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Abstract: A report about the evolution of sociality in the Felidae and other Carnivora. Five of the 
seven families of Canivora have evolved sociality. Canidae, Hyenidae and Felidae are discussed. 
Four hypotheses that affect sociality are discussed: H1: Defense against predation, H2: Nature of 
food resources favors grouping, H3:Intraspecific competition for critically limiting resources, H4: 
Interspecific competition for critically limiting resources (or for the cheetah: grouping is disfavored 
by interspecific competition).  
However efficient grouping for cheetahs is for capturing prey, in areas with abundant dominants 
the cost of theft may be too great for grouping to be favored. The conspicuousness of several 
adults should increase the frequency of theft by dominants. With few or no dominants, hunting 
efficiency should be sufficient to favor grouping (H2). Thus, in some areas where dominant 
abound, males must benefit from grouping because of intrasexual competition (H3), the 
advantages of which are probably sufficient to override the costs of interspecific competition (H4). 
Grouping by females could be favored because it reduces predation on infants by numerous, 
smaller predators (H1), by males (H3), and/or because foraging efficiency is enhanced. 
Intrasexual competition (H3), predation by species subordinate to adults (H1) and increased 
efficiency of foraging (H2) could account for increased grouping. All of these benefits would be 
enhanced by removal of interspecific competition from dominants. For example, with removal of 
the cheetah's dominants, numerous subordinate species should be favored and have higher 
densities. Last chapter is a reconstruction of social evolution. 
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TNT EVOLUTION OF sOCIALITY III THE FELIDAE

L':,:1 r + -

Randa] ]  L ,  Eaton
0f  seven fami t ies of  carn ivora,  f ive have evotved soc ia t j ty .  For  conve-nrence onty  the Car jdae,  Hyenjdaa and Fet jdae are 6scussed.  rhe fe t ids have

: : : : . , f . . r r1 . " :  
predators  for  a  rerat ivery  rons r rme;  d f  a  

 

extant  and ex_t rnct  tqa of  the Carn ivora,  onty  rhe Fet r .d ;e  re ty  erc tus jve jy  on prc te jn ,
aid hyenr'ds tend to be mre preoatory than their asocjal

a tso exhibr ' t  .e ta t jve ly  broad d ie ts  jnctud jng ptant  narer ja t .
]f: 

hyoids, ueet the modern proreres, appear to haye addpred ea.ty to al i fd  o f  s f tvssr 'nq)  especia l ty  the ab i l j ry  to  u t i t ize bone and anjmal  pars
left by nore effectire prcdarors (Eker, 1973). They have probabty alvays

: : : " : : : : . : : r " l :  
rery  broad dr .ers ,  incrud ins snaner  mammals k j led by lhen-serves ( f i i t ts ,  t9Z3:  Eaton,  in  prcss!  a ;  ( ruuk,  l9 i2) .

canid,  fe l jd  and hyenjd rad ja t ion werc s t jmurared by the appeafance ofer tens ive areas of  grass land dur jnq the ta te  Miocene and pr iocene,  pr jor  torhe.dtersJre rad ja t jon of  herb ivores in  response !o  evo ut ion of  srasses,  thefe l ids  seE probabty  the domjnant  predators ,  us i rg  a  n ign_search,  toN_purs j i t
j : 1 . : 1 . :  " : - " *  r a c . i r d r e d  D y , F r a r l v e r y  l i s h  e , . r c . " r c y  o .  \  ! . r e  b e l a \ j o r

t he .mo toy@r t  o .  t 1 .ee  Do te l_  Ldo tL .e  a1d , j ,  . . 9  keapo-s .teeth dd fore legs wj rh  c taws.  Such a forag inq 5. ra !egy rs  co iduc ive to  asor l .ary  ex isrence,  as seen in  the majorr . ty  o f  exrant  fe l l .ds .
Fel jds d iverged ear ly  jn to  sma er  forhs adapred for  forest_dre l jns andpreoatror  on sha|e.  ra@ats a id  b i rds,  and seversaber-tooths, probab,y "0",,".,",*;'.;;.;;","i];,'iiliili"]l'iliil,'i,iiil

As grus*s aolwd and rcdents and tagomryhs nppeared, canjds prcbabty became. : : : t , ]1 . "  " :  forae i is  in  Dre open habj ta ts  by us jns a pursu i t  s f ta tesy,
Nhi te  the sna|er  fe t l .ds  cont l .nued to  mnopol jze ro"" r t .a  t .u t r . t ,  "n0. i9 . . ,Frcn ther ' r  outset ,  fe t id5 becane h igh l !  specJat j :ed k j ] lers ,  ana cantas proUa_bly  tended towards ohnJvory and retat r .vety  sma er  prey thea te l jds .

lhe canjd adapt i t jon to  a  t i fe  o f  omiuory!  u t i t jz jdg a tov,search.  h jgh,pursu i t  forag ing mde,  was sure ly  conducjve to  mdid iot appear unti, .,."..,.;;;;;:";;;;";;lljil";.,ll"lll'li,ll"ii']i.,,,
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; . :ss l .nds {here qroup foraq inq rou ld  have been favored As huqe,  s low forest -

. . , : ig  herb ivor€s gave {av to  the shal le f ,  s { i f t  ungulates '  the cLumsv sabre-

rorhs rere d isp laced by the modern fe l ids ,  and,  poss ib lv  honin ids.  on lv  one

td. !e .  la l id ,  the cheetah,  adapted to  open habi ta ts  dur ing the Pl iocene The

' r . test  o f  mdern cats .  the Panther inae,  appeared in  the f i id_pl jocene v i th  the

, r i  evo lv ins rc5t  recent ly ,  in  the la te  Pl iocene '  ear lv  P le is tocene.

The hyenid5 becare predator-scalengers 1n open forests and 9rasslands

i r . i iq  the Pl ioc€ne,  Probablv  scavenging f ron sabre ' tooths '  larqer  Fel i iae and

: i ids ,  as re l l  as  prey inq on snal ler  namals .  For  feasons to  be d iscussed

je l0v,  i !  js  io t  un l ike ly  that  in ter fan i lv  compet i t ion in  open habl ta ts  con-

: i .bured to  evolut ion of  grc lp ing in  mdef i  hvenids Kle inan add Eisenberq

r t973)  sa id  that  compet i t ion betueen in t ra fami ly  and in ter fami lv  camivores

1!  p fobably  a lways been in tense and nust  be cons idered a facto '  in  the adap-

:a : ions nade by d i f ferent  g foups,  and soc ia l  b€havior  and evolut ion musl  be

Anonq oodern carn ivores,  on lv  ode fe l id ,  the l ion '  but  four  canrds - -

i io le ,  bush dog,  hunt ing dog and vo l f  - -  are } iqr r rg  soc ia l  '  su99est lng tha!

ihe bas ic  rcde of  forag ing in  these spec ies was noru conducive to  the evolut iod

. f  g .ouping in  canids.  Of  on ly  four  extant  spec ies of  hyenids '  the spot ted nyena

is  h i9h ly  soc ia l  and j t  uses a pursu i t - rorag inq 5t ra teqv verv  s imi lar  to  the

canids dnd o lher  hren ids.  I f  qrcuping bv large predalors  hds €volved because

t l fsu i t  by groups is  the mst  e f fec l ive feeding s t ra teqv '  i t  is  puzz l ing rhv

t l ,e  l jon,  l jka most  fe l ids ,  lyp ica l ly  a  h igh-search '  low-pursu i t  forager .

r iu ld  have €volved soc ia l i ty .  t ih i le  obv ious lv  l€ss adept  a t  lon9er_dls tance

puEuj t  than canids or  hyenids,  th€ cheetah re l ies  far  rcre on p l rsu i t  tnan

any other  fe l id ,  and Nhj le  i t  c lass i f ies  as soc ia l  (be lov) ,  the leve l  o l

grouping is  ra ther  lor  conpared to  the l ion and the soc ia l  canjds.

l ( le imn and F isenbers (1973)  hav€ d iscussed !he soc ia l  orsani2at io i  o f

canids and f€ l ids ,  and hoH the fundamenta l  d i f ferences n ight  account  for  so-

. ia l  evo lu l ion in  t l rese fan i l ies .  Thev re ly  larye ly  on the bas ic  adaptat ions

Df  pr imi t ive canids and fe l ids  and hor  lhese af fected the tvpes of  soc ia l

groups which have ef t rqed,  lhe autho.s  po i^ t  out  the se lecr iv .  benef i ts  in

cer ta in  habi ta ls  o f  asoc ia l  versus soc ia l  l i fe .  Thev d id  no!  pose anv na jof

il 't
r ,  j
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select ive benef i ts  o ther  than defense of  young agajnst  preddt jon or  increased
efficiency of huntlng to account fo. evoiution of groupin9. Further, they
did not  d iscuss the id i t ia l  causes of  soc ia l i ty  bur  ra ther  ldenr t l ied se lect ive
(maintenance)  benef i ts  o f  gmupins,

The najor  habi td ts  o f  soc ja l  carn ivores ar€ hr 'ghty  product jve,  for  exanpte!
tundfas,  pra i r jes ,  s .va inas,  wooded savannas and open voodtands.  These twjcat ty
have a re la l ive ly  h iqh caf fy ing caprc i ty  o f  large herb ivores,  and.  accord ing

Asocial canids tend to be moiogarous probably because food items are
r ide ly  d ispersed and/or  re la t ive ly  smal l .  The soc ia t  oanjds exhib i t  extended
nonogamies, Because they are flndarentally nonogamous, it has been argued
that  the asoc ia l  canids have a re la t ivety  b ish tevet  o f  soc ia t  behavior  and
thus,  for  shatever  the benef i ts !  grouping could be expected to  evolve ra lher
eas i ly  in  canjds.  S jnce fe l ids  nr€ fundanentat ty  adapted fo f  sot i tary  forag-
ing and tend to  be po lygynous,  they supposedly  do not  have a leve l  o f  soc ja l
bondinq behavior  as conducive to  gmupjns as the canids.  Accord jnqty ,  rhe
phyloqenet ic  lner t ia  o f  fe l id  and canid soc ja t  propensr ' t jes  shoutd tend to  d is-
favor  and favor  grcuping respect ive ly ,  Ihe hyenids have not  been as in tens ive ly
stud ied,  but  the asoc id l  spec jes hay tend to  be rcnogarcus.  Thus,  everyth ing
else be ing the same,  grouping could bd expected to  evotve rcre readi ty  in  rhen
as *e l l .  Ho*eve. ,  asoc ia ' l  fe l ids  possess h igh ly  advanced soc ia t  behavior  and
exhib i t  cons iderable behaviora l  sca l ins in  regard to  grcupi ig .  Any d i f fererce
in  the ra te of  evo lut lon of  grouping in  canids and fe t ids becausE of  mat jng
systems may be ins ign i f icant .  Foraging s t ra teq ies Nould se€n mre cruc ia t .

Ecolog ica l  Corre la t ions wi th  Crouplng

I t  is  des j rab le  to  ident i fy  the ecolog ica l  condi t ions necessary for  the
evolut ion of  gmupins in  larser  carn ivores.  A lso,  i t  is  des i rab le  to  denonst rate
khy soc ia l i ty  is  io t  found in  s imj lar ,  but  asoc ia l  counterpar ts  befoE any
theory can expla in  i ts  ex is tence.  G.nera l ly ,  there are cons is tent  cofue lat ions
that  center  around type of  habi ta t :  a lnost  wi thout  except ion soc ja t  caf i jvores
predominate in rcre open habitats, asocial counterparts pEdominate in more
c losed habi ta ts .  The npparent  d l f ferences jnc lude:  a)  carry jng capaci ty  o f
larger  herb ivores;  b)  @de of  hunt ingr  c)  in t raspecj f ic  conpet i t ion;  and,
d)  in terspec i  f jc  conpet i t ion.



ro  K le iman and Eisenbers (19/3) ,  usual ly  have at  t€asr  one retar ivety  comn
prey spec ies lar9er  in  s ize than an ind iv idual  carn ivore.  Hoievef ,  th js  ru te
dces not  ho ld  for  the l ion in  soE and the cheetah in  most  areas.  The
habi ta ts  o f  asoc ia l  counterpar ts  tend to  produce tess .n imal  prc te jn ,  for
erample i  forests !  scrub,  ar id  and hontane habj ta ts .

open habj ta ts  are most  anendabte to  grcup-hunt jng:  s i th  tess cover
.va i lab le !  grouping could favor  predators ,  Regard less of  any d i f ferences in
abuidance of  prey,grcuping as a forag ing s t ra tegy could be favored in  open
. id  d is lavored in  th lck ly  vegeta led habi ta ts ,  The d i f ference may retate to
. i fec t iveness of  hunt ing.  For  exanple,  because of  the inpor tadce of  s teat thr
n lo  housecats  hunt inq together  muld sure ly  k i l l  ferer  n ice thao i f  rhey hunred
eeparate ly .  Larqer  te l ids  such as the puna and t lser  nay forage sot i tar i ty
io t  because of  loker  abundance of  prey jn  the i r  habi ta t5 !  but  because of  the
advantages of  n inr 'miz ing detect ion by prey.

There may be re la t ionships bet {een soc ja l i ty  in  tarser  carn ivores and
lhe i r  eco log ica l  and in terspec i f ic  behaviora l  s ta tus,  The kot f  is  rhe mst
successfu l  o f  the mden larger  carn ivores of  the nof thefn hemisphe*,  o ther
soc ia l  canids tend to  be ecoloq ica l  and behaviora l  subord inates r 'n  the i r
su i lds,  The l ion is  except ional ly  larse anong soc ja t  cafn ivore5,  and unr i l
very recently kas the dofrjnant predator lhtuughout vast regions of Afdca and
southern Eufas ia .  ! i th  the except ion of  nan,  a  smal ler  grcuped spec ies,  the
l ion is  dohinant  to  synpatr ic  predators ,  a l l  o f  whjch are smat ter  a id  severa l
. i  /h ich dfe soc ia l ,  The wo' l f  coer is is  ( i th  severat  targer  bur  asoc ia l  carn i -
rores)  for  example,  brown bears and to  a  lessef  degree i igers ,  !h i te  there is
no s t r ic t  re la t ionship betwden sr 'ze of  carn ivores and degree of  soc ia l i ty ,  the
dohinant  carn ivore wi th in  nany predator  gu j lds is  soc ia l ,  inc tud ing man and the

ore open habi tars  suppor t  a  gr€ater  d ivers i ty  and d iundance of  mamat ian
rrey 5pecies,  {h ich a lso corre la tes wi th t  and poss ib ly  causes,  a  greater
d,vers i ty  and abundance ot  preddtoB.  This ,  in te f tpec i f lc  and in t raspeci f ic
cohtet i t ion should be far  more in tense in  open habj td ts .  Defense of  resources
rs  not  on ly  more d i f f icu l t  becdus.  o f  the abundance of  conpet i tors ,  but  a tso
oecause the openness of  the habi ta t  incrcases th€ probabi t i ty  o f  in fornat io i
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transfer b€twe€n competitors.

. 
cnrnivores can only gain from grouping for any reason so long as the habjtatprodrces a sufficient nuDber and/or sr.ze of food rlens, a necessary bur norsuf f ic ient  cause of  grouping.  Greater  product iv i ty  hay be conducjve to  theevolut ion of  grouping because of  j ts  e f fects  on densj ty  o f  conspecj f ics  and/oro lher  predators ,  whjch in f tuences conpet i r jo i .

To expla jn  the evotut ion of  grcupr .ng jn  the |e t idaer  two mutual ly  compatabteapproachs aE takenr  a)  anatyz ins the causer  or  setect ive benef j rs  o f  group-jng i  dd,  b)  @mpdison of  thd socr .a t  organr .zat ron a id  behavjof  o f  asoc ia t  ands@ial  spec i$ to  deduce the probabte course of  soc la t  evotut jon,  By conbin ingtnese- ,  i t  nay be poss ib te to  jsotate whr .ch causes were ac l rnq at  each srage ofsoc la l  evo lut ion.  A predjc t lv€ theory of  soc ja t  eyotut jon shoutd s t r lve for  asequentr'at reconstruction of groupjng.

An overv lew of  the Socja. t  Organjzat ion and Behavior  o f  F€t ids

.  
In  order  to  fu l ]y  apprec ia te the evotur ion.or  groupins in  fe t ids,  the j rsoclal orcaniatjon and behavlor is overvieved. Much lnformatl.on about targer,asoc ia l  fe t r 'd  ecotogy and soc ja l  behavior  is  be ins coIected or  prepared forpubl icat ion at  th is  wr i t jng.  As nore Jntens ive i ie td  s tud jes are conducted onsuch specjes as the puma and teopa.d, the trend of observations is towatus

increains $c l 'a t  Inreract ions a ions jnd iv jduats  ( ,orks of  C.  Koford,  T.  Bai tey!P.  and P.  Dewar,  and othare,  in  preparat ion) ,

.The_fundarentat  
pat tern of  fe t id  soctat  organrz. i lon is  a  fah i ty  un i t  o fone rerate and her  o f fspr jng of  one t i t ter .  o  o ther  adut ts  d j recdy ass js tin  rear ing young.  l la tes are e i ther  ter r j tor ja ] ]y  estabt jshed or  f toaters

search ing for  ter r i tory ,  khr 'ch nay enra i j  agsress iv€ cohpet i tJo i  wi rh  res jdenrmares for  breeding sratus (see Eaton t974a,  and tn ls  votutu,  for  re ferenc€s) .
Ihe nating systeh rypjca y is potysynous: resrdent nates usua y havetvo or  nore fenates wJth in  the j .  targer  jnctus ivr

appears to be an equar sex_ratio .,,,.,,.,,,,;":;;: i3;.. ' ::x#I:l:
:re 

ale f]@tere. conpetl.tion amonq hales shourd b€ no€ intense rhaiahong fena les ,  and i  thus ,  se tec t jon  shoutd  favor  5exud d lmrph jsn  k i th  na tesbe ing  la r9er  than f€ ra tes .  F je td  obsdrva t jons  i io rca !e  s rea ter  cohper i t jon
anon0 mates  than f€natcs ;  se f lous  f igh ts  and i [ Jur res  a f t  no t  uncohmn,  f ia testend to  be  la .9Er  than femates  bv  t5  to  401 ihc I  d . o e .  i . " . i " 1 0 . r 9  r o  b "

the  "J iE  ie !3 f fdnyho js  fami t ia r  w i rh  soc ia t  o rgan lza t jo i  o f  fe t ids  nay  eo  on  to

T
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rus idents ,  the snal le f r  youngef  ru tes tendr 'ng to  be f loarers .  Sexuat  d i rcrph ism
nat  a lso be favored because i t  rcduces expto i t jve conpet i t jon bet |een mates a id
:emares and of f5prJns ( r , ruckenhim and Eisenbers,  1973) .

The bas lc  reproduct ive pat tern of  fe t ids is  po lyest ry ,  tending torards
se.sonal  po lyest ry  a id  opt jmat  per jods for  breedjns (Asde| ,  t964i  Ewer ,  ts /3 ,
t974) .  In  populat ions that  shor  a  tendency towards seasonat j ty !  or  in  r .op ica l
epecr 'es kh jch tend to  Espond reproducr ivety  to  tocat r  unpEdicatabte f tuctuat jons
tn food resources,  fenales may reproduce at  any t r ' i je  {Rudnaj ,  t973i  Eaton and
re lander ,  in  press;  Eaton,  t974b,c i  Eaton ts76;  Roblnet te  e t  a t . ,  t96t i
n e i m a n ,  r  9 7 4 ,  e t c . ) .

l , {h i le  fe l ids  are typ ica l ly  asoc ja t ,  they arc  by no reans uNocjabte (see
eyhausen,  1965) ,  Resldent  mates in teract  fa i . ty  o f ten wi th  res idd i t  fenates

i i rhout  nat in9 acr jv i ty  (e .s . ,  se jdensr jckef  e t  a t . ,1973i  Er lckson,  1955;
,  h a l l € r ,  1 9 6 7 i  t ,  f o f o r d ,  p e r s ,  c o m .  ) . Resident  f ra les appea.  to  comunr-
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:a te  resu lar ly  wi th  one another ,  but  may rarety  assoc iate d i rcc t ly .  subadut t
f  young adur t  fenales appear  to  fenain jn  or  c tose to  the i r  nat jve ter f i tory
1as l i  bears,  ! i lson,  1975;  fa tcons,  Eaton,  in  p .ep, ,  and nany asoc jat  pEda-
:or ) ,  and assoc iate per iod icat ty  wi th  the i r  hothers,  even Hhi te  rhe rc ther  is
:ccompanied by younser  o f fspr ing (se jdensr icke,  e t  a l . !  t973i  scha ef ,  t967) .
.es ident  females at  least  comunlcate jnd i rec y  wj th  one another ,  and j t  is
probable that they are oft€n retated.

Prev ious ly  expel led mates may.evtsr ' t  the j r  Dther 's  ter r j tory  and fom
:enporary  assoc iat ions wJth a subsequent  t i t tdr !  even form groups Hhich d js-
.e fse {se idenst icker  e t  a l . ,  1973) ,  though femate s jbs nay set  e  c toser  to
:he nat jve ter r j tory  as male s ibs keep rcv jnq.  A prev iousty  expe cd hate
r i fspr inq kho larer  re tums shoutd not  threat€n h is  s ibs,  and mjghr  even serve
r is  inc lusJve in teresrs  by as51-st ing s ibs jn  ad just ing to  independence.

In  a  par t icu lar  inc ident  (se idenst icker  er  a t , ,  1973)  the mother  puna
apparenuy mated k i th  a  res jdent  nate just  a f ter  her  young adutr  t i t td f  de_
! . f ted wj th  a i  o lder  nate of fspr ing,  vh ich eoutd had to  have been at  teast
i rur  years o ld .  l f  such nale of fsp. inq Ne.e to  pursue retated est tuus fenales
lmo:hers,  s is te .s) !  th€y {outd Jn-ease the phbabi t j ty  o f  severe agsress jon
:7 res ident  males.  t lo thers  nay rebuke the i r  sons i  nat ing at tenpts  not  because
. f  inbreedingrrbut  because the hate woutd be threatened by res ident  or  o tder
nales.  Nomal lyr  rhe female routd serve her  in terests  by re fus ing sexuat  re_
l i t ionships k i th  sons,  the inh ibr t ion of  sexuat  Denavlor  so

t l,|i!
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adul t  l i t temates o.  lnd iy jduats  ra ised together  Jn capt jv i ty  nay repEsent
an evo ved rncest  taboo which has t i r  e  i f  anyth ins !o  do, i rh  jnbEeding.
In  any case,  res jdenr  na les shoutd atways erpet i  young mares because they can
succeed rn mat i is  unre la ted or  d js tan y  fe ta ted fenates j i  ad jacent  femate

The prihary node of comunjcatjon in fetjds is otfactory. via phercmones
produced by eroganous glands and jn urjne and feces, naLes tend to scent_na*
fat  nore f requent ty  than fenales (see Earon,  t974a;  Kte j ia i !  1974i  Schaler ,  t967)
R€sidd i t  males expend cons iderabte t j re  and enersy haf ( rng ter r i lo fTes by
deposi t in9 uf ine and feces at  consptcuous a id /or  r radrr io ia l ]y  used fe . tures

] l  l le  
rddsaee (e,e. ,  se idenst icker  er  a l . ,  le73i  r luckenhjm and Ejsenbere!

1973) ,  V jsual  narks have evotved to  enhaice comunicat jon by at t ract ins
at tent ion to  o t factory  mark ing s i tes.  Scrapes on the ground and scratches on
t rees v isuat ty  a t t ract  conspecJf ics  to  scent  posts  (Scha] ]er .  t957;  Nornockerr
1969;  Muckenhi rn  and Er 'senberg!  1973;  Shorey and taron,  1974) ,  In fomat ion
conta ined in  scent_narks js  as yet  onty  par  y  dec lphered,  but  jnc tudes karnJnss
to pote i t ia l  coDpet i tors ,  .dver t iseEnt  o f  ident j ty  and tocat jon in  t i r ie !
sexua at t ractants ,  and probably  nore.  rn fomat jon t ransfer red shoutd vary  as
a funct ion ofNhor  i id jv jduat j ty ,  sex,  age,  breeding co id j t jon,  e tc , r  perce ives
scent-marks.  usua y ,  jn t ruders appear  to  avoid resroen.s  as nuch as possTbt€ i
they nay even h ide the j f  presdnce by cover ing feces and ur ine (e .g. ,  bobcats ,
Er icksoi t  t955) ,

Resident  (breedjnq)  femates compete for  ter r i tory ,  a id ,  depdnding on the
species,  food resources.  tn  targef  fe t ids,  p f ty  are i ikety  to  be h ighty  Dbi te(schal ler ,  1967;  uckenhl rn  and t jsenberg,  1973i  Ho.nocke. ,  t970) .  AggEssio i
befueen fesident or resjdent and non_rcsident femates appears to be mor€ inhibit_
ed and h iqh ly  r j ruat r 'zed cohpared to  mates (e .9, .  shorey and Eaton,  1974) .
Resident  fdnates tnd i rec y  conpete for  Fates.  As lneE rnvar iab j )  are opt jna l
perrods r0 reproducer fenates are favored who succ€ed jn attracting nates to
themselves .a ther  than other  fematds.  Fenatds may atso benef i t  by mnopot jz ing
the sexual  a t tent ion of  nates duf ing fa ts€ est rous per iods i f  thr .s  reduces
conpetition lith adjacent fenates, Ercessive nating by fenates hay reduce
infant ic ide by males,  for  ermple,  f toatdrs  or  resroenis  estab l ished af ter  the
fehale codceived r j th  a  prev ious na le {see Eaton,  th is  vo lume).
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As a fenale and/or her daughters approach breeding conditlon, dauqhters

aE expel led and the female reproduces again.  I t  is  probably  nomal  for  the

fenale to  co ice ive whi le  su l l  assoc iated wi th  her  l i t ter  (Robinet te  e t  a l . ,

t96 l ) ,  I f  her  sons hdve not  a l ready vo luntar j ly  d ispersed or  been expel led by

a res ident  ru le ,  they should be expel ' led duf l -ng the fe@le 's  est rus,  when the
'es ident  male nay at tack and k i l l  the6 (e.s . ,  Schal ler ,  1967i  Gor  dman a id
Youns,  1946) .  lh i le  nonres ident  fenales Nay tend ro ra i t  for  a  vacancy or  a

:L i r "b le  po. r  on or  " "  r . rh" - !  te ld  to  d ispe.se,  ! -e '
search,  and,  i f  necessary,  la ter  f i9ht ,  Thus,  ne iqhbor in9 females are l ike ly
|o  be re la ted {h i le  ne ishbor ing Fales are l l ' ke ly  to  be unre la ted,  vh ich nay
par l ly  accoun!  for  greater  aggress iveness bet reen males.

Fenales spend considerable time aray fron infant litters. l,lhen the litter
is  o lder  and hobi le  ( f ron s ix  to  ten leeks) ,  j t  spends nore t i re  c loser  to

or  s i th  the female.  F loarer  males are a threat  to  o f fspr ing as nost  are u iE-

la ted to  the mother .  Residenr  ha les cannot  fu l ly  exc lude other  ha les,  which

t j l l  and eat  in fants  and,  to  a  lesser  extent ,  snal ler  juveni les.  t los t  non-
fes ident  males lh ich encounter  fan i l ies  wi l l  be re la t ive ly  younq and smal l ,  a
iactor which fiay be conducive to defense of offspring by the fenale. Perhaps
more impor tant ,  a  fenale should be @re agsress ive ( { j l l inq to  assure greater

sks) in defendjng her young than a hale would be to prey on theh. Fenales

may enploy sexual  decei t  to  reduce in f in t ic jde,  for  exanple,  the weani iq  eshus.

Any nale in the area is likely to eithe. nate the female, thouqh she hay not

iecessar l ' ly  conceive,  or  be expel led by a res ident  male.  A nonres ident
nald rho on ly  manases to  sneak one or  a  fe{  copulat ions before be ing ousted
by the res ident  male,  cannot  la ter  a f ford to  k i l l  o f fspr ing in  the fenale 's
area or  wi th  the female,

Secause f loatef  na les are a threat  to  a  fes ident  male 's  succe5s:  they

can prey on offspring, matd fenalds! extract resources from breedr'ng ter-
r i tor iesr  and may chal lense for  ter . i tor ia l  s ta tus,  res jdent  males can bene-
f i t  by  at tack ing and k i l l ing f ' loateB.  Ui th  younger ,  snal ler  males the r isks

io  a res ident  may be re la t ive ly  smal l i  h@ever ,  Ni th  larger ,  mre potent ia l ly

danqerous adyersar ies,  res idents  nay te id  to  use rcre . i tua l lzed expEssions
of  agqress io i  to  a t t€mpt  expuls ion (doninat ion) .  ln  the event  that  an in t fuder
is  not  subniss jve,  the res ide i t  na le  should at tenpt  dominat ion by f ight i i9  or

otheni ise lose breedjng s ta tus.  The tenac i ty  r i th  ch ich res idents  defend the i r

5 la tus i t  !o  be oxpected as they have everyth ing !o  lose and noth ing to  ga in

. 1
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I t  ls  inpor tant  to  recognjze that  the h jghty  specrat ized k i  jnq tech-
niques used by fetjds are enhanced by transnisslon of Lnfornation by parent
fenales,  kh ich favors protonged far i ty  r jes  (Ewer !  1974) .  Th js  in  i rset f  has
favored a higher degree of socJat behavior than nrgnt orhehjse be expected
in bas ica l ly  so l i tary-hunt ins p.edators .  rn  sp i te  or  cons iderabte assoc iat ion of
adul ts  and prcbably  re ta ted adut ts  and fan l ty  un i rs ,  cooperat jva hunt ins has
io i  been observed {Er jckson,  t9s5)  except  rarety  by cour t i iq  pa i rs  i fccord,
1974) .

o ther  than the t ion and chectah,  a t  teast  tvo spec jes appear  ro  have
evolved a bas icat ty  d j f ferent  fom of  socr 'a t  organlzat ro f  than descr ibdd
above,  The b lack- footed cdt  occupies a harsh env i .onnei i  and feeds on
sparse ly  dr 's t i ibuted,  sna 

 

food i rems (v issar ,  t9 i6) .  seruat  d inorphjsh in
body s ize is  shat t  or  lack ingr  a t though mates nay be dr5t inct ivety  narked
(Leyhaus€n and Tonkin,  1966) .  The est rous per iod o l  the b lack_footed ca!  is
exceptionally shoft and breedjns is prcbabty v€ry seasonat. rtt.tes hay behave
parentar ly  (u .  schurer ,  pe6,  conm.) .  Both the btac[ - footed cat  a id  the snos
leopard appear to be monoganous, but do nates ptay a parentar rote comparabte
to na les of  honoganous canjds? l t  r -s  pred ic ted that  the canid l r - (e  foras ing
s*atesy surety used by btack_footed cats! combined *ith a hjgh threat from
ptdat ion,  would resut t  r -n  a  pa j f 's  use of  a  cent rat  de i  vhere k i t tens are
hidden.  l la les nay hetp prcy js ion femates and of fspr jng,  as Ln foxes and jack_
als .  The snow teopard 's  forag ing s t raregy coutd be more fepresentat ive of
large canids.  E i r ths nay be r i@d accord ing to  a  hrgn abundance of  targe and
smal l  prey in  a tp jne habi ta ts .  Both parents  mighr  provrsron in fa i t  o f fspr ins
at  a  den located jn  tower  vatersheds f requ€nted by v jn ter ing unqutares.  {hen
the offspring are noblte, they probabty rctocate wjth both parents r-n the
a o: rc  hdbi raLs dr r . r9  r1e dre ,Dr i r9  a lo  sLm e, .

At least for feljds, nonosanv is pfobabjy raru
re la t lve ly  unfavorabte condi t ions i  j t  probably  or  e l
tefrporafy pair bonds betNeen uiretated adutts, possj
i rary  to  Kte iMn and Eisenbers (1973) !  mnogany qas
grouplng in  soc ja t  fe t ids.

and may only evotve under
nated f foD extens ion of
b ly  betveen s ib3,  Con-
sure y  not  the or ig in  o f

s tud ied  to  da te  appear  to  be  asoc ia t ;  how€ve. ,  the  cheetah
soc ia l i t y ,  as  malds  rend to  q roup ( typ€  4 ,  see  A iexanoer ,



t974) ,  and in  one populat ion,

iemales)  and/or  two d i f ferent
L ions a lso fom type 3 and 4
6soc iated * i th  rc tared fenal

fa_ i l v  q .o rps  i1 (  rde  t "o  o .  -o  e  doL l  ,  /p rooao l .

l j t ters  (extended type 3,  A lerander ,  1974)
groups but  na les of  male groups are usual ly
es and the i r  o f fspr ing,  the pr ide.

Cheetahs are on ly  about  251 the s lze of  l ions.  and the i r  averaqe prey js

d jspropor t ionate ly  sra l ler  than the l ion 's .  The cheetah r -s  h ighty  spec ia l -
Izedi  l ts  fundarenta l  n iche is  that  o f  a  d iur ia l  predator  on smalrer ,  sk i f t
ante lope such as sazel les ( ta ton!  1970a!  l974ai  Kruuk,  1972i  Schal ler ,  1972) ,
Tr4 smal ler  unqulate prey are typ ica l ly  n igratory  and occupy very  open ter ra in
(schal ler ,  1972) .  Defense o i  a  ter r i tory  is  nornal ly  inpract icd l  but  tempora l
spac ing is  ach ieved by mutual  avo idance and scent-hark ing (Eaton,  1970) ,
Confrcntat ions and consest ions are rare,  In  the vast  major i ry  o f  populat jons,

fenales l ive a lone v i th  one l i t ter ,  but  na les tend to  grcup everywhere {Eaton,
l974ai  P je iaar ,  1969i  Gaerdes,  1973-74i  Schal ler ,  1972) .  Apparent ly  these
qf .ups cons is t  onry  of  s ibr inss (Eaton,  1974a) .

Fenales ional ly  concdr 've pr ior  to  separat jon f ron the i f  subadul t  l i t ter ,
rhen e i ther  dr ive then a,ay or  leave of fspr ing just  pr ior  to  par tur i t jon,
Male of fspr inq are not  expel led f ron fan i ly  qroups by nat ins na les.  Qui te  o f -
ten the entJre l i t ter  inc lud ing ha les and females renain tosether  for  severa l
weeks i the fenales become solitary and thd nales er-ther sepa.ate or reFajn
logether ,  soret i res for  severa l  yaars.  There is  no ev idence that  unre la ted
nalds ever  group.  l t  is  not  un lJke ly  that  a  fehale 's  f i rs t  est rus athacts
o lder  na les Nhjch dxpel  male l i t tehates,

i : .

Fema' les €xhib i t  smal ler  hore ranges and probably
lo  the i r  rc therrs  rdnse than do males (Adamson,  l97 l ;
Fenales may per iod ica l ly  assoc iate v i th  the i r  nothers
groups,  or ,  in  except jonal  c i rcunstances,  renain s ' i th
the ra is ins of  a  subsequent  l i t ter .

tend to  .emain c loser
McLauqhl i i ,  1970) ,
and thus fom tenporary

t la les mark at  h igh f requencies,  fe f ra les do so o i ly  rare ly  (Eaton,  1970h,
1974a)  compared wi th  fenales of  asoc ia l ,  te . f i tor iar  spec ies,  for  example
r isers ,  or  female l ions {schal ler .  1967i  Rudnar ' ,  1973;  ta ton,  r973) .  Fenales
orobably  nark  o i ly  to  a t t ract  na les for  mat ing"  Males kho have io t  nated a
fenale are probably  danqerous to  rhe female 's  o f fspr i iq  (Herdmi i ,  1972) .  The



high nobi l i ty  o f  ch€etahs,  especia y  mates,  is  such
d d v e r t i s ' 1 9  t t e i "  p € s e r c e .  d r d i  r J . ,  . e 1 ,  o n  .  s i o r
Fenales wi th  o f fspr ing tess than abour  tO nonths ord
o f  n d - e s  (  d r o a ,  l 9  i d )  o ,  - o v r r s  d { o y  a r o . o ,  1 i d j r 9
cheetah,  breedins-ase fenales probabty  assoc iate ! ru

that fenales may lose by
to space thehselves.

exhib j t  great  avo idance

adul t  na les on ly  for

Exper lmnts in  naturat is t ic  ser t ings jnd lsa ie  that  s fouping behdvior  in
cheetahs is  readi ty  erpanded a id  probabty  adaptabtd to  tocat  set t ings.  tn  a
large,  senl -natura l  conpound jn  Xenya abundan'y  s tocked r i th  gate l tes,  a
cheetah famj ' ly  ( fenale and of fspf ing)  wefe enctosed,  The fenate ta ter  brcd
wr lh  a  son Md hef  marure of fspr i ig  ass js ted jn  rear i ig  the f€hate 's  secodd
l i t ter  (U.  York,  pe.s .  coM.,  and in  Eaton,  1974a) .  tn  Rhodesia 's  n iohbo
loodland,  a  cheetah fami ly  ras repor ted to  be geographica y  tenr ' tor ia t
iU,  c . rs t ,  pers ,  com.) ;  however ,  re ta t jonshjps wi th  o ther  ad! t ts  rere not

The l ion has a brcad fundanentat  n iche.  t t  hunts  s ingty  or  in  groups;
j t  k i l ls  a  vast  ar ray of  spec ies inctud ing tarser  spec jes $an k i  ed by a iy
ter res ia l  p fddatof  except  nan,  The t jon tends to  hunt  nocrurna y  but  a tso
djurnal ly !  and f ree ly  scavenges and s teats  f ron other  spec ids.  lhe t ion occurs
in  such d lverse habi ta ts  as n ionbo !oodtand,  vooded savanna!  grasstand pta ins,
semi-ar ld  and t rue deser ts ,  Based on b ionass.  j t  lends to  be the donjnanl
predator  vnerever  i t  occurs,  and in  targ€r  _oroups behaviora |y  doninates a 

Adul t  females and of fspf j ig  t jv€ tosether  add rhe averase retatedness is
prob.b ly  h iqh,  about  0 .25,  The adut t  nate or  nate group v i th  a  pr ide of
fenales is  usual ly  not  re ta ted to  the femates.  f ia tes are probabty  c tosety
re la ted,  hav i ig  or ig inated in  nost  casesr f rom the same pr ide!  but  not  usua y
f ron the sane fenales.  The nomal  sex-rat io  o f  a  group js  t :2-3.  Mates are
considerably  larger  than fenales.  croup-s jze and cof ipos i t ion tend to  vary  r ' i
d i f ferent  habi td ts ,  paf t ly  as a funct ion of  carry jng capaci ty ,  Spacjng by
9roupr  may be ter r i to . ia l  jn  nore product jve habi la ts ,  o f  temporat  in  poor
habi td ts  as in  the cheetah.

Males  compete  fo r  p f ide  s ta tus  r  and ru rnover  .a tes  nay  be  h jqh  {Scha er ,
1972) .  Ner  ma les  may cause the  dpath  o f  o f fspr inq  s i rcd  by  ous ted  o .



dispersed males.  Juveni le  and subadl l t  mles are expel led f ron pr ides by
res ident  mdles,  or  leave vo luntar i ly  (Rudnai ,  1973) .  Fen! les tend to  perpetuate

themselves {ithin the sane group and territory for many genefations, ost
female of fspr in9 are expel led as young adul ts  by pr ide re ibcfs  ( females) ,  v i th
sore be idg admi t ted in to  the nat r icarchy.  Expel led fenales nay wai t  l i th jn  the
renitory for a vacancyi others becore ionadic and probably have little
reorcduct ive success (Schal  le f ,  1972) .

Comln icatJon is  v ia  sce i t -mafk ins as in  o ther  fe l ids ,  r r ' rh  na les narkJng
more f requent ly  tha i  females,  Vocal izat ions are nore complex In  l ions than
in a iy  o ther  f€ l id ,  a id  both sexes roar  though males roar  @re loudly  and nore
ol ten.  F ight ing Hi th in  g foups is  inh ib i ted,  but  bet reen s t rangers may be
conbat ive and le tha l  (schal ler ,  1972,  schenkel !  1967:  Rudnaj , l9 l3 ,  ra ton,
r973) .  Conpet i t io^  bet {een nale 9.0ups js  o f ten peaceably  set t led by d i f fe .ences
in sroup s ize (schal ler ,  l9 /2) ,

lhy Grcups Fon

Socia l i ty  is  sroup l iv i ig .  Soc iob io loq ica l  theory predic ts  that  soc ia l -
i ty  evo lves because the average f i tness of  lnd iv iduals  in  groups in  h igher
' a l  r d i r i d r a l s ' o t  1 1  9 ' o L p s .  L x c e p !  i i  c l o . " 5 ,  l , a  q . i p l  .  i l t e . e s ! s  o t

i id iv jduals  { i th in  groups arc  never  the same as the group as a lho le ,  There-
' 0 " e . 4 _ e . a 1 d e  r ' 9 1 )  d . 9 1 " .  t l d r  i .  o . d e ' t o  r . d e r s t a l o  s o c  a l i t /  ! f e
conf l l ' c ts  o f  in te fest  anong ind iv iduals  must  be spec i f ied.  Accord ing to  the
:heoretical development of Alexander (1974) there are nany autonatic detrirents
to  grcup l jv i ig ,  such as:  subord lnat ion of  na les thus prevented f ron reproduc-
t icn;  the threat  to  the doninant  ha le  of  be j iq  over thrown by subord inates;  the
'dr1 dra r fo  r^  co 'sra ' r ' r  be: r  co4pe! ' t io .  'o '  pre 'er€d spd(e o"  food:

lncEas€d conspicuousness i  s feater  probabi l l ty  o f  t ra isn iss ion of  d jsease and
parasr tes,  ano so od.

14hi le  i t  is  va l id  to  arsue that  qroup l iv in !  evo lves because ind iv iduals
benef i t ,  sone of  the det . i@nts l is ted by Alexander  nay actua l ly  favor  g tuupjng-
As to  the increased probabi l i ty  o f  d isease and t ransfer  o f  parasr ' tes const j tu t -
ing a de l r i rent  to  soc ia l i ty ,  an equal ly  good case can be made for  the opposi te :
that  innuni t ies  can be acquj r€d by exposure to  conspeci f ics  Hi th in  groups,  e f fec-
t ive ly  f€duc ing rhe probabj l i ty  o f  nof ta l i ty  or  jnpaj red reproduct jve per fom-
anc.  o f  ind iv iduals  l iv ing in  qroups.  T icks are ser ious d iseas€ vectors  fo f
mdny mahmals,  and in  a .eas of  h iqhef  mammal ian densi ty ,  kh ich a lso are nore
, lpen hahi ta ls ,  qmupin0 could benef i t  ra ther  than cost  lhen,  l - io is  are h igh ly



suscept ib le  to  t ic Is !  whjch may t ransmi !  potent ia t ]y
(1973)  observed thar  a  ogrooning is  d i recred at  the
oy autosrconing; apparen y ticks are being r€novco.

Regard less of  det r ihents !  i t  s t r '  

 

must  be oercns}at€d ror  ahy soc ia l
spec les vhar  ga ins accrue to  l .nd jv l .duats  over  the at tematJve of  asoc ia t i ty ,
A lexander  (1974)  says that  rhese are chJef ly  o f  rnrce k jnds:  t l  suscept ib i t i ty
to predation musr be towered, for erampte, rhrcush q.oup defense {first hy_pothesr 's ,  H- t ) i  2)  the nature of  food rds0urc;s  hay d is favor  spt jn ter ins
(second hypothes is ,  N-2) ;  3)  there nay be an exrrehe rocat izar ion of  sone
cr i t jca l ly  t in i t jng resource ( th i rd  hyporhes is ,  H_3) ,

A lexander  (1974)  . rques thdt  H- l  ahd H-2 aE probably  far  more s ign i f icant
as ca6es of  socr 'a t i ty .  Brcwn and Or ia is  ( t9ZO) consr .der  in  aspeci f r .c  defense
of  c lumped resources a benef i t  to  jnd jv iduats  o f  sroupsi  noNever  thrs  cause may
apply  to  sohe spec ies,  the examptds gr .ven by Atdrander-_safe s teeping s j tes jn
lne Nanadryas baboon.nd breedins s i tes for  some nar jne namats and b i rds__
could iust  as vet t  be inc iuded in  H_t ,  a  towef lnq of  susceptr .b j t i ty  to  prcdat ion.
Nej ther  Brokn and or ians (19/O)  ior  Atexaider  ( t974)  have postutated d i rect
interspecific conpetition for ctumpdd resources as a prihary force favorjng
evolut ion of  soc ja t i ty ,  ln terspecr ' f ic  compet i r ion for  c tunped resources may
nave caused e lo lu t jon of  soc ia l j ty  jh  carn jvoEs,  thus,  a  four th  hypothes js
is  added to  the bas ic  causes of  grouplng.  I t  r i ] ]  be argued that  in t rasexual
conpet i t ion nay cause groupinq;  horever ,  th is  is  best  cons idered as in t ra_
speci f r 'c  compet i t ion for  a  cr i t jca |y  t r 'mi t jns  resource,  for  exampte,  mtes
( H - 3 ) .

T l rere has been no rea l  a t tehpt  to  expta in  grouprng r i  the cheetah.  In
fact, the cheetah has been considered ba5r'ca y sotjtary by sone rorkers, for
exahple schal ler  ( t972)  who obse.ved them In the tdasr  socJat  poputat r .on kno{n,
Eaton { l970bi  1974a)  estabtJshed an invefse Etat ionship bet  een f requency of
grouping by na les and the densi ty  and d ivers j ty  o f  conpet jng spec ies,  and suq_
sested that  predat ion o i  t i t t€rs  (H_t)  and degree of  d i rect  (behaviorat )
in terspec i f ic  compet j t ion for  food (H-4)  hay expta jn  poputat jonat  dr . f ferences

sch. l ler  {1972)  has 9 i
s o c T a t  i  t y  i n  t i o n s ,  S c h a l l e r
!h ich coutd be consot idated

ven an account  o f  vhy t r 'ons are soc ia t .
(1972:  351-O) @nt joned e ight  setecr ive

in to the fouf  hypotheses.  tnd iv iduals  in

le tha l  d iseases.  Rudnai
body parts not Eachable

'
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[ ! i r  nore successfu] ly  rhan sot i rary  ind jv jduats .  He says,  A t r .on group usesj ts  tood mre fu t ty  than an jnd iv iduat .  i tdebeese ano zeofa iay be consured
di .h in  an hour  or  two by severat  t ions but  a  sot j tary  t jon must  guard the
fenains asainst  o ther  predators  and vut tures,  A srngre t jon ts  nor  a tways ab le
to do th is ,  and hyenas,  for  eranpte,  o f ten dr jve (even k i  

 

on occas ion)  i t
i rxm a k i l l , ' !  Another  exptanat jon by scha] ]er  is  d l .v is ion of  tabor ,  for  exa ipt€,
rne l io i  nay protect  the carcass {h j te  o thers  seek shade,  fe tch cubs,  or  are
otheru ise ehployed.  He rent ions that  a  t joness of ten rests  near  smal t  cubs,
the.eby funct ion jng as a guard,  wj thout  the need to  hu i t  because other  p f r .de
. .nbe.s  may k i l t  soheth ing and prov ide meat  for  a  .  These benef i ts  to  ind l .v jd-
l r ls  f .on qrcupjng fa  

 

vaf lousty  under  H_1,  H-2,  and,  probably  H_3 for  conpet j_
non between femates of  d i f fe fe i t  groups.

In  s t j l l  a  th i rd  exptanat jon,  Scha er  (1972)  po in ts  our  that  Jntersp._
. i r ic  ra ik  js  snhanced by qroup t iy inO;  hokver ,  he be l ieves th is  is  targety
tased 0n s ize.  For  exanpte,  a  s ingte t jon atways wins agaJnst  a  s ingte hyena,
5ut  a  s in9te t ion js  put  to  f t r .ght  by a hyena pack.  Actua] ]y  thr .s  impt ies
ihat  in terspec i f tc  h ierarchy js  nor  dependent  on srze of  jnd iv jduats  but  on
r ize of  ind iv iduats  which compr ise qroups.  Other  setect jon forces vh jch Schat_
ef  ar t r ibutes to  groupjng by t r 'ons are protonsed devetop@nt and poss jb i l i ry

3 i  ledrn ins which coutd fa  

 

under  any or  a |  o f  tne nypotheses.

!t!
tt

t!str1f

aqai,st lr€darior. Thi
:s  a  cause of  9roupr 'nq id  ta fge.  carn ivores
: ia i  these spec ies have few or  no enenjes.
:he {o l f  is  the dominant  carn ivore r .n  host
predators on young lotves protechd by onty
that  the i ' i c iar  caus€ of  qroupi ig  may be
dovanraqes areer srouping has already been

s hypothes js  tends to  be ove. looked
'  Probably  because I t  js  bet ieved
Like severa l  o f  the targe.  fe t jds,

of  j ts  fange,  Bears coutd be sef ious
ond or  t ro  parents .  The point  js

less appafent  than the setect jve
favored by prdsentty obscure setective

as rmpor tant  in  the la19er
as adul ts  by orher  spec jes
reasonable to  propose

i :

1' r ' lson (19/5)  d iscounred r is Is  f rom predatJot r
e  i o \ ,  o u r  o  I  o -  - f . n  5 t , o  p d  r o  d d r e  a , A  r l  e d
d  tha .  . 11 r ,  D -eda .  j o r

'  i r  ' e l i o a  " v o  , e d  e  o  d d / a | d g e



Ihe cheetah 's  except iona y  tarqe t i t ter  s ize,  neaf ty  twice as tars .  as
the s jn i lar -s ized leopard or  puna,  probabty  r€ f lects  a  h igh mrtat i ty  ra te  of
offspfl-ng, The cheetah may incur hisher tevets of mortatjty fron pEdation
than a iy  larger  fe t id ,  rn  East  and South Af r ica (Eaton,  t9 /4a i  Abbot  and
Ful le f ,  1973;  Adamson,  t97t i  e tc . )  about  50f l  o f  the k i t tens born are k i ] ]ed by
domi iant  p .edators  ( t ion,  teopafd and hy€na) , .  Adut ts  are atso preyed upon by
sFpal r rc  cahivores:  hopever ,  a thost  a l l  cases to  date have beer  o f  fenates
of  s ins le-adul t  fami ly  groups,  rarety  o f  nates t iv ing sot i tar j ty  o .  jn  q tuups.

l f  defense against  pr€dat ion favorcd qrouping,  then there shoutd be a
d l rect  co. re la t ion between grouping by femtes a id  f ra tes and densi t ies  of
donrnant  prcdators ,  The proporr ion of  mates ch jch are grouped in  a  poputat r 'on
inverse ly  corre la tes r i th  the d l 'vers i ty  and densj ty  o f  predator  spec ies khJch
prey on cheetah kittens. The Serenqeti area has a great densjty and fu| cohpte_
ment  o f  doninant  spec ies,  and a re la t jvety  sha] ]  por t jon of  Fate chedtahs occuf
in  groups (schal ler ,  t972) ,  rn  Naj rob j  park ,  spor ted hydnas and hunt jnq doss
are absent: groupr'ng by nate cheetahs is prevalent and targer qroups are found
{Eaton,  l970bi  I ic laughl in ,  t97O).  Very few femates havd been observed * j th  rwo
different lr'tters (Crahan, t966) and there are onty rare obs.rvations of two
adul t  fera les together  * i th  one t i t ter ,

l f  H l  exp la ins grouping by hates then in  aEas l i th  fewer  pr€dators ,
as Nai rob i  Park,  groupjng shoutd be less prevatent ,  not  f ro fe ,  and jn  areas of
ext remely  h iqh p.edator  dens i ty ,  fenates shoutd sroup.  Thus,  Jn a i  area ddvoid
of dohr'nant predators, cheetahs shoutd grorp teast. In nuch of Sourh tiesr Africa
( throushou!  the vast  ranchlands)  a t t  donjnants  have been ext i rpated for  80 to
100 years.  Males typ icat ty  occur  in  groups,  the averase s ize of  which ex.eeds
al r  o ther  reg ions (Gaerdes,  t973-4) ,  r t  js  not  uncomn for  ond fehate to  be
observed ! i th  a  young,  adul t  l i t ter  and!a second,  smat t  t i t ter  and atmst
one-hal f  the fan i ly  u i i ts  have nore than one adutr  (caerdes,  1973-4) .  crouping
must  not  benef i t  cheetahs because of  the re la t ive advantaqes of  ind jv jduats  in
groups to  escape predat io i .

l h i le  cheetahs  may tend to  reduce predat jon  on  o f fspr jng  by  t i v ing  jn

open qrass la id  w i th  a  lower  dens j ry  o f  p redators .  they  s t j  

 

tose  about  501
of  lhe i r  o f fspr ing  to  p .edat r 'on .  The t ionrs  on ty  e f fec t i ve  de fense o f  o f fspr jng

F
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i ^  vooded savanna.  densely  saturated ( j th  grouped predators ,  should b€ groupin9.

I t  is  apparent  f ron f ie ld  s tud ies (E lof f ,  1973;  Rudnai '  1973i  schal ler !

1972)  that  l ions incur  mor ta l i tv  f rom predat ion,  par t icu lar lv  on vounq but

atso on so l i tary  adul ts  (e .g . ,  P ienaar ,  1969i  K.uuk,  1972) .  u i for tunate lv !

thefe arc no data which conpaE nortaljty fron pEdation on voung of solitarv_

r iv ins l ions as opposed to  pr ide- l iv ins l ions.  Nokever '  as s ing le  l ions ar

not  on ly  doninated by groups of  hycnas and wi ld  doqs,  but  a lso are k i l led and

somet i res e. ten!  sure ly  the of fspr inq or  so l i tarv  adul ts  Nould receive much
'  91e preddLi01 1an o i 'so- i rq  or  g"oroeo .dLr t , .

I t  is  known that  the younger  l ions a.e!  the more vu lneEble thev a 'e  to

pfedat ion (E lof f ,  1973i  Rudnai ,  1973;  Schal le f '  1972) .  Thus,  i f  predat ion

causes grouping then it is to be expected that offsprjng would be bor^ and

fa jsed f ron b i r th  jn  th€ presence of  group nerbers {h ich could prov ide de ie ise '

for  example,  as in  nany pr imates,  Female l ions leave the i r  qroups and par turate

in  concealmnt ,  ra is ing the i r  voung in  iso la t ion for  severa l  reeks befofe

in tesfat ins then in to  the group (Schal ler ,  1972,  Rudnai ,  1973) .  The s inp lest

explanat ion for  the femald 's  separat ive behavior  for  par tur i t ion a id  ear lv

reaf ing of  ,ounq is  that  the best  s  a tesv aqainst  p fedat ion is  to  conceal  snal l  '

im@bi le  young,  but  la ter  have then near  o ther  adul ts  [hen of fsprJ ig  are verv

snal l ,  they are v i r tua l ly  imF.b i le  and unable to  s tav k l th  a  nov ing group of

adul ts  a id  o lder  young.  Bv h id ing theni '  the feFale can e i ther  hunt  for  herse l f

or  u t i lJze the k i l ls  made by the pr ide ischal ler ,  1972)  re tu f t inq per jodr-ca l lv

to  suck le  the l j t ter  { i thout  r isk jng t ranspor t  o f  voung__a o ie  at  a  t i re  a f fa  - -

as the pr lde re ' locates.  Mvers (unpubl .  hs. )  Prov ldes accounts  of  how vu lnerable

the l i t ter  is  to  predat ion rhen a fenale a l tempts to  re locate her  as vet  imobi le

l i t ter ,  S ince the l j t ter  ls  normal lv  in t roduced to  the group iust  a t  the aqe

when they can renajn c lose to  the i r  mother  or  o thet  pr ide reFbers '  i t  would

3ppear that there has been selection favoring group defense of voung as soon as

i t  is  pract icable,  I f  l ions qroup because of  H_] , '  then lhere na jor  predator t

are absent  grouping should be less prevalent .  i i  t la i rob i  Park hvenas and wi ld

doqs are virtually absent and females grouP more looselv than anlalhere (Rudnai '
'1973) .  H- l  is  suppof ted fo f  the l ion.

H-z Natu'e .r fooa qroupi"q js almst universdllv

accepted to  expla in  groupinq bv larger  carn ivores (e .9"  A lerander ,  l9 /4 :

! i lson,  1975;  ( lenran and Eisenberq.  1973) .  A lexander  (1s74)  ne i i ions No ves '

f i : r l



 t ,

hyenas,  and hunt ing dogs as
1972 j  K le ina i  dnd Eisenbere
a)  they ut i l ize tarqef  prey
s12e (or  snat ter )  prey coutd
these)  fewe.  r isks are invo l
' a "  o r  ' b i i ,  espec ia l l y  "a i ' :

hioher  p .ed ic tab i t  i ty  than i

examples;  o theE have ment ioned th€ t ion (Scha] ler ,
,  l9 /3) .  Group- l  iv i ig  benef l ts  ind iv iduals  b€cause:
than could be acqui red by an ind jvr 'duat ;  b)  the same
be capturcd rcE efficientlyi c) regardtess of

ved ln srcuplng. The usuat argunent is based otr
i 'edc l  la0 jv jdrd '  tn  a  9.o jp  garas -orc  .ood a!

t  could by hunt ing a lone,  soc ia t j ty  shoutd be

arqe prey {H-2a)  and r isks i ivotved (H_2c)  are ior .om-
the ra t io  o f  prey to  pradator  s i2e increases,  the r isks

Abi l i t y  to  k j l t  l
P le te ly  separabte .  As
should a lso increase.  As the nunber  o f  predatoB in  a  group jncreases,

but  the aoount  o f  food per  indJv jduat  a tso dec.eases.  A l
H-2 r 's  suppor ted l f  grouped jnd iv iduats  k i |  prey too ta fge for  sot i tary

It is {ell known that cheetahs erperience djffjcutty Jd dl.spatching targer
andlor  potent la l ly  dangerous prey,  S imj tar ty ,  t ions have bdcn k i  ed or  in lured
by species rarqing from varthos to oryx! buffato and gjraffe, Data that conpare
rrs [s  to  sJns]e a id  grouped cheetahs or  t ions are tack ing i  h tuever ,  luds j ig
f rom codined at tack and k j  ins  behavior r  grouped ind iv iduats  should r ,ncur

Tho rargest  prey norna y  k i  ed by a s jnste cheetah js  about  t5O poonds,
for  exanple!  impata and 6rant 's  gazel te !  a t thoush d j f f icut ty  and fa i ture at
k i l l ins  are not  uncomon,  and r jsks nust  be re tat ivety  h lgh.  In  @st  areas,
the averas€ and tarqest prey of slnste and srouped cheetahs ts seneraly about
t r re  sane.  Ho,ever ,  in  Nai tub i  park ,  a  sroup of  four  ( ta tcr  rwo)  nates requja. ly
k i l led except iona y  targe prey,  such as ha. tebeesr  and evcn zebra ue igh lng 300
to 400 pounds or  nore (Eato i ,  t974a) ,  s i , ice q"oups or  ha les dre ab le to  k l t l
s ign i f jcant ly  larger  prey,  and atso forage nost  e f f l .c jen y  in  tems of  hundng
success (H-2b) ,  i t  js  puzzt ins thar  in  areas such as the Serenser i  and Kruger
Parks,  the s ize of  prey of  jnd iv iduats  and sroups appears vr . r rua|y  the sare.
There . re  insuf f ic ient  data at  thr 's  t j re  to  s t r jc  y  cohpare hunt ing ef f ic iency
of  so l i tary  versus qrouped cheerahs in  these areas.  Uosever ,  cooperat jve
tact ics  nuch as descr jhed for  wotve5 (hech,  t97oj  are used bv mate and subadul
fami ly  sroups ( ta ton.  t974ai  , l Gaerdes,  pers .  com.t  H.  Theron,  peB.  coDn.)



r ta i rob i  Park and South !es!  Af r i
of p.edation (H-26) and probabty

.  2

can ranc l i land.  kh ich jmpl jes sreater
reduced r isks (H-2c) .

I f  qrcupi .s  can benef l t  males because of  enchanced hunt ing,
puzz l ing why only  ha les nohal ty  group.  I f  groups of  two a id  four
:an be 'ery  successfu l ,  and the averase t j t rdFs ize at  6-g nonths
ihree!  then fenales shoutd be abte to  enhance the j r  reproduct jve succdss
qroupJn9.  !h i le  ind iv iduals  in  some rather  pecurr 'ar  env i ronre i rs  benef i t
f roh qfoup-hunt inq!  H-2 doe5 not  fu l ly  expta in  the tack of  qroupjns jn  nany

I f  groups of  l jons can kr ' l l  la fgef  prey rhan an jndJv idual  t ion,  aod the
.ar ry ing capaci ty  and node of  h lnr j rg  in  more open habi ta ts  are conducive td
9roup-hunt ing tact ics !  then i t  rou ld  appear  obv jous {hy t io is  are soc ja t .
F ie ld  observat ions (E lof f ,  1973:  Ber t ran,  1973;  Rudnaj ,  1973!  scha er ,  1972:
smuts,  1976)  susgest  that  ind iv idual  l ions of  soc ia t  qroups of ten hunr  a tone
successfu l ly .  ln  the dry  season when targer  prey are io t  as dvai tabteJ Ind iv jd-
!a l  hunt in9 by pr ld€ r ions is  the ru le ,  nor  the except ion,  and s ingte fenates
may prey larqe ly  on Ihonson 's  gazel les sh ich {e jgh a mere 50 pounds and vh ich
are coisidered very wary. llofeover, they occupy €xtreDety open habitats and
d.e very  swi f t  (Schal ler ,  1972;  !a t ther !  1970) .  As rhe ha jor j ty  o f  food js
acqui red by ind iv idual  hunt ins ef for ! ,  perhaps grouping for  hunt ing Js re tat jvety
d i lhpor tant  overa l l  as  a cause of  soc ia l j ty ,

The data (e .s , ,  schal ler ,  1972)  suggest  that  a  t ion pr ide,  sdy of  sr 'x  adut ts
i2r4) ,  a lmost  ahays k i l ls  the sane s ize of  tarser  prey as a sr ' ig te  t ion.  Uhen
a l ion pf lde of  merd ly  four  adul ts  ( l :3)  k i l ls  a  600 tb .  zebra each l ion qa jns
ess food than lhen a sJngld l jon k j l ls  a  zebra of  anyone of  a  nurber  o f  snat ter

spec ies and the younq of  larse spec l 'es .  I f  the s ize of  prey [ i ] ted by sroups js
fo  grcater  then ind lv iduals  o f  groups must  ga in  in ' the ecoionv of  hunt jng in
tems of  t i ru  and energy spent  re la t ive ro  arcunt  o i  food sa jned ( f i -2b) ,

An advantage to  group hunt ing {heth€r  or  not  i t  enta j ts  cooperat ion is
l r . t  nore than one prey an ina l  cad be acqui red-  Schal ler  (1972)  mant jons
.$es in  {h ich severa l  la fser  p .ey rere captured by a5 na iy  t ions in  s inste.
! "oup ef for ts .  In  a i rcb i  Park {Rudnai , ls /3)  and in  zambia (Anserr ,  t969)
hr l r ip le  k i l l ings occurrcd in  s ing le  hunrs.  These usual ty  occuf red du. in9
:casons of  resou.ce abundaice,
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Schal l€ f  {1972)  denois t .ared lhat  t ro  or  more l ions hunt ing toserher  had
of  52!  and that  s ingte t ions succeeded ar  a  fa te  of  29x,  Suc_

cess ra t ios vary  l i th  the t ihe of  year ,  abundance and type of  pr€y avni tabte
as wel l  as habi ta t  type,  t ih j t€  qrcuped t r 'o^s are near ty  t r ice as su.cessfu l
neasured Dy ar tempts as sot i tary  hunt ing t ions,  onty  i i  29 of  over  500 hunts
' l id  Schal ler  {19/2)  repor t  cooperar ion,  as he def ined i ! "  In  accordance ! i th
Schal ler ls  jn te fpretat ion.  reat  coopera i ion by hunt jns t ions js  re t ts t jvety
fare,  and occurred on ly  betveei  fehates,  AbJt i ty  to  k i |  the targest  prey
specres appafent ly  requi res the act ive a5s js tance c f  mates,  thus mates shoutd
be cons idered as cooperatoE,  even j f  ther- r  Ete i .  that  o f  k i | ing and not

L{hat  ls  p fobabty  Fost  s ign i f icant  is  that  qroups had greater  success
huntr 'nq larqe prey,  whi te  s ingte t ions had hr 'gher  success hunt ing sma er  prey
0nly  groups tend to  hunt  the tarqest  spec iee,  buf fa to  and g j ra f fe .  I t  woutd
appear  that  l ions acqui re  nore food vhen thdy hunt  jn  qroups.  Schaler  ( t972:
356-7)  arsues that  s jze of  prey (H-2a)  is  a  factor  in  na in ta in ing the soc ia l
0rqa^ izat jon of  the l ion as cohparcd wi th  f iore sot i !ary  fe l jds :  , ,L jons are
able to  i ic rease the i r  food reso! fces by hu i t ing together ,  A sot i tary  t r 'on
usual ly  hes i ta tes to  a t tack a buf fa to  or  g i ra f fe  but  a  group does so readj ty
add prcsunably  hore successfu |y ,  a  po in t  o f  par t jcutar  jnpor tance in  the
serenget i  !  khere sone thre€- four lhs of  the res ide i i  prey b jonass cons js t  o f
these lwo spec ies. "  t r  js  p taus ib te thar  ab i t i ry  to  kr '  

 

very  targe pf -py
even occas ional l t  loutd suf f r 'c jendy favor  q .oupjng by t ions,  especia y  as
the i f  la fgest  prey arc  year- round res idents  kh i tp  the i .  na jor  prey spec ies
are n isratory  and more mobi te  genera|y .  The abj t i ty  to  [ i ] t  except idna|y
1ar9e and r isky prey cur i 's  rne r jn j r . j ,q  seas.n coutd €xpta in  g.oupjnq:  the
sahe pr inc ip le  could apply  as vet t  to  o ther  dof r ina i t  o f  c .doninant  predators
such as the k i l le r  rhare and honih ids.

i

\

t l f  l i ons  group because o f  the  advantaqes  to  ind iv iduats  o f
ob ta i i  very  la rge  prey  dur ing  the  t jm i t idg  seasod,  rhen t ions  t j
wh ich  do  io t  suppof t  ta rga  he fb ivores  shoutd  no t  g roup.  L ions  I
in  sna l l  9 roups  rhere  the i r  ta rges t  p rey  spec ies  is  smal le .  than
k i l led  by  so l i ta ry  e f fo r t  e tsevhere .  In  !he  Katahar i ,  tho  t ion
prey  rs  the  qemsbok,  smat lc r  rhan a  zebra .  rha  major iLy  o f  p rey
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qui te  snal l ,  such ds rodents  and snal l  carn ivores (E lof f ,  1973i  1974) ,  Group

hunt ing of  gensbok is  successfu l i  hor€over ,  i t  may great ly  reduce r isks of  in-
jury  f ron sabre l i [e  homs and cooperat ive,  ant i -pr€dator  defdnse,  lh i le
Kdlahari lions may not benefjt fron grouping because of killing extrerely
la.ge prey (H-2a) cooperative tactics of indlviduals may Educe rlsG (H?c)

! _ 3 .  r n . r * P . r f , c  m n  € L

oefense of  l imi t inq resources has not  been g iven adequate cons jderat ion d5 a

cause of  grcuping in  carn ivores,  but  j t  rou ld  a pr ior i  seem prcbable.  (Depend-

ins upon hor  extensJvely  one def ines cr i t ica l ly  l in j t inq resources,  u l t imte ly ,
a l l  qrouping re la tes to  in t raspeci f ic  conpet l i lon. )  In  larqer ,  predatory

cahivores a sinqle kill must often be a crjtic.l resource, the use of whlch nay
affect survival or epmductive success. For carnivor€s, a large kjll can only
be thought of as a clunped resource. Defense of a kill agalnst conspecifics
could be suf f jc ient  to  cause sroupins.  I t  is  concelvdble!  fo .  exanple,  thnt
monosamus asoc ia l  Hol res jn i t ia l ly  evo lved gmupins because of  cmpet i t ion for
k i l ls  r i th  o ther  pa j rs  or  s ihp l ,e  fan i i ly  un i t5  wi th  largerr  cmpet j t jve of f -

A k i l l  or  a iy  food i ten could be *J t jca l ly  l imi t ingr  and so could of fspr ing,
matds,  a l l ies  or  ter r i tory .  R.  A lexander  (pe6.  com,)  suggests  th . t  males can
be forced into sroups by sexual selection, AleEnder believes that thjs selection
could be powerful enoush even to offset increased risks of predatjon of individlals
fron srouping. This js relevant to felids because of the implications that
sexual coiFetition can lead to unjserual grcupjng.

Given that  open habi ta ts  . re  product ive enoush,  fe l ids  could qa in by

a)  reduce in t raspeci f ic  predat ion,  agsress ion or  in fant ic ide ( ln tersexual

conpet i t ion) ,  for  exanple,  by s t ransers 0r  new hates i

All that is important for qrcupjns to be favored ir soE relative advantage
in predation efficiency be it large peyr nore food per uiit of effort or reduced
r isks:  thus,  H-2 is  suppor ted for  the l jon.

b)  qd i r  dccpss  ro  -d tes  { i r t ra rexud l  conpet i l ioa) t

c)  defend or  s tea l  c lumped rdsources (k i l ls )  l ' rom conspeci f ics :  and,

d)  increase resou.ce base v ia  spac ing or  acquis i t ion of  ter r i rory ,
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t h e  s a m  t i m e  ( S c h a l l e r ,  t 9 7 2 ) . Groups  o f  ma les  are  cohes jve  a id

 5

Typicat ty ,  cheetahs aE not  geographica|y  ( f ixed)  rer r i tor ia t :  ind iv iduat !
ano groups tend to use comn areas and to nig.ate after herds of antelope"
Fedales may breed anytjne of the year, thus, matls are d,aes rn coDperrtion
for  €shous females,  F jghr ins has been observed bet  een mates pursu i iq  a  femate,
and the on ly  cases of  le that  aggress ion between Lfeerars
adul t  males (Eaton,  t974ai  H,  Theron,  peB.  com.) ,  which poss ib ty  kere com_
pet ing for  a  femate.  Stud ies in  capt iv j t f  es tabt rshed that  the nost  severe
assressron be$een nates occurs jn  conpet j t ion for  eshous fenates (Earon
and cra i9 ,  l9 /3 ;  s t .  Louis  zoo,  pe.s ,  comm.) .

Groupi ig  should benef j r  ha les.  rhe tarqest  group of  mates in  an afea js
l ike ly  to  achi€ve hore matr -n9s than a|  o ther  groups or  rndtv jduat  mates j i
that  aEa,  Males jn  s foups exhJbj t  s reat  cohesjve iess and cooperar jon,  and
there is  a  c lear ,  appare i  y  uncontested t r 'near  he i ra .chy of  f t rbers .  Unt jke
l ions (Eaton,  1973) ,  unretated mate cheetahs sedm incapabte of  fomr.ns cohesJve,
s tab le groups.  Groups of  apparen y  re tated mates kept  together  cooperate in
compel i t lon wi th  o ther  nates for  est rous femates.  Subord inates actuany
assrst  dominants  in  conpehtr 'on for  fehales,  but  onty  the domlnant  nate may
copulate (Eaton a id  Cra iq ,  l9Z3i  Eaton,  t974a) .  Apparendy th is  js  the most
ef f ic ient  s t ra tegy for  subord inate ra tes as j t  benef i ts  them inctus jvety .  l f
males of  cheetah sroups are s jb t inqs,  vh ich seens very  probabte (Eaton,  t974a) ,
therr  genet ic  re la tedness is  0 ,5  on the average.  In  a  hypothet icat  case of
100 of fsprJng su.v j i ing to  adut thood,  j t  js  assuhed that  the average sot j ta fy
male achieves a f i tness of  O,Ot .  r f  by groupjng!  one of  three grcuped s ibs
increases i ts  f r ' tness to  0 .4,  the nonnat inq,  subord inate mates average inctus ive
f i tness would equat  0 .02r  kh jch is  hJgher  than for  so l j tary  hates.  As tons as
ihe idc lus iye f i tness of  eyer t  mate in  a  group exceeos lne ayerage r i tness of
nongrouprn9 mates,  se lect jon k i l t  favof  a t t ru isr  and grcupjn9 shoutd evotve.

n

t
I

Male t ions of  f toat inq groups and pr jdes are probabty  fa i r ty
rc lahd on the averag. t  hav j rq  prcbabty  been born in  the sare pr jde

s t6b le ,  They  conpete  v j th  one another  fo r  p r ide  s la rus ,  .nd  no f ra l
9 f0up wrns  (scha l le f ,  t972) .  As  nudbers  ca fy  success  )n  conper r r r

L
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mates (Eaton,  1973i  schal ler ,  1972) ,  in t rasexual  conpet i t ion fo .  mates obv ious ly

ravors grouping by males. It is true that dale lions ii groups do not contribute

appEcjably to paEntal investrent, but they obviously play a role in group

defense,  par t icu lar ly  o f  younq (Schal ler '  l9 /2) .  Thus,  na les do cont ror  resources

inpor tant  to  females by the i f  ter r l tor ia l  a id  defens ive behavior .  h  the l ion,

i i r raserual  conpet i t ion appears to  favor  un isexual  groupi ig  by na les,  as in  the

Fef ia le  l ions gfoup ln  every populat ion which has been invest lgated i  thev

ie  prcbably  a lnost  a lwaJs c lose re la t ives.  A na ior  advantage of  sroupjng bv

i .males is  d iv is ion of  labor  in  o f fspr ins care,  inc lud ing *oss_suck l inq and

rhe opt ion o i  adopt io i  (see Rudnai .  1973) ,  which can favo.  nother  and s tep-

mother  a l ike i f  they are c lose ly  re la ted.

In sore populatic.s, the fate of male tumover tends to be rather high

as a consequence, infanticjde by iew nales is cormn, rhich favors then but

djsfavors f€nales. Fema'les nay deceive ne{ nales bv nating vith then, thus

Educinq the f r€quency of  in fant ic ide and serv ing the i r  personal  and inc lus ive

f i tnesses (H-3a) .  By enploy ing excess ive nat ing,  to  sexual lv  grat j fv  males,

gfoups of  fena ' les can increase the bonding of  males to  the i r  group,  and tne

males should tend to  assore greater  r jsks i i  defending th€ i r  s ta tus asainst

other  na les,  lh ich favors fdnales,  in  severa l  ,ays i  reduct ion of  jn fant icJde

by ne*  males;  asqress io i  or  predat ion of  o f fspr ing by foEisn l ions:  and,

naintenance or expansion of terrr'tory.

Synchronous estrcus periods of qrouPed fenales nal reinfo.ce male sroup-
ing and thus serve the fenales '  in terests  (Eato i ,  th is  vo luFe) .  Svnchronom

reprcduct ion a lso favors f€ tu les jn  addr ' t ional  wavs:  a)  d iv is ion of  labor  in

offsprinq care, and, b) femles rhich prcduce the la.gest surviving groups of

nale offspring should havc higher reprcductive success (H-3b).

Lio. groups conpete for real estate. Although the fluctuation in territorv

s ize in  dense populat ions such as the Serenget i  mav be s l@, soE pr ides have

qained resources at the cost of adjacent groups (BertraB, l9i3) success in

i f t raqroup conpet i t ion is  prcbablv  in f luenc.d mst  bv nunbers of  na les,  {h ich

senera l ly  should corre la te  v i th  s ize of  f€male qroups (H-3b) ,  the best

ind icator  o f  te f i tory  qual i ty  a id  potent ia l  product jv i tv  o f  na les vh ich set t le

I

i

ll



^ 
Lrons of djfferent groups soretjEs cohpete for ctunped food resources.cro lps of  mt*  wj thout  pr ides can get  nuch of  lhe i r  food by dr jv jng pr ides

wi th- faer  hata of f  tarse k i  s  (Ansel !  1969)  ( r -3c) ,  F toat jns n; tes canbenefit by sroupjng because r.t reduces the rjsks or attack by residenr (pridd)nales,  whtch are t ike ly  to  k j  

 

youngef ,  t rans i

:t :."::::: - .":",,;",. ;;,;;",:,.;;';ilj,il'i1..:ii.',ljl.i.:lill""'
p '  de  r io ls  o r  oe feror rg  lood agd jas t  ,  c , re r  i1  q -oLp ! i ze ,

, . - . . ._l :  l*" : .T"trr :  
cohpet j t ion causes erouprne. ln rJons, rhan a sna ,arsJuct  poputat io  h jght  erh ib j r  a  tesser  degrce or  groupins.  conpet i t jon

: : l l * .  
* ] *  misht  resut t  Jn ore tareer  eroup to ta |y  dohjnat inq the area.Yohqer  m]*  bom in  the poputat ion coqtd be expeled f ron the habj ta t  a idforced to disp*se so far thrcush poor habjtat rhat they loutd have hjgh nor_ta l i ty  and/or  sroups of  expe|ed Eates woutd not  be abte to  ia jn taJn qroupcoheslon long sough to  be ab je to  rerurn and.ompere kr t l j  the res ident ,

:::ll::: :-fl 
Fof the sa* rcasons, s.ou,s of nares expeled froh other pop_uLatrons would Jmjgrate ar  tok f requencies i f  a t  a  .

. 
Nairobi park is fiore productjve per unjt of area than the Serenseti, butis ,a  mre 44 squE n j ts ,  and is  v j r tua ly  an ts tand of  habi ta t  su j tabte forr lons i  i t  hns the h igest  dens i ty  o f  t ions known (Rudnai ,  t973) ,  The pa*  hashad one, resjdent group of three hates for severar years. The rates are

: : : : ' : " . : ? : : " ' l * ' ' " ' c r i n s  
a n d  r ' r r r s  r o € , s r  r a , e s .  ! 1 0  e v e i  r e a a , e s

l l : : , ' ' .  : , . , .  
r "na es do not  .or_ r iqhr_r . r i t  p" rdes d.o D.rde s j , "s  are ve.ynot  rea ly  pr ide5 at  a ] ] ,  yc t  kJnship is  obv joosty  impor tant  to

: :Tl :  l : : : i * : ' : "  
and reprcduct jre success (see Rudnaj,  re73).  The eroup orrur*  wanders betwen the d i f ferent  pr jdes,  terhrorres,  Eat i ig  wi th  fenatesof  sch.  The abi t i ty  o f  a  s jnqte sroup of  hates ro  domrnate severat  pr jdes Lsprcbabty  faw.ed by a lack of  cha|ens jnq mates in  the poputat ion,  Ftoat jngf ra ls  are rare,  and unr i t  an equat_s i2ed or  mre v isohus sroup of  hates ar r jves,f l re  res ldent  nates shoutd Eta in  the i i  s ta tus,

In  Zanbr 'a 's  Dj0160,oodtand,  t jons t ive tn  sh. | l ,  un jnate pr ides as we|as re la t ive ly  targe pr jdes.  SoD ctear ty  , jon jnan!  groups of  mates may not

: : : :T i : :1"":  
"*  fe 'ar€ qroups (AEelr,  re6e).  ,nstead they appear to steari r@ p fdes  dd  Dte  feha)es  o f  severa t  p r ides .  ddraud ing  na te  q roups  aoutd  be

:a lor : l  
s  ro,  as they,ere retat jvety uncomn rn a popurat io i .  r f  abundai t ,i n fan t ic ide  mjgh t  be  too  h ish ,  and s ins te  p f l .de  mates  woutd  e i the f  ach jeve  toof€v  fe r t i t i za t io rs ,  o r ,  they  woutd  be  se tec t€d  agarns t  because o f  inab j l r . t y  |o



r
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defend the i r  owd young or  for  cont r jbqr ing to  the sury ivat  o f  unretated young,
The presence of  a  s inq le  pr ide nate .educes hate turnovers and thus in fant ic ide
and prov ides de iense agajnst  grouped predato6 (H_t  ) ,  bur  the mate woutd have

reproduct jve success.  Unihate pr ides shoutd succeed jn  areas
v i th  na le  groups onty  because the tar ter  a fe  tow in  dens j ty ,

I t  is  !o  be expected that  in  poDrer  habi t i ts ,  fenate groups woutd be
min imal  in  s ize,  and thus coutd suppor t  onty  one nate.  Uninate pr jdes predomjnate
rn harsh,  ar id  env j rcnEnrs such as rhe (a lahar i  deser t  (Etof f ,  t973) .  6roups
cf  f loat ing na les a lso are found and lhey sho! td  be succassfut  compet i tors  for
grouped fenales.  ln  such habi ta ts ,  l rowever ,  food I tems tend to  be sna] l  ind
sparse ly  d is t r ibut .d .  ter f j tor ies are  ̂ o t  defendabte and t r 'on groups tend ro
be h jqh ly  mobi le ,  shar ing conrc i  areas but  tempora y  sepafated (Etof f ,  1973) ,
as rn  lhe cheetah.  Groups of  ra la ted males prcbabty  ovenover  s ingte pr l .de
mares but  the erputs ion shoutd be onty  temporary .  I roreover ,  the prJde mate
can be assured of  ach iey ing nost  fer t r ' tJzat ions anyway oecaose densrr jes a.e
50 oN that  male groups routd io t  b€ abtd to  to .a td est rcus ferates jn  t jme.

There could be apostat ic  se lecr io i  act jng on the behavjor  o f  nates,
resul t ing in  a  po lyephish for  groupjng and maraudJng versus conpet i r r .on for
pf ide s ta tus and defense by s jng ie  mates.  On the other  hand,  separate s t ra teg jes
employed by na les coutd be detemined by jnd iv jduat  c i rcumstances,  rn  rcre
product ive habi ta ts ,  fenale groups loutd be targer  and capabte ot  suppor t ing
:a le  groups.  Thus!  q tuupinq by nates r i th  pr ides koutd be h jghty  advantageous.

I t  (as argued that  g tuupinq by mate cheetahs benef j ts  subord jna les even
rr  they do not  mate but  are s ib t ings,  as ide f roD the advantages to  femates
r [a t  hrn ih ize se] f jsh mat i ig  by domi iant  male t ions, ,hy is  j t  rhat  nate t ions
srrare,  a lbe i t  unequat ty !  i i  nat j ig? The probabj t i ty  o f  mates jn  groups bejng
: ib l ings is  re la t ivety  sma ;  the i r  ave.age re la tedness is  probabty  0.25 or
ess.  one nale Noutd not  norna|y  have enough peEoiat  reprcduct jve success to

suf f ic ient ly  reward at t ies  more d js !an l ty  re ta ted than s ibs.  tach nate of  a
qfoup nust  assrm equal  r jske inctud jng ra f fdre v i th  o ther  mates;  thus.
0.mi iant  males might  sefve the i f  ov i  in terests  by shaf ing ! j th  subofd inares,

d  o  . o  p p ,  i o ,  ' o r  " i
i i Le f5e .  R .ga fd les5  o f  hov  ap t  a  spec ies  i s  a i  cap tu r i ng  p rey



defend food against  orher
ind i  v iduals  because of  i ts
rn9 spec i  es.  coopefat ive
sr0up hui t in9 (H-2)  ( !aron

- t  l s

spec ies  may favor  g .oup idg .
advantages  in  de fend ing  or

de fedse or  the f !  o f  food is
and Hutch ins ,  in  p ress) .

G.oup in9  coutd  be ie f j !
slealjng food fror conpet-
a  loq ica l  p recede i t  to

I f  a  cahr 'yore were the larg€st  odnber  o f  a  prcdator  gur . td  but  a  sna] ler ,
subordrnata spec ies gfouped,  the largesr  rembdr
kirs rron the smarer species. ,,; , .  , , . , i"" i ; : : i":",;: ; : :T:.:;: l  ; :"t '^ '
advantages in  defense of  resourcas agalnst  t t ,  _**"* ,  inen the snat lEr
spec ies mjght  a lso benef i t  by s tea l jng f rcn donj ian is .  such an occurrence mighr
in  rqrn favof  sroupJns by the targer  spec ies,  dno so on (Eaton,  t975) .  For
examDle,  d  s ingte gr jzz ty  bear  can exctude a vot l  f tom l ts  k i | ,  n id  rhen feed
for  severa l  d ;ys f rcD the carcass.  But  rhe ab i t l ty  o f  even a sna|  pack of
Holves to  expet t  a  sr j2zty  bear  ( r , rech,  t9 /O)  susgests  rhat  wotves may have
evolved grouping to  defend c tumped resources agajnst  a  s teat ing spec ies.  As
d co isequence,  the vot f  nay have achieved doninant  behavjorat  and ecotogica l
s ta tus jn  i ts  gu i ld .

The fo t toNjns arguEnts largety  jgnore quant j tar jve anatysJs of  Jndi rect
0r  e :p lo i t ive compet i t jon as at  teast  jd  the prpdato.  gu i tds of  the t jon and
cneetarr  rn  Af r ica,  behaviorat  ra ik  corretates v j rh  ecotog jcat  s ta tus! , i ich j i
tur i  cof fesponds r i th  over tap of  resou.ces,  For  exampte,  the t ion a id  hyena
over  ap aost ,  the {1 td dog ever taps nost  wj th  1 . ts  c  osest - ra ikr ig  subordJnate,
rne cheetah,  and so od.  A deta j ted s tudy of  ecotogr-cat  conpet i t ion and i ts
rerat ionshjp to  in terspac j f jc ,  behnvjofat  h lerarc iy  and grouprnq is  under

th i te  the fundarentat  fo .aq jng behavior  o f  fe t jds is  bas ica y  less su j ted
ro pEdat lon r 'n  more open habi ta ts ,  the typ icat  fe t jd  cdn doninate an equat ,
s jzed or  larger  canjd or  hyenjd jn  a  one- to_one e icounter .  t !  i5  prcbabte
that  a  s ing le  as-pouid bobcat  can win an encountef  against  two 3o_pound
coyotest  or  a  s ingte kot f  le igh ing t0O pounds.  A teopard readi ty  v jns agajnst
an equat-s i2ed hyeia ( ( ruuk,  t9Z2)  but  tos€s agains!  seve.ar .  A sot j tary ,
large fe l ld  enter ing the savannas cout l  benef l t  purety  by scavengjng f ron a nmber
of  so l i ta .y  predators  and snal t  groups of  in fe f ior  predators .  Hosever ,  i l
would lose agar ' is t  targef  groups so tong as an ind iv jduat  o f  the spec ies is
capable of  in f t jc t r ' ig  harn.  Because a s i ig le  fe l id  typ ica y  k j l ]s  tarqer  prey
.han a s in9 le  canid or  hy€nid of  equat  s ize,  rhess sDe.res nrqnj :  benef i r
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I rea l inq  f ron  so l i ta ry  fe l ids ,  a id  g roup in9  to  do  so .

I f sroupinq sere favored because of advantages i
o ther  spec ies then the degree of  grouping by
{ith the density and/or number of competins

inverse ly  corre la tes r i th  dens i ty  and nuntref

n de fe id ih9  or  s tea l r 'n9

cheetahs  shou ld  d i rec t lY

spec ies .  0 roup in9  by

o f  conp€t j to rs  (Eaton ,  1974a)

Lions,  hyenas and leopards f .€quent ly  s tea l  f rcn rheerahs (Eaton,  1974ai

rcbal le . ,  197?;  Kruuk,  1972) ;  h@ever !  cheeiahs.Ff t r  s tea l  f rcm them, o.eover ,

eren Hhen cheetahs outnunber  equiva lent -s ize conpet i tors ,  the compet i t jors

: l ics t  a lvays k in ,  sacr i f ices i r  reaponry- - teeth,  nusculature.  c laws-- requi red

:o ofey on snal l  swi t t  qazel les has sever ly  l in i ted the in te ispec i f ic  compet i t ive-

r .ss  of  cheetahs aqainst  equal  ( leopafd,  hyena)  or  larqer  ( l ion)  predators .

te . .use t ro  or  nore cheet .hs are hard ly  i f  any hore ef fect ive in  defense of  k l l ls

r lan a s i^q le  cheetah,  grouping js  d is favored by in terspec i f ic  conpet i t ion v j th

The behavior  o f  cheetahs at  feeding s i tes re f lects  fear  ( rJsks)  o f  domi-

1trtrts: cheetahs eat qujckly and often rcve off before the kill is consured
(aaton,  1974a) ,  Cheetahs have evolved ih j ta t ive,  in terspdc i f ic  d isp lavs,  qu j te

t . r r i fy ing id  appeafance but  la .ge ly  ihef fectua l  against  doninants ,  as thev are

ra.e ly  backed up v i th  actua l  combat  (Eaton,  1974a) ,  and then only  aqains i  a  sruI€r

leopard or  a  s jng le  hyena,

H-4 is  io t  upheld for  the cheetahi  howevef ,  an a l ter ia t ive hvpolhes is ,  H_4:

Ai apparent i^verse relationship between the frequencv of theft by doninants

t rnd gfouping by cheetahs suggests  that  in terspec i f ic  compet i t ion is  the l in i t ins

factor  on rcst  populat ions.  The cheetah has--by far - - the narrowest  n iche in  i ts

gu i ld ,  which prcbably  has reduced over laP r i th  doninants ,  Sv l iv ing in  verv  open

habi td ts  add re ly ing o.  spded to  capture snal l ,  e lus ive prey dur l 'ng dav l ight ,  the

.heetah ind i rect ly  conpetes Hi th  on ly  a  @bi l€ ,  l@-rank inq and re la t ive lv
r^comon species,  the wi ld  dog.  The wi ld  dog rare l t  scavenges of  s lea ls
(Pjenaar ,  1969) ;  the cheetah is  not  knowd to  scavense or  s tea l  (Eaton '  1974a) '

which ind icates that  n iche breadth is  d i rect ly  re la ted to  in terspec i f ic  ra ik

(Morse,  l97s)  and,  fo f  the cheetah desree o i  soc iar i ty .  The cheeiah s  nrche
hay min in ize rhef t  o i  food by larg€r  spec ies bu i  nay tend to  i ix in ize prenat j .n
lecaus€ the na jor  prcd. tors  are noE act ive at  n ight ,  ind ica i ing that  the l t  o t

i .



food is  morc l in i t ing than predat ion,  j f  targe poputat ions of  t ions a id  hyenas
can subs js t  on so l i tary  hunt ing of  gazeles for  extended per iods dur jng the
dry season,  (schat ter ,  t9 /2 i  Kruuk,  t972)  then che€tahs (and v j td  dogs) ,
which are spec ia l is ts  a t  prey ing on these and-s inLLaf  specres,  m.y pursoe nrgra_
rory  prey not  b€cause prcy js  t jn i t jng on the pta ins but  because of  threat  o f

lccord ing to  H-4 ,  as jn terspec i f ic  compel i t jon decfeases!  the densj ty  o f
cheetahs and prcpor t ion of  cheetahs i i  groups shoutd increase.  F. r  *hat€ver
benef i ts  accrue f rom groupjng,  a  reduct ion in  dens j ty  and number  of  donjnants
should lead to  rcre advanced soc ia t i ty  as @t l  as a bfoader  n iche,  Creater
soc ia l i ty ,  for  exanple,  exte ided fan i ty ,  can be expected to  evotvd i f  onty
a smal l  por t ion of  idd jv iduats  dr 'sptay rud inents  of  groupjng and th js  tendency
has a 9enet jc  base;  rap id  evotur ion can be expected in  tO to  tOO generat jo is
(Nr lson,  1975) !  which is  nomat ty  equivat .n t  ro  20 to  2oO years jn  the cheerah,
More than rud imei ts  o f  grcuping er is t  in  the cheetah.

ln  south r test  Af r jcan (S A)  ranchlands,  a ] ]  domida^ts  have been exr i rpated
for  30 to  100 years (6aerdes,  1973_74) ,  or  40 to  50 ge ie.at ions of  cheetahs.
ln terspec i f ic  compe$t ion js  non_exis tar t .  Cheetahs exhib i t  tha greatest  degEe
of  groupjnq,  as wel t  as the hJghest  dens j ty  o f  any tarser  reg ion (Mye6.  t976) .
Id  s l . rA s  Etosha Park,  which has a fu ] l  su i td ,  Lo{ry is  ( t925)  jnpress ion was thar
cheetahs!  are be ing kept  down ( j ,e . .  very  rare)  in  gane Eserves by other
predators  tak ing the i r  potent ia l  food as wen as the j r  young,

Ihe SliA raichtands poputatr'on nay be ranked as noE 5oc1a as renates rith
of fspr in9 of ten have adut ts  a id /or  o tder  o f fspr ins acconpanyr 'n9 them. This
mo€ advanced s tase is  knoln to  occur ,  a t rhough nuch tess f requen y ,  jn  on jy  one
other  opoulat ion,  Nai rob i  park ,  which lacks t lo  (hyend and wi td  doq)  conpet i tors ,
And,  a lso in  accordance v i th  the prcd ic t jons of  N_4 .  Ui rob j  park  has the
hishest  dens i ty  o f  cheetahs knorr  for  a  d jscrete area (Eaton,  t9 /4a) .

H-4 is  suppor ted.  Thue,
that  gr0upin9 i t r  cheetah

i t  is  impor tant  to  substant ia te  in
populat ions is  inverse ly  re ta ted to

Throuqh lhe  su fvey  Esut ts  and ov€f  50  years
( r973-4)  p lus  dara  j t r  cor respondenc€ (J .  cae fdes ,

or  observa t jons  by  caefdes
pers .  com. i  H .  IheDn,  pes

t
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.omm,)  !  have conpi led in format ion on s izes of  grouCs-- therc  is  nuch less 0n

gfoup composi t ions-- in  sNA tn  conpi l ing the data I  assured that  qroups { r tho! !

o f fspr ing,  ind iv iduals  snal ler  than adul ts ,  vere composed ent i re lv  o f  adul ts '

z r though these could be voung adul t  o f fspr in9.

The averaqe nunber  o f  adul ts  in  groups gouq '  inc lud jng

s ig l r ! inqs of  s ing le  cheetahs '  Nas 3 92 ( i  =  200) ,  { i th  a  ranqe of  l -9 '  poss ib lv

r4 (Table 1) ,  Ave.age 9.oup s ize is  probablv  n in imal  s jnce nanv nur t iP le

s ight inqs of  grouPs of  fou.  and m.e were tabulated on lv  once Al l  but  four  o f

: r re  t roups kere s ishted af ter  1955,  or  a f ter  60-30 vears of  neaf  conplete

. r r i .Par ion of  dominants .

As to  the corPosi t ion and s ize of  groups r i th  o{ fspf ing '  I  assured t iaL

al least one female was anong adults of a group The average nur'ber of adults

accorpadied by of fspr i fs  is  near lv  double the t tp ica l  s ins le-adul t  fan i lv

e lse lhere (Table 1) .  There {as a to ta l  o f  l9  fenal 's  and 44 other  adul ts  v i th

la6 of fspr ins of  32 l i t teB F i f teen of  32 qrcuPs wi th  o f fspr inq had z  of  rore

adul ts i  l7  sroups had onlv  I  adul t .  In  the gfoups *h ich had 2 o '  more aduLrs '

:he average nuf ib ' . r  o f  adul ts  {as 3 0,  wi th  a  maximtrn of  5  ln  addi t ion t0  lnese!

2 nixed-age groups vith at least 2 adults in each were reported io have 3 and

The sex-rat io  o f  2r l  (Table l )  for  adul ts  observed s ins lv '  in  qr0ups

and s ing le- fenale groups,  {as 8sr44 (na les:  fenales)  wi th  153 unknoHn'

la ta  on sex-rat io  o f  o f fspr ins are lack ins,  but  in  4  fan i lv  groups wr th

one adul t  each,  rhe sex-rat io  o t  l i t ters  r 's  9 :5  p lus I  unknown r i th  a

g"oup of 6 adults there lere 4 nales and I unknosn offsPring ln anotner

qfoups verd I  adul t  fenal€,2: l  near lv  adul t  cuhs and three 6-nonth o ld  cubs '

(h ich suggests  the composi t io i  dnd or jg in  o f  mul t i_adul t  fan i lv  un i ts  as

t lp ica l l ;  cons i5 t ins o i  nothef  and of fsPr lng (probablv  daushters)  The sanple

i ;d icates a sex-ra l io  a t  b j r ih  in  favor  o f  males!  but  i t  js  too snal l  to  be

accurate.  The ser- ra t io  o f  over  40 f j$ t  qene 'at jon capt ive bom l i t te6 of

impor ted s l lA cheetahs ras 2 i l  (Eaton,  in  press,  b) '

i '

li

the aqa s t ructure is  as fo l l@s:  252 adul t r  in  a l l -adul t

i4u l ts  wi th  o f fspr inq.  o f fspr i^q inc lude 106 repor ted pLUs an

. f  n ixed age groups of  3  and l? ,  for  an added l0  and a to ta l  o f

Tfe aqe s t ruc lure is  about  3 : l  '  a5 repor ted e lseshere (Eaton '  l

rs  i t  appoa6 Lhal  voung adul t  o f fspr ing nav group v i th  paEn's



l  t l .

in  o thef  populat ions,  aqe sr ruc iu fes na l  ior  be comparaDre,

fhe average s ize of  adut t  groups jn  a i rob i  park ,  kh ich tacks hyenas a id
hunt in9 dogs!  is  berNeen 2 and 3.  In  the Serenget j  ! i th  a  fu  

 

gu i td  j t  js
on ly  1 .6 (schal le . ,  1972) .  The t , rsest  and rarest  group s ize (31)  in  the
serensel i  kas 4;  groups of  4  adut ts  have been fa i r ty  comon (poss jb ty  zo i )  in
Nai rob i  Pafk .  In  the ranchtands of  S l , lA.  the average adut t  9rcup is  a t  teast
3 . 9  ( T a b l e  l ) .

I f  jn terspec i f ic  conpet i t ]on d is favors qroupjnq in  cheetahs then vhereve.
rner€ ]s  a  fu l l  conpterent  o f  gu i td  rehb. rs ,  group s ize shoutd be sha 

 

and onty
males should gfoup accord jnq to  H-3.  t jos t  cheetahs jn  Krugef  a€ in  grcups of
2 (P ienaaf ,  1969) .  At rhough rhe conposi t ion of  tnese sroups rs  unknovn!  u iere
1s n0 rnd icat io i !  such as preseice of  young,  which voutd suggest  grouping by
other  than nales,  Apparen y  famj ly  groups cons is t  o f  a  s jngte adut t  and one
l i t ter  ( l , l tusgeman.  t9 /6) .  L jke rhe Serenget i ,  Kr rqer  has a 

 

dor inants  p lus a
snal l  populat ion of  the brcwn hyena,h jch can dohi ia te  cheetah,  and prey on
them (Mi l ls ,  l9 /3 i  Eato i !  in  press,  a) .  Kruser  cheerahs nay have incurred
reduced in terspec i f ic  conpet i t ion unt i t  t96O because of  r 'n tens ivd cont ro l  o f
larger  pEdators .  The cheetah produces no€ of fspr jnq per  un i t  o f  t j re  than ant
of  i ts  Dajo.  d i .ecc compet i tors .  t jons and hyenas.  Ihe cheetah,s  major  jnd i rect
cohpet i tor ,  the wi ld  dog,  probabty  qas rcsr  ser iousty  reduced by cont rot  e f for t .
Dur inq predator  conrrot ,  f i re  chdetah poputat jon probabty  expanded retat jve to
populat ions of  compet i tors ,  thus!  grouping shoutd hdve becoE more pEvatent ,
s i ice contmr,  average qroup s jze of  ad l t ts  (probabty  onty  mates)  shoutd have
decr ined.  Just  recen y ,  t jn i ted cont rot  o f  t ions las resured (snuts ,  t976) :
hopefu l ly ,  soc ia t  behavjor  o f  o ther  predators  is  be jng ro i i tored.

Sex rat io  should increase under  good condi t ,ons dno oecfease under  poor
condj t ions (P ianka,  1975) ,  here jn teBpeci f ic  cohpet j ! ion has been ruduced.
the sex-ra i io  o f  a  cheetah poputat ion shoutd be h jqh.  and mt€ greups shoutd
be larger .  tn  Kfuger  Park the ddut t  sex_fat io  o f  5 t  cheetahs Nas 2:1,  whi te
af ter  cont ro l ,  rhe .ar io  o f  47t  cheetahs Nas I  4 : t  { ! rcssenan,  1976) ,  taken
over  severd l  yea.s  ( rahte t ) .  tn  the serenger i  pa{ ,  rhe sex_rat jo  o f  cubs
and juyeni les was about  t :2 ,  dnd fo f  adt r t is  r :3  (Scha] lpr ,  t973) ,  Earon ( t97Ob)
and McLauqhl in  ( t970)  observed a h igh adut t  sex_rar io  in  Nar . rcb i  park ,  and
cLauqhl jn  (1970)  rccorded near ty  a  5: t  ser , ra t io  for  cubs.  (Najmbi  p i *
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cheetahs incur  re la t jvety  t i t Ie  in terspec i t ic  conpet i t iod, )  xrugef  paf t
cheatahs f ray have had a h iqhef  spx-rat io  because of  cont rot  o f  tarqer
predatorc  un! i l  1960,  fo t tored by a tess favorabte per io , l .

The lor -sex ra t io ,  and puzzt jng sca.cr ' ty )  o f  cheetahs in  the Sere iget i
. in  probabrr  be expla in .d  by the conblned ef fects  o f :  I  )  f ract ionat ing rhe
ecosystem, which!  among other  th ings,  p taces the che€tahs that  fo |o !  j lg rat jno
p ' e l  o , t  o '  1 5 "
that  remain in  the pa*  face the greatesr  deqree of  cohpet i t ion and pEdat ion
duf i ig  the i r  l jn i t ing season.  Thus,  p .oduct jv i ty ,  s roup+rze
have dec l i t red.  The scarc i ty  and sma|  group-s ize of , i td  doqs jn  the Se.enget i
are probably  a lso caused by these in teract jng factors .

o .e advanced soc ia t  evotut ion js  jnd icated jn  S[A cheetahs Idpor ted the
pasi  decade to  zoos in  the l t ,s .  conpared r i th  prev iousty  jnpor ted East  Af . ican
.heetahs,  the chee!ahs f ron S!A have shown grearer  soc ia t  and in terspec i r ic
to lerance,  vh ich nay expla in  the j r  nuch h iqher  breedjnq pdr fomance in  capt iy i ty
(Eaton,  1 i  press,  b) ,  s l lA cheetahs are targer  than cheetahs of  o ther  poputat ions,
kh ich could resul t  f rcn renovat  o f  in teFpeci f ic  compet j t ion at rd  a broader
fundamenta l  n iche,  The cheetah exhjb i ts  the teast  sexrat  d jmrphjsm in  body
s ize of  a iy  larger  fe l id  except  the presumably  monoganous snow teopard.  Sexual
d inorphisn app€ars nost  pronounced in  cheetahs f ron Nai rob i  park  and SUA,
poss ib ly  a  re5ul t  o f  a  reduct ion in  in terspec j f jc  compe! i t ion.  In t rasexuat
conpetr t ion should favor  jncreased sexuat  d jmrphism jn  the absence of  counter ,
se lect ion for  ecotyp ic  body s ize rhere a narrcvef  n iche js  jnposed by donj iants .

Lafger  body-s ize and greater  sexuat  d j@rphisn of  S lA cheetahs does not
appear  to  be re la ted !o  a  targer  s jze of  prcy,  but  data ar€ scarce on eract
s izes of  k i l ls  (Gaerdes,  1973-74) .  Ho{ever !  observat ion of  9 .oup hunt jng
{J ,  caerdes,  pers .  com.;  H.  rhero i ,  pers .  com.)susgests  successfut  r  cooperat jve
tacr i$  (H-2)  as descr ibed etserhere on ly  in   a i rob i  par t  (Earon,  t974a) .

Hoeev€r  € f f ic ie i t  grouping is  fo f  captur i ig  prey,  i^  areas { i th  abundant
domi ia i ts  the cos ls  o f  thef t  hay be too g.eat  for  grouping to  be favorad,  The
conspicuousness of  sevefa l  adut ts  shoutd increase the f raquency of  thef t  by
d0mrnants .  j th  few or  no doninants ,  hunt i ig  e f f ic i€ncy shoutd be suf f ic ient
t0  fdvor  srcuping (H-2) .  Ihus,  in  sorc  areas khore domjnanr5 abound)  matas DUsr
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beief i t  f rcn grcupinq because of  in t rasexual  compet i t jon (H-3) ,  the advai taqes
of  rh ich are prcbably  suf f ic ient  to  overr ide the costs  o f  in terspec i f ic  compe-
r i t ion (H-4) .  Groupins hy fenales could be tavored because i t  reduce!  predat ion

. i  in fants  by nurerous,  smal ler  predators  (H- l ) ,  by males (Hl ) ,  andlor
because foraq inq ef f ic iency is  enhanced (H-2) .

ln t rasexual  cohpet i t ion (H-3) ,  predat ion by spec i€r  subord i^dre |o  adul ts
(a l  )  and increased ef f ic jency of  forag ins (H-2)  could account  for  increased

sroupins.  A l l  o f  these benef j ts  would be enhanced by re i rcvd l  o f  i i terspec i f ic
competition from doninants, For exafrpler rith rdmval of the cheetah's donjnants
numerous subord inate spec ies should be favored and have h isher  dens i t jes .

5pecr 'es such as .a te ls ,  jac [a]s ,  serva ls  and caracals ,  e tc . ,could a l l  threaten
younqer  cheetabs (Eaton,  in  press,  c) .  Grouping could be favored because of
u l ,  as in  the l ion in  Hhich fera les can d iv ide labor  and ptuv ide fu l l - t ime
p.otect io .  for  o f fspr ing against  predators  dohin. ted by.  s ing le  adul t  bu l
/u lnerable i f  le f t  a lone.  ( t lhether  or  not  the smal ler  p*dators  s ig i i f icant ly
increase wi th  the renoval  o f  the cheetah 's  dominants ,  defense aqainst  snal ler
predators could favor grcuping by fenales.)

The l jon of  350 to  400 pouids Js subord inate to  groups of  hyenas of  100

to 130 pounds ( ( ruuk,  1972i  P ienaa. ,  1969)  and hunt inq doqs weigh ing on ly  35 to
50 pounds each ( jn  East  Af r ica) .  Not  on ly  do these spec ies { in  jn  conpet i t ion
for  carcasses.  groups can I i ] l  s ing le  l ions,  Thus,  i t  is  poss ib l€  that  l io^s
evolved srouplng to  defe id  the i r  l j l l s  against  snal ler ,  soc ia l  predatoE,  The
presence of  g .ouped compet i tors  Nould cause evolut io i  o f  g .oupjdg Jn l lons.  Ihe
ro l lok inq observat ion are cons is tent  Ni th  H-4,

{

I

t .  tn  terms of  b jonass or  nunber  o f  predatoB or  b ionass of  pEy,  the
ecolosJcal ly  doninant  predator  or  Af . ica.  damal ian predator  gu i lds is  the l ion
(schat ter ,  1972;  snuts !  1976) ,  wi th  the next  mst  doni iant  spec jes be in9 the

3pot ted hyena2,  These spec ies are the greatest  compet i tors  in  an ecolog ica l

sense,  as they over lap mst  in  food resoufces (see schal ler ,  1972:  Kruuk,
1972). They also exert the qreatesi level of conpetition on each other for
.a fcasses.  Schal ler  (1972)  found that  one l io t r  could not  defend a k i l l  asa inst
a pack of  hyenas,  but  t {o  or  more could.  Pe.haps equal ly  impor ta i l ,  grouped

l ions successfu l ly  s tea l  food f rom packs of  hyenas,  hut  one l ion cannot .  Food

f iorever ,  unt i l  hunan a l terat jon of  ecos is tems.  the, i  d  dog rar  have fanked
r  h iqh as or  h igher  than the hyena,
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s to len  f rom hyenas js  a  s ign j f i can t  por t lon  o f  the  l jon 's  d je t ;  in  sore  areas ,
groups  o f  l ions  acqu i re  the  major i t y  o f  the j r  food by  s tea t jng  f rch  hyends
( ( ruuk,  1972),

{'!

{

I

*

T
3
*

2.  Rudnaj  (1973)  observed lhat  l ions dras the carcasses of  nut t lp le
k i l ls  toqether ,  and ln  ev€ry case the t ions renajned nearby and f€d unt j t  the

consuned,  Schal ler  (1972)  noted that  som k j l ls  may be abandoned
before co isuned,  but  the impor tant  po in t  is  that  grouped t ions are abte to
mul t ip ly  the i r  esources through group defense of  food agajnst  o ther  predators
and scavengers.  r . rhen food is  scarce,  l ions shoutd rcnaJn near  the i r  k j ] ls
and consune then ent i re ly .  on ly  group defense coutd at tow reat jzar ion of  the
beief i ts  o f  group hunt i ig ,

3 .  The evolut ionary resul t  o f  in terspec i f ic  conpet i t io i  o f  a  d i rect ,
behdviora l  naturc  should be adaptat ions for  jn terspcc i f jc  agsress ion.  L jons and
hyenas expend t r ' re  and enerqy . t tack ing and k i t t j ig  one another  Nj thout  any.
d i rect  bdnef j t ,  for  exanple,  there is  no conp€l i t ive goal  such as food,  and
nomal ly  the v ic t in  is  not  eaten (schal ter ,  t972i  Kruuk,  1972;  Etof f ,  t9 /3) .
The express jve behavior  o f  l ions jn teract ins * i th  hyenas is  not  assoc jated or
apparently evolved frcm predatory behavlor! but rather reserbtes offeisr've or
defdns ive {dependinq on whjch spec ies poses rh€ sreatest  rhreat !  whjch js  de-
pendent  larse ly  on nuhbers of  each)  aggress ive pat rerns observed jn  the jn t fa-
spec j f ic  rea lm (Eaton,  1973i  Schal ler ,  1972t  van Larr -ck-coodat t  and van Lawick-
coodal l ,  l9 l l ) ,  The l ion 's  behavior  mani fests  an eyotved mr jvat ion of  jn ter -

spec i f ic  aggress ion,  not  predat ion,  to*ards hyenas!  the t jon s  0reatest  conpet i to l

l f  grouping by l ions is  caused by in terspec i f jc  conpet i t jon for  food,
the i  l ro is  n ight  be expected to  forage in  groups dur lng the t jml t inq season
{hen conpet i t ion wi th  hy€nas should be rcst  in tense.  0n the other  ha id ,  the
large s ize of  the l ion usual ly  makes grouping tess economjcat  tha i  sot i tary
hunt inq 1d th€ dry  season (Schal ler ,  t972) ,  Uhj le  hyenas hunt ,  s teat  or  scav-
enge i id iv idual ly ,  they a lso tend to  group rcre on a year- round bas is  than
l ions (van Lawick-Goodal l  and van Lar ick-Goodal l ,  t97t !  Kruuk,  t9Z2) .  l f
s jn9 le  l ions can suppor t  thenselves { i th  gazet les,  i t  is  not  unt ikety  th i t  q foups
of  thEe hyenas would do about  as Nel l  l t i l j z ing the sam prey resource.  Hyenas
afe ab le to  use v i r tua l ly  1001 of  a  k i t  t ,  whi te  t ions usE about  751 (Scha er ,
1972) .  But  hunt ing of  gazel les in  open rer ra in  nust  favo.  sot j tary  largef
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predators whether they enploy htenid or fel

ro break up durins the sam season to hunt
ro s ing ly  hunt  Thof f iod 's  gazel les.  In  fact
k l l l ing gazel les in  the dry  season ( ( ruuk,

solitary, food itere are scarce and tend to

id  tact ics .  L lke l ions,  hyenas tend
nigratory or small prey; both tend
single hyenas are most successful

re /zJ.  As nost  qazerLes r r  ied a.e
be Nide ly  d ispersed.

Rasard less of  group s ize!  hyenas pould not  be nbte to  sa in  by s tea l ing,
r rch l ions i  the s ize and ddnis ty  o f  dead but  uncaten earcasses k i t ted by t ions
*ould Mke group foragins (stealing) uneconomical. By the sare token, especi-
ally consjdering that a snall group of hyenas can consum a gazette faster then
a s ins le  l ion of  equal  b lonass,  l ions could not  ga in  by qrouping to  s tea l  f ron
hyenas durinq the dry season.

I f  so l i tary  hunt inq is  the opt iha l  rcde for  l io is  i i  the dry  season of
the Serengeti area, then {hy should lions always qmup id the Kalahari with
such extrerely lo, densitites of bjonass and larger prey speciesl As Kalahari
l io is  are h igh ly  mobi le ,  ind iv iduals  would have to  remain c lose together  to
hdintajn their grcups, but thls does not e4lain rhy they qroup. If anything,
a soc ia l  systen s in j lar  to  the cheetah 's  should be expected.  Perhaps in ter -
spec l f ic  competJt ion v j th  the hyend (and wi th  nan,  be lor ) ,  nay expl . i i  q tuuplnq

by deser t - l i  v in9 l ions.

ln such extErely open habitats, hyenas a€ prcbably nore efficient
predators  of  the largest  ungulates.  L ions k i l l  la rqer  herb ivores on ly  rare ly  in
the (a lahar i  {E lo f f ,  1973) .  { i thout  g foupjng,  l ions could not  defend of fspnns
against hyenas (Hll, especially rhen prides are constantly noving and the
tef ra i i  is  not  conducive to  ascape and h id ing.  A s ing le  na le r i th  a  femle srout
iay deter othetuise doninating hyenas. A nale and fenales My gair fron sroup-
ing becaose of  in terspec i f ic  conpetr ' t ion (N-4)  and prc tect ion of  o f fspr ing (H-1) .

Generally as the pmductivity of habitats increases, the size of grcups of
soc ia l  p fedators  jdcreases.  r f  l i terspec j f lc  conpet i t io i  is  a  factor  in  srouping
then lions should have the larqest groups vhere their conpetitors have the largest
groups and lice-versa. In the Serengeti area, lion prides are larser on the
averaqe then anywhere (Schal ler ,  1972) ,  and so are hyena packs ( ( .uuk,  1972) ,
3ut this trend does not hold up in Kruger Park, rhere hyenas fom sfrall groups
(6.  snuts ,  pers .  com.) ,  or  the opposi t€  f tend loca l ly  as in  Nsorongorc fa ter
(Kruuk,  1972) ,  for  reasons not  coni rad ic tory  to  the hypothes is  i ra ton,  in  prep. ) ,

L ions are €xt rere ly  dense in  Nai rcb i  Park,  which lacks hyenas and r i ld  dogs



-129

(Edton,  l974ai  Rudnai ,  1973) .  Fenales fom only  loose assoc iat ions and only
one sroup of  na les shares severa l  pr ides (Ruddni ,  l9 l3) .

A l l  o f  the hypotheses can expla i i  s rouplng by l ions.  In terspec i f ic
conpetition for cluhped resources (H-4) and predation of offspring (H-1) are
inseparable factors  most  l ike ly  to  have caused the i i l t ia l  evo lut ion of  sroup
in l ions,  probably  amng fenales.  Bet reen c lose compet i t iors ,  such ds l ions
.nd hyenas,  i t  is  prcbably  just i f ied to  cons ider  shat  o thers  have tended to
label  prddat jon as in terspec i f ic  dssress ion,  which has ewlved not  for  i ts
advaitages in dlrectly acquirinq food as cohpetitors usu.lly at ioi eaten.
Rather ,  the investmnt ,  a lnost  a lways enta l l ing sore r isk  rhe i  canivores are
invo lved.  has a lonq- tem gain in  te f f i  o f  reduc jng pEdat ion,  thef t  o f  food
and explo j t ive compet i t ion.  However ,  for  males,  in t rasexual  compet i t ion {ou ld
have been equal ly  i r ,por tant  as ind icated by the cheetah (H-3) ,  and cer ta in ly
it became the pararcunt feature ln the association of n.le grcups vith female

stuups, After separate nale and fenale qfoups lere evolving, cooperative h!nt-
ing by nenbers of groups is to be expected! as seen in hale cheetahs a.d non-
pdde mle sroups in  the Kalahar i  (E lo f f ,  1973) .  Then, i th  assoc iat ion of
nales and fenales, cooperative hunting becaE €ven rcre pftiouiced amonq
females blt less inportant to prjre sales, {hr'ch have becore warriors and
inseminators  (H-3) ,  but  {h ich a lso cont r ibute to  hunt i iq  s lccess by k j l l ins

Reconstruction of Social Evol ution

crouping because of intrasexual conpetitr'on (H-3) {ould not have evolved
untJ l  the cheetnh h.d redched an €xt rene leye l  o f  spec ia l izat ion on h jsh ly
mbi le ,  snal l  prdy,  because th is  necess i ta tes a tenpora l  spac ins system. I f
dlrect interspecific conpetjtion and predation have been as significant as
ind icat€d,  then j t  is  to  expected that  the spac ing systen used by cheetahs
today evolved partly as an adaptation for avoiding doninants, which not only
estab l ish group ter r i tor iest  but  which a lso exhib i t  nonadism,  n igrat ion and
sol i tary  foraq inq Ni th in  the sare populat ions,  Tempora l  spac jng could evolve
in  subord inate qu i ld  f t f rbers  in l t ia l ly  not  because of  spec ia l izat ion on h igh ly
mobi le  prey but  because of  in terspec i f ic  conpet i t ion,  Hi th  advantaqes in
in t raspeci f ic  co ipet i t ion be ing secondary,  I t  does benef i t  cheetahs to  avoid

)
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conge3t io is  and to  sh i f t  the i r  locat jon re tat jve to  mv€rents  o f  the i r  prey,
5ut  were 1t  not  for  jn terspect f tc  cohpet j t ion and threat  o f  predat ion (possrbty
iggress ion)  f rcm doninants ,  the opt inat  spac inq sysrem for  a  sot i tary  or
grouped mamalian predator woutd appeaf to be geographjcat . nor tenporat,

The fact  that  so l i tary-hunt jdg,  ter r i
I t i l i ze  9azel les dur ing the dry  season jndr '

i f  they rcru ter r i tor ja l  ra ther  than h ighty
r iqrate t0  reduce in te fspec i f ic  compet i t ion
bedef i t  by reduc ing predat ion on of fspr idg,

to r ia l - res ident  l ions  and hyenas can
cdtes  tha t  cheetahs  rou ld  ga i i  mre
hob l le .  Apparent ly ,  cheetahs

;  a id !  espec ia l l y  fe f ra les  shou ld

Grouping normal ly  benef i ts  nates because of  advantages jn  jn t raserual
compet i t ion, ,h ich is  poss ib le  onty  because of  temporat  spac inq.  rhus,  the
ul t jnate cause of  evo lut ion of  un l -sexuat  grouping is  jn terspec i f ic  cof ipet i t ion,
a le  cheetahs should not  have grcuped u i t i t  a f ter  t ions and hyenas had evotved

socia l ly  to  the po int  o f  grcup ter r i to f ia t i ty ,  uh jch routd have been advantageous
ro both jn  ln t raspeci f r 'c  and in terspec j f ic  conpet j t jon.  Th js  may have co inc ided
 d beei  causal ly  re la ted to  ext inct ion of  ta .ge canids and evotut ion of  the
smal l  and spec ja l ized hunt inq dos,  resut r jng jn  added conp€t i t ion for  the cheetah
and fur ther  se lect ion for  tenpora l  spac jng,  Thus,  r  koutd specutate that  srcup-
ins by males d id  not  evo lve unt i t  the afpearance of  rhe { j td  dog.

Thd evolut ion of  soc la l i ty  or  fur ther  socJat  beh.v ior  jn  dominants  shoutd
ead to  a  greater  conpet i t ive inpact  and,  thus,  a  na. rcve.  n iche jn  subo.d jnates.

ienporal spacing by the cheetah sedns to reduce its njche breadth. tf tehporal
: lac ing favored grouping by na les,  rhat  e f fect  has th js  had on the cheetah 's
nrche? Groupr-ng by males dods not  appear  to  a t ter  the cheetah 's  n jche brenth
ex.elr {here doninants are reduced, Interestingt!, in the past century, Jt
has b€.n the se lect ive prcdat r 'on by the doFjnant  predator ,  han,  o i  a |  o ther
Sui ld  rehbers h jgher  in  rank tha i  lhe cheetah,  {h ich has jnd j rec y  ted to
qredter  grouping and prcbably  a  broader  n iche in  the cheetah poputar ion of  StA,
and loca l ly  in  East  Af r ica (e .s . ,  Graham and Parker ,  1965) .  A] ]  rhe spec je5
ext i rpated Nere soc ia l  and ranked betveen the "doninant , ,and rcst  subord inate jn
!he gu i ld ,  The loest  rank inq spec ies,  the cheetah,  has been abte to  evotve
r  h iSher  leve l  o f  soc ia l  behavior  on ly  because the h ighe.  rant i i ig  gu i td  renbers
.ompered iuch nore s j th  man for  prey resources.  oddty !  th js  has favored greater

i
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soc ja l j ty  1 i  the cheetah,  whjch shoutd resut
resou.cest  andr  thus,  counter_setect ion agaj
now in  sNA (P.  Jonas,  pe6,  com,) ,

!  rn  g rea te f  tmpact  on  the
ns t  g roup ing ,  wh ich  nay  be

I t  i5  reasonabte that  the ancest rat  t ion occupied habj ta ts  and had asoc ia l  o .ganizat ion comparable to  the targer ,  asoc ia t  potygynous fe t jds of  today,such a the tdopard,  t iger  and puna.  In  looded sdvanias,  t ions koutd havefound h igher  carry ing capacr ' ty  and an increaseo densr ty  and d jvers iCy ofother  carn ivores.  The t r 'on woutd have faced a ne!  k lnd of  cohper i tor  insoc ia l  canr 'ds and homin ids l  poss ib ly  soc ja t  hyenros,  or  a !  ieas i  raced soc ia t
co ipet i toE in  a  habi ta t  nore favorable to  the i r  success rn  d i rect  conf rcnta_
: los,  

srch as contests  for  food,  in terpsec j f jc  agsress jon and predat jon.
Al though shnt ter .  grouped canjds!  hyenids and probabty  homjn jds koutd have
dominated ind iv id la t  t ions.  In  defense of  food and of fspr ins jn  open areas

:e:se ly  
saturated v j rh  srouped predators ,  eroupins woutd have favored a tarse

fe l id .  How Noutd grouping nost  t ikety  occur , -berweeh {m and khon_-and vhat
c6es loutd hak beei  impor ta i t  a t  each s tage? Sociat  evotut ion js  recohst ructed
t rcn vhat  has been descr jbed for  the asocr .a l  spec jes and the cheetah.

Due to  in tense predat ion on of fspf l .ngr  as rn  lhe cheetaht  as pe 

 

as
inabi l i ty  to  u t i t ize k i ls  be ins s to tdn by grouped predarors ,  females,outd havehad h jgher  succ€ss by grouping.  The s tep f rcm sr .hpte fan i ty  to  a  grouped
rehale un i t  invo lves a rc ta t ivety  s jnpte ad just rent  i i  re ta t jonship.  o ther
and dauqhter  t jes  woutd at ready bv s t rono and tasr rng becarse of  the evolut jon
of  s i te  tenac j ty  in  narure,  so l i rary l iv r .ng daughters  ds in  the pud,  {hJch
apparent ly  evo lves for  tvo reasons:  a)  by reservrng space wr th in  the i r  ter r i_
tor ies fehales coutd increase the probabJt j ty  tha.  a  oaughter  and not  soma
tr re tated or  rcre d js tan y  re ta ted femate reptaces her ;  and/or  b)  the femato
could qaJn by prov jdJng inctus ive teDi tor l .a t  space for  daughters  to  breed.

In  nany carn ivo.es i t  is  usua|y  the aggress ive or  secret r .ve behavior  o fparents  that  tedds to  o f fspr ing d ispersat ,  In  the evotut ion of  groupjng jn
fe l ids  the onty  change !o ! td  be one of  not  expe| rn9 jemate of fspf ing.  ae i_nan ahd Er 'senberE(19i3)  presented a mdet  fo f  the cou.se of  soc ia t  evotut jon
in  fe l jds .  They arqued that  th€ change f ro [  asoc ia l iLy  ta  soc ia t l . ty  begins
wi th  a  rd l€  . .mar 'n in9 ! i th  one of  the fenates h.  has been assoc jated ! i th  onty
br ie f ly  for  f ia t jnq in  the past .  5uch a t fans i t ion rs  ess probabte than
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pa.en i -o f  fsP. ing  assoc ia t ionrn  dhL(h  the  fend le  l rves  w i th  adu l t  o f fspr jn9

I t  i s  nuch s imp ler  to  cha ig€  d i rec t l v  to  po lvgvno ls  soc ia l i t v  than pass

ih rough monoqamy in  the  process .  A  moioqamus male  cou ld  no t  have success lu l l y

competed r i th  a  da le  g roup,  Fena les  can ga in  f ron  grouPing  f i rs t  * i th  o !he '

females  ra the .  than males  fo .  severa l  reasons ,  fo r  €xarF le r  suck l i ^g  vou ig .

[a ]es  rou ld  no t  have any th inq  to  ga in  f ron  nonoganv,  bu t  they  cou ld  ga in  bv

q foup i iq  N j !h  sev€ra l  fena le5 .  Monogamv Nou ld  be  se lec led  aga ins t  rap id lv ,  i f

no i  f rom compet i l ion  r i th  qmuped ha l€s .  then because fena les  in  g roups_-

t rh ich  can dominate  a  s ing le  male  l ion- -wou ld  be  ou tcompet inq  mnogaDus ly  na ted

.emales  and there fore  nonogamous f ia les  vou ld  be  a t  a  d isadva^ tage.  Bv  9arns

.dd  losses  to  ind iv idua ls  therc  nav  never  have been mnoqahv.

Less  behav io ra l  ad jus t ren t  i s  requ i red  !o  change f rom asoc ia l  po lvqvnv  t0

soc ia l i t y  d i rec t l y  than bv  pass inq  t l r rouqh nonoqat \v .  ln  chanq ing  f rom po lvgvnv

to  rcnogaoy,  the  fo l )owi i9  n igh t  be  expec ted :  a )  incEased to le rance o f  the

feda le  by  the  male  rh€n the  female  is  no t  in  matJng cond i t ion .  In  the  absence

o i  re leased inh ib i to ry  rechan isms nomal lv  opera t iv€  in  cour tsh ip  the  male  5

agqress ion  lou ld  have to  becone i ^h ib i ted i  b )  the  sam wou ld  app lv  to  the  fena le

*hen no t  in  es t rus i  c )  the  male  wou ld  have to  becohe fu r ther  inh lb i ted .  fo r

exanpre ,  p redat ion  o f  agq.ess ion  to {a fds  o f fspr ins ;  and,  d )  'hen  o f fspr ins  and

the  male  are  together ,  the  feda le 's  behavJo.  {ou ld  have to  change f rcm prc tec t ive_

ness  !o  t rus t *or th ine5s .

Id  a  d i rec t  t rans i t ion  f ron  dsoc ia l  po lvgvnv  to  soc ia l i t v  bv  ex tens ion

of  re la l ionsh ip  be  €en no ther  and dauqhter ,  on ly  one behav jo ra l  hod j f i ca l lon

vo l ld  have been fequ i red  over  what  we obsefve  todav  id  representa t ive  asoc ia l

spec ies  such as  the  puFa The fena le  rcu ld  s imp ' lv  to le ra te  her  o f fspr i i9  as

they  en tered  adu l lhood.  E i t l ie .  aggress jon  vou ld  have to  be  jnh jb i ted  or  lhe

fpmale  wou ld  cease !s in9  separa t lve  tac t i cs ,  such as  h id ing  and avo jdance

(Eatod ,  1974a) .  A  fena le  and her  n€ar l !  adu l t  o f fspr j i s  norna l l v  have 'e l l

es iab l i shed orde f td  re la t ionsh ips ,  th ich  shou ld  ba  more  conduc ive  to  gNup in9

than the  br ie f ,  ra ther  agg€ss ive  ha t ing  bond be t {een na le  and fena l€ '  xoreover '

a  fami ly  g roup c .ns is ts  o f  h igh ly  .e la ted  ind iv idua ls  vh ich ,  pverv th ing  e lse

5e i i9  lhe  sare ,  i s  nore  conduc iv€  to  soc ia l  behav io r  and coopera t ion  fe l id

fan i l ies  a fe  adapted  lo  shar ing  fesou.ces .  ln  5 inp le  fan i l ies  
' ! fouo  h !n l ing

5 !qqes ts  rhe  porant ia l  fo r  a  h igher  e f f l c ie icv  o f  fo rdg ing ;  p r ro '  t0  !ne

mther 's  nomal  separa t ion  f fon  a  l i i te r  the  o f l spr inq  are  re l ' t i v ' l v  e f f i c ien t

!
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conditions pemit, fafijty renbers s,routd benefit mst fron

lf alt the behaviorat chanses descrr_bed for evotution of grcupinq were

. : , . : : , : . : "1** l  
"  in" rup lce,  r1e mos!  prcoabie cou.se ro  soc ia l  ,  r .- . r ros koJ ld ' rave beel  er te lsror  o f .a_ j ty  t res In to  adJt | rmd,  t fd t  js  oetue.nnorher  and daughter ,  and bet reen hates,h ich are s jb t ings.  The observat jons that :i )  mle chetahs sroup .nd appear  to  be brorhers i  o l  even in  habi ra ts ,here

- l :1.1:, ," ' . "" .1"] , ,  
have one mare, nares sroup and th€y appear to bc croseryre  a ted;  ed,  c)  jn  cheetah poputat jons wj th  Educed in terspec i f jc  compet i r i ;n

: : : . ] : :  : : " '?  
(probabry wi th  daushters ,  poss ibry  srs ters)  are cons is tant  r i th.ne hypothes is  that  soc ja t j ty  jn  fe t ids evotved f fom potygny,  not  mnogany,

r \ "  sLcces ive \ !ages nust  havp bee4 r f .s :  9 .oupr19 oJ.e_a.es o"c . rse

: : " " : l : : : : : : :  l :  
redrcr ion of  predatJd or_r)  ano rn ln terspec i f ic  compet l . r ion

l l  i : : : : . . " :  
( i : , ) ,co inc ident  { j rh  sroupine by nares because of  jn t rase,ua l

enper i t ion (H-3) ,  and then asso. ia t jon of  hates and fenates for  advsrrases jn
in terspec i f ic  cohp€t j t ion (N-3) ,  and,  for  both benef j ts  f rmdefense agalnsr  predat ion (Hl )  and forag ing(H_z) .

,  
The jn t ja t  evo lut jon ot  groupjng in  t io is  probabry wds at  the t rans i t ionDerven rcoded sakma &d forest, as the habjtat of teopards t€nds to be Lnthe Serengetr ' today.  io  progress f roh the asooat  pat tem to groupins woutdhave invo ived the assoc l .a t ion of  fenates Nr . rh inThe reha,$ in . "",,,",i ;.i";, ;:;;:J ;:,1,',i:'ff::lili i".illJll.i;.about 2 or 3 to 4 or 6, Fetutes voutd be favored ynich fored grcups targerthan-tko b{a6e of-the disproportjonnrety greater reprcductlve success vhjchferales saii over two. lh€n two femates fom a g.oup, dnd onehunls  whi te  the othe.  tends of fspr ingr  each faces i rgh r isks f ron grcupedpredators ,  tJ i th  three or  hore fenaies a l t  fentaes shoutd benef i t  because tvocourd, prctecr offsprinq against mosr srcups of predators, or t*o coutd hunt.ogetherr  i f  not  in i t ja l ty  coop.rat ivety ,  the i  j id rvrdua yr  fo  oeed by

' r  d t r ' i s  o r  o r  t a o o . .  T T y  c o L r d  c o r s o . r  1 1  a  , . r j i r n  o !  p d i , s !

1 :  : ]  
" : "_"  ** . , r1e, r1  rera or  derp.sp ied. r r r  psoa.ro l  , ld  op.e1s.  or. e  r  0 r  ' 0 0 d .  l . I i t f o r r  r t e  a s r o ( . a [ j o r  o f  " , d  e .  f o j ,  t . m a l . . , d y  t a , d  D e e lan  op t ina l  q ro lp ,  l i j th  addJ t ion  o f  a  ea le ,  th fee  wou ld  have bee i  opr imat .  fo rexample ,  as  in  the  Ka lahar i ,
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As soon as fenale groupjng becare successful, it would have becore

increasingly difficult for a resident, doninant male to preveit other nales

from nating. Expeiled nales would be favored by grcuping because of reduced

risks fron assresslon by resident nales, hisher reproductivd success and

iiterspecific competition, thd latter beinq rcre inpoftant jn rcre productlve,

ooen habit.ts, By grouping hales could better defend or steal food. The

I

I

f€quency of males dispersing in groups rould increase as a coisequeice of group-

iis by fenales. The probability of t{o females producing two! related nales Nhi.h

suNive to adulthood is p.obably more than tHice as great as one female prodlcing

ido adul t  sons,  and so on.  Groups of  two or  nore re la ted ha les would d isp lace

s ing le,  res ident  na les in  ter r i tor ies conta in ing smal l  groups of  females,  as

in  Nai rob i  Park today (Rudnai ,1973) .

As f€nales grouped,  the ab i l i ty  o f  a  res ld . i t  na le  or  grcup of  na les to

defend separate qfoups of females wjthin one territory wolld markedly declin.

la|tly because of mre fenales, but also because ds fenale groups enlarged,

d iv is ion of  labor  and tehpora.y  sp l ln ter inq of  ind iv iduals  .nd subgrcups {ou ld

scat ter  fenales out  over  space and t ime,  th ich would jncrease the prcbabl l i ty

of  nonres ident  na les achiev ing mat ing.  I f  groups of  res ident  na les sPl in teEd

to counter  the Dro l i feratJon of  females,  f loat ins ra les inc l ld ing jnd iv jduals

and cohesive qroups rould be all the more favoEd. Thus, selectjon rould favor

nales that  remained as c lose as poss ib le  to  a  fenale group.  Before long,  res i -

dent  na les would have defended s inq le  groups of  fenales and the i r  te f i tor ies.

The size of nale qroups Hould have been affccted by a nunber of factors, but

u l t jmte ly  by k in  se lect ion and lhe s ize or  female groups,  the la t ter  be ing

a reUectlon of the quality of a territory, and the ability of females to sqpport

At the stage of hales joining autononous fenale sroups, intrasdxual conpe-

tition bet{een nales {ould have favored increased sexual dinorphisn in Fales:
la fser  s ize and the mane.  Greatef  conspicuousness rcu ld  have reduced the hunt ins

abi l i ty  o f  na les re la t ive to  females.  l i i th  less se lect ive pressure on hunl rns

abi l i ty  o f  pr i re-aged males,  increased sexual  d imrphisn would have cost  fenales

for havins to prolision so nuch nore food which could have qone ro offsprinq and

rcnale re la t ives.  Fenales nay have sa i ied overa l l  because of  reduced mle tun-

over rdte plus the fact that a nale is far nore effective than a female in
defense aqainst  predat ion and thef l  o f  protect ion of  food.

+lti
'lfi.

i l
I
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Grcup huntlnq by fef,ales and by nales Nould.lready have €volved prlor
to  na les assoc iat jng r i th  pr ides.  Thus,  grcup hunt ins tact ics  bet {een aates
and females would have been successfu']. lntraspecific conpetition {ould have
favored a qreater division of labof between mates and femates. so that mates
EE ravoEd uhich f,ost effectively defended females, and fenales yeE favoEd
uhich rere nos! effective foraqers, The jncreased denands ptaced on femates
{ i th  na les in  the i r  groups would have favored sreater  forag ins ab i l i ty  o f
fenales and thus cooperative hunting.

After jntrasexual conpetition between males aid bet een fenales favoftd
assoc iat ion of  na les wi th  females,  a  new se lect ive force lou ld  have favored
grcuping bet  een the sexes:  the ab j l j ty  to  acqui re  except ional ly  ldrge prey
prev ious ly  not  "k i l lab le"  by groups of  fenales or  hates vould have resul ted
f rom increased sexual  d imorphisn of  males a id  pEedl ,e  soc j . l  evo lu t ion.

The only  s ign i f lcant  d i f ferences in  s ize of  prey of  so l i tary  and grcup
1L. t j49 l  o ls  js  due to  ! r  coope-d l ion ot  r les  in  o ispatc f .g  t te  larges i
prey spec ie! ,  Groups could k i l l  la rger  prey. t rer  the evolut ion of  exaqgerated
sexuar  d inorphlsn.  Pro iounced sexual  d imryhism is  an ef fecr  o f  na les gmupjns
Ni th  females (N-3) ,  Ihe ab i l i ty  o f  grouped l ions to  k i l l  nuch larger  prey than
ind iv iduals  (H-2)  i .  a  product  o f  soc ia l  evo lut io i ,  not  the cause of  i t .  The
sane pr inc ip le  appl ios to  d l rect  in tersp€c j f ic  corFet i t ion for  food (H-4)  and
defense agar 'nst  predat ion ( l l - l ) .  Thus,  the assoc jat ion of  ha les ! i th  fenales
must have qreatly benefilted lions relative to theif conpetltofs.

As l ion pr ides expanded r i th  assoc iat ion of  males ab le to  acqui re  t - " r r -
tory and exPand resources, still Nre fenales could be added, Nhlch enhances
the ha le5 '  and a l l  fenalesr  f i tnesses.  Pr ides vould prcduce s t i l l  la rger  ra le
gr.ups, rhich in tur {ould cause increasinq rate of nale tumover, eventually
act ing to  reduce prcduct iv i ty  unt i l  a t  equi l ibr iun in  tems of  the opt ina l
sex-ratio and pride size in a habitat, a function of its ca.rying capacJty.

ln different habitats, nodern lions chiefly differ in the extent dnd
st ructure of  grouping by na les,  Scal ing of  soc ia l  behavior  probably  overr ides
phylosenet ic  iner t ia  { i th in  s ide to lerance l ih i ts  set  by f luc tuat ins env i ron-
rents ,  The soc ia l  systen of  the l lon is  in t r j is icar ly  as or  nore adaprable
than that  o f  soc ia l  canids and hyenids i  where synpatr ic ,  th is  par t ly  erp la ins
the l ion '5  doninance a5 ve l l  as  i ts  r . la t ive ly  greater  success in  compet i t io
with man, the ''super doninant .



cariivore stud€nts except Ever (1973) have not speculated on the €ffect

of  honin ids on the soc ia l  evo lut ion of  carn ivores,  a l thoush severaL [ave spec-

utated on the inpact of social cafnivores in homlnid €volution Attenpts dt

the latter, for example bv schal'l.r and Lorther (1968) afe presented a5 lf the

carn ivore scene ha5 been s tat ic  s ince honin ids appeared Hmever '  foss i ls

ind icate synPatr t  for  mi l l ions of  v€a.s  betveen homin ids,  nanv ext inct  cahivores

,nd - fe  d lcesroa o!  e l rar r  \oL ia  cor t l ro€s '

The cheetah was hedded on its specialized course befoE honinids beca@

part  o f  the predator  comuni tv ,  but  l ions mav not  have evolved u i t i l  le l l

a f ter  honin ids Nere l iv i ig  in  savannas and/or  the i r  edges lhat  fo le  i f  any d id

honin ids p lay in  the soc ia l  evo lut ion of  cheetahs and l ions?

The addi t ion of  a  larqer  doninant

increasing cohpetitive influence of honi

probably favored further speciallzatioi

ar i f ter  prey.  As the l ion and honin ids

canids becare extJnct ,  g jv inq r ise to  a

d j rect ion as the cheetah ' .u ln inat in9 1 i

It seens not unlik€], that stone-age nan was at be5t codoninant wjth the

l ion,  and that  the l jon and han held a re la t ionshiP s imi lar  in  sore respects

,o anu, or rn" lion and hvena todav, in whicb i^terspecific r'nt js govetned

by numbers of each species engaged in encounters Soth would represent rlsks

to the other  in  terns of  pEdat ion,  thef t  o f  food and in t l rspec i f ic  agsress lon '

The Kalahar j  Bushren of  20 veafs  aqo would not  chal lense l jons for  the i f

k i l l ,  but  ruadi ly  dodjnated qrcups of  cheetahs and hvenas ( r '4arshal l '  1957)

rhe Glahari lion ofrensivelv threatens hunans that apprcach' and chtrqes

feadilt conpared to lions vhich have been subiect to selection bv han with

rlre"ms, as ln E.st Afrlca, Nhere llons often fun auay at the slght ot humans

(5cha11er and Lowther, 1968). It has not been recoqnized that hundn_causeo

select ion has favored avoidance of  dan bv l ions in  nost  rcg ions '  and probablv

"" , r , , - " : * t  pr ior  to  the advent  o f  agr icu l tura l  and pastord l is t  soc ie t ies '

vh i :h  haver  suf f ic ient  ̂ u ibers  of  na les i  t im and e iersv to  invest  in  in ter_

speci f ic  combat i  and,  re la t jve lv  advanced !€aponry '  I  be l ieve that  i t  is  on lv

in  the past  fe !  thousand vears that  nan achieved fu l lv  doninant  s t ' tus  over  the

irll[r

i1'

predator to the comunitY' Plus the

nids as predators and stealing scavengers

by the cheetah to opei savannas and

codominated {ooded sdvannas' larger

snal ler  canid spec la l iz lng in  tne same



t ion ln  most  o f  l ts  range,  and thr .s  may have been due as nuch to  s ize of  hatehunan groups as to keaponry as the KataharJ Bushren bave tong used bes andarrows wl th  te that  po isons,  and they ar€ abte i

::::l::* i':* .' n'""" i'"..i.i'' i,iij: ?"i:::'"i.illl';;;::;:"":"'
r ion in lds and t ions has ptayed a s jqn i f r ,cant  ro l

ll,.illllil.:: "*,",",,"., ..;^.";;;,;;;;,]",:i;":"::::'il;J,il;::::,"
: l  ]1" : i : * . ] r , .  

conpet i t ion k i th hominjds jn eroups.  perhap5 (arahan. nard
. isks of  thef t  and/of  agqfess lon by the Bushmen.rn shor t !  i t  s t r ikes re  as qu i te  p taus ib te that  rcre i t  io t  for  homjn id  jn f tue^ces

on carnr'vores the tion may not have evotved or
as we know i t  todqy.  

a t  leasr  not  have evolved soc ia l lv

-  .  
The hypothes is  that  doninant  s ta tus over  rhe l ion was achjeved by manfa j r ly  .ecendy woutd expta jn  the u,pararr€ted synbol ic  s tarus of  the t jon to

: :  Tr  
o t ] : " "  and soqthern Euras ian peopjes (Ld lon!  rn  prep. ) .  r t  woutd requi .enmeroB ve l t_arred nates to  achieve dominance over  th€ larger  p f l .des of  t jons,

:::::" 
r"'":. often Hith rhree or hore nares happen to occur ii the msr productjvehabi ta ts ,  a tso prefer red by hunter_gatherer  or  pastorat is t  soc ie t ies.  f ta tesof  hunan,af r ing soc ie t jes have used the t ion ar

t jon or skirs * .  *. .  .  *, . ; ; ;  . ; ; ; ; ; , ; ; . :  : : i '11 
adversarv rr d€rc**a-

for intfaspecif,c Erfare. .;" #":;;";;,;;;.11.:T:;":;.:":l ;;"1:;,.::J'.'* the,larce and powerfut J,4asal l{ent in groups of sev€rat we|_amed and shieldadrd i ! iduats  to  a t tehpt  k j ] ] ing a s t .srE male t1 .on.  l r  shoutd be apprec jared tharfenale l r 'ohs n isht  have jo jned nates in  j i terspec i f lc  conper j t ion v j th  sotdtynale groups of  honln jds.

- -  . l t  
Ms onty  whs man coutd donjnate cohper ,ng groupcd predators  that  tn  a-specific conpetitr-oh between sroups o, honinl.ds lou d have acceterated the*:]i,l:l:l "":"i"y and warfare. perhaps recrprocity between unrerared eroup!- -  re  keystone of  hontn jd  evotut jon-{as r .n i t ia t lin conpetition with ,".,p". p;;.;;..:'",;'.;:']ii"::;::i:,:':il;:,ll,J',::;:::.*

and t jons nay have been the tast  and nost  inpor tant  obstacte to  theevolut r 'on of  c lv i l izat ion.

The jns lght  o f  Atdo Leopotd (194s)
anounts  ro  thr 's :  hunr ' t i ty  is  necessary
rnat  man s t i  

 

ins t inct jvety  hates those

as ro man,s rc ta t jonship
to preserve then, I betr'
spec ie5 whic I  have most

t I

-- -1
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{H- ] )  or  h is  success (H-4) .  The targer  soc i
recently the greatest nonhuhan threar to nan
rc may gtur by understandinq them as Dirrors

acceptance of  the t ion v i th i
rhe fu l l  potent ia l  o f  our  d i f fe fences.

al cafiiyores have been until very
.  Rather  than extern inate thenl
and nolders of  our  making.  Perhaps lh is

n our  be ing beforc  ve can rea l ize

Recomnendations

A 9rand natura l is t ic  erper j rent  in  soc ia t  €votut ion.outd be under ta [en
jn St lA i f  a  cheetah populat iod Here pemi t ted lo  conl inue, idr .u t  dominants ,
but  r 'n  a  ru i tab le  p.aserve,  ! t i th  the re turn of  ta fqer  prcy,  cheetahs mjght
quick ly  increase i i  s i2e andi  eve i tuat ty ,  forn hu l t inate pf ides as j i  the t ion,
Af  equal ly  i l lun inat ing pro ject  woutd cons is t  o f  a  fe(  courageous ren 9o in9 io
rhe Kalahar i  and fo l lowins the sane funda@niat  prccedures used by Scha er
and Lowther  (1968)  in  East  Af r ica.  l , {e  a t ready know rhat  the run9 avoid t ions i
and that  ren on foor  in  East  Af r ica nomal ty  donjnate t jons e i thout  overr
threat  or  use of  reaponry.  The quest r 'on is :  woutd crudety  amed human mates,
behavins in  a  cooperar ive ranner ,  be abte !o  s teat  food f ron (a tahar l '  t jons?
HoN many would be fequi rcd re la t ive to  the number  of  t ions? Any in terested
volunteers should contact  the authof ,

Acknovtedgrents

I  hear t j ly  thank Ja i  Gaerdes fo .  h is  extens,ve hetp jn  prcv jd ing jn forna_
r ion about  cheetahs in  S| lA,  Gordon or jan5 prov jded insp j ra t ion years aso for
the s ludy of  soc ia l i ty ,  Fraquent  exchanges r i th  Car t  t6 fo .d s t jmutated deeper
inqui ry  in to  soc ia l  organizat ion of  asoc ia l  fe t jds,  S iever t  Rohvdr  made severa l
const ruct jve comant5 on the hanuscr ip t .  I  recoqnize that  th is  papdr  {ent

to  p tuss in  need of  fur tner  kork ,  for  rh ich I  apotogize.
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