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Abstract

Abstract

In this thesis I investigate the impact of ecological factors on the costs and benefits of
group living in a population of banded mongooses (Mungos mungo) in Queen Elizabeth
National Park, Uganda, and test several of the theoretical predictions generated by
reproductive skew models. Despite two earlier studies of this species, this represents the
first comparative study examining the effects of ecological (food availability, predation
pressure, potential for dispersal) and social factors on survival and reproduction.
Breeding in the banded mongoose is egalitarian, with offspring raised communally. By
assessing the effect of pack size on individual variation in body condition, reproduction
and probability of dispersal, I show that optimal pack size varied with the differing
costs and benefits of sociality in males and females. Males were competing more for
mates, whilst females benefited from the availability of helpers. Individuals were more
likely to disperse from large packs and animals were more likely to emigrate in groups
rather than alone. Dominance rank did not affect the survival or reproduction of either
sex and there was no evidence of reproductive suppression. These findings support the
prediction of reproductive skew models which states that low skew within groups is
expected when there are no substantial differences between fighting abilities of group
members. Although predation risks were not different for individuals in large and small
packs, the vigilance system was more costly for individuals living in small packs. The
effect of temporal variation in food resources on reproduction and survival was limited,
but varied according to the type of prey available. Large packs consistently had better
access to richer food resources. They were also able to forage more efficiently when

food abundance was low due to the advantages of co-operative foraging.
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Chap. I. General introduction

I.1 Background

Mammals are theoretically capable of living an entirely solitary life, except for the need
to live with a mother during lactation and to come together with a mate for reproduction
(Lewis & Pusey 1997). Nonetheless, mammals live in a diverse variety of social groups,
here defined as a set of organisms belonging to the same species that regularly associate
together and share a common home range, while foraging for the most common prey in

the diet (Gittleman 1989).

Several authors have reviewed the costs and benefits associated with living in groups
(e.g. Alexander 1974; Koenig & Pitelka 1981), and have defined and predicted
conditions under which sociality should evolve (Emlen 1982; 1994; 1995; Macdonald
& Moehlman 1982; Verhencamp 1983; 1984; Rood 1986; Creel & Creel 1991; Keller
& Reeve 1994; Creel & Macdonald 1995). There is general agreement that the first step
towards the evolution of social systems is the individual's ‘decision’ to live in a group.
This ‘decision’ is largely determined by the ratio of costs and benefits accrued under

the effect of variable ecological and demographic constraints (Emlen 1991).

Individuals living in groups may benefit from reduced vulnerability to predation, as
well as group vigilance, improved exploitation of food and group feeding facilitation,
all leading to greater reproduction and survival. Group living may also reduce the costs
of reproduction if male parental care allows females to reproduce successfully, where
reproduction is risky or energetically costly (Creel & Creel 1991) and through
alloparental care (Clutton-Brock 1991; Emlen 1994). Living in a group may, however,
incur costs to an individual such as reduced food intake (Jarman 1974; Wrangham
1977), increased conspicuousness to predators (Jarman 1974; Clutton-Brock & Harvey
1977, Underwood 1982; Rasa 1986a; 1986b), an increased chance of disease or
transmission of parasites (Hoogland 1979b; Gittleman 1985), or an increased possibility

of aggression and injury (Gittleman 1989; Gompper 1996). The relative costs and
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benefits experienced by individual group members may depend on their sex, age,
reproductive condition and dominance rank (Pulliam & Caraco 1984), which in turn
may result in a different optimal group size for each individual. Moreover, an
individual's inclusive fitness varies as a function of the group in which it is found
(Wilson 1975; Pulliam 1976). The composition, stability and size of groups often
changes over time to reflect these differential balances (Pulliam & Caraco 1984; Lewis

& Pusey 1997).

Interest in sociality has, until recently, focused on birds and insects (Stacey & Koenig
1990; Reeve & Ratnieks 1993), despite the fact that it has been reported in numerous
other groups. Indeed, several studies have highlighted its importance in mammals
(Soloman & French 1997). Of the studies which have explored, for example, co-
operative breeding in mammals, the majority have focused on alloparental behaviour
(e.g. Gittleman 1985; Jennions & Macdonald 1994). In the following sections, I review
the prominent hypotheses proposed to explain why individuals live in groups, focusing
on Carnivora, an order which displays extensive physical and ecological diversity
(Gittleman 1989; Creel & Macdonald 1995). These fall into two main categories: anti-

predator defence and exploitation of food.

1.1.1 Anti-predator defence
Camivores that compete with other species for food or sometimes serve as food, may
benefit from group vigilance, whereby predators and competitors are detected more
effectively (Gittleman 1989). In larger species of camivores, communal defence of
young may reduce the level of predation of offspring (Lewis & Pusey 1997). For
instance, lionesses share communal créches to reduce the risks of infanticide from
intruding males (Packer et al. 1990). Anti-predator benefits, however, are more specific
for smaller species, particularly these which live in open habitat and are diurnal.

Predator detection (e.g. dwarf mongooses: Rood 1978; Rasa 1986a) or predator defence
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(e.g. banded mongooses: Rood 1975; meerkats: Macdonald 1992) can be more effective
if carried out in a groups rather than alone, especially in an open habitat (Hamilton
1971; Rood 1986). Hence, increased group size should result in reduced rates of
predation and lower investment in vigilance. Dwarf mongooses have shown reduced
levels of mortality due to predation (Rood 1986; Rasa 1987a) and reduced vigilance

rates in large groups (Rasa 1989a).

Theory predicts that animals living in open habitats such as savannah would be more
conspicuous to predators than solitary species living in dense and thick cover (Hamilton
1971). Quantitative comparisons of group size in differing vegetational types, revealed
that this pattern of association holds true across the order of carnivores (Gittleman
1989; Creel & Macdonald 1995). Moreover, qualitative comparisons of discrete
categories of social versus solitary viverrids found that social species generally live in

more open habitats (Gorman 1979; Rood 1986; Table 1.1).

Diurnality and living in an open habitat however, increase both the conspicuousness to
predators and vulnerability once detected (Rood 1986). Among the diurnal species of
mongooses (Table 1.1), those which are solitary are mostly found in thick or forested
habitats. The social species (banded, dwarf mongooses, meerkats) are found in open
habitats such as savanna (except for Crossarchus obscurus which is highly social
although a forest dweller; Ewer 1973; Kingdon 1977). In contrast, the majority of
nocturnal species are solitary and live in dense and forested habitats (Gittleman 1989);
there are no nocturnal social species. The evident pattern of association between habitat
preferences and sociality suggests these might have co-evolved in response to predator

pressures.
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1.1.2 Exploitation of food
Group living may also have evolved in order to improve food acquisition in a variety of
ways. Large groups may benefit from co-operative location of food resources (Ward &
Zahavi 1973); by increasing the chances of finding and catching prey (Schaller 1972,
Kruuk 1975); by increasing the diversity and size of prey (Kruuk 1972; 1975; Schaller
1972; Caraco & Wolf 1975); and by allowing individuals in groups to compete
successfully for food (Lamprecht 1978; 1981). These benefits hold for group-living
species in general and can be applied specifically to carnivores. Some of these
advantages are however, more specific to those carnivores whose diet includes also
larger vertebrate species. For example, carnivores of large and medium size often hunt
prey larger than the individual predator (lions: Schaller 1972; wolves: Mech 1970; wild
dogs: Fanshawe & Fitzgibbon 1993; spotted hyenas: Kruuk 1972). They co-operatively
defend kills against conspecifics and benefit by reducing inter-specific competition and
improving access to food patches. Larger groups of African wild dogs are more
successful in contests over kills or carcasses with hyenas than smaller groups (Estes &

Goddard 1967; Kruuk 1975; Lamprecht 1981; Fanshawe & FitzGibbon 1993).

These same advantages may not apply to those species whose diet includes a decreasing
percentage of meat and an increasing quantity of invertebrates (Gittleman 1989). For
instance, insectivorous species such as mongooses (dwarf mongooses: Rood 1983;
meerkats: Macdonald 1992; banded mongooses: Rood 1975) and bat-eared foxes were
not reported to hunt co-operatively for large prey or defend food patches (Malcolm
1986). However, larger packs of bat-eared foxes won intraspecific clashes with smaller
packs (Lamprecht 1979), suggesting that more insectivorous species might not need to
defend food patches, but instead rely primarily on scramble competition. Insectivorous

species may benefit from co-operative location of food.
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Experimental studies have shown that individuals forage more successfully by learning
from one another (Menzel 1971; Menzel & Juno 1985), and descriptive studies suggest
that contact calls by several insectivorous species (e.g. dwarf mongooses, slender
mongoose, Herpestes sanguineus; white-tailed mongoose, Ichneumia albicauda)
foraging in groups for invertebrates may communicate the location of new food

resources (Ewer 1973; Kingdon 1977).

Studies of the relationship between diet, activity and habitat type of group-living
carnivores suggest that selection for grouping operates through the distribution and
quality of prey in a given foraging area (Bradbury & Vehrecamp 1976; Kruuk 1978;
Macdonald 1983; Kruuk & Macdonald 1985; Woodroffe & Macdonald 1993; Creel &
Macdonald 1995). The degree of patchiness and temporal variability of resources have
been proposed to explain social breeding in some carnivore species of solitary foragers
(e.g.: badgers: Woodroffe & Macdonald 1993; red foxes: Macdonald 1981; brown
hyenas: Mills 1982; Carr & Macdonald 1986; Creel & Macdonald 1995).

Hypotheses suggest that abundant and high quality patches allow an individual to share
its home range at little cost. When patches become scarse and low in quality, costs of
food competition and social tolerance become too high and individuals are then found
in pairs or solitary (Macdonald 1983; Kruuk & Macdonald 1985; Creel & Macdonald
1995). An example of food abundance and concentration imposing a constraint on a
usually solitary species can be found in the Egyptian mongoose (Table 1.1). In East
Africa, this species usually forages alone or occasionally in small family groups, and in
some areas there are numerous records of larger groups (Rood 1986). Communal
breeding occurs in areas where food availability is very highly clumped and renewable

such as in rubbish dumps (Ben-Yaacov & Yom-Tov 1982) .
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Two primary characteristics of invertebrate prey items are important in mediating group
formation. Invertebrates often have a faster renewal or recolonisation rate than small
vertebrates (Waser 1981) and are often clumped in space such as in dung piles or ants
nests. As a consequence, an area is rarely completely depleted of food, allowing rapid
revisitation of patches. Furthermore, where resources renew quickly, there is little cost
to sharing (Waser 1980; Waser & Waser 1985) and group living is more likely (Rood
1986). Waser (1980; 1981), has shown that small grassland plots, where invertebrates
were completely removed, repopulated faster than the typical re-visitation interval of

invertebrate-eating carnivores.

The fact that the distribution of invertebrates is clumped is also important as such
animals would not compete over a single prey item because several are available at the
same time. In contrast, small vertebrate prey are more scattered in their distribution, less
abundant than invertebrates, and are less sustainable for larger packs as their renewal
rate is slow. A group of mongooses would find it difficult to find enough food for all
the individuals, if they were to exploit small vertebrate prey (Gorman 1979). Social
species of mongooses are mostly insectivourous while solitary species feed more on

small vertebrate prey (Table 1.1).

1.1.3 Costs of dispersal
Other selective pressures which may constrain individuals to living in a group are the
costs and benefits of remaining in a group versus those of dispersal. In many species of
mammals, social groups generally form by offspring postponing their departure and
remaining as non-breeders within the parental group, although groups in most social
breeding species include adult immigrants of at least one sex (Brown 1974; Gaston
1978; Waser & Jones 1983). Demographic and ecological constraints related to habitat
saturation might be such that dispersal leads to lower inclusive fitness than does

remaining in the family group (Hamilton 1964; Brown 1987; Emlen 1991; 1994). Non-
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dispersing individuals avoid mortality risks associated with emigration, both during and
after dispersal (Waser et al. 1994; reviewed in Waser 1996). Fatalities occurring during
dispersal, due to intraspecific fights when attempting to join a group or to encroach on a
new territory, are reported in large as well as in small carnivores species (Packer 1986),
the latter being more exposed to predation (Waser 1996). By staying in the natal group,
non-dispersing individuals might also secure opportunities to use high quality sites
adjacent to the natal range, or inherit all or part of the natal range (Brown 1987; Emlen
1994). Moreover, if non-dispersing individuals are closely related to the breeders,
staying and acting as 'helpers' might increase their inclusive fitness by caring for the
offspring (Emlen 1995). Helpers might augment their experience at parentage and
therefore improve their chances of future reproductive success (Rowley & Russell
1990; Emlen 1991). In some communally breeding carnivores, costs of reproduction
may force individuals to stay in the group, as the survival of young to independence is
strongly dependent on helpers (e.g. African wild dogs: Malcom & Marten 1982; dwarf
mongooses: Creel 1990). In these species independent breeding is unsuccessful when
there is no helper available, and therefore remaining in the natal group would be

selectively favoured (Brown 1987).

1.1.4 Reproductive skew
Dispersal and reproductive opportunities available to offspring in co-operatively
breeding species, may be dependent on the type of dominance hierarchy. This itself
determines how reproduction is distributed among group members (Reeve & Ratnieks
1993). The distribution of reproductive opportunities within a group has been modelled
theoretically (Vehrencamp 1983; 1984; Reeve & Ratnieks 1993; Keller & Reeve 1994).
These reproductive skew models, based on theory of kin selection (Hamilton 1964),
have been used to investigate factors shaping both invertebrate and vertebrate societies
(Vehrencamp 1983; 1984; Reeve & Ratnieks 1993; Keller & Reeve 1994). A critical

assumption of the models is that the dominant member(s) of the society control
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reproduction of the subordinates (Vehrencamp 1983; Keller & Reeve 1994). The degree
of reproductive skew is predicted to depend on the severity of ecological constraints.
These include; the breeding success of a subordinate on its own outside the group (costs
of dispersal and reproduction); group productivity; the degree of genetic relatedness
between group members; and the fighting abilities of individuals within the group

(Reeve & Ratnieks 1993).

Among co-operative breeding mammals reproductive skew can be seen as a continuum,
from 'despotic' societies of singular breeders to more 'egalitarian’ societies of plural
breeders (Keller & Reeve 1994). The degree of skew can be flexible, such that the
group structure changes predictably with ecological and social conditions (Emlen
1997). According to reproductive skew models (Keller & Reeve 1994), when ecological
constraints are strong, competition for resources is more intense, dominance hierarchies
are despotic and breeding is monopolised by a dominant single pair. Under these
conditions, subordinates are constrained to either stay in the group as non-breeding
'helpers' or disperse and attempt to breed independently. In these societies with singular
breeders, yearlings of one or both sexes may remain in the natal range as non-breeders
and help to rear the following year's litter of pups prior to dispersal and breeding

themselves.

This 'helper-at-the-den' system is found in silver-backed and golden jackals (Mohelman
1979; 1989), and in red foxes (Macdonald & Mohelman 1982). There is often variation
in the breeding opportunities across species: subadults and young adults which act as
helpers are usually reproductively suppressed, but sometimes attempt to breed.
However, their offspring are usually non-viable or are killed by the dominant female
(wolves: Mech 1970; Zimen 1976; dwarf mongooses: Rood 1986; Creel & Creel 1991,

and wild dogs: Frame et al. 1979; black prairie dogs: Hoogland 1995).
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When ecological constraints are weak, competition for resources decreases, societies are
more egalitarian, breeding is more equally distributed, and the reproductive skew is
low. Species that have such social organisation, where there is more than one female
breeding at the same time are termed plural breeders. Mature offspring can remain in
the group as helpers but also have the opportunity to breed (banded mongoose: Rood
1975; 1986; lions: Bygott et al. 1979; spotted hyenas: Kruuk 1972; Mills 1989). These
species exhibit a system of alloparental care similar to the singular breeder species

(Lewis & Pusey 1997).

When ecological constraints are low, individuals are not forced into a mutually
exclusive choice over whether to live in groups or not, as they would be if their survival
and reproduction outside the group were impossible (e.g.: dwarf mongooses: Rasa
1987; Rood 1990). The relative costs and benefits of group living can be more easily
examined in plural breeding species, where reproduction may be equally distributed
amongst group members and its variation can be measured and evaluated against a
background of ecological and social conditions. These characteristics make plural
breeding species more suitable for testing hypotheses concerning the evolution of

sociality.

1.1.5 Plural breeding
According to reproductive skew models (Vehrencamp 1983; 1984; Reeve & Ratnieks
1993; Keller & Reeve 1994), plural breeding should occur; if dominant females benefit
from retaining subordinate females in the group; and if, for subordinates, the relative
costs and benefits of breeding in the group, in terms of inclusive fitness, are sufficient to
outweigh those of dispersing and attempting to breed elsewhere (Vehrencamp 1983).
Plural breeding or low skew can be therefore predicted in the following mutually non

exclusive cases:
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1) When group productivity is greater and if it is in the interest of group members to
encourage each other to breed. Previous work on mongooses suggests that the main
benefits of group living in these species are co-operative vigilance and probably group
foraging facilitation. Both these lead to greater natality and increased juvenile survival
(Rood 1975; Rasa 1987; 1989a). Moreover, costs of reproduction (Creel & Creel 1991)
may affect group productivity. Assistance of other group membérs (e.g. males) is

essential for the care and survival of the offspring (Rood 1975; 1983).

2) When there is not a substantial difference in the fighting abilities of the members of
the group (Emlen 1995). Contest competition is likely to decrease (Wilson 1975) and
dominance relationships to break down when resources are super-abundant (Reeve &

Ratnieks 1993; Clutton-Brock 1998).

3) When ecological constraints, such as costs of dispersal, are medium or low. This may
occur when it is less costly for dominant females to offer subordinate females a greater
fraction of reproduction than to lose them. The probabilities of survival of emigrants
leaving a natal home range or social group are consistently difficult to measure (Waser
et al. 1994). In dwarf mongooses, results suggest that dispersal is the primary
alternative to tolerating reproductive suppression (Creel & Waser 1994). There are two
ways of dispersing: setting up a new group or joining an existing one. Individuals may
emigrate alone or in groups. Dispersal in groups may reduce mortality risks and
increase the chances of a successful integration into a new pack (Waser 1996). The
balance between the extent of reproductive suppression and dispersal is expected to

vary with demographic and ecological factors.

4) When group members are more distantly related. This is because daughters are (on
average) equally related to their own and their mother’s progeny, and so are essentially

indifferent between rearing siblings or producing offspring (Reeve & Keller 1995).
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Studies on several social carnivore species have shown that the degree of relatedness
among group members is high (Creel & Macdonald 1995). The degree of relatedness,
however, does not correspond to a highly skewed distribution of reproduction in all the
species analysed. Further genetic analyses and behavioural studies are necessary to
assess whether this prediction holds true for plural breeding species (e.g. banded

mongooses).

[.2 Aims of the study and study species

This thesis aims to investigate the extent to which ecological factors (predation
pressure, potential for dispersal, food abundance) affect individual survival and
reproduction, and to what extent members of this plural breeding system, co-operate or
compete. I will focus my work on the banded mongoose (Mungos mungo 1788, Gmelin)
and examine possible explanations for group living and plural breeding in this species,
using the predictions of reproductive skew models (Vehrencamp 1983). I will do this by
assessing the variation of demographic and behavioural patterns in packs of different

sizes.

The banded mongoose is a particularly appropriate species for this study as it lives in
groups and breeds plurally, with each female producing her own offspring. Litters are
raised communally by all members of the group participating in the care of the
offspring (Neal 1970; Rood 1974; 1975). With such a mating system, it would be
expected that the leverage of dominants on subordinates would be low and that this
should result in a loose dominance hierarchy. To adopt Vehrencamp’s (1983)
terminology, the banded mongoose society should display the attributes of an
‘egalitarian’ society where benefits are divided roughly equally or proportionately to the

risk or effort taken by an individual.

34



Chap. I. General introduction

Banded mongooses feed on a wide range of invertebrates which may be patchily
distributed, suggesting that intra-group competition will vary spatially and temporally.
Group size is variable (Rood 1986; Waser et al. 1995), which allows an assessment of
how costs and benefits vary with social group size. The species is diurnal and abundant
(Rood 1975) in the chosen study area. Its most common predators are birds of prey and
marabou storks (Leptoptilos crumeniferus), although attacks by terrestrial predators

such as lions and Egyptian mongooses have been recorded (Rood 1986).

1.3 Outline of chapters

The thesis is structured as follows. Chapter II includes a description of the study area,
details of the general methods of data collection, and statistical approaches. Chapter III
presents background demographic data of the population and tests how demographic
parameters vary in response to pack size. In Chapter IV, I investigate how dominance
status affects resource allocation to individuals within packs, examining the effect of
dominance rank on nutrition, survival, reproductive success and anti-predator
behaviour. The aim of Chapter V is to test whether large groups in banded mongoose
have evolved in response to predation. I examine the impact of predation by analysing
predator behaviour and factors affecting the responsive behaviour of mongooses. In the
final data chapter (VI), I explore the effect of spatial and temporal heterogeneity of food
resources on levels of competition and co-operation between individuals across packs of
different sizes. This is achieved by assessing the variation in body condition,
reproduction and survival. The intensity of competition and co-operation is also
assessed by analysing activity patterns in relation to different measures of food
availability and advantages related to pack size. Chapter VII summarises the most
important findings of the thesis and discusses the extent to which these findings support
the predictions of the models proposed to explain the evolution of plural breeding.
Finally I examine prospects for future research which have been generated from the

study.
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Table 1.1 Mongoose social structures and ecological traits

Genus Sociality Diet Activity Habitat  Litter size
cycle
Mungotinae
Mungos Groups I D S 4
Suricata Groups I D S 3
Helogale Groups [ D S 4
Cynictis Groups/pair ? [ D S 3
Crossarchus Groups ? I D F ?
Dologale ? [? D? S ?
Liberictiis§ Solitary I D? F ?
Paracynictis Solitary I N S 2
Herpestinae
Herpestes Solitary \% D F,;S 3
Atilax Solitary Vv.C N F,S* 3
Ichneumia Solitary [ N S 3
Rhynchogale Solitary I N S ?
Bdeogale Solitary [ N F,S ?
Galidiinae
Galidia Pairs ? \' D F ?
Galidictis Pairs ? \Y N F ?
Mungotictis Groups/pair ? [ D S ?
Salanoia§ Solitary [ D F ?

Key: group living: species that forage and den in groups containing more than one adult male and
female; solitary: species that normally forage and den alone or in temporary groups consisting of a
mother and her dependent offspring; pairs?: the male is an important part of the social unit and they are
often seen in pairs or family groups. They frequently forage alone. In Cynictis and Mungocinictis
individuals may be members of social units that are more complex than a simple family unit. F= forest,
S= savannah; D= diurnal, N= nocturnal; V= primarily small vertebrates, I= primarily insects,
C=crustacea; * near water; § exception species which are diurnal, insectivores and solitary (from Rood

1986; Gittleman 1989; Estes 1991) .

36



Chap. II. Study area and general methods

Chapter 11

Study area and general methods

37



Chap. 1. Study area and general methods

II.1 Study area
11.1.1 Location

The study was carried out in Queen Elizabeth National Park, henceforth referred to as
QENP, SW Uganda (Figure 2.1). The park lies across the equator (29° 45' E- 30° 15'E
Long.; 0° 30' S -0° 15' N Lat.) and covers some 1,978km? of the Western Rift Valley.
The topography is dominated by Lakes Edward and George which lie about 900m
above sea level, and by the 5100m peak of the Rwenzori Mountains. Mweya Peninsula
was chosen as the study area after a pilot study (De Luca 1991) confirmed that the area

had a high density of banded mongooses, as noted by Rood (1975) in a previous study.

11.1.2 Topography of the study area
Mweya Peninsula covers an area of 4.95km? and is bordered by the Kazinga Channel to
the East and Lake Edward to the West (see Rood 1975). The area is surrounded by
water except for the isthmus of Kanyeseswa to the North-East (Figure 2.2).The western
region is divided into two almost equal halves by a 33m fault. West of this fault the land
is low lying, at an average height of 15m above the lake level. The fault rises steeply
from these flats to the eastern plateau, reaching almost 50m above the lake level at the
highest point. Both areas and the rest of the fault are rather flat, with gentle undulations.
Several deep gullies covered in dense vegetation cut into steeper slopes. These are
generally attributed to hippopotamus activity, but which, may represent the lines of
former human paths, since they are matched by similar gullies on the opposite bank of

the Kazinga Channel (Spinage 1982).

11.1.3 Geology, soil and climate
The origin of the erosion in Mweya is attributed to Pleistocene sediments which lay
about 50m above the basal level of Kazinga channel, Lake Edward and Lake George
over which lie recent alluvial deposits (Bishop 1970). The type of sediments and

rainfall patterns were most likely responsible for the natural process of erosion. Soils at

38



$

>

% T
5

% & 3
g )"

?& @

3&

4# 8&C

2

% & 3
)2



VvV

@ A

| 14 +/@FFF



Chap. II. Study area and general methods

Mweya consist of sandy loams and sandy clay loams of the low to medium productivity

Ishasha Complex (Harrop 1960).

The climate is typically equatorial: seasonal variations in temperature and time of
sunrise and sunset throughout the year are small. Sunrise and sunset varies between
06:44 and 18:46 hours at the end of October to 07:15 and 19:15 hours in mid-February
(Rood 1975). Between August '95 and May '96 mean temperatures ranged between 22°
and 26.5°C, with mean maxima of 23° to 32.5° and mean minima of 21° to 27° (unpubl.

data; Uganda Institute of Ecology).

There are two rainy seasons (March-May; September-November) and two dry seasons
(December-February; June-August) each year. These result from the passage of the
Intertropical Convergence Zone (Nix 1983). Seasonality is less pronounced than in
many African ecosystems, with rain falling nearly every month, and the timing of wet
and dry seasons varying considerably between years (Balmford 1990). Total rainfall in
Mweya varies from 800 to 900mm per ‘year, lower than values recorded elsewhere
within the Park (Etoori 1986). Between July '95 and June '96, the mean monthly rainfall

varied between 47mm in September '95 and 131.6mm in November '95 (Figure 2.3).

11.1.4 Vegetation
Although the predominant habitat is fire climax vegetation and grasslands composed of
tall, perennial grasses over much of the Park, in Mweya there are no fires as grass cover
is constantly reduced by grazing hippopotami (Lock 1988). Sporobulus piramidalis is
the predominant species of grass found in the characteristic mosaic savannah. Thicket
associations of Capparis tomentosa with the candelabra tree Fuphorbia candelabrum
are common at Mweya (Figure 2.4; Lock 1988). Capparis tomentosa thickets are found
along the gullies, along the lake shore and are more abundant in the north-western part

of the Peninsula (Figure 2.2). They grow in association with Azima tetrecantha,
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Erytrococca bongensis, Hoslundia opposita and Pavetta albertina. The grass
community is changing since the thicket species are not eaten by hippopotamus, and so
thickets have spread in the last few years, increasing the size of thicket patches (Spinage
1982; Lock 1988). Thickets are very important in the ecology of the banded mongoose
as they provide shelter, escape cover, dens and are the location/habitat of many prey

items (e.g. small vertebrates and invertebrates).

11.1.5 Fauna and predators
The large mammal fauna of QENP is characterised by high biomass but low species
diversity (Petrides & Swank 1965). In terms of animals, the dominant species at Mweya
are hippopotamus (Hippopotamus amphibius), buffalo (Syncerus caffer), Defassa
waterbuck (Kobus ellipsiprymnus), warthog (Phacochoerus africanus) and bushbuck
(Tragelaphus scriptus). More occasional visitors are elephants (Loxodonta africana)
and giant forest hogs (Hylochoerus meinertzhageni); sightings of these species have

been increasing in recent years (Uganda National Park Records).

Among large carnivores, spotted hyenas (Crocuta crocuta) and leopards (Panthera
pardus) are common, while lions (Panthera leo) are less so. Amongst the smaller
carnivores, Egyptian mongoose (Herpestes ichneumon), white tailed mongoose
(Ichneumia albicauda), marsh mongoose(Atilax paludinosus), common genet (Genetta
genetta), African civet (Civettictis civetta) and the African wild cat (Felis silvestris) are

present. Several of these species have been recorded to predate banded mongooses

(Table 2.1).

A number of reptile species have also been recorded in Mweya, including the monitor
lizard (Varanus niloticus), pythons (Python sebae) and various other species of snake.
Also, crocodiles (Crocodylus sp.) can be seen along the lake shore. These are most

likely transient individuals coming from Lake Albert, since historically they had never
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previously been resident in QENP. Some of these reptiles have also been recorded to

predate banded mongooses (Table 2.1).

The avifauna is particularly diverse in the Park (Erickson Wilson 1995). Eighteen
species of potential avian predators of mongooses are recorded in QENP (Erickson
Wilson 1995). Seventeen of these are raptors, whilst the remaining species is the
marabou stork (Leptoptilos crumeniferus), which belongs to the Ciconiidae family
(Table 2.2) (Brown et al., 1986; Kingdon 1977; Kruuk 1972; Rood 1974; 1975, 1983).
Four of these raptor species have been observed capturing banded mongooses (Kingdon
1977; Rood 1975; this study), and four others capturing dwarf mongooses (Rasa
1989a). The remaining nine raptor species may be classified as potential mongoose

eaters according to their dietary contents and habits (Brown et al. 1986).

Other avian species also interacted with banded mongooses. Pied kingfishers (Ceryle
rudis) chased mongooses from their nests, whilst hadada ibis (Bostrychia hagedash)
Egyptian geese (Alopochen aegyptiacus), spotted stone curlews (Burhinus capensis),
crowned plovers (Vanelus coronatus), Senegal plovers (Vanellus sengallus) and
Kittlitz's plovers (Charadrius pecuarius) alerted mongooses of other species present in

the area, such as marabou storks, birds of prey, warthogs and humans.

11.1.6 History and human impact
The area surrounding QENP has been occupied by humans since the Middle Pleistocene
(Posnansky 1971). Remnants of fire use and stone-age culture, known as the Acheulean,
have been found in Mweya (Posnansky 1971). The first European explorers to reach
the area described a wealthy pastoral economy supplemented by trading in fish and salt
(Stanley 1890). According to Stanley (1890), euphorbia trees were planted by the
Wasongora people from the Katwe village to protect their herds from predators. In 1890

and 1919, a rinderpest epizootic greatly reduced wildlife and livestock numbers. Later

45



Chap.1l Study area and general methods

Table 2.1 Terrestrial predators of banded mongooses in QENP.

Common names Latin name Method Source
Mammals
Egyptyan mongoose  Herpestes ichneumon observed Rood unpubl ;
Kingdon 1977
Spotted hyena Crocuta crocuta faecal analysis Kruuk 1972
Lion Panthera leo observed Rood 1975;
Simpon 1964
Leopard Panthera pardus faecal analysis Simpson 1964
Reptiles
Python Python sebae observed Rood 1975;this study
Monitor lizard Varanus niloticus observed this study
Other snakes observed this study
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Table 2.2 Potential avian predators of banded mongooses known in QENP.

Common names Latin name Migrant Status Source
Martial Eagle Polemaetus bellicosus *Ax 1,2,3,4
Tawny Eagle Aquila rapax *rx 1.4
Long-crested Eagle Lophaetus occipitalis * 1
Fish Eagle Haliaaetus vocifer *xx 23
Black Kite Milvus migrans *x 4
Crowned Eagle Stephanoaetus uncommon, 1
coronatus T
African Hawk Eagle Hieraaetus spilogaster uncommon; ** 1
Black-shouldered  Elanus cearulens eats rodents, * 1
Kite
Peregrine Falcon  Falco peregrinus *x 1
Wahlberg’s Eagle Aquila wahlbergi (Aug-April) * 1.5
Bateleur Terathopius ecaudatus *x 1
Augur Buzzard Buteo rufofuscus *x 1
Lesser-spotted Agquila pomarina (April) *x 1.5
Eagle
Eurasian Marsh Circus aeraginasus (Nov-April) *x 1.5
Harrier
Steppe Eagle Agquila nipalensis (Oct-April) ** 1.5
Booted Eagle Hieraaetus pennatus ~ (Oct-April) ** 1
Hooded Vulture  Necrosyrtes monachus *x 1.4

Key: 1=Brown et al.1986; 2=Rood 1975; Kingdon 1977, 4=this study; 5=Rasa 1989.
Status***=known mongoose eater;**likely mongoose eater;*likely young mongoose

eater.
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epidemics of smallpox and sleeping sickness caused the evacuation of most of the
human population from Mweya and surroundings areas. The Park was gazetted in 1952
whereupon Park Headquarters and a tourist hotel were established in Mweya. In 1961,
the Nuffield Unit of Tropical Animal Ecology (renamed Uganda Institute of Ecology in
1972) was established to study tropical ecology, in order to provide guidelines for
management policies. The number of people and wildlife in the Park fluctuated

following the widespread civil disorders of the 1970's and early 1980's.

Apart from visitors, whose numbers vary seasonally, the permanent resident human
population in Mweya includes Park and hotel staff with their families, the researchers of
the Uganda Institute of Ecology and its employees with their families. The presence of
people on the Peninsula results in constant artificial food supplies in the form of rubbish
dumps. This provides supplementary food for banded mongooses and other predators

(Figures 2.2 and 2.5).

I1.2 General methods

11.2.1 Study period
The study was carried out between February 1994 and June 1996. When sufficient
personnel were available, up to three two-person research teams allowed simultaneous
collection of data from two or three packs. Most of the behavioural observations and

counts were carried out on foot.

11.2.2 Animal capture and immobilisation
Between April 1994 and July 1996, six packs (130 individuals across a total of 438
captures) were trapped and re-trapped on a regular basis. Individuals were captured with
collapsible cage traps (Tomahawk, Live trap Co. Wisconsin) and anaesthetised by an
intramuscular injection of a combination of 0.7mg/kg ketamine hydrochloride at 10mg

per ml ("VetalarT™", Parke Davis Lab.UK) and 0.9mg/kg medetomidine ("DomitorT™",
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SmithKline-Beecham, UK). After the procedure, anaesthesia was reversed using an
antidote to medetomidine at a dose of 0.9mg/kg injected intramuscularly, atipamezole
hydrocloride ("Antisedan™", SmithKline-Beecham, UK). No casualties resulted from

anaesthesia during the study.

11.2.3 Individual identification
When captured, individuals were marked permanently with a tattoo on shaved skin on
the inside thigh (International Market Supply "Light weight" tattoo machine) and with a
temporary coloured plastic collar to allow for visual identification at a distance (Figure
2.6). Animals were fitted with collars at 10-12 months: sub-adults and juveniles were
not fitted with collars due to the speed of their growth but were tattooed when they were
captured allowing for identification and collaring at subsequent recapture. Individuals
were called juveniles from the time of birth and emergence from the den, up until six

months of age.

11.2.4 Morphometry
Anaesthetised animals were weighed (to the nearest 100g) with a spring balance. The
following measurements were taken (to the nearest 0.lcm): head-body length was
measured from the tip of the snout to the base of the tail, using a rigid tape measure;
head width between the zygomatic process of the temporal bone and the frontal process
of the zygomatic bone; length and width of the left testis was also recorded using dial

callipers.

11.2.5 Assessing reproductive status

Animals could easily be sexed and their reproductive status was assessed as below.
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i) Pregnancy
Pregnancy was assessed through palpation of the belly giving an indication of the stage
of pregnancy. The number of foetuses could also be counted by palpation and their
body length measured, following methodologies previously developed for badgers
(Cheeseman et al.1987; Woodroffe & Macdonald 1995). Pregnant animals could also

be recognised visually by their distended sides (Rood 1980).

ii) Lactation
Lactation was assessed in sexually mature females by examining their mammary glands
for signs of milk production, and by palpating the teats to check whether the female had
lactated before. If females were lactating, they had swollen elongated teats; if they had
lactated previously, teats looked slightly extended but were dry. If the animals had
never lactated, the teats remained small (Creel et al. 1991). This criterion was used to
distinguish females which had completed a pregnancy from those which were

primiparous.

iif) Oestrus
Oestrus and mating were determined by the status of the genitalia. Oestrus females

exhibit swollen vulva and extended teats.

iv) Sexual maturity in males
Sexual maturity in males was assessed on each capture by monitoring the position of

the testes (scrotal or ascended). Males are considered sexually mature at about one year

(Haltenorth & Diller 1994).

11.2.6 Ageing animals
Wherever the date of birth was known, or could be accurately estimated by first

observation of an individual as a juvenile, real age was used. Animals whose date of
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birth was unknown were aged by examining the tooth wear of the upper carnassials,
molars and premolars. The canines in mongooses are often broken and are therefore not
a reliable indicator of age (Scott Creel, pers. comm:.). Relative tooth wear of molars and
premolars was assessed visually according to a crude scale; no tooth wear indicated
juveniles, subadults and yearlings (less than 12 months old), light wear meant adults
were a year old; light/moderate wear meant adults were over 18 months old; moderate
wear meant adults were over two years old; heavy/moderate wear meant adults were
over three years and heavy or very heavy wear meant adults were over four/five years.
This subjective ranking was calibrated comparing animals of known age. The ranking

assignment was tested between field workers to ensure that age ranking was the same.

11.2.7 Recording of locations and ranging behaviour
Banded mongooses can be very shy and as they live in areas of dense cover, locating
animals can be very time consuming (De Luca 1991). Therefore, one or two individuals
per pack were fitted with radio transmitters (Telonics Inc. Arizona USA, Model mMK7)
with a range of about 1000m. To locate the packs, two receivers (TR4, Telonics Inc.
Arizona USA) and two three-element Yagi antennas (Biotrack, UK) were used in

relatively open areas.

Radio collared individuals were located by ‘homing-in’ on the animal (White & Garrot
1990), following the increasing strength of transmitted signals until the collar-fitted
animals were observed. However, when the animals were in dense cover, precise
‘homing-in’ was not possible. In these situations, the location of the animals was
recorded by taking from three to six directional bearings obtained from known elevated
points and triangulating the bearings (White & Garrot 1990). In both techniques,
observations were always made over five metres from the animals in order to avoid

interfering with normal movements and behaviour.

52



Chap. II. Study area and general methods

The location of the animals fitted with radio transmitters was recorded on a map of
Mweya peninsula 1:5000, drawn from an aerial photograph taken in 1990 (Hansa
Luftbild) (Figure 2.2). An x-y grid was overlaid on the map dividing the area into 840 x
100m?2 quadrats. During the daily radio tracking observations of the packs (May 1995
to June 1996), the following data were recorded: quadrat location; the number of adult
individuals and the number of juveniles visible; and the identity of the individuals

visible. These data were recorded at intervals of every ten minutes.

1.2.8 Counts
All packs were observed at least once a month throughout the study, and in most
instances at weekly intervals. In 1995 and 1996, most packs were observed on a daily
basis, allowing the collection of accurate information on recruitment and disappearance
(mortality and dispersal). At each observation, the following data were recorded: 1)
identity of all known individuals (usually around 70% of the pack were observed within
a 20 minute interval); 2) pregnancies of individual females; 3) illness or injury in any
known individuals; 4) the number of unmarked individuals (adult/sub-adult/juvenile);

5) the location of the pack.

11.2.9 Habituation
During the initial stages of the study in 1994, packs were not habituated. Subsequently,
silent presence was maintained some 30-50m from the animals in order to habituate the
packs for observation. Animals became habituated over a period of months. By the end
of this year, however, habituation was not adequate for close observation. In 1995
therefore, another method of habituation was implemented which included minimal
food provisioning whenever the animals were located. This method worked best around

the research station where animals were already habituated to people on foot.
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As the degree of habituation was variable during the study, the collection of any
behavioural data was avoided until the pack stopped showing signs of increased
vigilance (e.g. when they stopped bobbing their heads up and down). Behavioural data
on the less visible packs were usually collected by watching from elevated areas or

hiding behind bushes.

I1.2.10 Behavioural observations
i) Scan sampling
Following six months of habituation to the presence of humans on foot, approximately
100 hours of scan sampling (Altmann 1974) were carried out on four packs
(approximately 25 hours per pack) between December '95 and June '96. At each five
minute interval, the time, location, pack identity, number of adult individuals and
juveniles, activity of all the pack members and the minimum and maximum distance of
individuals to cover were recorded. The minimum distance was the distance of the
closest individual to cover; the maximum distance was the distance of the individual

furthest away from cover.

Animal activities were categorised into the following criteria: foraging, scanning,
standing up on hind legs, resting, alarm calling, running for cover and mobbing.
Foraging was defined as searching for food, hunting (sniffing the ground and digging
the prey) and active feeding; resting was defined as lying flat on the belly or crouching.
In addition, mongooses also squat on their hindquarters with the forelegs extended, a

position they often adopt while ‘sunbathing’.

Vigilance activities such as scanning and standing up refer to different levels of
alertness. Scanning was usually performed from a squatting or lying position, the neck
being extended vertically and the animal looking around alertly (Rasa 1977). When a

potential source of danger was sighted, however, the animal became fully alert and
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stood on its hindlegs in a 'low' sitting position (Ewer 1963). When the danger was
partially invisible from this position, the animal adopted a ‘'high sit' position, standing
on extended hindlegs with the body stretched to the maximum and the forepaws
hanging limply downwards across the belly. Both low and 'high-sit' positions are
referred to as 'standing up'. In addition, an intense visual fixation of the object occurred
when the animal was standing on all four feet. It was indicated by a sharp up and down
flagging movement of the head, the head and neck being extended forwards parallel to
the ground and moving up and down in an arc of about 30° (Rasa 1977). When
possible, the identity of individuals was also recorded. Further details on other activities

are given in the relevant chapters.

i) Focal watches
Between December '95 and June '96, a total of 357 ten-minute focal watches were
carried out on 42 individuals within the four well-habituated packs (packs 1.1, 1.2, 2
and 3). At each 30-second interval, any change in activity was recorded. Each ten-
minute focal watch summarised the number of times the focal animal engaged in each
activity. To minimise disturbance, observations were made from beyond a minimum
distance of five to 15m according to the level of habituation of the focal animal. 4d
libitum observations (Altman 1974) were used to record critical events and are

described in each of the relevant chapters.

I1.3 Data analysis

11.3.1 Body condition index K
Body condition was calculated using an index initially developed for use on Perch,
Perca fluviatilis, (Le Cren 1951) and since then successfully used on otters Lutra lutra,
(Kruuk et al. 1987) and badgers Meles meles, (Woodroffe & Macdonald 1995). Body

weight is related to length by the following equation:
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W=all (1)

where W is the weight of the animal, L is its length and a and n are constants. The

expression can be expressed in logarithms as below:
logW =loga + nlogl. (2)

This equation was fitted to data on the weights and lengths of captured adult animals
using a simple regression, giving constants of a = 0.857 and n = 1.565 for females and
a=0.782 and n = 1.540 for males. The index of body condition K was then calculated

for each individual mongoose as the index of observed weight/expected weight:
K =W/ (aLl) 3)

Expected weights were calculated using equation 2. Thus, for a female mongoose of

1600g and 39.5cm in length,
K = 1600/ (0.857 x 0.3951.565) = 0.161.

11.3.2 Statistical approach
Data were entered and manipulated in Microsoft EXCEL 5.0. Statistical analyses of
parametric data were performed in Microsoft EXCEL 5.0 and GENSTAT 5 (version
3.2) statistical packages (Lane et al. 1987). Data were transformed to a normal
distribution where possible, however, when data could not be normalised, they were
analysed using non-parametric tests in Statview 4.0, or using generalised linear models
in GENSTAT 5 (version 3.2). Generalised linear models are powerful tools in statistical

analysis (Crawley 1993) and were chosen to analyse the parametric data where possible.
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Initially, the 'maximal' model was fitted to the data; this included all the measures and
interaction terms which were considered as explanatory variables. Each explanatory
variable was then sequentially dropped from the model, unless this significantly
reduced the variance (for parametric tests) or deviance (for generalised linear models)
explained by the model (tests of significance are discussed below). The final model was
one in which no more variables could be dropped without reducing the variance. This
model is the most parsimonious but adequate one and is termed the 'minimal' model.
Whenever data was over-dispersed, such that the residual deviance was greater than the
degrees of freedom, it was corrected by dividing by the scale parameter (Williams

1982).

Continuously normally-distributed response variables were analysed using linear
regression models. The minimal model was constructed as described above and the
significance of terms was tested using F ratios. For measures which were probabilities,
such as survival, pregnancy, or the occurrence of an activity, logistic regression models
were employed. In these models the variate for each individual, describing whether that
individual had survived, was pregnant or engaged in a particular activity, was set to zero
or one. As with standard linear models, the ‘maximal’ model was reduced until the most
adequate minimal model was reached. However, in a logistic model the significance of
a term is measured by a change in 'deviance', which is distributed approximately as 2,
with degrees of freedom equal to the change in the residual degrees of freedom due to
the exclusion of the term from the model. Once constructed, these models can be used
to predict the probabilities of the dependent variable. In these models the raw data is not

very informative in presentation. Hence, only the predicted relationships are presented.

A binomial error distribution was assumed for behavioural data such as the proportion
of individuals engaged in each activity at a given time. In this case the response variable

of the model was the proportion of individuals engaged in each activity weighted by the
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total number of individuals that could be engaged in that activity. The same applied to
data from focal watches, in which the proportion of times an activity was recorded was

weighted by the number of times it could have been recorded within the time interval.

Data showing a variance to mean ratio of approximately one, as for data on hormonal
concentrations, was analysed by fitting a Gamma error distribution (after Crawley
1993). Count data, such as number of dung beetles per dung item or number of
millipedes per pitfall trap, were analysed by fitting a Poisson error distribution. In these
models, the significance of each term was measured by a change in 'deviance', as %2
values. For all generalised linear models and parametric tests performed in GENSTAT
5, explanatory variables are specified as either continuous variables or multi-level
factors. Non parametric statistical tests were conducted as described by Siegel (1986)
and Sokal and Rohlf (1995) and are described in more detail in the methods section of
the chapter where they are being used. Non-significant models were not reported in

tables but only in the text. Terms were judged to be significant at the 0.05 level.
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Chap. III. Demography and social groups

II1.1 Introduction

Demographic processes (births, deaths, immigration and emigration), as well as the
demographic structure of individual social groups (age and sex ratio), can have ;1
profound impact on the ecology and behaviour of individuals living in that population.
(Dunbar 1988). Both aspects may have significant implications for the behavioural

decision of individuals living in groups.

The individual's decision of whether to remain in a group or to disperse is affected by
both size and composition of groups. There is ample evidence that individuals living in
large groups gain advantages due to social facilitation (Alexander 1974). Individuals in
large groups benefit from reduced predation risks and increased survival, through group

vigilance and improved food exploitation through co-operative foraging.

Increasing group size may also carry costs, due to high levels of competition when
access to specific resources is restricted (eg. low food abundance or limited availability
of a critical resource such as dens). Conversely, in co-operative breeding species,
insufficient group size can be responsible for reduced reproductive success and survival
(e.g. silver-backed jackals Canis mesomelas Mohelman 1986; white fronted bee-eaters
Merops bullockoides: Emlen 1991). More specifically, individuals breeding in small
groups may be unable to raise offspring if unaided (e.g.: as in wild dogs: Malcolm &
Marten 1982; dwarf mongooses: Rasa 1987a; Rood 1990) and are more exposed to risks

of predation (Rasa 1989a).

The diversity of costs and benefits experienced by individuals living in groups may also
be affected by group structure and composition. For example, the demographic structure
of a group may be important because individual reproductive decisions are ultimately
limited by the availability of partners (Dunbar 1988). A skewed sex-ratio can limit

breeding opportunities for the more abundant sex (wild dogs: Malcolm & Marten 1982;

60



Chap. III. Demography and social groups

baboons: Hausfater 1975), but it can also create a pool of potential helpers (Russell &
Rowley 1993). In species with high levels of reproductive investment, independent
breeding may be constrained and therefore the presence of potential helpers can be
advantageous for the reproductive success of an individual (Creel & Creel 1991; Creel

& Macdonald 1995).

While the effects of competition are ultimately translated into individual variation in
inclusive fitness (Hamilton 1964; Brown 1987), the trade-off between the costs and
benefits of group living can be assessed by studying the relationship between group size
and social responses (Verhencamp 1983; Creel & Macdonald 1995; Creel 1996, Waser
1996). Under any given set of ecological and social conditions, group size will
determine how individuals balance the net costs and benefits of remaining in a group,
with the net costs and benefits of emigration and establishing a new social group
(Pulliam & Caraco 1984; Emlen 1991). The modal or optimal group size will be the
outcome of the interaction of the parameter values that confer maximum inclusive
fitness to the individuals. In all social species, the optimal group size will therefore be a
compromise (Wilson 1975) and the decision of an individual to stay or leave a group
depends on individual characteristics such as sex and dominance rank within the group
(Pulliam 1976; Rasa 1987a) as well as with ecological and social parameters (Brown

1987).

Optimal pack size also differs for males and females due to different constraints.
Regular differences between males and females in behaviour, physiology and anatomy
as well as in reactions to environmental stress, have far-reaching implications. In the
case of social species such as banded mongooses, female reproductive success may be
strongly related to the density of males since males are involved in the care of the
offspring (Rood 1974; 1983). This partial division of labour frees lactating females,

which are able to spend more time foraging and replenishing nutrient reserves needed
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during lactation (Rood 1974; 1975). As mongooses breed communally, and females
produce synchronous litters (Rood 1975) which are communally suckled (Neal 1970),
females are likely to be more successful in packs with a larger number of males.
Whereas the presence of additional males might help a female raise young, the presence
of additional females with offspring would impose costs due to increased feeding
competition between young and between mothers; reduced time per capita allocated by

males to the care of offspring and less time for feeding (Rasa 1987a; Dunbar 1988).

Males are likely to have different constraints with respect to pack size than females.
Males with unrestricted access to females would benefit from packs with larger
numbers of females than males, since this reduces the costs associated with competition
for mates (Clutton-Brock 1989). However, high numbers of females could also increase
competition for food and reduce survival of male offspring (MacFarland Symington

1988).

Optimal group size will not only differ between sexes but will also differ for
subordinates and dominants (Pulliam 1976). In dwarf mongoose, dominant individuals
require sufficient helpers for vigilance and group protection and to help in raising and
protecting young. Since dominants have priority in access to food over subordinates,
resource depletion or availability may be less important for them than for subordinates,
and so costs of tolerating subordinates are likely to be low. For this species, optimal
group size for dominants has been calculated at around 11 individuals (Rasa 1987a).
Subordinates which are engaged in group protection, vigilance and baby-sitting also
face lower costs per capita in large groups, reducing both the time invested in these
activities by subordinates, and risk (e.g.: predation) associated with these activities.
Moreover, if appropriation of food by dominants occurs frequently, the costs of this to
subordinates 1s reduced in proportion to their numbers. Dwarf mongoose groups are

actually larger than the hypothetical optimum calculated by Rasa (1987a). This greater
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size may reflect the optimum group size for subordinates whose presence increases the

chances of survival and reproductive success for the dominants.

Ecological conditions can also limit optimal group size. For example, pied kingfishers
at Lake Naivasha and at Lake Victoria in Kenya were found to have different optimal
family group size in different ecological environments. In Victoria, looking for food
was more energetically demanding and group size included both ‘primary helpers’ and
'secondary helpers’. In Naivasha, meanwhile, where fish were easier to catch, the family

groups were smaller and included only ‘primary helpers’ (Reyer 1980; 1984).

Even when ecological factors (eg: food) are not limiting, no population or group can
grow indefinitely; sooner or later the number of animals in a group or population will
reach the carrying capacity of the area (Dhondt 1988; Dunbar 1988). These limits may
not be reached in social species since complex interactions such as food depletion,
interference and predation act as regulators and increase the individual costs of sociality

to the point that individuals opt for emigration.

Individuals may emigrate from large groups, or very large groups may split, when the
sum of the costs of living in a group of super optimal size, outweighs the benefits (Rasa
1987a; Rood 1987; Waser 1996). For instance, in large groups very high natality may
result in increased conspicuousness to predators and greater mortality of both juveniles
and adults due to predation, hence reducing the benefits of group living (Pulliam &
Caraco 1984). In dwarf mongooses, Rasa (1987a) found that very large groups had to
travel longer distances to ensure food for all the individuals, thereby reducing benefits
of group foraging. Thus the greater individual energy expenditure involved in travel and
food exploitation, rather than the depletion of food per se is probably the limiting

constraint on group size in dwarf mongooses (Rasa 1987a).
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The costs and benefits of sociality associated with living in groups of varying size and
social composition should, ideally, be measured in terms of the relative inclusive fitness
of individuals living in these groups (Creel & Waser 1994; Lucas et al. 1997).
However, such a detailed analysis is not always possible. Assessing individual
reproductive success in banded mongooses poses a number of difficulties. Groups
include multiple males, and females mate with more than one male in an oestrus cycle
(Rood 1975). Females are plural breeders and breeding is often synchronised making
identification of the young problematical. Young are too small to mark, and nursing is
communal and rarely observed, so even indirect assignment of maternity is usually not
possible. These problems could be answered through a genetic analysis of offspring and
potential parents to determine maternity and paternity, however, this was not possible

within the confines of this study.

An alternative approach, therefore, is to examine the relationship between group size
and several demographic parameters (e.g.: fecundity, juvenile survival, adult survival,
and dispersal) which both directly and indirectly affect reproductive success of
individuals and packs. Some of these parameters can be examined directly, others can
be assessed indirectly by measuring physiological parameters. For instance, a
commonly used physiological parameter is body condition, which is a key factor
determining female fertility in mammals (Sadleier 1969; Belonje & van Niekerk 1975;
Andersen et al. 1976; Albon et al. 1986). Other factors which influence the costs and
benefits of sociality include the effect of dominance rank, anti-predator behaviour, and
the availability of, and access to, food. These factors also interact with demographic

variables and will be considered later.

In this chapter I test the hypothesis that there is an optimal pack size for banded
mongooses. I do this by studying the relationship between social group size, defined

here as the number of individuals that regularly associate together and share a home
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range (Gittleman 1989), and variation in body condition, fecundity, juvenile survival
and adult survival. The following predictions resulting from the hypothesis are tested in

this chapter:

1) Males and females in large packs should have better body condition due to benefits

from group facilitation (Pulliam & Caraco 1984).

2) Females are expected to compete more actively for resources in larger packs since
female reproduction is more heavily reliant upon body condition than male reproduction
(Gunn & Doney 1975; Clutton-Brock et al. 1982; Albon et al.1983). Thus, as group
size Increases:
a) female body condition should be negatively affected by an increase in the
relative number of females per pack, due to increased foraging competition and
a decrease in individual benefits due to male helpers (Rood 1974; Rasa 1987a;
1989a).
b) female body condition should be positively affected by an increase in the
relative number of males, since this reduces female investment in the care of the
offspring allowing greater opportunities for feeding (Neal 1970; Rood 1974;
1980).

3) Male body condition should be negatively affected by an increase in the relative
number of males per pack due to an increase in male-male competition, whilst male
body condition should be positively affected by an increase in the relative number of

females in the pack due to a decrease in male-male competition (Clutton-Brock 1989).

4) The effect of group size on reproduction should be mediated by body condition,

resulting in a group size optimal for reproduction.
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a) Females in better body condition before conception should have a higher
chance of becoming pregnant (Frisch 1978; 1984).

b) Females in better body condition before conception should have a higher
number of foetuses.

c¢) Natality and juvenile survival should increase as a result of group foraging

facilitation and group vigilance (Brown & Brown 1981; Rood 1990) .

5) As group size increases adult survival should increase to the point when costs of
sociality should be higher than benefits. Therefore:

a) adult survival should be greater in larger packs;

b) disappearances of individuals from a pack due to fission or group dispersal

should be greater in larger packs (Rood 1987).

A description of the general demographic features of packs will be given before testing

the above predictions.

I11.2 Methods

/1l.2.1 Data collection

Data from counts, trapping and handling, and daily observations allowed a
reconstruction of the life histories of the individuals of the Mweya packs over the study
period from February 1994 to July 1996. Counts, techniques of capture and
immobilisation, individual identification, morphometry, assessment of reproductive
status, body condition, age in females and males, radiotelemetry and the study area are

described in Chapter 1.
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i) Observations on causes of mortality or disappearance

Observations on causes of mortality or disappearance were assessed by grading whether
mongooses were ill, (limping or sneezing and difficulty in following the pack) or if they
were attacked by predators. Disappearances were classified as ‘known death’ when
animals were seen to be ill or dead; ‘known dispersal’ when animals had emigrated and
were later seen in a new home range different from the natal pack; ‘p%esumed death’
when the destiny of the animals was unknown; ‘presumed dispersal’ when healthy

individuals of the same age and/or sex disappeared at the same time.

i) Radio-locations
The radio-locations used in the analysis of home range size were collected within a one
hour interval during a 13-hour cycle. Sixteen cycles of radio-location were recorded
between October 1995 and June 1996. On each cycle, on each day all the packs were
located within the same hour interval or consecutive interval, starting the cycle at day
one between 7:00 and 8:00 in the morning and completing at day 13 between 18:00 and
19:00 hours.

Il1.2.2 Data Analysis

i) Grid cell method

As part of this study, some data collected on home range use by myself and other
members of the research team, were analysed by an assistant from the University of
Rome, D. Ottaviani. A grid cell count methodology was used to estimate home range of
the packs (White & Garrott 1990). This method uses a non-parametric approach, where
no assumptions are made relative to the shape of the area utilized. The area over which
an animal has moved is dissected by a grid of cells or blocks. As previously mentioned

(Chapter II) the study area was divided into 840 x 100m2 quadrats. For each pack, the
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number of locations within each cell was tabulated for all cells and the sum of the
areas of cells containing locations was taken as the estimate of the home range area

(White & Garrott 1990).

ii) Inter-pregnancy intervals

Inter-pregnancy intervals were normally distributed. The length of inter-pregnancy
interval for each female was calculated as the number of days between two consecutive
pregnancies, and was used as the dependent variable in a multivaniate regression
analyses. The annual average pack size and the identity of females were included as
independent variables. Because the effect of pack size may not to be linear, the square
of the pack size was also fitted to the model. The number of females per pack and its

square were also fitted in a separate model.

To investigate whether pregnancies were synchronised within each pack, the observed
and expected proportions of pregnant females were calculated in each three-month

interval and tested for significance using a G-test (Sokal & Rohlf 1995).

iii) Body condition models

The body condition index K (see Chapter II), used as a measure of body condition, was
normally distributed. Therefore, it was analysed using multiple linear regression
models. In each model body condition was set as the dependent variable, whilst pack
size and the square of pack size were fitted as independent variables, whilst controlling
for reproductive status of females (fitted as a categorical variable; non-reproductive,
pregnant and lactating). The same analysis was repeated for females within each

different reproductive status and repeated fitting the number of females and its square
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and the number of males per pack and its square. These were recorded at the time of the

body condition measurements, whilst controlling for the effect of pack size.

In a separate analysis male body condition was fitted as a dependent variable in a model
with the number of males per pack and the number of males? as independent variables,
controlling for the effect of pack size and the number of females per pack, to test

whether male-male competition increases with male number.

Finally, to test whether male-male competition declined as the number of females per
pack increases, male body condition was fitted as the dependent variable in a model
with the number of females per pack and the number of females? per pack fitted as
independent variables, controlling for the effect of pack size and number of males per
pack. In all models, the identity of the individuals was initially fitted to test for

individual effects and then dropped from the minimal adequate model if not significant.

iv) Reproduction

The effect of body condition on conception was studied using a binomial model. For the
analyses of reproductive parameters, the study was divided into nine three-month
intervals, since this corresponds to the minimum interbirth interval for banded
mongooses (Rood 1975). In each time interval, each female in each pack was scored as

'1" if she became pregnant and '0' if she did not.

A generalised linear model with binomial errors was fitted to the body condition prior
to conception as an explanatory variable. The preceding time interval was chosen, rather
than the time interval in which pregnancy was evaluated, to reflect the time lag between

conception and pregnancy.
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A similar analysis was used to investigate whether the chance of pregnancy was related
to pack size. Again the binomial variate reflecting whether a female conceived or not
was fitted as the dependent variable, while the independent variables were average pack
size and pack size squared in the interval in which pregnancy was assessed, controlling

for the identity of the females.

Finally, whether females in better body condition prior to conception were more likely
to have higher number of foetuses was tested by correlating the number of foetuses
carried by all the females to the body condition of females prior to conception, using a

Spearman rank correlation.

v) Natality and juvenile survival

Whilst individual offspring production could not be assessed, it was possible to measure
pack production therefore the number of offspring born in every three-month interval
per pack was correlated to pack size using a Spearman rank correlation. Disappearance
of juveniles less than six months old was likely to be due to mortality as juveniles were
never observed to disperse either in this or previous studies (Rood 1975). To test
whether juvenile survival was greater in larger packs, the binomial variate of whether
each juvenile born survived in each three-month period was fitted in a model with pack

size and packs size2 as independent variates.

vi) Adult survival and dispersal

To test the prediction that adult survival was greater in larger packs, individual survival
was scored as ‘0’ if an individual disappeared during the study dead or as ‘1’ if an
individual was still alive at the end of the study. Survival was fitted to a logistic

regression model with average pack size and its square as independent variables. The
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pack size corresponded to an average value recorded within the three months interval to
take into account the effect of pack size variation at the time of disappearance. Age and
sex were also fitted to the model as categorical variables (subadult and adult; males and

females). Only ‘known’ and ‘presumed’ deaths were included in this analysis.

To test whether dispersal occurs as a response to increasing pack size, the above model

was re-run with individuals which dispersed (known and presumed) now scored as ‘0’.

I11.3 Results

111.3.1 Variation in age and sex composition

The proportion of adult males and females per pack changed little between time
intervals (Table 3.1). However, the average sizes of packs 1 and 2 changed dramatically
according to fluctuations in the number of sub-adults and juveniles in the pack. Mean
pack size ranged between 15.4 adults and 20.7 adults, sub-adults and juveniles. The

adult sex ratio was strongly biased towards males (012=15.06, P<0.001).

111.3.2 Pack histories and fission

Average adult pack size of packs 1 and 2 changed substantially between intervals due to
three episodes of emigration of individuals. At the beginning of the study (February
‘94), six individuals emigrated from pack 1 (Figure 3.1), generating pack 3. Another
fission from pack 1 occurred in September ‘95: a group of five males emigrated and
formed pack 1a after three unknown individuals (two females and a male) immigrated
into their home range. Finally, in pack 2, nine females and a male disappeared at the

same time and this was presumed to be group dispersal.
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Table 3.1 Age and sex composition of the focal packs of Mweya. Values are averaged

over nine months interval.

Year Pack M F Sub Juv Ad Ad,Sub,J
Dec.’%4 1 16 5 4 3 21 28
2 12 10 12 4 22 38
3 3 3 6 6
4 13 5 3 18 21
Sept.’95 1 16 5 3 4 21 28
2 12 10 3 6,5 22 315
3 4 3 7 7
4 13 5 4 18 22
5 5 6 11 11
June ‘96 1=1b 14 7 5 8.6 21 34.6
2 12 11 3 7 23 33
3 2 3 S 5
4 13 6 2 2 19 23
5 4 45 6 9 15
la 6 2 8 8
total 145 86 32 48.1 231 245
mean 9.6 5.73 2.13 3.2 15.4 20.74
SD 5..009 2.737 3.4 2.104 6.801 11.37
Sex ratio 0.83

Key: Ad=adult, Sub=sub-adult, J=juvenile. Sex ratio expressed as proportion of males.
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Chap. Ill. Demography and social groups

Table 3.2 Adult Disappearances. The number in brackets are the size of the dispersing

groups.

Causes N. individuals Males Females
(N=38)
known death 4 3 1
presumed death 6 3 3
Total 10(25,64%) 6 4
known emigration of singletons 1 1
presumed migration of singletons 1 1
known emigration in groups 11(6,5) 8(3,5) 3(3)
presumed emigration in groups 15(10,3,2) 5(2,2,1) 10(8,1,1)
Total 28 15 13
(74.35%)
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Chap. III. Demography and social groups

Adult disappearances attributable to known and presumed mortalities were only eight
percent whilst 23% of individuals in the population disappeared because of emigration
(N=125; Table 3.2). Most dispersal occurred in groups of two or more individuals
(93%), while only seven percent of individuals dispersed alone. The sex ratio of
disappeared individuals was approximately 1:1 (012=0.4, NS). Dispersing individuals
which remained in the study area did not move large distances. Pack 3 established its
home range adjacent to their natal home range and individuals of pack 1A only moved

about 1000m away from their natal home range (Figure 3.2).

1ll.3.3 Home range size

The average size of home ranges was 600 m2 (Table 3.3). Home range size may have
been affected by food availability: the four smallest home ranges enclosed an artificial

food supply, whilst the largest home range did not enclose any such extra food supply.

1ll.3.4 Reproduction

i) Natality and juvenile survival

Overall, only 26.5% of the juveniles born survived the duration of the study (N=148). In
packs of 10 or less no juveniles survived (Table 3.4). On average each pack had two
litters per year, but a maximum of four litters were recorded. Higher numbers of litters,
newborns and surviving juveniles were recorded in 1995 and 1996 as opposed to 1994.
The annual juvenile survival rate increased from 25% in 1994 to 29% in 1995 (Table

3.5).
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Table 3.3 Home range sizes. Areas are calculated using all radiolocations excepting
those which were within the home range but not used by the animals. The
average pack size was calculated over the period October’95 and June “96.

Key: A=artificial food supply e.g.rubbish dump; N=natural food supply.

Pack Number of radio m2 Average Type of
locations pack size food supply
1B 176 530 21 N,A
1A 186 560 8 N,A
2 190 500 225 N,A
3 162 550 6 N,A
4 188 810 18.5 N
5 189 500 10 N
mean 181.8 575
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Table 3.4 Natality and juvenile survival rates for packs in Mweya in three month

intervals. * (Mike Cant pers. comm.)

Pack Int. Packsize F M Subadults New born N°surv. % surv

1)
1 1 21 5 16 0 9 0 0
1 3 24 5 16 3 1 1 1
1 4 25 6 16 3 5 2 04
1 6 25 5 16 4 4 0 0
1.1 7 21 S 14 2 6 h) 0.83
1.1 8 24 4 4 1
1.1 9* 23 7 14 2 28 19 0.67
1.2 7 10 2 6 2 3 0 0
1.2 9 8 2 6 0 3 0 0
2 2 33 10 13 10 5 5 1
2 3 29 10 12 7 5 1 0.2
2 4 26 1 1 1
2 6 25 10 12 3 10 0 0
2 7 24 10 12 2 13 3 0.23
2 9 26 12 11 3 11 1 0.09
3 6 6 3 3 0 2 0 0
3 7 6 3 3 0 1 0 0
4 3 18 3 0 0
4 5 19 8 0 0
4 6 19 2 2 1
4 8 19 2 0 0
5 6 10 3 4 3 2 0 0
Table 3.5 Summary of annual natality and juvenile survival rates.
Year N° of litters N°new born N°survived  N° new Annual

born/litter  survival rate

1994 8 35 9 43 25%
1995 12 62 18 5.16 29%
June 1996 7 51 26 7.8 51%
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Chap. Il Demography and social groups

Table 3.6 Effect of pack size on the body condition (K) of males (model a), N=212)

and females (model b), N=132): results are depicted from multiple

regression analyses.

Model a) Males

Terms Estimate SE F df Significance SS
Residual 160 0.034

Identity * * 2.14 58,218 0.001

Pack size -0.0002 0.000 0.67 1,161 NS

Pack size2 0.0001 0.000 6.11 1,160 0.014

Total model 3.62 60,160 <0.001
Model b) Females

Terms Estimate SE F df Significance SS
Residual 44 0.025
Reproductive * * 2,80 12.08 <0.001

status

Identity * * 1.54 40,118 0.039

Pack size -0.0000 0.001 0.01 1,79 NS

Pack size2  0.0001 0.000 5.98 1,78 0.017

Total model 4.16 44,78 <0.001
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Chap. III. Demography and social groups

i) Oestrus and pregnancy

The onset of oestrus was one to two weeks postpartum in this study as in Rood's (1975)
and the length of the inter-pregnancy interval ranged between four weeks and 13
months (Figure 3.3). Eighty percent of the 54 females in this study had inter-pregnancy

intervals of below six months.

Although the length of the inter-pregnancy interval was not significantly related to pack
size or female identity (average pack size: F| 3= 0.14; average pack size?: F; 53=0.05;
female identity: Fy3 5;= 1.24, for all NS), there was a quadratic relationship between
inter-pregnancy interval and the total number of females per pack (number of females
per pack: Fy 5= 0.24, NS; number of females per pack?: F 5;= 4.42, P=0.04). As the
number of females per pack increased to six, the inter-pregnancy interval decreased to

120 days (Figure 3.4), increased again beyond this point.

An analysis of the pregnancies recorded in each three-month time interval within each
large pack (packs 1, 2, 4, 5) shows significant synchronisation (packl: G=8.426 df.1 ;
pack 2: G=9.608 df.1; pack 4: G=5.138 df.1; pack 5: G=4.27 df.1 for all P<0.001).
These analyses could not be conducted on small packs because of the low number of

pregnancies recorded.

111.3.5 Body condition of individuals in packs of varying sizes

The body condition of males in the smallest and largest packs was better than that of
males in packs of intermediate size (Figure 3.5 and Table 3.6a). Similarly, the body
condition of females in the smallest and largest packs was better than that of females in
intermediately sized packs (Table 3.6b). Reproductive status (non-reproductive,
pregnant, lactating) was also significant, and lactating females were in worse condition

than non-reproductive and pregnant females (Table 3.6b).
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Table 3.7 Effect of pack size on the body condition (K) of non-reproductive females:

results are depicted from a multiple regression analysis, N=72.

Terms Estimate SE F df Significance SS
Residual 39 0.004
Identity * * 244 32,39 0.004

Pack size -0.001 0.001 2.55 1,40 NS

Pack size 2 0.0001 0.000 6.62 1,39 0.014

Total model 2.46 39,40 0.004
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When the analysis was restricted to females within each reproductive status, the body
condition of non-reproductive and lactating females was significantly associated to pack
size through a quadratic relationship (Tables 3.7; lactating females: pack size Fy 4=
0.05, NS; pack size? Fi13= 595, P=0.05; Figure 3.6). The condition of non-
reproductive and lactating females in the smallest and largest packs was better than that
of females in packs of intermediate size. However, the condition of pregnant females
showed a positive linear relationship with pack size. In these females, the bigger the
pack the better was the body condition (pack size pack size Fy 3;= 10.51, P=0.018;
pack size? F 3= 0.24, NS).

All the analyses above controlled for the identity of the males and females where
significant (Table 3.7). However, these effects were only significant for non-

reproductive females (Table 3.7).

i) Does female-female competition increase with an increasing

number of females per pack?

The body condition of non-reproductive females showed a significant positive and
linear relationship with the number of females per pack (number of females per pack:
F} 33= 7.18, P=0.011; number of females? per pack: F| 33= 3.55, NS), controlling for
the identity of the non-reproductive females, pack size and number of males. However,
the body conditions of both pregnant and lactating females were not affected by the
number of females (pregnant females: number of females per pack: Fyjg= 1.22;
number of females? per pack: Fj 7= 0.64; lactating females: number of females per

pack: F 1= 1.47; number of females? per pack: F1,10=0.03, for all NS).
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i) Do females gain from an increase in the relative number of

males in packs ?

The body condition of pregnant females was significantly associated with the number of
males per pack (number of males per pack: Fq 3= 0.01, NS; number of males2 per
pack: F) 7= 5.16, P=0.031). Pregnant females were in better condition when they were
in packs with lower or higher number of males. However, the body condition of non-
reproductive and lactating females was not affected by the number of males per pack
(non-reproductive females: number of males per pack: F; 37= 2.58; number of males?
per pack: Fq3¢= 0.42; lactating females: number of females per pack: F; jo= 1.08;
number of females? per pack: F; ;o= 0.01, all NS), controlling for pack size, the number

of females per pack and the identity of the females where significant.

iii) Does intra-male competition decline as the relative number of

females increases or the relative number of males decreases?

The body condition of males was positively associated to the relative number of females
per pack (Table 3.8), controlling for the male identity, pack size and the number of
males per pack. Males in packs with a greater number of females had better body

condition than those in packs with a smaller number of females.

The body condition of males was also positively associated with the number of males
per pack (number of males per pack: F; 157= 4.04 P=0.046, number of males2 per pack
F1 157= 0.51, NS), controlling for the effects of male identity, pack size and the number

of females per pack.
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Table 3.8 Effect of number of females per pack on the body condition (K) of males:

results are depicted from multiple regression analysis, N=212.

Terms Estimate SE F df Significance  SS
Residual 157 0.0242
Identity * * 2.17 57,216 <0.001

Pack size2 0.0001  0.0000 611 1,160 0.014

N° of females per  0.00445 0.0020 5.21 1,158 0.024

pack

N° of females?2 0.0006 0.0003 243 1,157 NS

per pack

Pack size -0.0002 0.0003 0.67 1,161 NS

Total model 3.75 61,159 <0.001
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Chap. III. Demography and social groups

I11.3.6 Is there an optimal pack size for reproduction?

The chances of becoming pregnant were not significantly related to female body
condition in the time period before conception (effect of body condition % 2=0.03, NS
N=71), controlling for the female identity ((3,2= 50.14 P<0.025 N=42). Therefore,
females in better body condition before conception did not have a significantly greater
chance of becoming pregnant. Furthermore, there was no relationship between body
condition before conception and number of foetuses conceived (rs=0.643, NS, N=8).
Neither did pack size affect the chances of becoming pregnant (pack size y2,=0.9; pack
size2 %2,=3.6 N=71) controlling for the effect of female identity which was not
significant () 392= 43.9, NS; N=41), and so females in larger packs were not more likely

to become pregnant.

The number of newborn recorded per pack in each three-month period was marginally
correlated to pack size (rs=0.422, P=0.053, N=23). Figure 3.7 shows that in packs
smaller than 18 individuals, no juveniles ever survived. In packs larger than 18, there
was a large variation in the number of juveniles that survived, although pack size did
not significantly affect juvenile survival (pack size % 2=2.82; pack size? 7,2=0.11, for

both NS; N=135).

111.3.7 Is there an optimal pack size for adult survival?

When the analysis of adult survival was restricted to known and presumed mortality,
survival was not significantly related to pack size (pack size y2=0.72; pack size2
%12=0.05 for both NS, N=122). All individuals, irrespective of the size of their pack,
had a very high chance of survival (Table 3.2). However, when disappearances due to
emigration were included in the analyses, the chances of adult survival or adults
remaining in a pack was significantly related to pack size (Table 3.9 and Figure 3.8). In

packs of 20 individuals, the chances of remaining in the same pack declined sharply.
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Table 3.9 Effect of pack size on the probability of adult disappearences: results are

depicted from multiple regression analysis (N=122).

Terms Coefficient SE Change in x2 df Significance
deviance

Pack 0372 0.186 36.40 36.40 1 <0.001

Pack 2 -0.014 0.005 9.20 920 1 <0.005

Age 0.512 0.768 0.50 0.50 1 NS

Sex -0.784 0.544 2.20 2.20 1 NS

Age sex 0310 1.550 0.00 0.00 1 NS

Total model 156.6 156.6 131
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Chap. III. Demography and social groups

I11.4 Discussion

Findings presented in this chapter showed that banded mongoose in Mweya accrued
benefits in large packs. They had better body condition, reproductive potential, and
greater natality in large packs compared to small ones. However, there was not a
marked effect of pack size on reproduction or disappearance. This was most likely
because of confounding effects due to ecological factors (see Chapter VI). Nonetheless,
there appeared to be an optimal pack size beyond which individuals were more likely to

emigrate.

1l1.4.1 Reproduction

The prediction that individuals in larger packs had better body condition was supported
by some of the analyses: the quadratic effects of pack size on the body condition of
males and both non-reproductive and lactating females, and the linear relationship
between the condition of pregnant females and the pack size. Individuals in large packs
share activities such as vigilance (see Chapter V; Figures 5.8a and 5.8b), and have a
greater time available to foraging, improving food acquisition (Pulliam & Caraco 1984;
see also Chapters VI). However, individuals in small packs also had good body
condition. This could either be due to a reduction in foraging competition (see Chapter
VI) or to a reduced energy investment in reproduction since females in small packs

lactated for a shorter time as offspring did not survive (Table 3.4).

The main benefit of larger packs was probably greater natality. Although there was no
significant effect of pack size on juvenile survival, this was most likely due to the high
variability in the reproductive outputs of large packs (Figure 3.7, see also Chapter VI).
Previous studies have shown that individuals in large packs can more easily meet the
costs of reproduction (Creel & Creel 1991) by sharing the costs of raising the offspring

through communal care (Rasa 1989b). Juveniles in large packs were escorted by an
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adult individual for the first four/five weeks following the emergence from the den
(Rood 1975; see also Chapter IV). These adults were often seen offering prey items to
the juveniles. Presumably in smaller packs, less time is devoted to hunting prey for
offspring. The number of potential care givers per se was not the only determinant of
juvenile survival; other effects are discussed in Chapter VI. Predation was a major cause
of juvenile mortality in this study, and is discussed in Chapter IV. Other causes of
juvenile mortality of banded mongooses such as flooding reported in Transvaal (Sadie

1983) were not recorded in this study.

Males and females benefited in different ways from group living according to relative
abundance of members of the opposite sex. Males had better body condition in packs
with larger number of females. This was most likely due to lower levels of intra male

competition for mates (Clutton-Brock et al. 1982).

Males also had better body condition in packs with larger number of males. This was
contrary to the prediction. However, competition was unlikely to alter with changes in

food resources (see Chapter VI). This will be examined in Chapter VI.

The body condition of pregnant and lactating females was not significantly related to
the number of females per pack, and non-reproductive females had better condition in
packs with greater number of females. Therefore, it is likely that the overall costs of
intra-female competition were low. This could also explain why the chances of
becoming pregnant were not significantly related to pack size. Inter-pregnancy
intervals, which give an indication of the frequency of female reproduction, were longer
in packs with lower and higher numbers of females per pack, suggesting that there is an
optimal pack size for efficient reproduction. Pregnant females had better body condition
in packs with greater numbers of males, suggesting that in large packs, males may help

to reduce the costs of gestation and lactation (see also Chapter VII).
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1ll.4.2 Dispersal

When pack size exceeded 20 animals, individuals were more likely to disperse,
suggesting that costs of group living became too high at this point. Adult mortality was
not significantly related to pack size. However, effects of pack size on adult survival
could become stronger when ecological factors are more likely to be limiting. For
instance, where food availability is seasonal, such as in the Serengeti, adult survival was
much lower (65%; Waser et al. 1995). How food abundance may affect competition and
chances of disappearance in packs of different size at Mweya are discussed later in

Chapter VL.

Males in packs with lower number of females had a decreased body condition (Table
3.8), suggesting that there was increased intra-male competition for access to females.

This may be one of the costs which affected male dispersal.

Competition for mates did not appear to be a cost for females since males were
abundant in the population. However, females could be sensitive to a low availability of
males, since they assist them with the costs of reproduction (Rood 1974; 1975). For
example, pregnant females had better body condition in packs with higher numbers of
males (see results section IIL.3.5 ii). Females in packs with low number of males could

" emigrate to join packs with more males.

However, the potential cost of staying for males and females versus emigrating might
lead to loss of body condition and reduced reproductive output (Christian 1975), due to
increased social stress (Krebs & Myers 1974). Moreover, very large packs may suffer
increased costs due to conspicuousness to predators (Pulliam & Caraco 1984), thus

staying in a large group seems unlikely to be selected. Dispersal may therefore be a
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strategy employed when pack size is too low or too high. When too high, dispersal may

be a strategy to balance costs of high population density (Rood 1987).

1ll.4.3 Dispersal in groups

The majority of individuals which dispersed, did so in groups. Emigration of single
individuals appeared to be rare suggesting that costs of dispersal might be higher for
singletons than for groups. Risk of mortality associated to dispersal can be very high
(Peterson et al. 1984; Waser et al. 1994) and solitary dispersal may amplify these risks.
While dispersing coalitions may detect predators better than a single individual, a
further significant benefit of social dispersal may be reduction of risks associated with
joining existing social groups (Waser 1996). Severe aggression from resident
individuals, usually males, directed towards new immigrants is well documented in
many species (lions: Packer & Pusey 1982; wolves: Ballard et al. 1987, spotted hyenas:
Smale et al. 1993; banded mongooses: Rood 1986) and coalitions are more likely to be

able to withstand this aggression and eventually be accepted into the group.

To conclude, optimal pack size for males and females of Mweya mongooses had
different characteristics. In large packs, males were competing more for mates whilst
females benefited from the availability of helpers. Individuals were more likely to
disperse from large packs and were more likely to emigrate in groups than as single

individuals.
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Chap. IV. Dominance and resource allocation

IV.1 Introduction

In group living species, competition for resources inevitably leads to costs for
individuals. Where dispersal is the most costly way to resolve conflict, non-dispersive
forms of conflict must be important for maintaining cohesive group life (de Waal 1989).
In order to maintain group cohesion and continue to benefit from group living,
individuals have developed mechanisms which regulate resource allocation, improve
levels of individual tolerance, and reduce costs associated with unavoidable
competition. These mechanisms range from despotic hierarchy through to more
complex networks of interactions such as alliances (Harcourt 1989), temporary

ownership of resources (Packer & Pusey 1985) and ritualised fights (Moran 1981).

Whether the rate of resource acquisition is biased in favour of certain individuals or is
more equally distributed, may depend on individual competitive abilities, often
described as resource holding potentials (RHP) as defined by Hammerstein (1981). An
individual's competitive ability may relate to differences in body size (Sinclair 1977;
Woodroffe & Macdonald 1995), or sex and/or aggressiveness (Wingfield et al. 1990),
attributes which may imply physical contact with the opponent. Alternatively, these
attributes may not be directly correlated to an individual's RHP (Hammerstein 1981),
but may be are related to age or experience (Creel et al. 1992) or the rank of relatives

within the same group (Frank 1986).

Dominance hierarchies pervade animal societies and are measured in many ways, such
as the outcome of fights in dyadic encounters, the direction of approach-retreat
interactions, and the direction of threats and submissive gestures (Wilson 1975). For
most species of mammals, males dominate females, usually because they are larger and
more aggressive. There are a few exceptions such as the spotted hyena, Crocuta

crocuta: (Kruuk 1972); and the bonobo, Pan paniscus (Parish 1994). Hormonal levels
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have been implicated in conferring more pronounced aggressive traits in males and

females in captivity (e.g. squirrel monkeys: Candland 1971).

Data on endocrine correlates of dominance in the wild are fragmentary (Sapolsky 1985;
Mays et al. 1991; Wingfield er al. 1991). However, a possible correlation between
dominance and androgen concentrations has been observed in a variety of ungulate
families including bovids (impala Aepyceros melampus: Bramley & Neaves 1972),
cervids (white-tailed deer Odocoileus virginianus: Miller et al. 1987), elephants
(African elephants Loxodonta africana: Poole et al. 1984) and equids (Grevy's and
plains zebra Equus grevyi and E.burchelli: Chaudhuri & Ginsberg 1990). Nevertheless,
it remains to be determined whether increasing concentrations of androgens cause an
animal to be dominant, or whether high androgen concentrations are characteristic of

dominant individuals (Chaudhuri & Ginsberg 1990).

Dominance may also affect sex steroid levels, although the relationship between
dominance and steroid hormones is notoriously variable (Zielinski 1993; Creel et al.
1997). The relationship between dominance and sex steroids are more closely
associated in females than in males in several cooperatively breeding species, both in
the wild (Reyer et al. 1986; Creel et al. 1991; 1992; 1993; 1997; Mays et al. 1991,
Schoech et al. 1991; Wingfield et al. 1991) and in captivity (French et al. 1984;
Packard et al. 1985; Abbott 1987; Faulkes et al. 1991).

Despite the abundance of literature on dominance, its significance has been questioned
(Rowell 1974; Appleby 1983; Drews 1993). Dominance is a relative measure and not
an absolute property of individuals. Several definitions of dominance have been
formulated, either descriptive, operational or theoretical (Drews 1993) and most of

these are based on primate observations. As such, these hierarchies are likely to be
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strongly affected by the complex social interactions typical of primates, whereas

hierarchies may differ in non-primate societies (Appleby 1983).

Dominant individuals are predicted to have a higher rate of resource acquisition,
accruing more benefits than subordinates. For example, dominant individuals are more
likely to win contests for resources and hence are likely to have better access to food or
safe refuges and have higher individual reproductive success than subordinates
(Hausfater 1975; Huntingford & Turner 1987; le Boef & Reiter 1988; Langen &
Rabenold 1994). There is considerable evidence to support this hypothesis. Dominant
individuals in many species frequently have better access to scarce or monopolisable
resources such as water (vervet females: Wrangham 1981), food patches (toque
monkeys: Dittus 1977; vervets: Wrangham & Waterman 1981; spotted hyenas: Frank
1986; coati: Gompper 1996), and mates (Rood 1980). Moreover, in co-operative
breeding species, reproduction can be monopolised almost completely by dominant
individuals (birds: Brown 1987; mammals: Solomon & French 1997; insects: Keller &

Reeve 1994).

High rank, however, may also confer costs. In social carnivores, such as African wild
dogs (Lycaon pictus) and dwarf mongooses (Helogale parvula), high ranking animals
show elevated levels of stress hormones (Creel et al. 1996). Such elevated
concentrations can inhibit reproduction in the long term (Sapolsky & Ray 1989;
Wingfield et al. 1991). As RHP varies among individuals of different dominance rank,
costs and benefits of social dominance also vary between sexes. For example, in some
populations of savanna baboons, Papio cynocephalus, high ranking females incur costs
through a higher number of miscarriages and reduced fertility (Packer & Pusey 1995).
However, they benefit through increased infant survival, shorter interbirth intervals and
reaching sexually maturity at a younger age (Packer & Pusey 1995; Wasser 1995). In

spotted hyenas it has been suggested that the female masculinisation syndrome evolved

100

























































































































































































































































































































































































































































