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Foreword 

The stomach's empty: there it all begb~rtoldt Brecht, Three-Penny Opera 

How do individuals of various primate species fill their stomachs? What is 
the impact of differences in food resources on social structure, <lcmography, 
ranging patterns, and daily activities? What biological and social processes arc 
food-limited in the ecological sense of increasing when food availability in­
creases? The answers to these questions require studies-within species, even 
within populations-that examine the effects of food when other factors such 
as taxonomic differences in morphoiogy or physiology are not clouding the 
picture. Although the rich body of primate field studies that have accumulated 
during the past several decades have provided tidbits to suggest the profita­
bility of such investigations, in this volume the topic is brought to center stage 
for the first time, with focus on one major source of food variability: food­
enrichment that results from human activities. 

The consequences of variability in food supply have often eluded quantita­
tive investigation or .clear interpretation. Situations of human-supplied food 
enrichment offer some unique research opportunities. Because the changes in 
food supply that result from direct, indirect, or inadvertent provisioning by 
humans are usually greater than those that result from foraging exclusively on 
wild foods, effects may be more easily discerned. In addition, changes in food 
availability that arise from human activities have direct implications for con­
servation and for coexistence of wildlife and humans because the resultant 
food enrichment will sometimes entail risks for the long-term survival of these 
animal populations. As wildlife areas experience more and more encroach­
ment by human habitation, agricultural expansion, and tourism, studies of 
food-enhanced primates are significant not only for the insight they shed on 
basic biological questions but also for their potential contribution to urgent is­
sues in conservation and wildlife management. 

The immediately striking effects of food-enhancement are the dramatic 
changes in activity profiles, which are so well documented in this volume for 
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all the species and situations examined thus far. Whereas many of Uie iil.itial 
findings have COIIlC from in,~~P,ulation ~~~~'.18· f~,r which ~~eral fac­
tors may. '!lacy,. a f~w ... wi~.popula~c;>n. c9rnpafi~ns leav~ 1.\~ ,qµ~p9~ e.~µt 
the potency of food enrichment alone in producing .a doubling of.di~, time wild 
anirilals·spent testing, halving of the tinie spent feeding, and-smaller increases 
in the time spent S9Cializing, as haH tseeri repc>rted1fdr1 aninials in oorr'als or 
~ge~''scml-ciptlvit}- situatio~: This robiis( ,fin~ l~~ "pr9viCf~c: bn1~ a;1sclfrtlng. . ' ,..a.u,,a,~ i ' ' '. ""!"i"if \ · ./f~d · ;. 

place,. however. 1ihese effects raise major ,questions oru~yery. leveJ,j(i)f ~hav--
ior'al 'and populationat biology;·abd most of these have :barely been elucidated, 
much less answered. - '· '.• 
· v. To ~~t e~terifare !;ban~~ ~~Ctiyifr :P~?~~: <?f ~i~X9gl~1 ~~·~.~em­
sclves? To what e~~n~ does ttme ~P,Cnt S;ear~hfug .for,tmd pr~~s1,ng f~ con­
strain time available for other: ~ctiviµes, and.!w~f ~e th~ .. ~onsequei:i~s of 
such limitation? For example, Altmann 11980) suggested that inci;eased for­
aging deniarids wowd result' in' less ·titne·available for sOcializing; 1wherea8 
Dunbar [e·:g.:' '1984] argued that mairitaihing sdcial bonds"is·so .. impottant to 
grou~livmg"primates that socialiZiiig time{ is 'oompromised 6rlly1 after restirig 
time is used. up. Recent .stu4ies reported inJhjs voh,mie an~ ~lsewlie,~e· (e.g_., 
Lee et al., 1986;:Saunde11S·, .. 1987; Altmann arid Muruthi. 1988) sqpport~ iri­
termediate conclusion: socializing or grooming time do decrease with in­
creasing foraging deinailds, thoUgh less so than does resting time, and social 
bonds are COt\serVed with a rCduCed number of partners rather than time with 
each (or only one) being rompletely protected [Saunders, 1987]. These first 
results suggest the depth and subtlety of the investigations that will be both 
necessary and fruitful. It would not be at all surprising, for example, to find 
that the conservation of social bonds will differ across seasons, or across other 
conditions that differ in group stability or susceptibility to immigration or em­
igration, that effort toward maintenance of social relationships will differ by 
gender or age-class as a function of life-history variables for each species, and 
that the constraints within groups differ from those between groups. 

To what extent do differences in allocation of time translate into differences 
in nutritional intake and energy expenditure? Most studies indicate that food­
enriched groups spend the same or somewhat less time traveling than do to­
tally wild-foraging groups. However, energy expended in travel is a function 
of the distance traveled, not the time spent traveling; differences in energy ex­
pended in travel may be much greater than suggested by time differences if 
food-enriched animals travel in a more leisurely fashion. That is the case 
among baboons in Amboseli, where there are no differences between a food­
enriched group and wild-foraging ones in time spent walking, but a fourfold 
difference in distance traveled and a tenfold difference in annual home range 
size [e.g., Altmann and Muruthi, 1988; Muruthi, unpublished]. So, differ­
ences in energy expenditure are sometimes much greater than suggested by 
differences in activity profiles. 
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v .'!n~,~l~tic;>p or (~fpg ,~IJ.?~ .tp !l~~ti~_nal in~~ is ~v~n mor~ problematical 
~ ~t. ~or, t~a~~lin8. ~"."teri ,~ ~e r~la~o~'sHiP, 1~,e.~e~ "1?~~ than for 'tra~el~ . 
•ns. pr~b~~ly ·~ . ver,r. .~~ff~r~.~t.~~~~.§[?~ps, ·~r. e~~~.J>oi>.~.l~ti?,~ : :~!or'. 
~wpap~~. ~twe~w .•ncJ~~·g~~ .~·~~ ~.~~~le.~~9up: .. £>opxx1-en~~~oo :aq~ 
imjiJ~ ~ l_n },e~, 1.~, 1~~. Of .m9re; ,~~~~n~ ,1~ .. t}J.eJf, r~~~ _.turie Spent 
f~<bng'lJ!Jdg1~,bYJJ~e _v~ry fe'Yi da~1~Yfl,•,lal>!~· thus .~~r, ~~ answ~r Seems to . 
de~q. o~ tll~ nature, of the enr.icltfne1_1t C9i:id1tio"8: "C:ro1,>-raiding; intentional 

• • . ,.. f .. , ,. • ~- 1 .... ~-' ' "'~ . •• . ~·' ~ ., ' ...... ,~ ' . 
f~u}g by, ipanagers Qr researchers~ and.~r9uqgmg of fooa_at garbage dumps 
di(fer ~reatly,_in ri~ks fqr ~~ 1~iffiais,;~ , ~e11 .~ · 1n q~it{artd'~~t? ,~me ex: . 
tent, dispersal o(food. Ifrom th~.few sN<J1es ~~far ~eported, 1t is clear arid 
should hardly come as a surpo~. tha~ ~e· temporal and spatial distribution' of 
f~ may be at least as ~mportant ~, the total 'qita'ntity, available. · ' 

Most siJ;Uations. of food. enhancement are OneS in whicfi 'predictability offOod 
~y~~t?µity i~ ,high iP4:»t.t,~' s~.ti~iit~istri~qp~~ . ~r..~e f~ is very res'tricted. 
Many o( the effects ttiat we are commg to ass0ciate ~~th high food availabilify 
mi~ r,es!J~t .f,ro~ . this ~-(~~in~· and pr~ictabili~ 6( fOod . rather ~an its in­
creased quantity. Social and demographic processes may be p-articularly ·sus­
ceptible to ~UC~ .watial and. temporal' comp0nertts df fOod enhaiitement. 
~~s o.f~ggr~Jo~ a,.ie greater~~ ·provisio~~g si~ .than elSewhere·, ,but both 

oJ>servational,,~~d C1~~pjnenrw studies sugg~st'th~t the effects of dirt:ering 
levels .~ff~: ~y~a~il~ty, .,r~ q~i~t~yely: 9.i.ff#re.~i ~i~P. ~~~h ~d .~~~ ~ 
o(the ayatl~bd.t!Y . range. At,rela"1:Y~~Y l~\\;'}exels of food ayailabil1ty, 1~cr~­
i,Qg, fqQd ay~ila~.ili~.,jpc,r~s 1 v;i~9~s . fo~~ ·?f .social J>ehavior, ~htreas at 
high Le_vel~ of:\\'.elJ~per~ ,prov:i~io~i~g1 ~mp'etit;ioii sometim~s:idecreas,es 
[e.g .~ Sout,hw1ck,,_ l96,?; ·Bel~ung -~~ A~d~~~n~ 198(); Lee,. !984.an(;l thi~1 v<?;l : 
.ume] ~. Food. ~:v~abiljf;y anqj>reeic~b~.lity1_1J;Jye, ef!~ts 9.n paient-of~~rffig in~ 
teract~!) as )VeJ~, ,both !~i~ec~)'., th~o~glt.~e.n;i~~pphi? fh¥1~~~· and. ~free~~? 
8$:rev1ewed ?Y .Be~n.!1~~.~~ ~.Q~n~l~m <rw1~ • • vol1;1tp~)·, ,, . , , ... ·, 
. : ~ effects 1~f, f09Q .~y,a,t~~~,t~ ~not }1<!.~~~ld~red. Jl)de~?d~~t .~( ~!!'~.~ 
,on demographic .proc~~~· .AJthpugh :W.~.:911) : P,e c?nfld~?~ that f~ ~ij]iar;ice~ 
me,nt .will reduce age. of,fir~~-r~~~~~tion.,_ ~~·9f i~f~f ro,<?,~i!r, ~ ~en8tf! 
0€ interbjrth inter;vals.1 the.effects on adult. fllOI;ta!ity .are ~ore ambiguous, and 
Jh~~ffec~ o~ -~~ ,v,Wi~µs .!Jte. ti'is~~rY s~~t(~· ar~·'.p,ro§~~1Y,;~R~: ditan~~tlY,#1~.~e 
same, even for those ammals m which ij,~. quahta~ve effectS' are similar: 

p '· ,,~ •'4·J'~···, ft • 

-~~r~v.ec, it ,is , h~re ~t qte.i~~~ce ,pf ~~sj~eri.ng .. f?i~ within-gro
1
up,var: 

1.ab,il.1_ty m effect .rath.er .. ~1_1.-JU~V~e group (?1ean is ~g~1~ht~. ~~~ e~~Pl«?~ 
-~e. $~on !~-CW ·'W'?~'l~n~ s~.rrunl:l.M,~ by. ~v,er~ flu~orp. m ~~ vol: 
um~ an~ ong~nally,_rc::wnfd byM~n g979],}u~·r~ ~~ c,>~sa~~s.CJ9~ .. 
and.pdiers, sugg~t flm.~. rep,r~ucuve· ~rameters such as age of.firStJ~pro-

..> • f 0- j ~, • ,,, t - i, •.- •• . ; _, ~· 'i.' ,. .. f • .... .... 

duction exhibit greater variabi..t\ty among mdividuals, greater 'differentiat'iol't 
' rJ ' • • -·-' · l. 4 l l •'i,· · · r, •f 

by social rank, when there is provisioning than when ttiere is 'ilot. The exis~ 
tence, and generality, of this finding, have considerable implications for the 
genetic and other aspects of population processes and for social processes that 
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arc.~.~0!1 of'~i~ .~~ ,g~p~c stru~~r~ ~i~~ g'rotips (~.g :, revi~w~ by_ 
~this volume) .. Development of popula.tion mOdels s\Jch as thoSe oat-' 
Ii~ by1 ,f:-y~es and J?qhson ~n

1

this vol~~ and thofe ·by Coh«?n [e.g .. ; 1972] anti 
others ea.-~ier, w~l be an integra) part 'of future work. However, application 
Qf ~ ~ls fo real popuJatii>rui hlid t() manageriidnt i~sues . will depend oh' 
ii:-cOrporating features: that detect and 'ate Sensitive to lluctUa'tions 'and recent 
c~ges ~~~graphic parameters, ~ot'jtist equilibrium oonditibllS.'A'large 
stoehasti'c ~n,i~neht and ,changiiig' oonditioris have· probably always been a· 
inajor fcatu~ of primate' rife at 'the level of the·individual and the group:·ooi 
this situation 

1

is surely exaggerated in the 'situations ihvolving ht'.iman-nonhu-· 
' ~ • ~ ~ • ..;"C; ' ' I ~ ~ . ' . • 

man primate mteractions that we encounter ~y. -" · .·• · ' '"-. ·· · · 
Some of the ~t documented effecis' of fOOd ·eruumcement are tllose of deJ 

vcl~ntai .acCci1d.:ation, r~~ting in ~~rter pf~reprpciuctive stages. How­
ever, we .know littl~ or: nothing about par8llel ·effeets 9n other parameters 
during de.velopment. ·A~e 'jill a8J>¥_ts· of_"pnys~cal ?evel?P~~n.t pro~oted 
cqually1 Too. daJa for Japanese maq1ques suggeSt that skeletal development is 
less accelerated than is ra~ of growth in body ma8s; f6i example .. And what 
of development in social and other behaviors? Do' these accelefate at siirlilar 
',. • '• , ' ol 'tl' • f • ·• ... 'F • , I 

rates? If not, what are the . Consequences of changed co-occurr~nces among 
dey~tal _stage8?· For e_xainp~e;_ in ·AmbOseli baboons, wild~foraging fe:.. 
nr.Ies.usually attain meir place utthe _domiiuuice' hietarchy aoout'~ year-be­
(~ rcpWduCtive JiWUnltlon. If under corillitions of eriiichmen(reprOducti~e 
m8turation is accelerated by 'at least 'a ytar but soeial mati.iration is not coni:­
~y Bctvaoced~' "'fe0iale8 ·may' be faceo· with 'lhe turtn'oil of, s0ciaI' rank 
~cs at, thC -~ ·~ they meet the chitllenge of cari.Og for -'their1first· in­
fant '. This provideS' j~ one . example' of the' potential eosts• of appatently ad:. 
v'antage0us effeCts of ; 'rOOcl enrichment . when ~·there "may'"be different 
scnsi,tivi~ (<>food 

1
enrlchinen1'or ~ ·~gativb rorrelatibn among 'relevant te­

~~vc' or ~fe:..til$tory parameters. Tliese; in 8ddition tO ecological facfors 
s6ch ·~ disCa'se tr'ahstnis8i0h 'ru~' b}"'Lyiis and DObsori·(this·:volume) 
~g olliers", ·mav'pliteonsiderable'oonstraints on die extent to which food is 
~ .(Un'itiilg ''.factO'rih"~rifl)are · pc)p~fatlhn''prOCesse's and' rruiy· indicate tha:t pop­
~:c~ges_ ~~d;' fo · such -~. be 'mllite onIY. with'"<~oneomitant :major 
~gc;s m S;<>c~_ str:dcnite ·ari<f behavior.' .. . . ' ~·. ·' .. ' . .. 

::;n~ top!~.~~ ~- the ~-rese~t vol~~·~e ones·of ~jorimport for ~e 
~y .of ~~~~r ~population processes m both human and notihuman pn­
malc:s.' :~ e,DrlCbmerit is a CoDJ.plex, non;unitary pheoomenon, ·at one' end 
Of'~ ~tirllJwri of reSourCe vanability. Where food'~eiulchmertt cannot ·or 
should Dot~, elinlilaatoo, 'it8 'tliQrbu~ inve8ligation may ultiir'iately' be one of 

1 ~· J. I l "" j • • ' • I ; : •\ ~ ~ • • I • I • • "• • ~ '" ' • ' ' ' • ' • . •· 

the.. most ill,UJ1U..D8~g iil pnmate. behavioral biology., · · · 1 • 
: I > ' ~ ' f 'J ~.· •, I •f 1 .' • , I • ..• • • , • • ' "'. I 
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