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. Manv, if not most, animals spend part or all of their lives in groups.
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specifics’ (Wilson 1973, p. 585]. Groups vary enormously in both size i dess
and complexitv. The range encompasses evervthing from many fish came EoE
and amphibian species that occur in groups only when temporary hsrage b
spawning aggregations form, to some birds. mammals and insects that TERTER
live their entire lives in large. highly structured societies. ‘g :

A number of authors have recently reviewed various aspects of sl s B g
the complexity of social organization fe.g. Crook 1970: Kleiman &
Eisenberg 1973: Alexander 1971: Brown 1973). Wilson (1973), for
example, lists ten characteristics of social organizations which can be
used to compare the complexity of different social svstems. Our paper
deals almost exclusivelv with the determinants and consequences of
group size, one of the ten characteristics Wilson lists. We deal briefly
with group dominance structure. but only in as much as dominance
influences group size. Another recent review of group size is pre-
sented by Bertram (1978).

In our paper we (1] describe selected patterns of variation in
group size. (2} attempt to explain some of these patterns in terms of

the advantages and disadvantages of group living, and (3] discuss how
the size of a group is determined by individual decisions. With regard o
to the last point, we view group size as the outcome of a game in )
which each individual alwavs attempts to maximize its Darwinian

. firness. B
- * h
: § A 5.1.1 Temporal variation in group size - =
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. Periadical changes in group size = SR
K A . o
. Group size varies through time, and such fluctuations may or may not
AN - track environmental periodicities. Seasonal variation in group size "
: occurs in many species. For example, many birds ave territorial in i
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reproductive season. Seasonal variation in rainfall and, consequently,
in plant productivity induces large temporal variations in the group
sizes of some African ungulates (Estes 1974; Jarman 1974) and certain
primates. For example the average size of wildebeest herds increases
by nearly two orders of magnitude during annual migrations to areas
where food is plentiful.

Average group size fluctuates daily, or even hourly, in certain
social svstems. For example, in hamadrvas baboons, average group
size varies predictably during the course of the dav (Kummer 1968).
Sleeping herds are large: early-morning bands are intermediate in
size; and foraging groups are relativelv small. Yellow-eved juncos
roost singly at night. but forage in relativelv large groups in the
morning and in smaller groups in the mid-afternoon (Moore 1972).
Furthermore, thev feed in larger groups on colder winter davs (Caraco
1979a: Caraco & Pulliam 1980). Finally, some crustaceans, including
the hermit crab, exhibit endogenous circadian rhvthms in their ten-
dency to join groups or disperse.

Individuals of some species spend most of their lifetimes in the
same social group {e.g. Brown & Brown 1981a; Selander 1970}
whereas in other species, individuals move readily berween groups
which quick]_\' form and soon dissolve (e.g. Barnard 1980:; Krebs
1974 Caraco 1980). At either extreme. as well as at intermediate
levels, it is sometimes useful to describe the dvnamics of group size as
a BIDE process {for B]nl*r1mmigrarionfDeath Emigration). The BIDE
family of stochastic modeis has been widelv applied in population
biology. Boswell er ai. 11979 lucidly introduce some simple versions;
Kelly (1979] summarizes some advanced models.

Cohen [1969, 1971a, 1972} arrempred to interpret observed primate
group sizes as realizations of BIDE processes. He pointed out that
these models, carefullv defined. may be applied both to trulv demo-

graphic groups and to far more temporary congregations, such as
sleeping groups of vervet monkevs. For groups with slowly changing
membership. such as communally breeding groups of Mexican javs
(Brown 1974), lion prides |Schaller 1972). hvena clans (Kruuk 197
and many primate species {Altmann & Altmann 1970: Dittus 1977),
the BIDE parameters are true demographic variables. Group size
increases through birth and immigration from outside the group.
Deaths and emigration reduce the size of the group. When group size
and membership vary considerably over short periods. a BIDE
model's parameters may concern rates of arrival at and departure from

groups of different sizes. rather than demographic rates rer se.
BIDE models can help illuminare the dynamics of group size:

however., if estimates of the parameters of a BIDE model are 1o

provide usetul insights. the dynamics should be explained in terms
of ecological variables and hehavioural interactions [Cohen 1971a:

Altmann 1974: Caraco 19801
In this regard. BIDE models should be viewed as descriptive
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models of the provirare control of group size variation, in contrast to
the madels we discuss later dealing with the wirimate advantages and
disadvantages of group living. In our discussion of group size as a
consequence of individual decisions (section 3.4). we attempt to show
how the proximate and ultimate controls of group size are inter-
related.

5.1.2 Dominance and group size

Several theories of social organization focus on group composition as
well as group size (Crook 1972: Eisenberg et al. 1972: Jarman 1974;
Wrangham 1981a). One might choose to classifv individuals by sex.
age class, reproductive condition. etc. Such distinctions acquire parti-
cular importance when, for example, the different classes of group
members varv in either their response w0 a detected predator
[Altmann 1974) or their foraging requirements {Clutton-Brock &
Harvev 1977 ; Post er a/. 1980).

A significant attribute in which group members may differ is their
dominance status, One view of dominance supposes that the subordi-
nate individual achieves its best possible state of affairs. given that
the dominant is larger, older, or a more capable fighter This per-

spective might apply particularly 1o a subordinate juvenile, who may
attain higher status with maturity. The subordinate accepts its role
despite the many advantages gained by the dominant. Dominants
obtain more food (e.g. Dittus 1977) and may enjoyv a more protected
position within the group (Moore 1972). Dominant males sometimes
acquire more mates (Le Boeuf 1974), mate more frequently (e.g.
MeClintock of al. 1982). or mate nearer a female’s time of ovulation
(e.g. Hausfater 1975). Dominant females may begin reproduction at a
lower age (Sade er al. 1977}, produce more offspring (Dunbar &
Dunbar 1977; Wilson et a/. 1978). or nurture their voung more effec-
tivelv (Drickamer 1974 Silk et af. 1981 ; McCann 1982).

Another view of dominance relationships supposes that alternative
strategies provide the same net benefits. Different levels of aggres-
siveness or even morphological weaponry might be associated with
different, but equal, “adaptive peaks’ (Fretwell 1972: Howard 1978;
Hamilton 1979; Rohwer & Rohwer 1978). Furthermore, the net bene-
fits of different levels of aggressiveness may depend on the frequency
with which individuals emplov the different strategies. Accordingly,
the evolutionary equilibrium may be a mixture of strategies wherein
all individuals expect the same net benefits (Mavnard Smith 1976a:
Mayvnard Smith & Parker 1976).

Dominance and group size are interrelated because aggressive
dominants may attempt, with varving success, 1o control the size of a
group (e.g. Pulliam 1976: Caraco 1979b), and because the costs and
benefits of group membership can differ for dominant and subordi-
nate individuals. Additionally, group size can affect the roles adopted
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