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B |Social Organization
Herd Dynamics: Why Aggregations Vary in Size
and Complexily

From Individuals to Groups

Apart from coming together to mate, most animals live solitary lives. Such a preponderance
of asocial behavior should not be too surprising since as Alexander (1974) first noteil these
are no automatic benehits of living in groups, only automatic costs. Typically disease and par.
asite fransmission increase when individuals spend time Losoiber an Bae by dememeiio
in species from swallows 10 horses. Yet groups do form, and many are long lasting, Clearly,
there are compensating benefits that can offsel the automatic costs associated with Hiseas
and other likely detriments, such as increased competition for resoiirces, ncluding mates
and increased derectability by predators. Benefits mostly come in three forms. Piest animale
can develop types of social behavior specific to stable groups that directly compensate them
for specific costs of group living. One such example is lorming mutual grooming pariner-
ships as do olive baboons (Papio anubis) to lower disease and parasite transmission. Second,
by forming groups, animals can enhance foraging by being better able to find, acquire or
defend food. Examples include colonial cliff swallows (Hirundo pyrrhonota) that tansfer in-
formation about the locations of rich but ephemeral leeding sites or troops of nionieeve whe
drive smaller troups away from feeding trees; or even lions (Felis leo) that defend kills 1o keep
competitors away. And third, animals in groups can reduce their risk of Being preved upon
by either increasing the likelihood of detecting predators, diluting their personal risks or by
decreasing the likelihood that predators can make a kill: confusion and Coonerative dedenc
are mechanisms that provide such antipredator benefits. Examples include the scattering of
fish in schools, ail flashing by white tail deer (Odocoileus virginianus), stotting by gazelles, or
the gathering of young inside a ring of adult musk oxen (Ovibos moschatus) with upturmed
horns facing outwards toward approaching predators.

Whenever the sum total of all benefits exceed costs, group living will be favored by nat-
ural selection because such social individuals will sire more offspring and rear them to inde-
pendence then asocial mndividuals. As genes for being social increase in frequency in the pub-
ulation, sociality will necessarily become the norm, In fact, groups wall tend 1o be of similar
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rorms of numbers: Although “siable” groups are always larper then "optimal” sized groups,
hoth hypothetical group types scale in 81 miilar ways as environmental conditions change. 5o ei-
ther group type can be wsed 10 examine how enviranmental circumstances shape the dynamics
of group bving,

Groups take on particular structures depending upon the nature of the relationships that
develop among their members (Rubensi¢in 1980} Particular disiributions ol food, water,
predators and sal sites produce different core social strucrares. Since natural selection favors
females that leave more progeny then their peers, female distributions and abundances on
particular landscapes will change as the distribution and abundance of key resources change.
Such flexibility comes about because different ecological settings often select for specific types
of hehaviors that best enable females to satisfy their meeds at the lowest possible costs. Onee
females have responded, their associations, and the distnbution that develops on the land-
scape in turn, constrain what males can do. As males respond to the actiovs of females, with
perhaps females adjusting their initial response to the subsequent actions of males, mating re-
fationships develop and the core of a social system is born. (See the graph below)

I erviTonmernts in which resources are abundant, especially when they are eventy disinby
uted. competition s often low enough to permit females to aggregaie Conceptually, if sufli-
ciently large foraging or antipredator benefits can be derived by fenales that aggregate. and the
groups that form are not too large, then these groups can be defended by single males and so-
called “Harem Defense Polvgyny” results. However, if resources are more patchily distributed so
that competition among females intensifies, then female group sizes will vary, and female asso-
ciations may become more transitory Rather then defending unsiable gioups of females, males

instead aitempt to defend in advance of females armiving, resotirce patches sought by females
(dotted line in the graph). Typically, in these systemns of “Resouice Delene Polyavig . the ot
able miales defend the best patches and thus gain access to the largest number of fernales for the
longest periods of time. I resources are not only patchily distributed . but the patches are large,
widely separated, and flucuate seasonally in abundance, then competition among females
often becorries so low that the formation of large ageregations is even more likely, provided that
females can range widely and fol-
lowe the shifiing locations of peaks
i food abundance. Males will thus
be forced either o follow these
large groups competing for, and
then tending, individual reproduc.
tive females one at a time (wander
Ing), ot 1o position thernselves at
-~ the intersection of female migra-
Loty routes waiting for females 1o
t them (lekking). In ecither case,
Waleernale. compeiiion
tes g mating system based
"Male Dominance Polygymy”
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hefore . . . difference between gross costs and benefits as a function either of
lﬁhﬁﬂﬂ“g with which Giinber af inthviduals in s group or the number of core socalgroups in o
gmiel Wheaewdh niibiiees eosl herd '

1y bui somewhat evenly  Courtesy of Daniel | Rubenstein.

Gross Benefit= % Graze

. -~ Grosloiie
Net Benelnt : 1/Bite rate

“Herding Threshold”

Costs oF Benelits

7z g

i
i
i
i
1
1
4
-
.
i
i

e Leaw&!ﬂapei
Mo Individuals or Core Groups




B NOYCLOPEDIA OF ANIMAL BEHAVIOR

distributed, high levels of competition prevent females from forming groups. As a resuly
individual ferales defend territories, thus insuring a regular supply of a renewing resource.
Since solitary individuals searching for members of thie opposite sex, especially if smalf
bodied, will face increased predation risk, pairs often shave territories, and monogarny
Tesults ‘

This conceptual framework can account for the diversity of core social groups thy
form for many different taxa, including insects, fish, repuiles, rodents, and many varieties of
birds, ungulates, carnivores, marine mammals, and primates. One of the best lustrations
showing how emvironmental forces interact with physiological constraints to shape »
species” social system emerges from Peter Jarman’s (1974) classic study of Alncan antelopes.
By showing how body size affecred the ways in which different species perceived, and then
responded to, the distribution and abundance of forage and predators of grasslands, Jarman
showed why particular social systems increased survival and reproductive prospects for
particular species. He arpued that the smallest bodied species, such as did dik (Madogua
kirkii), duikers (Cephalophus spp., Sylvicapra spp), suni (Neotragus moschatus) and klip.
springers (Oredtragus oreotragus) require lirmited amiounts of high quality vegeration, B
siven their sl cbe. sueh food dems olien apbear oo H ey are widely sianionndl By
with high levels of compention and intensified nisks of predation. tenitonality and
monogamy appear to be the best strategies. Pairs generally live in wooded or shrub rich
areas where moisture enables veretiion 1o prow and renew el well ints the dey wennn
By sipnaling territorial ownership via scent rather than by means of sound or visual display
these spnall bodied species reduce the chances that anv ol 4 lrse number of Cienbvores will
prey upon them

As species increase in body size, both physiologically determined dietary needs and
the way areentahle Baue bocinnes distribured onothe lindacane chanees. Siaee covaa
Leamtontiane ) beoomes dn Lnaenable antimredaar steateoy By laer and oo widelusnne
Species, fonmiby proups becomes the best sresy Tok ey shecies o lowey predanion ral
Eortununely with laroer size also comes an abilily o subaist on more abundant. bwerauainy
vegetation, When it is patchily distnibuted, as it is for impala (Aepyeeros mefampud), reedbuck
{Redunca spp ), and some gazelles (Gazella spp). males defend the best patches that lemales
prefer When the vegenation is more evenly distibuted wiicl olien resuls simply bom the
Fact that Jureer spedies such as eland liurotravus or) and cape bidlilo oo ciiier) oo
ulilize even the lowes quality Hems larser svoups foim, Becatise thie mtpes species viow ol
Bepet of veseration Bonulatine copninions siaide ol a bimdlicane se aeceniable oo s
wietualle chiminated. and many shales aeonian s s Tepiales Wk sueh baeh dovels of
maicende competiton. deens ol 3 swal subsroup i::rf females becomes wmposiibie, and
dominance defense systems develop.

he sate sorts of sonpeciions between chanpng ecologioal Circiimstanees dhape te
bypes b sacialite exiiibied B ovhier s B bedande eeolonlaal dindmianiees thar an
not too different from those described above senerate novel social varanis, it appears that
strane biodosieal iteractions anwne internad and exteroal consttaings thermaelpe bicone
Imporiant deterninans ol socaliny Amone the eauids lor examiple the cloie aicbclniion
Bepweon food and waler enable horse (Pgie capallus) and plalns sebis (Bane bl
werndes of differens remrodictive states 1o assoniiie permanently Thus malee are abde 1ot
tend such groups and so-called "harems’ form, When these 1wo resourees are widely dis-
persed, a5 for Grevys zebra (Bguus prevyt) and the Asiutic wild ass (Eoguus hemionons),
ferales of dilerent states are preciuded by metabolic constraings from foraging together As
a result, males compete for termtones along traveling routes that take females from leeding
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Jreas 1o walering pointé (Rubenstein 1994} Differences in body size and the way they aier
patiemns ol water dependency appeat to be ultimately tesponsible for why two simiar
groups of species exiubit such fundamental differences in the strength ol sovial relation-
shins and hence core paiterns o sooal orpapization

From Groups to Complex Societies

Core soctal groupings that are built mosily upon mating relationships do not Iully ex
plain the diversity of social suruciures that develop among species, For maty species, social
relationships are limited to those with core social units. Consequently, such groups remnain
apart from other such units Yet for other species, interactions and relattonships develop
among different classes of individuals beyond these basic units Asa resull some species hye
in large fission-{usion networks where either the nature or strength of relat onshins among
(adividuals, or core social groups within whichthey live change ovt Hene Dnthe ey case,
altilevel societies develop in which core groups aggregate (0 form larger and more complex
cocial networks Same of the best examples of hierarchical social structuring are displayed by
elephants (Loxadonta afrivanas) where
fermale-led famuly groups aggregate dur-
ing the rains but split during B iy siae
son. or by gelada baboons (Therapithicus
gelada) where herds of harems aggregate
an the tops of plateaus where predation
dsk is high, but fragment on siecper
slopes where the moblity of predators s
miore limited. Yer it 15 in the eguids
where' the relative simplicity of the
multifaceted social networks of bath
the plains and Grevys zebras tevenls
how both natural and sexually selective
forces interact to produce a multiplic-
ity ol social interactions that, m some
cirenmstances. lead  to  multileveled
SOLIEES

As with elephants and gelada baboons, nataral selection 1o maximize food acquisition
and minimize risk of predation play important but small roles in determining whether large
cohesive herds of harems and bachelor groups form in plains sebras (Rubenstein and Hack

~ 2004). Populations arc often large in areas where predators are absent, and where zebra
_ density is high, the size of herds that form tend 1o be large. Similarly, as food abundatce
 Eredses, so do herd sizes. But (hese elfecis are weak and pale when compared to the lorees
"ﬁf_%ﬁual selection: Cuckolding risk brought about by the presence of bachelor males is
hard 10 reduce when alone on a landscape. In areas where hachelor groups are large and the
groups are cohesive, zebra herd sizes grow to be quite large. It appears that males tend 0
their harem groups together to insure that, if discovered by bachelor males, individ-
harem-“owning” males can more effectively drive the hachelors off before they can inhl-
his group and mate with those of his females in heat. Herds tend to be significantly
where the relative nitnber of bachelor males per breeding male is high, Interestingly,

$ ate successful at forming these alliances only when females suffer no significant for-

or harassment costs when in herds. Since this occurs only when a moderate number

A tightly-knit herd of zebras grazing while walking.
Courtesy of Corbis.
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of breeding stallions band together, limits to growth of herds exist. Thus by avoiding the
creation of any intersexual conflicts, males are able to organize themseives to reduce the
risk of losing exclusive control of mating. In essence, a second layer of sociality appears 1o
have evolved to solve simultaneously both female and male problems that the fundamenta)
set of relationships characterizing the core social group could not.

Although Grevy's zebras do not structure their extensive social telationships in simple
multilevel tiers. the existence of multiple networks of relationships that deveiop, and thay
individuals modulate as circumstances vary, underscores the notion that complex societies
develop to solve problems that simple one-dimensional social struetures can not. G
zebra females in particular have the options of bonding with many different classes of
fotniales as well as males. The details of how their oscillations among relationships as a fune.
tion of “top-down” predatory, or ‘battom-up” loraging, pressures change is only neo
emerging. But vaniation in the diversity of relationships I8 responsive fo chanyes 10 bopuly.
tion density and predation pressure. Thus for Grevys zebras, individual decision maki
remains at all times more flexible then in plains zebras where, although lfemales solve forag.
ing and antipredator problems at the level of the core group, fnales can anlv solve sanblenn
of postmating competition at the level afthe herd In Crewys sebias fomales appear 1
solve their multiplicity of problems by changing the nature and strengths of theit relation-
ships at the primary level, in part because resource dependency 15 not similar for all indi-
viduals and thus constrains their ability 1o simultaneously solve dilierent types of environ.
mental problems with a society structured hierarchically.

From Pholanxes o Woves

Although group living, herd structure, and overall patierns of social organization are
best accounted for by functional or adaptive explanations associated with ultimate consid-
eration of reproductive success or even more proximate measures of more shoviterm be-
havioral costs and benefits, the actual shape of herds s best desenibed by more mechanistic
processes, Typically, models are construcied that imbue individuals on 2 landscape with
particular attributes, and then these individuals act as particles ov cellular awomata re-
sponding to the actions of other such particles on landscapes with hypothetical environ.
mental features In most such medels forces of repulsion asociiied wWith conpetition and
violation of personal space are combined with forces of attraction that reduce separation
and the risks of predation. Debate exists over whether individuals are "aware” of all neigh-
Hots or ate attending to only one ot just a lew neiphbors located in detection “zones " Issises
of detection ability get 1o the heant of how animals “know” what they know and provide an
opportinity to enrich the study of animal decision making with imporant insights enierg.
g rom copnitive pevchaloey ‘

Even with only simple assumpiions abolll shimal reasomng abiinies, however the 1ee
sulis of simulations can predic: the shape of herds that form on real landscapes and show
how ditferent modes of deteciion can alter energetic elhciency of herd dynamucs (Gueron
o1 ab 1006 Bor evample an cases whiore dndividuals eshibl Blerarchieal deciion naioann
patterns in which individuals in particular zones evoke particular movements—first, mov-
ing away from neighbors that get 1oo close {stress’ zone), second, moving freely according
to idiosyncratic tendencies when repulsion has been overcome and a nearest neighbor s
fieither too near not o dar Dmenieal zone) ane thied saevine teog Beneed mlolbe e
4 nearest neighbor is not close enough for diluting the risk of predation Cattraction
zone)—stable herds form as long as all indwiduals are of similar phenotype. Moreover,
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energetic savings accrue to individuals with “neutral” zones since acceleration and decelera-
tion raies are low, and averall, the shape of these herds became wavy-front-like when moy-
ing slowly and columnar or phalanx-like when moving quickly, as is e pase slien wilde
Beest o zebras mave across African savannas However, for stability to be achieved when
individuals vary markedly in phenotype, which can occur when females have different di-
etary or physiolagical needs, for example, then a fourth rule is required. Since ilerent
needs often lead 1o temporary separation, only by invoking a “stop” until discovered or a
“speed-up” until a peer is found “rule.” can long-term cohesion be mamtained. While the
use of such “1oy models” 1w explore the ways in which global patterns of behavior can
emerge from local interactions is only beginning, the ahility to account for the complexity
of herd shape and the energetics of group living illustrates the power of incorporating func-
cional with mechanistic explanations to unravel the structural and shape dynamics of com-
plex antmal groups.

Conclusions

The dynamics of core groups and higher levels of sociality are driven by individuals
joining together to minimize costs and maximize benefits. Such costs and benefits may be
in similar or different currencies but the net result of forming groups is that indimduas are
Better able collectively to solve problems posed by the eavironment. Female relationships
in particular develop as they try to maximize the number of surviving offspring. Since male
reproduction is much less limited by meeting ecological needs and much more governed by
their need to sire more offspring then other males, if males can be enticed by females (0
help solve their most pressing prohlems, then it is likely that social relationships will be
strictured In such societies the needs of all will be simultaneously satished as long as con
flicts of interest among the sexes do not develop. When the limited, but strong, bonds o)
core networks cannot salve the sexually selected problems facing males, or even all the en-
vironmental problems confronting females, then the core social network itself may become
more diversified. and the relationships more complex. In Sich o cheuntinee individua
may modulate their relationships on condition-dependent bases in order o solve

 sequentially conflicting problems posed by complex physical and social environments.
 Complexity of herds also emerges from the ways their shapes change in tesponse 1o i
dividual perceptions about landscapes. Not stirprisingly, the decision making ol individuals
that leads 10 shape change is governed by rules” that emerge from the forees ol natural and
sexual selection. Perhaps somewhat surprising is the fact that only a himited number of
h rules can account for the emergence of complex patterns that characierize the shapes
and energetics of real herds. Exploring the extent to which cellular automata type miodels
account for global patterns of behavior emerging from local interactions will provide
ortant insights into herd structure and the dynamics of social organization.

ilso Feeding Behavior—Scrounging
Feeding Behavior-—Social Foraging
Secial Evolution—Optimization and Evolutionary
Laiine Theopy
Social Organization-—Alliances
Soctal Organization—Ifome Range
Social Organization— Territoriality
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Il |Social Organization
Home Range

The term howme ronge s stontly conpecied to the siudy ol lotal movemen and space vee ol
animals dunng their usual daily activities. The home range may be defined as “that area tra-

versed by the individual in its normal activities of food gathering, mating and canng for
young " It should be underlined that home range is not all the area an ammal traverses, but
father the apen w whish d nerediy maves aeanndinaly adcanional st Biside e
natmal aiea should not be considered as pan ol the home tange
Unforiisaiely. home rande 3 nol e sole conent considering the ool space v ol
antmials. Ve bave alus 1o conaider the concent of forritony tha e be debined o o o
lese exelusive arca delended be oo idlividal or roup . However b s plisnvery diliiahi o
ascertin the exclusive tse of an g and o detedt e Reetinpoo siemals displed More
twer the same shecies o be tesiorial e copn eeslopiedl conter and boaienol
others. The depree of overlap between adjacent territories 1s alse vanable. and the very con.
cept of terntovial exelusiveness s b Drom adequate. Aveordingly the borderiae Belween
Ehese wo shaiil svsterns inan s cleaecut g8 may appea b the aboveanentioned delma.
tions. However, the home range concept is used n a more general and comprehensive way
than that of rerritory In fact, spatial systems, whose exclusiveness has not been ascerained,
are aeally seboend 1o ae Biime soes uen thouel dhey may tealls be feertanes
Radiotelemetry s a ugelul technigue for the study of home ranges of vertebrates: Ani-
mals are couphl wosed with small tansoiiiers and tracked by researchers whe dereer sin.
nals by mears of veceivers. Dranemitters can be padhiodlocated v antenmas 1o loeate an
mals. The exact position occupied by a radiotageed individual at g given time is called fix A
major advantage of radio telemetry s thay this rechnique records events in relation 1o time )
radiotracking can show not only how often an individual visits each part of its range, bt
dse whar Bwe ol d o there. Movimens seeonds bas sadiotapoed anireale Bl ini
two main types There are the short term movements that animials malke dally during forag-
big, conrtine. and ceneral meitenande aciiiiy and there e 1 bneoeen et
that are on a seasonal or even a liletime basis, Note that while datly movermenis are deneratly




