marrow fat level and fat reserves around the kidneys. All the
female carcasses found were of animals that had died during spring

or summer. Two appeared to be close to parturition, and may have
died as a result of difficulties with parturition. The cause of
death of the others was uncertain, one may possibly have died as a
result of a fall. The remaining four were all old females in

relatively poor condition, (marrow fat category 2 or 3) and had worn

teeth.

Predation, although probably not the most important cause of
kid mortality, did occur. Fox, mink and raven (twice) were all

observed to unsuccessfully attack young kids. On each occasion the
mother charged and drove off the predator.

In March 1981 three carrion crows were seen attacking a kid
that had been observed to lie down in a hiding place some two hours
pre\}iously. The attack continued for twenty minutes until the
mother returned to find a dead kid. It is not certain whether the
kid was alive at the time of the attack.
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2.5 DISCUSSION

All the population counts during the period 1964-69 are lower
than the totals between 1978 and 1983. This indicates that either

the population has increased or that these earlier counts were
actually underestimates. After the high mortality rate of goats,
especially males, over the 1978/79 winter, the population has
increased. This increase between 1979 and 1982 is due largely to an
increase in the number of males in the population. Boyd (1981),
found that the proportion of males increased when the population on
Rhum was high, and suggests that decreases in the population were
caused by changes in male mortality rates.

In all unmanaged populations of feral goats in Britain the sex
ratio is biased towards females (Crook 1969, Greig 1969, Munton
1975, Boyd 1981, Brown et al. 1981, Bullock 1982). However, in
populations of feral goats in other parts of the world and in wild

goat (Capra hircus aegagrus) populations the adult sex ratio is 1:l

(Yocum 1969, Shank 1972, Papageorgiou 1974, Schaller 1977). On
Aldabra, Gould (1979) has found a sex ratio biased in favour of

males. The sex ratio of kids at birth or at six months does not
differ significantly from a 1:1 ratio (Crook 1969, Greig 1969, Yocum

1969, Brown and Lloyd 1979, Boyd 1981, Bullock 1982 and present
study) . Therefore the biased sex ratio found in British populations

appears to be due to differential mortality of the sexes. Mortality
during the first few weeks of life was found to be very high but
there was no evidence of male mortality being higher than that of

female kids up to the age of six months. After this age the
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mortality of males was found to be higher than for females in some

vears. Boyd (1981) and Bullock (1982) found a similar pattern of

mortality. Females 1lived longer than males and the further life

expectancy of vearlings was estimated to be 2.4 years for males and
5.6 years for females. This is similar to the median age at death
of 3.75 years and 6.75 years of male and female goats found by
Bullock (1982). ©On the island of Aldabra Gould (1979) found the
mortality of females to be higher than that of males.

The number of animals found dead during this study was
relatively low. However the vearly pattern of mortality whereby
males tended to die in late winter and females in spring was similar
to the findings of Bullock (1982). Although most males had
relatively healthy dentition they had depleted fat reserves
suggesting that they had died of starvation. It has been suggested
that a reduction in time spent feeding and increased energy
expenditure during the rut may be a primary factor contributing to

the lower survival rate of males compared to females (Boyd 1981,

Bullock 1982). Soay rams on Hirta have a higher mortality rate than

ewes and this is thought to be for the same reason (Grubb 1971).
Tropical populations of feral goats and those off the west coast of

North America, where the adult sex ratio is 1:1, do not have one
restricted breeding season (Yocum 1967, Shank 1972, Gould 1979,
Coblentz 1980). Consequently the selection pressure on males to rut
intensively for a short period of time is not present. This
hypothesis is partially tested and discussed in Chapter 5.

Kid production varied between years. It was much higher in

1980 when the median date of birth was a month later than in 1981
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and 1982, Those kids born early in 1981 suffered much higher

mortality than those born later in that vear. The exact cause of
death of kids during the first few weeks of life is unknown but it
could be related to when they were born. On British uplands forage

availability decreases over the winter t0 a minimum in March and

early April (Rawes and Welch 1969). All the goats found dead during
this period were in a state of undernutrition. Many ungulates in
northern regions cannot find sufficient food during late winter ard
show a marked decline in weight (Eadie 1970, Jewell et al. 1974,
Mitchell et al. 1976). Therefore it is likely that most goats
incur a negative energy balance at this time of vyear. It is

suggested that because of their poor condition and the lack of
forage many females cannot provide enough milk for their kids.
These undernourished kids may easily succumb to the cold, wet
conditions prevalent during the spring.

Kidding in late winter does not appear at first sight to be an

adaptive breeding strategy. Most ungulates in northern latitudes
breed seasonally, presumably in response to a well defined
periodicity in available food (Geist 1974, Schaller 1977). The

onset of the birth period appears to be determined by forage quality
and quantity (Baker 1938, Skinner et al. 1977, Bunnel 1980,
Thompson and Turner 1982), while the duration of the birth period is
thought to be limited by the need for the young to attain adequate
body size by winter (Bunnel 1980, 1982, Bullock 1982). In Scotland
however, the kidding period of feral goats does not coincide with
the period of vegetation development when the envirormmental regime

might ameliorate neonate survival. Therefore other factors probably
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influence the time of kidding.

It is known that decreasing daylength stimulates female goats

to come into oestrus in September/October (Adsell 1964, Hafez

1969). However the fact that mean birth date in 1980 was a month
later than 1in 1981 or 1982 indicates that this is not the only

factor determining timing of oestrus In red deer (Cervus

elaphus), females in poor condition tend to come into cestrus after

females in good condition (Mitchell and Lincoln 1973) After the

harsh winter of 1978/79 female goats may have been in poor condition

and come into ocestrus later than usual in 1979.

The feral goat”s wild ancestors, Capra hircus aegagrus, still

exist today in the Mediterranean and Middle East. Those in the
Karchal hills in Pakistan rut between August and November (Schaller
1977). They kid at the end of the cool wet winter when the primary
production is highest. Greig (1969) suggests that feral goats have
not yet adapted to the northern seasonal pattern. However summer

births are reqularly recorded on Rhum (Buckland 1978), on

Cairnsmore, Galloway (J. Theacker pers. comm.) and twice during
this study, but there does not appear to be any shift towards summer
breeding. This suggests that those early born kids that do survive
have a marked advantage over summer born kids in terms of survival
and reproductive success. There is no evidence from kids born in
the same season that early born kids have a higher overwinter
survival than late born kids. However, kids born in March 1981 didg
have a (nonsignificantly) higher overwinter survival than those born
in April 1980 (see Table 2.6). Factors other than date of birth may

account for these differences in survival rate of kids between these
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two winters. In 1981 there were significant negative correlations
between date of birth and body weight of male kids caught in
September (r=-0.88, df.=4, p<0.05) and November (r=-0.93, d.f.=4,
p<0.01) 1981. Large animals are more efficent thermoregulators than

small (Kleiber 1961). Therefore early born kids may be at an

advantage over late born kids for thermoregulatory reasons during
their first winter. Artificial selection for females that kid early
and therefore have a long lactation period between early spring and
autumn may also have influenced the breeding period of feral goats
(Bullock 1982).

In many mammal species female reproductive success increases
with age for the first few years to reach a maximum before declining
in later life, e.g. reindeer, Rangifer rangifer, (Precbrazhenski
1966) , red deer (Clutton-Brock et al. 1982), while in other mammals
female reproductive success increases with age until death, e.q.
elephant seals, Mirounga angustirostris, (Reiter et al. 1981). Kid

production was much lower for yearlings compared to adult females,
possibly because of the much lower fecundity rate of the former.
Boyd (1981) suggested that females between the ages of three and

seven have a higher reproductive rate than other females and also
that these females tend to produce more male kids. In this study
there was no evidence of age specific variation in reproductive rate
of females after their second year, or any age specific variation in
the sex of kids produced. There was a consistent difference in the
kid production between hefts of females. An explanation of this may
lie in the fact that the females in the Capplegill heft made a

seasonal migration. After spending late summer and autumn on the
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open hill they moved into the Craigieburn forestry plantation to
give birth. Although there is no quantitative evidence it is likely
that the shelter provided by the trees, and the greater quantity of
forage available in the plantation were the primary factors

influencing the number of kids that they reared.

Food supply has been shown to be important in the requlation of
several ungulate populations, eg. feral sheep on Hirta (Jewell et
al. 1974), feral reindeer (Klein 1968, Leader-Williams 198l1) and

African Buffalo, Syncerus caffer, (Sinclair 1977). It is likely

that the number of feral goats in the Moffat hills is also

ultimately limited by the quantity and quality of available forage.
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CHAPTER 3

HOME RANGE AND SPATTIAL ORGANISATION

3.1 INTRODUCTION

Most animals do not roam at randam over suitable habitat, but

generally confine their activities to one or several restricted
areas in the course of a year and, often a lifetime. This area is
normally termed a home range and is generally considered to be the
area over which an animal normally travels in pursuit of its routine
activities (Jewell 1966). 1In this study I have used the term normal

home range to include the area occupied by an individual between
November and August inclusive, and rut home range to include the

area occupied during September and October. Total haome range is

normal home range plus rut home range.

Work on Weaver birds, primates and African unqulates has shown

that the number of individuals in a group, the relationship between
individuals within a group and home range size are determined
largely by the distribution and abundance of food and predators of
that particular species (Devore 1965, Crook and Gartlan 1966, Bell

1970, Jarman 1974, Clutton-Brock and Harvey 1977, Jarman and Jarman
1979, Wrangham 1980).

The basic social organisation of feral goats is groups of

females and their offspring with which adult males associate to a
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variable degree (Riney and Caughly 1959, Rudge 1970, Shank 1972,
MacDougall 1975, Coblentz 1980, Boyd 198l1). These groups of females
and associated males have been called hefts, a term used to describe
similar groupings of hill sheep. Within each heft individuals have
highly overlapping home ranges, but overlap between the home ranges
of individuals in neighbouring hefts is less (Boyd 198l1). Movement
of individuals between hefts appears to be limited to adult males
during the breeding season (Coblentz 1980). This chapter is

concerned with variation in group size, group ocomposition and the

spatial organisation of feral goats.

3.2 METHODS

Data were collected by walking the study area and spot sighting
groups of goats (see Chapter 1l). Three types of group were

recognised :

1) Female groups, consisting of adult and/or yearling females plus

their kids of either sex.

2) Male groups, consisting of adult and/or yearling males.

3) Mixed groups, consisting of kids, yearlings and adult males and
females.

The frequency distribution of group sizes was skewed to the left
(Fig. 3.l1). Jarman (1974) suggested that with such data, "typical
group size" is more meaningful in describing the size of group
containing, or experienced by, the average individual than mean or
median group size (see Appendix 1). Mean and typical group sizes

were calculated for each calendar month.

Individuals within the same group were considered to be
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Fig. 3.lb Frequency distribution of male (A) and female (B) group
sizes between January 1980 and October 1981.
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associated. ‘The frequency of association between individuals takes

into account the number of sightings of each individual as follows

(Dice 1945):

Frequency Total no. of sightings of goat A with goat B
of

X 2

association Total sightings of <+ Total sightings of

goat A goat B

This measure of association formed the basis of the dendrogram,

which was constructed using weighted-average cluster analysis.

The areas occupied by individuals (home range) or hefts (heft
range) were calculated by plotting each sighting on a map and then
enclosing all points with no re-entrant angles (minimum area method,
Southwood 1978). The degree of overlap between individuals (or
hefts) was calculated by measuring the area common to both and

expressing this as a percentage of the home range area of the
individual (or heft) concerned. The degree of home range overlap

between each heft was measured by calculating the mean percent

overlap of each individual from one heft with each individual of the

neighbouring heft.

3.3 RESULTS

3.3.1 Group size and composition

Group size varled between 1 and 29 individuals during the study
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period. Typical group size was larger than mean group size for each
month but both measures showed the same changes during the year and
there appeared to be no advantage in using typical group size rather

than mean group size in describing changes in the size of gqroups of
feral goats.

Overall group size (male + female + mixed) was smallest during
the spring months March and April, but then increased during the
summer to reach a maximum in September (Fig. 3.2a, b and c).

Female groups were always larger than male groups (Fig. 3.2).
They both showed the same general trends in group size, with small
groups in the spring and large groups in the autum. However, the
largest female groups were recorded in June and July (Fig. 3.2) ard
the largest male groups were observed in August and September. The
size of mixed groups reached a maximum during the early part of the

rut in September (Fig. 3.2).

It can be seen from Fig. 3.3 that during late spring and
summer there was a degree of sexual segregation. In July, 36% of
adult plus yearling males were to be found in mixed groups. This
proportion increased during August and September and 97% of males
seen during October were in mixed groups.

3.3.2 Grouping and home range

Fig. 3.4 shows the dendrogram of association between adult
individual goats, taking the cut-off point at 20% association. This

shows five main groupings, each containing between 8 and 20 adult

goats. The dendrogram-defined groups correspond to the hefts
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observed in the field during this study and by Bullock (1982)
between 1977 and 1979 in the Moffat hills. Each heft was named
after the watershed it was centred on. When 1980 kids were included
in the analysis the overall picture of grouping remained the same,
with the same five major units being distinguished (Fig. 3.5).
within each major grouping in the dendrogram there are
subgroups of goats which are closely associated. These are groups
of females and their kids and also groups of adult males. The

association of females and kids in the Blackhope heft was campared
for each season. Fig. 3.6 shows that, except for these
mother-daughter associations, no other permanent subgroupings of
females within hefts could be recognised from the dendrograms or in
the field during this study. Similar mother daughter associations

were recognised in other hefts. Mother-daughter associations are

discussed in more detail in Chapter 4.

3.3.3 Home range area

Cunulative area plots showed that for individual goats the
normal home range area appeared to reach an asymptote after
approximately 50 sightings over an eighteen month period (Fig.
3.7). It was assumed that when an individual was recorded on more
than 50 occasions during the study period an accurate estimate of
home range size had been obtained.

Total home range areas varied between 145 and 1023 hectares.

- Some of the variation depended on the sex of the individual and to
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which heft it belonged (Table 3.1). Adult males always had larger
total home ranges than females from the same heft. This was because
males moved between hefts during the rut (see Chapter 5). There was
no significant difference between the size of normal home ranges for

males and females from the same heft (Table 3.l).

The sizes and locations of the home ranges of kids were the
same as their mothers” during their first vyear of 1life. Females
born in 1978 and 1979 still occupied the same range as their mothers
in 1981 (Fig. 3.8). Most males known from birth also remained
within the 1limits of their natal heft except during the rut (Fig.
3.9). There were three exceptions to this: male 33 was born in the

Carrifran heft in 1978. After the 1980 rut he did not return to it
but remained in the Spoonburn heft (Fig. 3.10). Two others, male
131 and male 133, both born in the Carrifran heft in 1980, moved to

the Spoonburn heft after the 1981 rut rather than returning to their
natal heft (Fig. 3.11 and 3.12.)

3.3.4 Home range overlap

All individuals within the same heft had highly overlapping
hame ranges, while the degree of overlap between individuals from

different hefts was much lower (Table 3.2 and Fig. 3.13). However,

the hame ranges of goats belonging to the Capplegill heft did
overlap to a certain extent with those of animals from the Blackhope
and Spoonburn hefts (Fig. 3.14). It can be seen from Fig. 3.15
that the Capplegill goats made a seasonal migration between the

forestry plantation at Craigieburn and the Blackhope and Spoonburn




Carrifran

)

635
821
324
238

Grey Mare”s 295

Tail

Table 3.1

Mean hame range size of adult female and male goats.

Home range in hectares

Females

sd.
173
179
126

73

50

(a)

n X
15 890
7 1031
13 763
7 943
10 300

sd.
212

131
112

14

Males

(b)

X

641
851
326
235
300

sd
18
71

712

14

« Il

Male (a): all

sightings: Male (b) excludes sightings during September and October.
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Carrifran

Spoonburn

Blackhope

Capplegill

Grey Mare“s
Tail

Table 3.2

The mean % overlap of the hame range of all goats

% Overlap
Mean

Range
Carrifran 52.4-100
Spoonburn 0.0-29.4

Capplegill 16.2-68.4
Grey Mares O

Tail
Spoonburn  52.3-100
Blackhope 0.0-57.9

Capplegill 43.2-82.1
Grey Mare“s O

Tail

Carrifran 0.0-15.2
Spoonburn 15.0-35.0
Blackhope 67.5-100
Capplegill 48.0-65.0
Grey Mare”s 0

Tail

Carrifran 0.0-10.1
Spoonburn 15.0-35.0
Blackhope 67.5-100
Capplegill 75.9-95.2
Grey Mare“’s 0

Tail

Carrifran 0
Spoonburn 0
Blackhope 0
Capplegill 0

Grey Mare”s 83.0-100
Tail
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from one heft with each other and with all the
individuals from each different heft.




L Tkm 3

three ﬁlackh;pe

Fig. 3.13 Overlap of the total hame ranges of (A)

females and (B) three Spoonburn females.
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hefts. These goats spent most of the winter months in the area by
Roundstone Foot burn but during the summer they moved to the
Capplegill burn, and just prior to the start of the rut they were
found in the range of the Blackhope or Spoonburn hefts. After the
rut the females moved back to the forestry plantation first and then
in late winter the males followed. The extent of their movement in
the Craigieburn plantation is not known and it is likely that their
late winter and spring range is larger than that indicated in Fig.
3.15

The outer limits of the home ranges of individuals belornging to
the same heft tended to coincide with each other on the peaks of
hills dividing watersheds or at high stockproof fencing. The
boundaries of each heft, except those of the Capplegill heft, were
Clearly defined and there was little mixing between individual
females from different hefts. There was no evidence of territorial

marking. Large groups made up of Capplegill and Blackhope, and
Capplegill and Spoonburn goats were occasionally seen during the
rut. When individuals from neighbouring hefts met they tended to

ignore each other. However fighting between females from the

Capplegill and Spoonburn hefts was observed twice, in 1979 and 1980.
On both occasions it was probably the first time these groups of

females had met since the previous rut.

3.4 DISCUSSION

The fluctuations in the size of all types of groups of goats
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observed during this study were similar to those observed by Crook
(1969) and Bullock (1982). The small size of female and mixed
groups during the spring reflects the behaviour of females during
this period. Females tended to isolate themselves from other goats
just prior to parturation and sometimes remained away from other
females until their kids were several days old (see Chapter 4). At
this time of year the quality and quantity of forage is very low and
feral goats, in common with hill sheep, may be suffering a negative
energy balance (Eadie 1970). Appleby (1980) showed that feeding
interference between ungulates 1is greater in larger groups.
Therefore a decrease in group size may be expected in order to
reduce intra-specific competition.

Except during the spring, mean female group sizes were larger
than for males. This is probably a result of the skewed sex ratio
in favour of females in the population. During much of the study
period there was a maximum of five adult males in any one heft: male

groups containing more than five individuals were unlikely outside
the rut.

The inCrease in the size of female groups during the summer
occured when females banded together after kidding. During this
period forage is abundant so feeding interference is probably low.
There may also be energetic advantages for lactating females, during
this period of high metabolic demands, to being in a large group.
Maisels (1982) has shown that as group size in feral goats increases
group vigilance increases and the amount of time any individual is

vigilant decreases, increasing the amount of time available for

feeding.
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The increase in male group size in August just prior to the rut

was due to the Capplegill males leaving the forestry plantation and

associating with the Blackhope males.

The peak in the size of mixed groups in September occurs at the

begining of the rut. Males join these groups in search of oestrous
females (Chapter 5). However i_!: is less clear why females 1join
these groups. It is known that dominant males tend to remain in
groups where oestrous females are present and visit fewer groups
than do smaller subordinate males. Assuming females prefer to mate
with dominant males, females should remain in groups where such

males are present until they have been mated.

Sexual segregation of feral goats has been recorded in Britain
(McDougall 1975, Boyd 198l1) and in New Zealand (Riney and Caughley
1959). However some tropical populations of feral goats show little
sexual segregation (Yocum 1967, Gould 1979). Segregation of the
sexes also occurrs in many wild ovids and cervids (Geist 1971,

Mitchell et al. 1977, Shank 1979) and various explanations of this

based on altruism (Geist and Petocz 1977) or difference in the
nutritional requirements of each sex have been put forward and will
be considered in the concluding discussion.

The general social organisation of the Moffat hills population,
in common with other populations (McDougall 1975, Boyd 1981) is

based on groups of females, their offspring and associated males

which together form discrete hefts.

Movement of individuals between
hefts is largely restricted to males during the breeding season.

The exception to this was the Capplegill heft which made seasonal

movements between different areas. Bighorn sheep, Ovis canadensis,
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use several different home ranges during the year (Geist 1971), but
this has not been previously documented in other populations of
feral goats. It is unclear why only the Capplegill heft made
seasonal movements while the other hefts were more sedentary.

However all female offspring used the same home range, and in the

case of the Capplegill heft made the same seasonal movements, as

their mothers. This, combined with the fact that no female was

observed to change hefts during the study suggests that patterns of
range use by particular hefts are unlikely to charnge rapidly. The
patterns of range use observed today may have been established

several generations ago when husbandry practices and land use by man

differed from those seen today. For example the area now covered by
forestry plantation between Carrifran and the Grey Mare’s Tail was
used by goats before 1969 but they were removed prior to planting in
that year. Parts of the Craigieburn plantation have been
established for over 50 years and it is known that goats did occupy

some of that land prior to planting. However, it is uncertain

whether these goats were shot or driven out prior to planting. The

lack of movement oOf females between hefts also indicates that

females belonging to the same heft were more closely related than

females from different hefts.
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CHAPTER 4

MOTHER-OFFSPRING RELATIONSHIPS

4.1 INTRODUCTION

Ungulates are the most precocial of all mammals. Most young
ungulates can stand, and are capable of walking away from their
mothers shortly after birth. It is important that the bond between

mother and offspring is formed rapidly. Most of the work on

mother-offspring relationships in goats has focused on this aspect
of their behaviour. Maternal attachment in goats appears to be
specific, rapidly formed, and fairly stable. It was originally
thought to be analogous to imprinting in birds (Klopfer et al.
1964, Bateson 1966, Hess 1973) as there seems to be a sensitive
postpartum period for the formation of maternal attatchment
(Blauvelt 1955, Collias 1956, Herscher et al. 1963, Klopfer et al.

1964). Gubernick (1981), has shown that rather than being a form of

imprinting female goats actually label their kids via their milk and
by licking them.

Female feral goats can certainly recognise their own kids
shortly after birth and will reject alien kids (Greig 1969, Rudge
1970, Mchougall 1972, Munton 1975). This ability is especially
important in goats because they tend to hide their young shortly
after birth, returning at intervals during the day to suckle them

(Rudge 1970 , McDougall 1972, Munton 1975). This behaviour has been
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termed "1lying out™ by Walther (1961) who developed the concept of
two distinct forms of maternal-infant behaviour in ungulates. These
are the "Ablieger Typ" and the "Nachfolger Typ", which are known in
Fnglish as the "hiders" and "followers". The wildebeest, whose

voung follow their mothers from birth (Talbot and Talbot 1963), 1is

an example of the follower type whereas young reedbuck, hiders, may
lie-out until four months of age (Jungius 1970). It 1is unclear
whether a female goat actually leads her kid to a hiding place or,
like true hider species (Leuthold 1977), the young determines the
hiding place. The lying out phase in goats appears to be somewhat
variable, ranging from the first three days of life (Rudge 1970) up
to six weeks of age (McDougall 1972). There is little information
on how frequently females return to their kids, or about their
suckling behaviour. Munton (1975) noticed a decline in the length
of suckling bouts during the summer. Weaning probably occurs in

late summer (McDougall 1975).

The aim of the present study was to obtain quantitative data on

lying out and suckling behaviour, and also to obtain information on

kidding and on the maintenance of the mother-offspring bond.

Data were collected by direct observation using the sampling
techniques described in Chapter 1. A total of 165 hours of

observation were made of mothers and offspring during spring and
summer 1980 and 77 hours in spring 1981.

In order to establish whether the kid or mother determines
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lying out, detailed observations were made. Four possible
categories of the start of lying out were considered:
1) Kid walks away from mother and lies down.
2) Kid is either walking, standing, or playing near the mother who
is feeding and the kid lies down as the mother moves away.
3) Mother walks to suitable lying out spot followed by kid, who lies
down, and mother walks away (Rudge 1969).
4) Kid and mother lying together, and then mother gets up and walks
away.
It was assumed that in categories 1 and 2 the kid determined the
1lying out spot and that the mother determined the lying out location
in categories 3 and 4.

Data on mother-kid distance and association between females and
their 1980 offspring were obtained from spot sightings (see Chapter
l). The percentage association between mother and offspring was

calculated for each calendar month, where percentage association is

defined as:

No. of times mother and kid seen
Percentage in same group

association = x 100

No. of times seen + No. of times

in separate groups ° seen in same group

Mothers of male and female kids were considered separately and then
further subdivided into those that did and did not rear a kid in

1981. Data on females or kids which died were not included for the
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month in which they died. The maintenance of proximity between
mother and offspring was examined by recording the number of

movements the mother and kid made towards each other during focal

pair observation periods.

4,3 RESULTS

4.3.1 Kidding

Prior to kidding females tend to leave their normal group and
are often seen separated from their previous year”s kid (see 4.3.4).
Only one female was observed actually kidding. Unfortunately
weather conditions (low cloud and rain) and the position of the goat
(approximately 350m away) made observation difficult. The female
was first seen at 1l.15hrs on 15th April 1980, lying partially on

her side in a small gully. There were no obvious signs of physical

exertion. The female turned and sniffed her hind quarters several

times. Twenty minutes later she appeared to strain as the kid

appeared. The mother immediately stood up and began to lick the kid
vigorously. The kid lay motionless for approximately two minutes
and then attempted to stand. At this point the clouds came down and
obscured the goats from view. Thirty minutes later the kid was
observed standing and attempting to suck.

Most females appear to choose secluded, sheltered locations to

kid. Nineteen females were observed with kids only a few hours old

(kids still wet or very unsteady on their legs). Most of these were
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in qullies or in deep heather (Table 4.1l).

4.3.2 Lying out

Even during the first day of life kids are left lying out while
their mothers feed. Table 4.2 shows that kids determined the 1lying

out spot significantly more often than mothers. The mother was

never seen to lead her kid to a suitable lying out spot. No female
with a kid thought to be less than one day old was seen to move more
than 100m away from her kid or to leave it for more than Z2hrs.
However, after this age, females would move up to 600m away from
their kids and leave them for up to 9hrs 20mins. The length of time
that females left their kids, and the distance they moved away, was
very variable. Time ranged from 10 to 580 mins (mean=214.8mins,
s.d.=164.2, n=32), and distance ranged from 20 to 600m (mean=177.2m,
s.d.=164.5, n=32). There was no change in the length of time the
kid was 1left, or in the distance the mother moved away as the kid

got older (Figs. 4.1 and 4.2).
All kids less than one week old which were observed for more

than four hours on any one day were seen to lie out. This dropped
to 50% in the second week, 20% in the third and only 5% in the
fourth week of life.

Kids tended to 1lie out in sheltered situations, but were not
necessarily hidden from view. Only 55% (11/20) of the kids under
one week old observed to lie out actually disappeared from sight.
Most of the kids lay down in deep heather (45%, 9/20) or behind

rocks (40%, 8/20), while the other three lay down in dips or hollows




HABITAT TYPE

Deep Grass, Scree and
Gullies Craigs Vegetation Short dwarf shrub
No. Females 11 3 5 1
% 57 15 26 5
$ Habitat
type in study < 1 <1 30 47
area
Table 4.1

Habitat types in which females were seen with kids less
than one day old.




Initiation of lying out
Category Number £
1.Kid walks away 14 33

2.Kid lies down as
mother walks away 16 38

3.Mother leads kid to
lying out place

(Rudge 1969) 0 0
4.Lying out together and
mother walks away 12 28
Table 4.2

The frequency with which mother or kid determines
lying out.

X comparing categories 1 and 2 against 3 and 4:
X' = 3.85, d.f.=1, p<0.05.
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on open grassland. During the first few days of life kids 1lie out
alone but as they get older théy tend to lie out with other kids. A
maximum of eight kids were seen lying out together at any one time.
When a mother returned to her kid, she often began to call from
some considerable distance. On hearing the female the kid would run
to meet her. Kids would get up and run towards any calling female,
and there was no evidence that either kids or their mothers could
recognize each other by call alone. On five occasions a kid was
observed to run towards a female who, after sniffing the kid, butted

it away and continued to search for her own kid.

4.3.3 Suckling Behaviour

The normal position adopted for suckling is head-to-tail, the
kid standing with its body at an acute angle to the female’s.
OCCasionally the kid attempts to suck from behind, reaching between
the mother“s hindlegs. With young kids, females tend to 1lick the
anal-genital region of the kid while it sucks. Both mother and kid
stand while suckling, although older kids sometimes drop on their
"knees" (carpel joints). Kids usually wag their tails vigorously
while they suck. while sucking, kids push their noses upwards at
intervals (bunting), which is thought to aid the milk flow (Leuthold
1977). As the young get older, bunting becomes more vigorous and
appears to cause the female discomfort.

Kids often attempt to suck from females other than their own
mothers. This is normally met with a horn threat or a butt from the

female. However, one kid was seen to reqularly suck from another




45

female. This female®s own Kkid died at eight days of age and she

suckled the second kid for approximately one month.

suckling always occurred when a female returned to a kid that
had been lying out, after the mother and kid had been disturbed, or

occasionally after the kid had crossed some rough terrain to catch
up with the female. Suckling was most frequent in early morning and

late afterncon (Fig. 4.3). The frequency of suckling bouts
decreased as the kids got older (Fig. 4.4). Male kids were suckled

more frequently than female kids, but this difference was only

significant in the first month of life (Mann-Whitney U-test z= 1.72,
nl=85, n2=25, p<0.05). The mean suckling bout duration declined
during the summer from 42 seconds in the first month of life to 18
seconds in month four and then increased again to 25 seconds in
month five of life (Fig. 4.5). Fig. 4.6 shows that mean suckling
bout duration was longer for male kids than female kids, although
this difference was only significant during the first two months of
life (month 1: t=2.6, d.f.=121, p<0.05; month 2: t=2.5, d.f.=44,
p<0.05).

There was no difference in mean suckling bout duration

between mothers of different ages (Fig. 4.7). Mean time spent
suckling per day (l2hrs.) was calculated for each month by

multiplying mean suckling bout duration by mean frequency Of

suckling., Fig. 4.8 suggests that male kids spent approximately

three times more time sucking than female kids during their first
two months of life (see 4.4).

Mothers tended to initiate most of the suckling bouts during
the first day but kids initiated almost all bouts after the second

day. Suckling bouts tended to be terminated more frequently by the
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kid during the first few days of 1life, after which there was a
significant increase in the number of suckling bouts terminated by
the mother (Table 4.3). The occurrence of unsuccessful sucking
attempts was low during the first two months of life. However,

between month two and five there was a significant increase in the

number of unsuccessful sucking attempts (Table 4.4). At the age of
five months, 69% of attempts to suck were unsuccessful. No kid was
seen to suck after the fifth month, but 28% (4/14) of the females

caught in November 1980 that had reared a kid that summer still had
milk.

4.3.4 Mother-offspring distance and association.

It can be seen from Fig. 4.9 that, except when lying out, kids
remained close (<3m) to their mothers during the first three months
of 1life. Significant increases in the mother-kid distance occurred
during the rut and in late winter when kids tended to be seen
further away from their mothers. On average, male kids were seen

further away from their mothers than female kids after the age oOf
six months, with the exception of months 10 and 11 when there was no
significant difference in the distance at which kids of each sex
were seen from their mothers. These changes in mother-kid distances

occurred during the same periods as changes in association between

them occurred.

There was an increase in percentage association between mothers

and kids of either sex between April and June 1980 (Fig. 4.10).

Association remained high during the summer. It can be seen from
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Age class No. of bouts No. of bouts Chi value for

of kid terminated by terminated by paired age
mother kid classes
n n %
0-14 days 22 40 65
13.60 p<0.001
15-30 days 38 15 28
32.14 p<0.001
Month 2 33 3 8
Month 3 40 0 0
Month 4 24 0 0
Month 5 7 0 0
Table 4.3

The c_:hange in proportion of suckling bouts terminated by mother and
kid in relation to age of kids.




Age Successful Unsuccessful

n n %
Month 1 122 8 6.2
Month 2 36 4 10.0
Month 3 44 15 25.4
Month 4 24 11 31.4
Month 5 7 10 58.8
Table 4.4

x*value for
paired age
class d.f=1

0.23
2.73
0.15
2.52

Probability

N.Se.
N.S
N.Si

N.S

The change in proportion of successful suckling attempts in

relation to age of kids.
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