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Reproductive strategies in the feral goats on the Isle of Rum, Scotland
Kate Lloyd

In this study, reproductive strategies in the male feral goats (Capra hircus) on the Isle of
Rum were investigated. During nine months data collection on the Isle of Rum, Inner
Hebrides, data on identified individuals grouping, agonistic and mating behaviours were
recorded. This was used to describe the general demographics of the population. Simple
ratio association indices were used to quantify the social structure of the population,
which highlighted a population made up of strongly associated, stable female groups
dominated by the mother-daughter bond. 17-24 males were found in a strongly associated
social group, whilst the remainder had low associations and appeared to roam singly or in
pairs.

Strong relationships were found between age, rank, fighting and reproductive success and
males were seen to be minimising the risks of competition by avoiding becoming
involved in agonistic interactions unless they had a chance of winning and the average
reward of winning outweighed the cost of fighting. Fight frequency and intensity were
scaled to the expected fitness rewards and escalation was most common where
asymmetry was low. Males were found to be arranging their dominance hierarchy before
the rut, possibly to minimise risk during it, whilst competitive advantages were found of
being a member of the male social group.

Variations in mating strategies were found where environment and demography differed:
forage quality and uniformity along with visibility influenced the size, association and
stability of female groups. Males distributed themselves around the females, where
female group size and associations were large, males formed a large, strongly associated
social group that held competitive advantages. Where females were found in smaller, less
predictable social groups, males had low associations with both other males and females,
and roamed though the study area in search of oestrous females.

Age specific variations in mating strategies were also found, prime males were more
influenced by number of males and females in a group when deciding whether to join and
leave, and were involved in the summer ruts but not in those the spring. Old and young
males gained mating opportunities in the spring ruts when the prime males were opting
out. Young males were observed to use a coursing strategy (although this was not
observed to be successful) but opted out of the rut between the ages of 2 and 4. This was
attributed into reproductive trade-offs, young males were trading off current reproductive
opportunities with growth. A model was written that used fighting success, the ability to
displace other males and fighting effort to predict lifetime mating success. This suggested
that males trade off reproduction and survival and in addition, manage their fighting
effort in such a way as to maximise lifetime mating success. The optimal age to begin
rutting was shown to be 3-4.

Variation in reproductive strategies were highlighted in this population, however, I
suggest that long term studies of different populations are required in order to understand
better how demography and environment influences male mating decisions.
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Chapter 1: General Introduction

Chapter 1: General Introduction

1.1 The evolution of mating systems

The success of an individual’s life is measured through “inclusive fitness”- the
amount of an individual’s genotype that is passed on to subsequent generations
(Hamilton 1964). Selection favours the individual who, through maximising
production of offspring that survive to maturity, facilitates high reproductive
success. This individual, therefore, contributes a skewed proportion of their own
genes to the gene pool and their phenotype persists in the population. However, as
Darwin first pointed out in “The Descent of Man” (1871), selection causes differing
methods of maximising reproductive success between the sexes. Trivers (1972)
envisaged individuals of each sex as having limited resource budgets that they can
invest in their offspring, with one sex investing more than the other. In vertebrates
particularly, females invest heavily in each offspring, through gestation and then in
many species through rearing the offspring to maturity. Female mammals provide
resources for their young not only prenatally but also after birth by lactation, a
mechanism that is very costly. Apart from the physiological costs of raising young,
there are time and energy constraints involved with protection of the offspring until
it reaches maturity. If it dies before maturation, the mother has benefited nothing
from the cost of gestation, and must invest heavily again in producing further
offspring. The costs of raising young mean that a female can only produce and rear
a restricted number of offspring at one time. For males, however, the production of
offspring is constrained only by the production of gametes and the ability to fertilise
females. This difference between the sexes highlights key reasons for variant
reproductive behaviour. In order to maximise reproductive success, a female must
ensure adequate energy resources to produce and raise offspring whilst males must
gain access to females in order to copulate. It was predicted, therefore, that mating
strategies have evolved through dispersion of females in relation to distribution and
density of resources, and distribution of males around females (Emlen and Oring
1977).
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The three main mating systems are monogamy, polygyny and polyandry.
Monogamous males are socially bonded to a single breeding female and this system
is found in around 90% of bird species and 5% of mammalian species including
some ungulates (Dunbar and Dunbar 1981; Kishimioto and Kawamichi 1996),
mustilids, canids (Kleiman 1977) and some primates (Rutberg 1983). Monogamous
females are often solitary or in a pair bond with a male. Two types of monogamy
are recognised, “facultative monogamy” in which paternal investment is not
necessarily needed and “obligate monogamy” where males remain with the female
after the birth of young. In the latter case the males contribute to the care of the
offspring through provision of resources, building dens, burrows or lodges,
defending territories and protecting the young. Monogamy appears to be one of the
most puzzling of mating systems to explain, as it is unclear why the male would
forsake mating with a number of different females to remain with one throughout
the breeding season. A number of hypotheses have been put forward to explain this,
for example, that solitary living by females enforces territorial defence
(Wittenberger 1979) and that the female home ranges are so large that a male
cannot defend an area big enough to include those of more than one female (Orians
1969). For example, in the Japanese serow Capricornis crispus, females are
dispersed into single territories where same-sex contact is rare. Males’ can rarely
defend territories containing more than one female range, forcing males to be
monogamous (Kisimoto and Kawamichi 1996). A popular and convincing argument
is that monogamy occurs where for ecological or physiological reasons a female
cannot raise the maximum possible offspring alone and male assistance is required
to ensure successful rearing and maximum breeding success (Clutton-Brock and
Harvey 1977; Wittenberger and Tilson 1980; Dunbar 1988). For example, in
Callitrichid primates, a female has the physiological capacity to produce twins but
only the parental investment capacity to raise one to maturity. Since females of this
species are often solitary and inhabit large home ranges meaning location of other
females is hard, it benefits the male to stay with the female and help raise twins than

to leave her and only gain half the reproductive success (Dunbar 1995a,b). These
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explanations for monogamy may not be exclusive. Female distribution preventing
males from guarding territories containing more than one females may be a reason
for species exhibiting facultative monogamy whilst obligate monogamy may be
explained through situations where paternal investment is important for the survival

of offspring.

So it is evident in monogamous species that the distribution of females and
maximisation of mating success by the males has led to the evolution of this
strategy. This relationship becomes more apparent when applied to polygyny.
Polygynous males mate with many females during the breeding season. Emlen and
Oring (1977) suggest that polygyny will occur either when the male can defend a
resource that females require and therefore attract large numbers of females, or
where they can monopolise female groups. This hypothesis, therefore, contains two
types of polygyny: resource defence and female defence. If females are dispersed
through space in accordance with the distribution and density of resources then this
will influence the type of polygyny that persists in a population. Where resources
are clumped into areas of high quality forage, females gather at specific sites
regularly in order to feed and/or drink. In this situation it may benefit males to
defend areas containing the resource that females require. Also if it is economical to
defend the home ranges of specific female groups and these have a well-defined
core area it may also be beneficial for a male to defend a territory (Clutton-Brock
1989). Breeding synchrony tends to be relatively high in resource defending species
(Gosling 1989). Territoriality is observed in many species including birds (Wiley
1974; Pyke 1979), primates (eg. Mason 1968), white rhino Ceratotherium simum
(Owen-Smith 1972) and a number of antelope species (eg. Buechner 1961; Gosling
1974). It is important when defining territoriality in a species to note that males can
only be accurately described as territorial where they guard the edges of their home
range from intruding males (Hamilton 1966; Walther 1972; Owen-Smith 1977). In
territorial species, defended areas contain only one reproducing male. This male
may tolerate the presence of a satellite male who remains with resource holding

male, perhaps gaining some sneaking matings but often gaining the benefit of
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inheriting the territory upon the death of the holding male (eg Walther 1972; Owen-
Smith 1977; Wirtz 1981). Other males associate in all-male bachelor groups
generally moving between territories (Owen-Smith 1977). The territory holding
male not only gains from monopolisation of females using the territory (Kitchen
1974), but also suffers low fighting costs where there are low numbers of intruders

and benefits from knowledge of predation threats in a familiar area (Gosling 1986).

Where female group size exceeds a number that can be economically defended by
only one male the group is controlled by several males. This cannot be defined as
territoriality, as there are no defended home range boundaries, indeed these often
overlap (Altmann and Altmann 1970). Aggression is directed not only to males
from outside but also toward other males in the group. Multimale groups occur is
many primate species eg. Savanna baboons Papio hamadryas (Altmann and
Altmann 1970), red colobus monkeys Procolobus sp. (Stuhsaker 1974) and langurs
Semnopithecus entellus (Srivistava and Dunbar 1996) and mating success is
controlled by rank dominance, a system which will be explained in full later in this
chapter. Groups of male lions Pantera leo, bonobos Pan paniscus and chimpanzees
Pan troglodytes have been seen to co-operate in order to control groups of females
(Schaller 1971; Wrangham 1986). These males are often relatives and through co-
operative breeding gain advantages. For example, in lions the reproductive success
of males, length of residence with a pride and the probability of acquiring a female
group increases with the size of the coalition (Packer ef al. 1988). A group of males

can breed with a group of females for several years (Clutton-Brock 1988).

A lek is defined as “an assembly of territorial males visited by females for mating”
(Bradbury and Gibson 1983). This mating system has thrown up lots of questions
with regard to its evolution, for example, why males cluster in single areas in order
to hold territories when it means they risk losing mating opportunities to
surrounding males, and what the benefits are to the females in mating on leks. The
evolution of the lek has been well studied and a number of hypotheses have been

put forward to explain the existence of lekking. The hotspot hypothesis (Bradbury et



Chapter 1: General Introduction

al. 1986) suggests that the origins of leks can be seen where male territories are
placed where female territories overlap. This causes mating success to be higher on
these overlaps than in other areas and so clustering of male territories occurs.
Clutton-Brock (1989) stated, however, that although this may be an explanation for
where leks are sited, it does not explain the extent to which territories are clustered.
By simulating the benefits to males of defending clustered and dispersed territories
Stillman et al. (1992) found that where females move territories at least once every
24 hours and move to neighbouring territories, the mating success of males is
inversely related to the distance between their territory and their nearest neighbour.
Males defending clustered territories were predicted to have higher mating success
than males on dispersed territories. This hypothesis suggests that leks evolved
through the ability of clustered territories to retain oestrous females until they mate.
Female retention on Kafwe lechwe Kobus leche kafuensis leks is indeed higher than
single territories (Nedft 1995).

Male mating success is higher on leks than when on dispersed territories (Clutton-
Brock et al. 1988; Gosling and Petrie 1990; Balmford 1990) probably because
oestrous females leave their usual foraging areas and move to the lek to mate
(Balmford 1990; Nefdt 1992). So why do females gather on leks during the
breeding season? Another theory put forward to explain lekking states that females
benefit from reduced predation on the lek, as leks occur in open ground which is
ideal for anti-predator scanning and vigilance increases with group size (Lack 1939;
Wiley 1974; Wittenberger 1978). Clutton-Brock (1989) has criticised this
hypothesis stating that predation is as high on the lek as off it. Where predators are
present it does not seem clear how gathering on a lek is safer than remaining in the
herd (Nedft 1992; 1995). Lekking may have evolved through females avoiding
breeding in feeding ranges to prevent foraging competition with males (Crook 1965;
Wrangham 1980). This hypothesis, however, is not clear for all lekking species as

some occur in mixed sex herds outside the breeding season.
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Two popular hypotheses to explain the existence of leks remain. Firstly, females
may benefit from the ability to choose their mates if they mate on leks. The large
number of males congregating on leks means that females get the opportunity to
compare different males and monitor the choice of other females (Emlen and Oring
1977; Parker 1978; Bradbury and Gibson 1983; Kirkpatrick and Ryan 1991). Skew
in mating success of males on leks has been quoted as evidence for female choice in
lekking species (eg . Apollonio e al. 1989; Mackenzie et al. 1995), however, this
may also be attributed to male behaviour factors such as male:male competition
(Clutton-Brock 1989). This does not mean that female choice is not a reason for
lekking but the existence and benefits of female choice must be established first.
Female mate choice is unlikely to have a genetic advantage unless there are large
heritable differences in fitness among males (Clutton-Brock 1989). Female
Ugandan Kob Kobus kob, fallow deer Dama dama and Kafwe lechwe mate readily
with both successful and unsuccessful lek males and have no preference for mating
on or off the lek (Clutton-Brock ef al. 1993). This does not support the hypothesis
that females are choosing the best quality males. Until this is proved the female
choice hypothesis cannot be wholly accepted. The remaining hypothesis is involved
with female harassment from males in mixed mating groups. Male harassment of
females can be costly to the female, increasing her stress levels, potentially reducing
her fertility and risking injury and death (Clutton-Brock ef al. 1982; Rubenstein
1986; Le Beouf and Mesnick 1990; Nedft 1995; Linklater 1999). In resource
defended territories young male fallow deer harass females, attempting to gain
access and interrupt matings (Clutton-Brock et al. 1988). Mating by oestrous female
lechwe was more frequently interrupted by males in mixed herds than on the lek
(Nefdt 1995). By congregating on leks females may gain protection from young
males by guarding males (Clutton-Brock et al. 1992). This hypothesis may provide
alternative explanations for movement of females between male territories on leks,
it may not be through choice of males holding the territories, Clutton-Brock et al.
(1992) found that 50% of all fallow deer movements on leks were caused by

intrusions by non-territorial males.
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Although the reasons for the evolution of lekking are still unclear, distinct
ecological patterns can be seen where animals lek. Ungulate species where lekking
occurs live in large unstable herds with wide home ranges which makes defence of
female home ranges difficult (Balmford 1992; Balmford ef al. 1993; Deutsch 1994).
There is also a restricted breeding season and a high level of breeding synchrony.
Indeed, the main conditions favouring lekking are a concentrated high quality food
supply, high local densities and high levels of breeding synchrony. There is a
correlation between local population density and lek size in fallow deer (Clutton-
Brock et. al 1988) and where population density is reduced, leks are replaced by
dispersed male territories or roving strategies (Leuthold 1966; Clutton-Brock et al.
1988).

In areas where food resources are unpredictable, female home range size may be
large in order for them to find satisfactory forage. Females may move in relation to
local variation in food supply (Gosling 1986). In this situation it may not be
economical to defend a resource but instead to defend access to the females
themselves. Female defence strategies tend to be associated with low breeding
synchrony so males can monopolise females as they come into oestrous and guard
them from other males. Where females gather in aggregations around particular
sites, males may form harems, guarding small groups of females in order to
monopolise mating. For example, female elephant seals Mirounga angustirostris
gather in large numbers on beaches annually to give birth. Males congregate on the
beaches and compete intensively for access to harems of females (Le Beouf 1974).
Female red deer Cervus elephus associate in matrilineal family groups and during
the breeding season males move into the female home ranges and attempt to gain
control of harems of females in order to monopolise mating with the females when

they come into oestrus (Clutton-Brock ef al. 1982).

These examples come from seasonal breeding species where harems are temporary.
In gelada Theropithecus gelada and hamadryas Papio hamadryas hamadryas

baboons harems persist year-round. Harem-holding males guard groups of females
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ensuring copulations with oestrous females. Harems are only lost when aggressive

take-over males enter the harem group and fight the harem-holder (Dunbar 1984).

Even with low reproductive synchrony, when female group size gets too high a
single male cannot monopolise a whole group or harem. In this case multiple males
associate with the female groups, following the females around their home range.
This system is common in olive Papio hamadryas anubis and yellow baboons
Papio hamadryas cynocephalus (Devore 1965; Altmann er al. 1988) and cape
buffalo Syncerus caffer caffer (Sinclair 1977).

If resources are unpredictably distributed and not clumped so aggregation in
specific areas does not occur, females have wide home ranges and unpredictable
movements. Particularly in areas of low population density, the most economic
strategy for the males to undertake is to rove between female groups during the
breeding season, searching for groups containing oestrous females (Gosling 1986).
Greater Kudu Tragelaphus strepsiceros females live at low densities in large home
ranges that the males could not economically defend. Males live in separate groups
for most of the year, joining female groups during the breeding season. A strict
dominance hierarchy determines access to oestrous females. A similar situation is
seen in eland Taurotragus oryx whose selective feeding and large body size means

females must forage over large ranges (Jarman 1973).

1.2 Intraspecific variation in mating strategies

The influence of ecology in terms of distribution of resources on the evolution of
mating strategies is clear. In varying ecological conditions, different mating
strategies can be seen and differing female demography creates variations in mating
behaviour. Since environmental and demographic conditions are not fixed and vary
in time and space, we would predict that changes in these do not only explain
mating strategy differences between species, but we would expect variations in
mating strategies within species. Mating strategies are not static and changes in the

variables influencing female and male behaviour can result in different strategies
































































































































































































































































































































































































































































































































































































































































































