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ABSTRACT 

The beharrwral charar~enkfus of terrhrial urrgulalu are reviewed and tompafcd wdh non-ltrritoml 
In &m of soaal dutnburton, spalid d ~ p c r s u n ,  and ~ w e ! i o r :  patfwm. T&+ U r e h d  

proximaff~ & domacincc a d  ubirnarciy U mazng etJlmrrmrrn~ Allmmative m& mttng ~ i r d c g u s  are 
ca~cgorud .  Selecriue gainr are csfunarcd by [he p o t t ~ ~ i a i  matlng mhnccnvnf  factor ( P M E F )  and cos& by 
rrdurcd &mu a f n u u i d  Tiu LbLy yetjccmc matti~g mnkm.crrmn! J U E J  resulllngfionr imilona! umw 
r a n i n g i r d  d o m w ~ m e  s h d e g m  arc cakulo~ed Jor modcl popu!a!~nr. E c o l o g d  c o d f u t t r  fauoring 
&rri~oria!ly arc &cussed, and n comparmn made with terrctarrdi qrtemc in ofhtr a r d  groups. Thnc ir 
c mcd for more emp'ncal dot& 

T ERRITORIALITY is a widespread 
bchavioral phenomenon. Its exis- 
tence has been reported from every 
vertebrate class, and in several inver- 
tebrate orders (see review by Brown 

and Orians, 1970). The tcrm is being applied 
increasingly, both by popular writers and social 
psychologists, to aspccts of human behavior 
(Ardrey, 1967; scvcrd papers in Esser, 197 l ) ,  
without any gencral agrecmcnt among 
zoologists as to thc general characteristics or 
functions of rerritoridity. 

Thc definition most widely followed is chat 
due to Noble (1939): a territory is simply a n y  
defmdrdaren .  Burr ( 1 9 3 )  suggcsrcd the kodifi- 
carion: at lezc for mamrnals~ that a tcrrirol-y 

should be both defended and to somc dcgrec 
o.xfuszve. Pitelka (1959) held t h a ~  thc ecological 
importance of excliuive areas should be em- 
phasized, rather than the mechanisms by which 
such cxdusion was maintz~ned. Emlen (1 957) 
criticized the teleological implications of "de- 
fence," and contended that a tcrritory was sim. 
ply the area within which an individual was 
aggrusiue and supremely domuland with respcct 1.0 
cers in  categories of intruder. Marler and 
Hamilton (1966) proposed that territones arose 
when an cxtcrrlal rcfcrcncc for dominol.ce war 
Jixd m space, and emphasized some degree of 
exclusive occupatz~y as an imporcanr ecological 
consequence. Schenkel (1966); considering 
mammals, proposed substituung for "defence" 
a criterion of rntolerante within aJxcd spatial area,  
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but added that it should bc possible for the 
occupant to maintain surveillance over this area 
so as to be able to inrercept in~ruders. Jay 
(l%%), discussing primates, suggestcd chat a 
defended cerrirory be regarded aa a special casc 
of spatial exclusion. Walchcr (1972a). for ungu- 
lates, pointed but thar be havioral interactiotis 
readily inrerprered as examples of defence 
might be highly infrequent, and emphasized 
the importance of a ~ubjecrive bowtdary modify- 
ing behavior inside and outside [he delineated 
arca. Wilcy (1973) considered that territorialiiy 
occurred where clominnnce depended on locction, 
and contrasted the rectprocily of dominance 
anong neighboring territory holders with the 
fixed dominance relationships prevailing in 
hierarchal systems. 

While it xems  m be agreed that a territory is 
a geographically fixed spatial area, attempted 
deftnitions place varying emphasis on behav- 
ioral relationships with this space cxprcssed in 
ccrrrfi of concepu of defPnce, excluzron, and domc- 
nance. Each of chcsc criteria is open to critldsni. 
Communicatory signals such as vocal adver- 
tisements or  scent marks may be more impor- 
can[ in maintainting ~erritorial exclusion than 
the active interception and driving out of in- 
truders. While rhc former can he regarded as 
constituting "indirect defence," similar bcnav- 
ior is exhibi~ed by non-cerricorial spccics: a rc- 
pulsive effect on rivals cannor autoniatically be 
assumed. Furrhermorc, it may be difficult to 
distinguish aggressive displays, putatively func- 
~ioning to defend a territorial space, from simi- 
lar actions related instead CO defence of a 
female, access to a social group, or  simply de- 
fence of dominant status - except by the con- 
current observation that recipienrs avoid in- 
truding into the arca occupicd by the aggressor. 
On the othcr hand. exdusivc occupancy could 
arise not only through active social inhibition, as 
implied in the original definition, but merely as 
a result of physical barriers, prcfercncc for an 
unexploited food supply, o r  passive avoidance 
of suangcrs (Brown and Orians, 1970). Domi- 
nancc is itsclf a complex phenomenon, with its 
own problems of definition. I t  may be iden- 
tified by consistent success in aggressive interac- 
tions, spatial displacemcnts, priority of access 1.0 

desirable objects, or by constraints on the be- 
havior of subordinate. However, rankings de- 
termined by different measures do not neccs- 
sarily agree (Gartlan, 1968; Rernstein! 1970). 

Part of the confusion arises from varying 
emphasis placed on the different levels of func- 
tional interpretation: (i) imnredidc eJJects of a 
display in terms of the responre shown by a 
recipient; (ii) proximu& consequences in terms of 
the subsequent srruuuring of social relation- 
ships among individuals; and (iii) &male r e d 5  
in rerrns of dif'ferenual genetic succcss. 

Consideration of genctic advantages is usu- 
ally limited to suggesting possiblc benefits, 
either to the individual or  to the specirs. wirh- 
out any criucal cxamination in the light of mod- 
ern evolutionary theory. Proposed species bcn- 
efirs invoke interdemic o r  "group" sclcction 
(Wynne-Edwards, 1963), but the weight of 
modern opinion is r h t  such processes could not 
outwcig h individual selection except under very 
unusual conditions (Williams, 1966; Wilson, 
1973). Thus, any advantages for thc species, o r  
local populations thereof, are merely coinciden- 
tal. The shortcornings of models based on indi- 
vidual sclccrion are due to failure to take a 
sufficiently farsighted perspective. It is nor just 
individual survival value that needs to be con- 
sidered, or even reproductive success, but 
rather the long-term viability of gene combina- 
tions within a particular ecological and social 
milieu. Selecrion operates directly on  the 
phenotypic expression, both morphological, be- 
havioral, and organizational, of a genotype. 
This itself 1s subject to environmenral modifica- 
tion. 

Indiv~dual genetic success is influenced by 
four processes, operating simultaneously but, 
potentially, to varying degrees: (i)  differential 
s4wuiuul, related ro access CO food, shelter sites, 
or  other trciintenance needs; (iij differenrial re- 
producliue ourpu t ,  through variable mating con- 
tributions by males and litter or clutch size of 
fcmalcs; (iii) differentialprogenv viability, result- 
ing from nutritional regimc, predator protec- 
tion, and other processes influencing the survi- 
val of offspring from conception through to 
reproductive age; (iv)progenyqu&y at maturity, 
bascd on both physical and social attributes af- 
fecting relative competitive capabilities (scc 
Crook, 1972; Coss-Custard, Dunbar, and 
Aldrich-Blakc, 1972). A useful perspective is 
given by game theory. The final measure of 
success, or  "goal" of behavior, can bc viewed as 
the rnaximizlrion of the relative genetic cort  
rriburion to subscquent generations. Thc pat- 
[ern of dcployrnent of particular behaviors in 



MARCH 197ij TERRITORIALITY IJV UNGULATES 3 

certain contexts constitutes a strategy poten- 
tially enhancing success in one or more of the 
above processes. This docs not require any con- 
scious teleology, but is siniply a tcleonomic (Pit- 
tendrigh, 1958) response to the condirioris of 
life. The phenorypic characteristics of individ- 
uals that have made the greatest genetic con- 
tributions in the past arc thosc prevailing in rhc 
extanc population. 

~reviou; reviews of terrirorialicy have been 
bascd largcly on avian modcls (c.g., Hindc, 
1956; Brown and Orians, 1970). Until rcccntly, 
only a few exanples of mammalian territoriality 
were known, and most of these were poorly 
documented (see Eisenberg, 1965). Field stud- 
ies cornplcted within thc last dccade have rc- 
vcaled that territoriality is also a widespread 
behavioral crait in mammals, particularly 
among ungulaccs (see, for example, various 
papers in Geist and Walthcr, 1974). Certain 
features of mammalian territorial sysrcms point 
to the need for a rcappraisal of traditional con- 
cepts in the light of this new knowledge. 

This is what I propose to undercakc here for 
one parricular taxonomic grouping, thc ungu- 
lates (which I will take to include members of 
the orders Artiodactyla, Perissodactyla, and 
Proboscidea). My approach will be first ro con- 
sidcr thc behavioral and social characrrristiu of 
territorial specics, contrasring these with those 
of non-territorial representatives. Rattler than 
supcnmpox any preconceived definitions, I 
will accept as exhibiung territoriality those 
species so regardcd by their principal inves- 
tigators. Conuoversizl cases are discussed in thc 
text This will lead to an evaluation of crireriaof 
rerri.torialiry based on proximate functional 
conxquenccs. Ncxt, the likely generic resulsof 
territoriality will be examined, and rhis exami- 
nation will lead to the development of an 
evolutionary model. From this basis, rhe ccolog- 
ical conditions likely to favor territoriality will 
be asscsscd. F~nall y, the conclusions reached for 
ungulates will be related to the wider phenorn- 
enon of territoriality in other animal groups. 
T h k  paper expands some idcas expreJsed 
briefly in a previous publication (Owen-Smith, 
1972). 

TERRITORIALITY I N  UNGULATES 

Incidence 
Territoriality is of widespread occurrence, 

but of varying incidcnce, among the different 

ungulate families. I t  seems prevalent among 
most of the so-called antelopes of the subfamily 
Bovinae. I t  appears also in some equids. 
rhinoceroses, carnelids. and in the sole extant 
antilocaprid (Table 1). I t  is generally absent, 
with a few interesting exceptions, in the wild 
a t t l e  tribe (Bovini), among sheep and goats 
(Caprinae). and in dcer (Ccrvidae) (Table 2). 
For remaining families, evidcnce remains 
scanty. 

Social Distribution 

Almost without exception, territoriality is 
exhibited only by adult males. In a few species, 
fernaleJ restrict their movements to individual 
male rerritories, but do  not manifest ocher be- 
havioral characteristics of territorialicy, eg, dik- 
dik (Hendrichs and Hendrichs, 197 1 j; 
klipspringer (Dunbar and Dunbar, 1974). (Sci- 
entific names listed in Tables I and 2 will nor be 
repeated in the text.) Suggestions that females 
might hold tcrritorics indcpcndently of males 
in steenbok Uarrnan, 1974; M. Cohen, pers. 
comrnun.), and possibly in other small antclope 
species remain unconfirmed. For the Indian 
rhinoceros, tillrich (1964) has claimed, from 
observar~ons In Assam, that individuals of both 
sexes hold separate small fceding rerritories on  
rhe rncadows surrounding ponds. However, 
Laurie (pers. commun.) has found no evidence 
of such territories in Nepal, and the Assam situ- 
ation needs further invcsrigauon. 

Ac any one time only a proportion (between 
one-rhird and two-thirds) of the adult male 
segment of the population exhibits rerritorial- 
icy. In the more sociable species,   he two classes 
of adult males are rcadily distinguished by their 
grouping patterns. Territorial malcs arc either 
solitary or attached [o female groups, whereas 
so-called "bachelor males" are associated in 
all-male groups, along with a proportion of 
subadulcs. In less sociable species, such as h e  
white rhinoceros, non-territorial males are also 
solitary, and are distinguishable only by behav- 
ioral criteria. Failure to consider this possibility 
could account for the rcportcd absence of ter- 
ritoriality in East African populations of black 
rhinoceros (Schenkel, 1966; Goddard. 1967) 
and bushbuck (Alsopp, quoted by Leurhold, 
1974; Wascr, 1971). In Zululand, black 
rhinoceroses exhibit a similar pzucrn to that in 
the white rhinoceros, with dominant and sub- 
ordinate bulls coinhabiting the same territory 
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TABLE 1 

POP. DENS.  

/km ' GROUP SIZES 

local, male femalc 
 SPEC:^ AREA ovcrall terr. bach. no. P S  aggreg. 

PERISSODACTYLA 
Rhinoceroedat 

Cerota&num rrrnam 
white rhinoceros 
*Diceras b u o m r  
black rtinoceros 

Umfolozi, 5.7 I 1 1 2 
S. Africa 3.2 - - 1-4 1-7 

t I  luhluwe, 0.9 1 1 I 2 
S. Africa 0.a - - - - 
Ngorongoro, 0.3 1 l I 2 
Tanzania - - - 1-2 1-5 

Tsavo, 
Kenya 

*R;iiniiwor umcor2  Kaziranga, - - 1 I 2 
Indian rh~noccrcs Lrtdia 0.8 - - - - 

Equidae 
Equu a $ y w  
African wild asr 
E q u  g q i  N.F.D.. €I+ 1 '1.1 5.6 8 
Grcvy'r zebra Kcnya - - 1-9 1-26 1-450 

ARTIODACTY LA 
Tayassuidae 

'Dtca:$a h j a u  Arizonz & 20 - - - 8 
collared peccary Texas, - - 4 1-6 2-50 

U.S.A. (9s)  

Camel~dae 
Lcm Gcugna 
vicuna 

Cervidae 
Capreoiw iaprcolw England 28 I 1 1 2 
roe deer - - - - - 

Swis  24 I 1 1 2-3 
plateau - - - - 1-10 

Antilocapridae 
A w i o q r a  ariII'cm.a 
~ r o n n h o r n  

Montana, 1.6 I 2.4 - - 
U.S.A. - - - - 4-23 

Bovidae 
Rupicaprinae 

.Rup"opro rrrprca$rt Swirzerland 40 I sev. - - 
chamois - - - 5-25 

13ovinae 
Gphtlophini 

S j i u ~ ~ a  gnrnma 
grey duiker 

E. Transvaal, 1 - I 
S. Africa - - - - - 

Scrcngeu', 20+ 1 - 1 1-3 
Tanzania - - - - 
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TABLE 1 (Continued) 

HOME RASCE ,WES (km1) M A  LE 

rnaie female SCENT MATING 

[err. bach. seasonal annual MARKS SYSTEM SOURCE 

dung tcrr. Owen-Smith. 1975 
urinc 
dung cerr. Hitchina, 1971; pers, commun. 
urine 
dung ; Goddard, 1967 

dung ? Schenkel, 1966; Schenkel & Schenkcl- 
urine Hulliger, 1969 
dung ? Ullrich, 1 964 
urme 

10+ - - terr. Klingel, 1972 - 
- - - 
5.8 - - - dung rerr. Kiingel, 1974 

2.7-10.5 - - 

A 0.5-3.8 0.5-3.8 - dung Ellisor & Harwcll, 1969; Sowl~, 1974 
- - - - gland 

- - - - dung tcrr. Fraklin. 1974 
0.07- 30 - 0.07-0.30 - harem 

- - - gland terr. Bramley, 1970 
0.04-0.16 0.07-0.40 0.05-0.15 - 

0.14 0.28 0.49 - gland [err. Kurt, 1968 
- 0.3-1.8 - 

- - - - dung terr. Bromley, 1969; 
0.2-4.3 - - - gland Kitchen, 1974 

(0.07) 4.5 - gland ([err.) Kr3me1, 1969 
- - - 

- - - - rerr. Sornrnerla~tc. pen. commun. 
- - - - 

- - - - dung rcrr. Hendrichs & Hendrich~, 1971 
0.03-0.12 - 0.03-0.12 - giand pair 
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TABLE 1 (Continued) 

POP. DCSS. 

/kms CROL'P SIZES 

local, male female 
SPECIEJ AREA ovcnl! [err. bach. no. 9 s  aggreg. 

Oieotragus creotragw Semien, 13-47 I - 1-2 2-3 
klipspringer Ethiopia - ( + O S )  - - - 
Ourebia ourebi 
oribi 
Raphicenrr campcwn's Kruger, l 1 1-2 
srccnbok S. Africa - - - - 

Boselaphini 
Bosrlaphus tragocamefu~ Kanha, - I - - 
nilgai India - 2-18 2-10 - 

Tragelapbici 
*Tragetaphw scrip!*rr 
bushbuck 

Rwenzori, 26 I 1 I 2 
Uganda - - - 1-2 1-3 
Nairobi, - - 
Kcnya - - - 
Chobe, 18 I I I 1-2 
Borswar:a 7 - - - - 
Scngwa, - L l 1 1-2 
Rhodesia - - - - - 

- . - - 

Andlopini 
Antilope wruicapra Kanha, - I - - - 
blackbuck India 0.04 - 1-9 2-5 - 
Antidorcar marrupuzlir Etorha, - I - 9 L 9 
springbok S.W. Africa, & - - 2-50 2-35 19-250 

N. Cape 
G a u h  grolu' Ngorongoro, - I 10 - 16 
Grant's gazelle Tanzania 6 - - - 12-31 

Serengeti, - L 4.6 6.1 46 
Tanzania 0.16 - 2-37 2-37 9-428 

Caz~lla h o n i  Ngorongoro, 70 I 13 - 23 
Thornson's gazclle Tanzania 14 - - - 
LiLManiw wallen Tsavo, - 1 I - 2. l 
gercnuk Kcnya - - - - 1-10 - 

Rcduncini 
A cpyclros ~~kwnpw Nairobi, 30 I - - - 
impala Kenya 8 2-38 3-39 1-67 

Screngcti, 40 1 - - 
Tanzania - - 340 - 10-100t 

K h r  hfarsa Rwenzori, 10 I 5.3 5 
defassa waterbuck Uganda 2.1 - - - - 

Nairobi, - L - - 
Kenya 0.8 - 
Kafue, - I - - 
Zarnbia - - - - 
Sabi-Sand, - L - - 
S. Africa l .S - - - 1-23 
Toro. - I - - 
Uganda 40 - 450-600 - 2- L000 

Kobur elypn'primnur 
common waterbuck 
Kabu hob 
kob 
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TABLE l (Continued) 

HOME RANGE SIZES (km') .MALE 

male female SCENT MATKG 
[crr. bach. scasonai annual MARKS SYSTEM SOURCE 

- 0.08 dung cerr. Dunbar & Dunbar, 1974 
- - - gland pair 
- - - gland [err. Hediger. 195 1 

- - 
- - - gland terr. M. Cohen, pcrs. comtnun 
- - - 

- - - dung [err. Schailcr, 1967 
- - - - 

? ? Wascr, 1974. 1975 - 
- ? ? Alsopp, in Lcuchold, 1974 - 
- (gland) ([err.) Simpson, pers. cornmun. 
0 

- [err. jacobsen, 1974 
- 

- 5 - - dung rerr. Schnller, 1967 
0.8-1.4 - 1-2+ gland 
- - - - dung icrr. Bigalke. 1972 

- - - 

0.9 1-2 4 - (cung) [err. Walcher, 1965; Ekes, 1967 
- - - 

- - - (dung) [err. Walther, 1972b 
0.4-3.0 - - - (harem) 
- 9 - - dung [err. Walrhcr, 1964, 1974; Eftcs, 1967 

0.01-0.04 L -9 gland 
- - - A gland [err. Lcuthold, 197 1 

4.6-6.4 - 2.4-4.5 - 

- - - 7 ? terr. Lcuthold. 1970 
0.25.9 2.0-5.0 4.5-5.7 - 

0.5 5 5 - dung tcrr. Jarman, 1970; Jarman & Jarmart, 
- - $and l974 

- 1 .O 6.5 - none tcrr. Spinage. 1969. 1974 
0.8-2.2 - - - 
- - - - - rcrr. Kilcy-Worthington, 1965 

0.6-2.5 - - 
1.2 - (err. Hanks ec al., 1969 
- - - - 
- - - 0 - terr. Herbcrt. 1972 
- - - - 
- - norie (cm. Buechner, 1961 & 1974; Leuchold, 

0.0002-0.03 - - - 1966; Buechner and Roch, 1974 
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T A B L E  1. (Continued) 

POP. DESS. 

/km: CROUP SIZES 

local: male fcrnalc 
SPECIES AREA overall cerr, bach. no. 9 s  aggreg. 

Kobw &he 
lcchwc 

Rcdunca ar~twinurn 
common rccdbuck 

Kafue, - I 
t a m  bia 45 - - 2-23 - 
Okavango, 50 1 - - - 
Botswana - - - 
Luangwa, 1 - 5.5 - 
Zambia, & - - 1-28 - 
Chobe, 
Nor~wana 
Kruger, - 1 - 1 2 
S. Africa - - - - - 

Rcdun~a/ulvotu/uh Loskop, - - - 
mountain reedbuct S. Africa - - - - - 

Hippotragini 
Hippotragus nigrr Kenya and - I L - 18 
sablc antelope Ar~gola - - - - - 

Macopos, S 1. - 8 15 
Rhodesia - - 2-12 - - 

Alcelap bini 
AIctkrphu Lcbwclaphu h c h p h u  W .  Prcrorius, - I 9 - - 
red hartebeest S. Africa 2 (+ Vs) - - 4-17 
A h k p h w  b. cohi Nairobi, 22 I - - - 
Coke's hartebecsr Kenya 13 - - - - 
Alct lop l i~  ir. lelwcl Garamba. - I - 
Lelwel hanebecst Zaire - (+ 9s) - 7-15 
ALclap.hw b. luh~cwfcini Kafue, l L scv. - 
Lichrenrtein's harcebecst Zambia - (+ 9s) - 1-9 - 
Cannoduuie~ gnou 
black wildebeest 

W. Prerorius, 20 1 - - 30 
S. Africa - - - - 

Cmochartu faurinu Ngorongoro, - 1 - - 10 
wildcbccst Tanzania 30 - 50-500 - - 

Serengeri, - L - - 28 
Tanzacia 10 - - - 2- 150 

Damahcw d dorcar 
bontebok 

Swcllendam, 
S. Africa 
Rictvlei, 
S. Africa 
jack Scolt, 
S. Africa 
Krugcr, 
S. Africa 
S.E. 
Rhodesia 
Rwcnzori, 
Uganda 
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TABLE 1 (Continued) 

KOME R4HGE S1ZES (km1) .HA LE 
mde fcmalc SCENT MATING 

[err. bach. seasonal annual MARUS S Y ~ T E V  SOURCE 

ncne wrr. DeVos and Dowserr. 1966 
- - 

0.7 - - - - wrr. Lent, 1969; 
- - - Child and Richter, 1969 

- - - - - (err. DeVocl, 1965; DcVos and Dowsert, 
0.05-0.2 - - - 1966; Child and Rich~er, 1969 

- - A - ? terr. Jungius, 1971 
0.35-0.63 - 0.35-0.63 - 
- - - - rcrr. Irby, per. corn. 
- - 

2.5+ - - - tcrr. f i t e r  and Estes, 1974 
- - 7.5-50 - 
- - 2.6 - tcrr. Croblcr, 1974 - 

0.25-0.4 - - - 

dung 
gland 
dung 
gfand 
- 

gland 

dung 
glmd 
dung 
gland 

tcrr. 
harcrn 
tcrr. 

terr. 
harcm 
[err. 
harem 
tcrr. 

[err. 

ccrr. 

Kok, 1975 

Gosling, 1974 

Dackhi~us. 1959 

Dowscct, 1966 

Richter, 1972 

Es~cs, 1969 

Esres. 1969; Warnon. 1969; Talbot & 
Talbot, 1963 

- tcrr. David. 1973 

- (err. Lynch, L974 

dung [err. Novell~e, 1975 
gland 
dung tcrr. Joubcrr, 1972 
gland harerr~ 
v tcrr. Crobler. 1973 

none (~crr.) Jewcll, L972 
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T A B L E  I (Conrlnued) 

POP. DENS. 

/km1, CROCP SlLES 

loczl, onale female 
SPECIU AREA overall terr. bach. no. 9 s aggreg. 

B o v ~ n i  
Bubalis bdalir Wilpattu, - I - 6-9 
water bulfalo Ceylon - - - - 

For group and homc range sires, Lhc upper fig~rc rcprcscncs the mczn or  modc, acd the lower figures thc 
cangc o f  values reponed. 

Tentative data are in parentheses. 
* Assessment i s  somewhat tentative. 
tcrr., territorial. 
bach., bachelor. 
aggreg., all individuals prcreni, including short-term associations. 

TABLE 2 

Ungulak ~pecier reportr4y nnotl-(erdorid 

POP. DENS. 

/km1 GROUP sizes 

local, l r~ale female 
SPECIES AREA ovcrall dorn. bach. no. PS aggreg. 

PROBOSCIDEA 
Elcphantidae 

'EkpiLb.~ indicur Yala. - l - - 
Aaiatic elephant Ccylon 0.2 1-7 2-22 - 
Laxudonta qrirana Kabalega, .- 3 1-3 6.6 
A f r~can  elephanr Uganda 3 1-11 - 5- 1000 

Tsavo, - 1-4 1-3 13 
Kenya L .2 1-35 - 5-700 
Serengeci, - 4 2 - 
Taczania 0.17 1-20 1-4 10-20 
Manyara, 5.5 2.1 3.4 I I 
Tanzania - 1-10 - 2-24 

PERISSODACTY L A  
Equidae 

CQW New Forex, 14 l 1-2 - 
horse England - (+ 0s) 1-6 - 
Equw bwdrdlr Ngorongoro, - 1 2.9 2.8 - 
plains zebra Tanzariia 2 2 (t PS) 1-9 1-6 1-16 

Scrcngcii, - l 2.7 2.2 - 
Tanzania 5 (+PS) 1-6 - 1-11 
Kruger, - 1 3 - 4 
S. Africa 1.1 (+PS)  1.7 - 1-11 

E q w  &rc, S.W. - 1 6 2-3 5 
mountain zebra Africa - ( +£ 'S )  1-15 1-6 1-13 

Cradock, 2.2 I - - 
S. Africa - (+?S)  - 1-5 - 



TERRITORIALITY IN UNGULATES 

T A B L E  1 (Continued) 

HOME RANGE SIZES (km1) KALE 
male female SCENT MATING 

tcrr. bach. scasonsl annual MARKS SYSTEM SOURCE 

TABLE 2 (continued) 

Ungulafe species reportedly non-terriforial 

HOME RANGE SIZES (km2) MALE 

female SCENT MATING 
male scasonal annual MARKS SYSTEM SOURCE. 

- gland ? Kurt, 1974 
- 
- - Buss & Smith, 1966; Laws et al.. 1970; Laws, 
- - 1974 
- - ? Laws, 1969, 1970, 1974; Leurhold & Salc, 

330-3120 1973 
- - ? Hendrich3, 197 1; Crozc, L974 

none rank Douglas-Harnilron, 197 1. L972 
- 

- harem Tyler, 1972 
- 
- (dung) harem Klingcl, 1967, 1969 
- 

100Ot - harem Klingci, 1967, 1969 
.- 
- - harem Smuts, 1972, 1974 

570 
- - harem Klingel, 1968. 1969; E. Joubcrt, 1972 
- 
- none harem Penzhorn, 1975 
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TABLE 2 (hn r inued)  

POP. D W S .  

/km' GROUP SIZES 

local, male female 
SPECIES AREA ovcrall dom. bach. no. P S  aggreg. 

A R T l O D A C T Y L A  
Suidae 

'Phacochoerus acfhz~puw N airobr, - l 1 - 
warthog Kenya 1.e 1-2 1-2 v 

Sengwa. 8 I l 5-6 
Rhodesia 3 1-6 1-3 1-16 

Giraffidae 
Cuqfja c a m c l o p a r h ~ ~ ~  Nairobi, 0.7 I - 
giraffe Kenya sev. 1-18 

Ccrridac 
Cervinea 

Akcs aka B r i u h  Columbia, - I I 2 
~ O O S C  Canada - - 1-3+ - 

Grand T e ~ o n s ,  - I 1 2 
U.S.A. 0. l 1-2 - - 

Cmcw ari. Kanha, 24 1 - 
chital India 3 2-5 - 5-10 
Cauw caMdcnru Banff, - I - 
American d k  Canada 2 -4 5-20 10-30 

Montana, 8 ! 5 - 
U.S.A. 2.5 2.6 2-2 1 - 

Ccruur duumel t  Kanha, - 5-9 - 
barasingha India 0.3 1-16 13-19 
Cmur elaphw Scodmd - - 40 
red dcer - - - - 

Rhum, 1.7 B - 9 
Scotland - - - 

*Cervus ~ o l o r  Kanha, - I 
sam bar India 0.8 1.2 1-3 - 
R~itfgifer ~ l t r d s  Alaska, 7 sev. - - 
car~bou U.S A. - - 20-30 

Newfoundland, - - - - 
Canada 1-16 3-5 2- 176 

Odoco~linca 
OdocoGtu hocwntu California, 50 I 1 B 

mule dcer U.S.A. - - - 1-5 
Orlocoileu vL ~nranw lliinois & 4 0 1 L - 
white-taded &er Texas, U.S.A. - 2-4 - 1-3 

Bovidae 
Caprinae 

COpra &X Swirzcrland I 5 - 
i jex  - 1-30 1- 15 - 
Capra l u d r  Ethiopia - I 3 - 
walia ibex - 1-4 !-7 
Ouir CU&L(U Canada - scv. sev. 
bighorn sheep - - - 
OvL oricnlalii Pakiwan - - - - 
Urial shccp 1 -6 1-3 1-2 - 



TERRITORIALITY IN UNGLiL4TES 

TABLE 2 (Continued) 

HOME RANGE SIZES (km') MALE 

female SCENT MATING 

mlie xzsonal annual M A R K S  SYSTEM SOCRCE 

- - - none ? Fradrich, 1965 - - - 
I .8 1.7 1.7 gland ? Cumming, 1975 

0.7-3.7 0.6-3.4 0.6-3.4 

- none (rank) Foster & Dagg, L972 

roving Gcist, 1963 

Houscon, 1974 

Schaller, 1967 

Suuhsakcr. 1967 

Knight. 1970 

Schailer, 1967 

Darling, 1937 

Lowe, 1966; Lincoln er al., 1970 

Schaller, 1967 

Lent, 1965 

- 

gland 

gland 

- 

gland 

- 

roving 

harem 

([err. 
harem) 

rank 

harem 

harem - 

gland 

- roving 

- - - - roving Bergcrud, 1974 

- - - roving Lirudale Sc Tornich, 1953; Dasrnann & Taber, 
0.6-1.8 0.4- 1.6 - L 956 
- - - - roving Severinghaus & Cheathum, 1956; Hawkins & 
A - - Klimsua, 1970; Brown, 1974 

- - roving Nievergelt, 1966 
- 
- - (roving) Nievergelt, 1974 
- 
- none roving Gei~t ,  1971 
- 
- - roving Schaller & Mirza, 1974 
- 
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TABLE 2 (Continued) 

POP. DENS. 
/kma GROUP SW 
1 4 ,  maIc female 

SP!ZI= AREA overall dom. bach. no. 9 s aggreg. 

Ouic murimon Hirta, - 1 - - 
Soay sheep England 100-250 1-5 25-35 - 

Ovibovinac 
Ovibar mos&lus Theion. 1 - I L 
musk ox Canada - 1-7 2-13 2-65 

Rupicaprinae 
Ortarnor m-a lan tu  British Columbia, - - - 
Rocky Mounra~n goat Canada - 1-2 1-5 

Saiginac 
* S e a  rarlarua U.S.S.R. 43 - - - 
saiga 3.4 1-10+ 2-25 2-100 

Bovinae 
Tragelaphini 

~Trag.hphus buzfoili Tsavo, - 1 - 
lesser kudu Kenya - - 1 -S - 
*Irage&phur ungari Zjnhave, 10 1-3 - 3 
nyala Mozambique - 1-6 1-3 1-12 

Hluhluwc, l D+ L 1 2-3 
S. Africa - 1-6 1-3 1-7 

=Tragelaphu sb.tp.sicrrar Chobe, 14 - - - 
greater kudu Boowana 4.5 - - 1-16 

Kruger. 2-3 L-4 4 9 
S. Africa 1 1-10 1-7 2-15 

Taurolrap oryv - - - 
dand  - - - 

Hipporranini 
i ~ i p p o & a p  equinw Krugcr. 1 - - 
roan anrebpc S. Africa 0.03 (+ E S) - 6- l 2  

Bovini 
Bison bison Yellowstone. 5 4 - 23 
American bison U.S.A. 0.3 1-12 7-10 3-480 

Montana & l I - - 40-80 
California, U.S.A. 2.7 35 - 150 

Bar gaurw 
gaur 

Kanha, 
India 

S ~ C ~  ~ g r r  Tsavo, 
Airican buffalo Kcnya 

Sercngcti, - - - - 
Tanzania 2 - - 50-2000 

For group and home rangc sizes, the upper tigurc rcprcscnu the mean or  mode, and the lower figures 
the rangc of values reported. 

Tentative dam are in parentheses. 
A s ~ ~ s m e n c  somewhat tentative. 

dom., dominant. 
bach., bachelor. 
aggrcg., all individuals present, including shorl-rcrm associations. 
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T A B L E  2 (Continued) 

HOME RANGE Si%ES (km') M A L E  
fclnalc SCENT VATING 

~nnlc 5earollal annual HARKS SVSTEU SOURCE 

- - - roving Grubb & Jewdl, 1966; Grubb, 1974; Jcwcll 
0.01-0.25 0.01-0.25 0.01-0.25 ec al., 1974 

- - harem Tcncr,  1965 
- 

- - - gland roving Geisr, 1964 
- - - 

- - - gland (harcm) Bannikov ct al.. 1967 
- - - 

- none ? Leuthold, 1974 
- 
- none ? Lobao Tello & Van G M e r ,  1975 - 
- (none) ? Andcrson, pcrs. commun. 
- 
- (gland) ? Simpson, 1972, pers. commun. 

- none ? Owen-Smith, in prep. 

- - (rank) Gres, 1974 
- 

- - - dung  (harcm) Joubcrt. 1974 
64-1 04 - 64- 104 

90 rank htctlugh, 1958 
- 

- rank Lou, 1974 
- 

7 5 none roving Schallcr, 1967 
- 
8 5 - Lcurhold, 1972 
- 

400 - rank Sindair, 1974 
- 
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(Hitchins, 1971 and per$. commun.). For 
bushbuck, both Jacobscn (1974) and Sirnpson 
(pers. commun.) concluded from observations 
in southern Africa that cerritorialicy existed. 
though their evidence is equivocal. 

The existence of the bachclor malc segment 
cannot be ascribed merely to the saturation of 
all available space for territories. It persists cven 
when vacant areas are readily available, for ex- 
ample in blackbuck (Schaller, 1967) and bon- 
tebok (David, 1973). Waterbuck and sable 
bachelor herds consist only. of subadult or 
young adult males (Spinage, 1969; Estes and 
Estes, 1974; Grobler, 1974), but in most species 
a number of prime adults are also included. 
However, more subtle age distinctions may 
exist. For example, in Serengeti impala prime 
males aged 4% to 6% years occupied territories 
mostly during the peak conception period, 
whereas younger and older rnalcs wcre tcrrito- 
rial earlier or  latcr (Jarman and Jarman. 1974). 

Where the brecding season is extended, as is 
ufually the case under tropical conditioru, ter- 
ritories are frequently occupied yea r-round, 
except for temporary abandonment under un- 
usually harsh conditions. This is also the case 
for wildebeest in Ngorongoro Crater, Tanzania 
(Estes, 1969) and in sollrhern African popula- 
tions of bonrebok and tsessebe (David, 1973; 
S. Joubert, 1972), despite restricted breeding 
seasons However, individual rnalcs may incer- 
change between the categories of ccrritorial and 
bachelor malc more frequently. For example, 
Uganda kob males holding prime territories on 
territorial grounds are displaced about every 
cen days (Buechncr and Roth, 1974). In con- 
trast, in waterbuck, sedentary wildebeest, and 
white rl.~inoceros, individual males car1 hold the 
same territories for several consecutive years 
(Spinage, 1969; Estes, 1969; Owen-Smith, 
!975). tn other cases where there is a prolonged 
non-brecding season, the division be~ween ter- 
ritorial and bachelor males breaks down during 
chis period; in effecc all males revert to bachelor 
status, e.g. pronghorrl (Kitchen, 1974). roe deer 
(Kurt, 1968; Bramley, 1970). 

Among non-territorial species, a two-fold di- 
vision of the adult malc scgment occurs in the 
zebras E q u  burcheUi and E. zcbra Individual 
"harem" stallions are attached to female-young 
units, while remaining stallioru associate in 
all-male "bachelor" groups (KLingel, 1967; E. 
Joubcrt, 1972). "Bachelor" male groups are re- 

ported also for the African buffalo, but these 
comprise only 15 per cent of the adult male 
population and consist mostly of senile individ- 
uallr (Sindair. 1974). The majority of males re- 
main permanently attached to the large female 
herds. Among cervids and caprines, rnalcs are 
aggregated In all-male groups only during the 
non-breeding season. During the rut thcy roam 
independently, forming temporary artach- 
menu to individual femala or  female groups. 

Spatial Drspcrslon 

The striking feature of ccrritorial spccies is 
the regular spacing out of the territorial cnales 
(wcll illustrated for wildebeest by Estes, 1969). 
Each territorial male limits his movements 
mostly to a fixed spatial area, discrete from 
those occupied by other such males. These geo- 
graphic areas, each occupied by a single tcrrito- 
rial male, are referred to as territories. T o  some 
degree thcy exist independently of the occupy- 
ing individual: territory limits may persist intact 
cven when the former occupant is displaced by 
a new male, and if the resident male dies or 
disappears a vacant territory awaits occupation 
by another individud. 

In some species: tcrritorics are centripetally 
focussed: malcs spend most of their time on 
central "stamping grounds," and the borders 
bctween neighboring tcrritories are diffuse, 
e.g. wildebeest (Estes, 1969), bontebok (David, 
1973). This situation seems associated with spe- 
cies occupying open grassland habitats where 
ncighbors are constantly visually apparent to 
one another. In  others, territories are 
boundary-orientated, with males engaging in 
regular patrols along a fairly sharply defined 
border zone separating adjacent territories, e.g. 
white rhinoceros (Owen-Smith, 1975), Thom- 
son's gazelle (Walther, 1972a), and Coke's 
hartebeest (Gosling, 1974). For such species, 
sccnt marking is usually prominent. I n  a third 
variant. territories are separated by an unoc- 
cupied "no-man's land," e.g. Grant's gazelle 
(Walther, 1972b) and pronghorn (Kitchen, 
1974). In Nairobi Park wa~erbuck, territories 
are arrayed in a single layer chain flanking 
watercourses (Kiley-Worthington, 1965), while 
in a blesbok population, Nove!lie ((975) found 
territories aligned along a roadside burn. 

lntrus:ons into neighboring territories may 
occur in special circumstances. During the dry 
season territorial males may be forced to make 
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rcgular excursions to warcr, traversing othcr 
territories on thc way, e.g. waterbuck (Spinage, 
1969). wildebeest (Estes, 1969), and whitc rhi- 
noceros (Owen-Smich. 1975). Common reed- 
buck males sometimes feed within nerghboring 
territories for periods of several hours Uungius, 
197 1). During the dry scason, Ngorongoro wil- 
debeest malcs may leave their tcmtories to feed 
clsewhere during thc day, rcturning only at 
night (Esres, 1969). Wildebeest and bonrebok 
males also invade neighboring territories regu- 
larly to engage in challenge rituais (Estes, 1969; 
David, 1973). In vicuna, territorial males, to- 
gethcr with thcir female harems, abandon their 
territories each evening to retire to separate 
slecping areas on higher ground (Franklin. 
1974). Quanticarive estimarcs of the dcgree of 
territory fidclicy are availablc for thrcc spccics 
only. White rhinoceros territorial males were 
encountered outside their home territories on 
only 0.6 per cent of sighting5 under wet season 
conditions, but this increased to 7 per cent once 
water sources ran dry (Owcn-Smith, 1975). 
Wildebeest terrir.oriai malcs were discovered 
more than lOOm from thcir acamping grounds 
on 11 per cent of occasions sccn, much of h i s  
arising from challenge rituals (Estes, 1969). In 
Coke's hartebeest, absenteeism even in the most 
favorable cerritories averagcd 13 pcr cent 
year-round (Gosling, 1974). 

Territory sizes vary widely, from as little as 
150 sq m in the case of ccntral tcrrirorics an  
Uganda kob territorial grounds (Bucchnrr and 
Roth, 1974) to 10 sq km or  more in Grevy's 
zebra and African wild ass (Kl:hgcl, 1972). 
There is no close relationship with body size, 
For example, in Ngorongoro Crater rvildebeest 
(mass 100 kg) hold territories about 1 ha in area 
(Estes, 19691, while territorics of Thornson's 
gazelle (mass 12 kg) cover 4 to 6 ha (Estrs, 
1967). Small territories tightly clustcred 10- 

gethcr in certain localities (termed territorial 
grounds) arestrikingly exhibited by somc popu- 
lation~ of kob, but a similar tendency occurs in 
lechwe (DeVos and Dowsett, 1966). puku (De- 
Vos. 1965) and wildebeest (Estes, 1969). Nota- 
bly, these are specics occupying highly produc- 
tive habitats at  high local population densities. 
In migratory populations, the fixity of tcrritory 
Locations is necessarily attenuated. Serengeti 
wildebeest occapy fixed territories for periods 
of only a few hours or days, then abandon these 
CO keep up with the shifting female aggrega- 

tions (Eites, 1969; Watson, 1969). I n  Uganda 
topi, males occupy so-callcd "wards" which drift 
slowly in location following the general movc- 
ment of the female segment Uewell, 1972). 

Bachelor males generally movc over a wider 
area encompassing several territories. Where 
small territories are clustered in particular 
localides, bachelor males are usually excluded 
from h e  territory mosaic. In othcr cases thcy 
may be tolerated within territories CO varying 
degrees, c.g. Grant's gazelle (Walther, 1972b), 
irnpala Uarrnan 2nd Jarman. 1974), and Grevy's 
zcbrr (Klingcl, 1375). In :he white rhinoceros, 
and in the black rhinoceros at  least in Zululand, 
there is an unusual situadon in which bachelor 
rnalcs rcstricr chcir movements largcly to the 
territories of individual territorial males 
(Owen-Smith, 1975; Hitchins, 1972). 

Individual females or female groups range 
over the area of several male territories in most 
species. Exceptions indude vicuna, dikdik, 
klipspringcr, and common reedbuck, in which 
females coinhabit individual m l e  terrirories 
(Franklin, 1974; Hcndrichs and Hendrichs, 
1971; Dunbar and Dunbar, 1975; jungius, 
197 1). A similar situation occurs in certain pop- 
ulation~ of tsessebe, hartebeest, and Grant's 
gazelle, but is not a spccies-specific feature (see 
S. Joubcrt, 1972; Grobler, 1973; Backhaus, 
1959; Dowsccc, 1966; Gosling, 1974; waither, 
1972b). Evidently i t  arises where suitable 
habitat is localized in extent, and disappears 
where morc extensively favorablc habitats are 
occupicd. Ln grey duikcr, rwo or thrcc fcmales 
occupy fairly discrete home ranges wihin each 
male territory (Sommerlattr, pers. commun.), A 
similar situation has been described for 
muntjws (~Uutrtiacu reeuuu) under scmicaptive 
condicions (Dubost, 1970), but little is yet 
known about other small antelopes and deer in 
the wild. 

In most spccics, fcrnale home ranges exhibit 
considerhlc overlap. In  Soay sheep and wart- 
hog, "homc range groups" or "clans" of fcmales 
may bc distinguished, occupying areas largcly 
dixretc from other such home range groups 
(Grubb and Jcwell, 1966; Gumming, 1975). In 
sable and roan antelope, the homc ranges of the 
cohcsive fcrnale groups show relatively little 
overlap ( b r a  and ktcs ,  1974; S. Joubert, 
1974): this may also bc chc casc for African 
buffalo herds (Sinclair, 1974). In  roan antelope 
in Krugcr Park, a single maleis usually atrachcd 
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to the group of females (S. joubert, 19741, and 
i t  is a matter of interpretation whether this rcp- 
resents a harem association by thc tnale, or ter- 
ritoriality at low population density. Behavior 
patterns o~herwisc resemble chose of the closely 
rclatcdsable antelope, which exhibits clear male 
territoriality (Estcs and ESICJ, 1974; Grobler, 
1974). Spacing among female groups could bc 
derived merely from matrilineal rraditions of 
group membership. Notably, no such spacing 
occurs in plains zebras, in which young females 
are abducted out of their maternal groups 
(Klingcl, 1967). 

Among non-territorial deer and caprines, 
malcs commorily abandon their usual home 
ranges during thc rut  and rnove on to the 
femzle home ranges. Red deer and American 
clk stags may locdlize their rutting activities in 
particular areas, a behavior giving rise CO sug- 
gestions of tcrritorialicy (Burkhardr, 1958; 
Knight, 1970). However, other observers have 
cniphasized h a t  the areas occupied do not have 
fixcd spatizl limits (Lincoln, Youngson, and 
Shork 1970; Biitzler, 1974; Struhsakcr, 1967). 
Rutting cerrirories were described for chamois 
on the basis of sparial localizat~on by certain 
"platzbocke" (Kramer, 1969); but this interpre- 
tation has bccn questioned by Geist ( 1974), who 
has suggested that the situation is simply an 
artefact of abnormally high population density. 

For territorial species, the behavior patterns 
exhibited in cncounters with other conspecifics 
cannot be interpreted without knowledge oFrhe 
spatial framework. The  raponscs of a territo- 
rial male depend not only on the social status 
and actions of thc orher individual, but also on 
the location of thc rnccring relative to his own 
home territory. 

Within his own territory, a territorial r a l e  
responds, upon dctccting another conspeafic 
individual, usually by approaching. In  somc 
specics, the approach may be preceded or  ac- 
companied by vocal crnphasis of presence, e.g. 
wildebeest (Estes, 1969) and pronghorn (Rit- 
chen, 19?4). If thc othcr individual is a male, 
the approach is likely to give way at closc quar- 
ters to displays emphastzing horns, c.g., Grant's 
gazcllc (Cl'alrhcr, 1972b), body size through lat- 
eral presentation, e.g., pronghorn (Kitchen, 
1974), or simply presence by actions such as 

horn thrashing, e.g., white rhinoceros (Owen- 
Smith, 1975) and kob (Leuthold, 1966). If the 
inrruding male flees, the terrirorial male is 
Likely ro chase after, in some cases simulm- 
ncously emphasizing his presence vocally, e.g.. 
whitc rhinoceros (Owen-Smith, 1975) and 
Thomson's gazcllc ( Walthtr, 1974). Usually the 
pursuit is broken off when the intruder crosses 
over the territory's boundary. If the intruder 
stands his ground and gives a submissive dis- 
play (among antelopes, commonly holding thc 
head lower, but i n  the white rhinoceros making 
a fierce looking "snarl"), the territorial male 
cithcr pcrsec-ere3 threatening displays until the 
othcr male eventually leaves the territory (e.g., 
bonrebak, David, L973), or moves away hirnselt- 
subsequently ignoring the other male (e.g. 
white rhinoccros, Owcn-Smith, 1975). Threat- 
enlng actions may be ineffective when a large 
group of bachclor males has penetrated a terri- 
tory, but attacks rarely occur. If, however, the 
intruder stands his ground and gives matching 
displays, chere ctlsues either a vigorous (though 
usually brief) fight (e.g., Thomson's gazellc, 
Wal thcr, 1974), or some more ritualized testing 
of relative confidence, strength, or both (e.g., 
Grant's gazelle, Walther, 1972b). If the inrrud- 
ing male is able to demonscratc superiority, he 
remains, ~ n d  assumes the status and behavior 
of terrilorial male in that territory. Thc former 
territory holder usually leaves and joins a 
bachelor herd. However, in  thc white 
rhinoceros the defeated male may remain 
wirhin the cerricory, simply assuming the behav- 
ior oattcrns of a bachelor male there. 

Outside his home territory, as when procecd- 
ing to water, a terrirorial male attempts to avoid 
meetings with resident territorial malcs. If ac- 
costed,-he either retreats or  responds submis- 
sively (e.g., while rhinoceros, Owen-Smich, 
1975; waterbuck, Spinage, 1969). In Grant's 
gazcllc in open plains habitats, territorial males 
may wander into another territory in associa- 
tion with 2 bachelor herd. Upon lcaving his own 
tcrrirory, a male immediately behaves submis- 
sively &wards rhc male whose rerritory has 
bce;cntered, without there being any inrcrven- 
ing contest (Walthcr, 1972a, b). Similar behav- 
ior occurs in pronghorns during the post-rut 
period (Kitchen, 1974). In the white rhinoceros, 
a submissive response is shown on distant ter- 
rirories, but a male accosted within the territory 
of a ncighbor gives  he displays rypical of resi- 



X ~ A R C H  19771 TERRITORIALITY IN UNGULATES 19 

dent territorial males, coupling thcsc, however, 
with steady backing away (0w;n-smith, 1975). 
Though undescribed, a similar distinction may 
apply in othcr species. 

Since rerritorial rnales rarely wander, the 
most usual type of meeting between territorial 
males involves neighboring territory-holders at 
a mutual boundary. In such confrontations, 
both males give marching displays, but aggres- 
sive actions are highly ritualized and seldom 
lead to f i~hw.  Chasing reversals across the bor- - 
der occur, for example, in pronghorns 
(Kitchen, 1974): while in the white rhinoceros a 
ritualized sequence of advances and retreats is a 
striking feature (Owen-Smith, 1975). Generally 
border encounters arc broken off without any 
clear winner or lose: being evident. In both 
wildebeest species and in bontebok. territorial 
males penetrate neighboring territories to en- 
gage in challenge rituals, then return CO rheir 
own territories (Estes, 1969; Richter, 1972: 
David, 1973). In contrast, in a blcsbok popula- 
tion studied by Novellie (1975), territorial males 
me: onlv at boundaries. 

Towards females, tkke initial approach of a 
resident territorial male gives way at  close quar- 
ters to either an olfactory investigation or court- 
ship displays. Frequently, the latter retain ele- 
ments of the aggressive displays exhibited to- 
wards othcr males (see Walther. 1974). Dikdik 
and vicuna are excepiional in that territorial 
males respond threateningly even to intruding 
females (Hendrichs and Hendrichs, 19?1; 
Franklin, 1974). More usually, the territorial 
male attaches hinuelf to a particular fcrrale or 
female group, and attempts to prevent rheir 
leaving his territory by blocking their move- 
ments at boundaries. i f  unscccessful, the male 
does not follow for more than a short distznce 
beyond his own territory limits, and the females 
are likely to be joined instead by one of che 
neighboring territorial males. In most species, 
territorial males do not interfere with mating3 
by neighboring territorial malcs. Where this 
somctimes occurs, as in Coke's hartebeest (Gosl- 
ing, 19741, thc intruding male is readily chased 
back by thc residcnc In wildebeest, territorial 
transgressions may be frequent during the 
"frenzied activity" of rhe brief rut (Estcs, 1969). 
but a detailed description of bchavior during 
this critical period is unfortunately lacking. 

Bachelor males everywhere behave subrnis- 
sively towards any territorial male whose terri- 

cory they may have enwred. They associate only 
transiently with females, and rarely perform 
courtship or mating. This does not seem to be 
due to any physiological incapacity on their 
part, but rather to the almost invariable prcs- 
ence of a territorial male with any receptive 
female. Notably, a white rhinoceros bachelor 
male consorted with an csuous fcmalc when the 
resident territorial bull happened to be en- 
gaged with another female; but later the ter- 
ritorial bull displaced him and mated with this 
female (Owen-Smith, 1975). In Grevy's zebra, 
seven1 bachelor malcs attempted to mate with 
an estrous female located outside the territory 
mosaic, with much fighting (Klingel, 1975). 
Where tolerated within territories, bzchelor 
malcs are merely kept a short distance away 
from any estrous females, and seem readily in- 
timidated by territorial males. 

Among females of most species, aggressive 
intcractions are rare. Dominance interactions 
among group members have been described 
clearly only in spccies forming cohesive female 
groups, such as sable and roan (Estes and Estes, 
1974; S. Joubert, 1974). When different groups 
rncet, females generally respond passively. 
Strong aggressive responses towards strange 
females have been reportcd only for moose 
(Houston, 1974) arid mgle deer (Miller, L974), 
though they may occur in other solitary specics. 

Males of non-territorial species respond with 
very similar types of bchavioral display in en- 
counters. The  significant difference is simply 
the lack of any spatial constraint on cheir per- 
formance, at least in relation to any particular 
geographic area. They may, however, be influ- 
enced by spatial proximity to certain other indi- 
viduals, such as estrous fcmalcs or  superior 
malcs. 

Individuals may become aware of <be pres- 
ence of other conspecifics without a direct mect- 
ing by deteciing visual, auditory, or olfactory 
signs of their presence. 

Special postures termed "static-optic advertis- 
ing" are typical of territorial males occupying 
opcn habitats. where such visual signals may be 
apparent over some distance in space (e.g., 
wildcbcest, Esces, 1969; tsessebe, S. jouberc, 
1972). Advertising calls are made for example 
by ierritorial male wildebeest and kob (Estes, 
1968; Leuthold, 1966). 
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Scent marks can emit a signal persisung over 
some interval in rime. Fecal accumulations at 
particular sites are striking in several territorial 
species, including che white rhinoceros (Owcn- 
Smith, 1975), Grcvy's zebra (Klingel, 1975), 
vicuna (Franklin, 1974). Coke's hartebeest 
(Gosling, 19741, bontcbok (David, 1973) and 
dikdik (Hendrichs and Hcndrichs, 197 1). In 
some species dung piles seem to be the product 
mostly ofterritorial males, but in others females 
and bachelor males may also contribute to 
these. However, only terricorial males exhibit 
special defecation rituals, conlmonly including 
kicking or pawing in the dung pile. In Cokc's 
hartebeest, both neighboring territorial males 
defecate and paw at  the same dung pilc during 
challenge rituals (Gosling, 1974). In transfer 
experiments, a dikdik male scraped and defe- 
cated over the dung of both neighboring and 
strange ra les  located within his own territory. 
but only over the dung of a stranger in a boun- 
dary region (Hendrichs and Hendrichs, 197 1). 
Especially prominent dung piles may occur at 
territory bclrderz in some species - e.g., white 
rhinoceros (Owen-Smith, 1975) and Grevy's 
zebra (Klingel, 1975) - but generally dung ac- 
cumulations are not l~mited to such locations. 
Extensive urlne marking seems restricted to 
rhinoceroses, though in antelopes, such as ga- 
zelles, linked urination-defecation may occur at 
particular si:es (Walther, 1964, 1965). 1.n the 
white rhinoceros only territorial males 3pray- 
urinate, and only within their own territories. 
While repeated spray-urination accompanies 
boundary patrols, spray-urination is also per- 
formed elsewhere in the territory, so that such 
scent marks are scattered throughout (Owen- 
Smith, 1975). Among antelopes, territorial 
males commonly deposit prcorbilal gland secre- 
tion on vegetation, and likewise such scent 
marks arc not restricred to border regions (e.g., 
Thomson's gazelle, Estcs, 1967). Pronghorns 
mark with subauricular gland secretiorl 
(Kitchen, 1974), while roe deer and impala rub 
a glandular forehead patch on plants (Bramley, 
1970; Jarman and Jarman, 1974). Among 
bachelor males, scent marking is performed in 
artenuated fashion (e.g., Thomson's gazelle, 
Walther, 1964). In fcmalcs, sccnt glands are 
usually reduced in size and are non-functional, 
but Coke's hartebeest is an cxceprion (Gosling, 
1974). Scent marking secms to bc rbsent or only 
weakly expressed in spccies such as kob (Leuth- 

old, 1966) and wildebeest (Estes, 19691, where 
territorial males are in dose visual and auditory 
contact. Puzzlingly, i t  is also lacking in watcr- 
buck (Spinage, 1969) and Grant's gazelle 
(Walthcr, 1972b), despire fairly large territories 
and the absence of auditory advertising. 

Among non-territorial speues, males com- 
monly advertise their presence with special calls 
or  visual displays during the rut. Plains zebra 
males sometimes defecate on the dung of other 
conspec~fics, but because of their wide-ranging 
habiu significant accumuladons d o  not result 
(Kllngcl, 1967). Preorbital and forehead glands 
occur in Old World deer, and their secretion 
may bc deposited in the environment, especially 
by males during the rut (see Struhsaker, 1967). 
In Rocky Mountain goats and chamois, both 
sexes mark wit h occipital gland secretion (Geist, 
1964; Krarncr, 1969). It is not the occurrence of 
scert marking [hat distinguishes territorial 
species, but rather the concentration of scent 
rnzrks and other signs of a particular individual 
within the local extent of a territory. 

Rehionship between B e h i o r  
and Social SWLure 

We are now in a position to consider how 
social structure arises as a proximate conse- 
quence of behavior patterns. 

While some degree of spatial exclusion is al- 
ways a feature of territoriality, it generally cxisu 
only among the set of territorizl males. Fur- 
thermore, by adopting rhc submissive accions 
characteristic of bachelor males, territorial 
males may sometimes penetrate other tcr- 
ritories, and in some cases even remain within 
them for extcndcd periods. On the other hand, 
a male that rcciprocaces the threatening ges- 
tures of the resident territory holder is likely to 
be attacked, unless hc soon leaves the area. 
Hence tcrritorial exclusion follows largely as a 
consequence of the choice of action adopted by 
other males. Ur.dcr normal circumstances, ter- 
ritorial males keep within their own territories 
and thereby avoid the drain of time and energy 
and possible risk of injury associated with chal- 
lenges. Bachelor males, if harassment is suffr- 
ciendy great, will :end to avoid the territory 
mosaic, provided areas unoccupied by tcrrito- 
rial males arc available. Persistent aggressive 
challenges arc usually not directed zgaitut 
females: and hence females wander relatively 



MARCH 1977) TERRITORIALITY IN UNGULATES 2 1 

freely through che male territories in rtlost 
species. 

Sceri t marks, by providing evidence of the 
presence of a residcnt tcrritorial male in the 
area, may help inhibit intrusions. The deterrent 
effect is not intrinsic to the scent mark, how- 
ever, but depends upon the relationship bc- 
tween the individuals concerned. A ncighbor- 
ing territorial male might turn back, a bachelor 
male could continue on cautiously, and a rccep- 
tivc fcmalc would perhaps be attracted to re- 
main in the arca. This does not preclude addi- 
tional functions in patterning the home arca for 
thc originator of the scent (Schenkcl, !966; 
Klingel, 1975). Nevertheless, it seems norewor- 
thy that x c n t  marks and other adveriiements 
of presence are exhibited most strikingly by 
territory-holding males. 

To  the displays of rcsident tcrritorial males, 
othcr males usually respond by avoidance, 
withdrawal, or  subrnissio-n. This is the basis 
uscd to identify the existence of a dominzncc- 
subordinance relationship. By consistently di- 
recting aggressive displays towards all other in- 
dividuals, a residcnt territorial male in effect 
manifests a claim to supreme dominance within 
his own territory. This claim may occasionally 
be challenged, and, if the challenger is victori- 
ous in the ensuing contcsr, hc assumcs domi- 
nance within the spatial limits of that tcrritory. 
UsuAly thc loser is subsequently driven from 
the tcrritory, buc in the white rhinoceros a 
dominance reversal occurs without spatial dis- 
.placcrnent (Owen-Smith, 1975). In Coke's harte- 
beest and impala, males reported first 
exhibit top-ranking dominance over associated 
bachelor males before challenging for territo- 
rial dominance (Gosling, 1974; Jarman and 
Jarman, 1974). 

Territoriality is simply one possible form that 
can be taken by the social ordering of domi- 
nance relationships, distinguished by thc de- 
pendence of relativc dominancc on spatial loca- 
tion. The nced to rcfcr to parricular spatial 
arcas in interpreting social structure is the basic 
justification for introducing the word terrhry. 
The resulting form o r  population organization, 
based on space-corrclatcd dominancc relation- 
ships among a sct of individuals, is approxi- 
mately referred to as tcm'lor&~. The  term rcr- 
rilorial behavior encompasses the various actions 
by which the spatially localized dominancc is 
maintained, inclucling limitarion of movements, 

aggressive challenges directcd towards intrud- 
ing individuals, self-advertisement, and thc 
blocking of females at boundaries. Characteri- 
zauon in terms of behavior exemplifying "dc- 
fence" of the tcrritory is both unnecessary 2nd 
misleading. As a motivational model, this 
ch2racteriza:ion implics that aggrcssivc behav- 
ior by the territory holder will co~itinue until an 
intruding individual has vacated the area of the 
territory. But in many cases aggression is sub- 
dued or  terminated 2s soon as the intruder rc- 
sponds submissively. As a functional model, i c  
inplics that spacial exclusion arises direcdy as a 
conxqucnce of the aggressive displays of terri- 
LOT holders. Howcvcr, whether rhreatening 
displays have this cffecc in parricular inscances 
depends on the responses adopted by recip- 
ients. 

Dominance is of generic significance to thc 
exten t that it enhances access by the more dom- 
inant individuals to some limited resource in- 
flucnciog survival, reproductive success, or  the 
successful rearing OF quality progeny. Poten- 
tially significant resources includc food, shelter 
sites o r  othcr loci of significance, and mates. 

Food 

An adcquatc food supply is a basic survival 
requisite for all animals. Variauons in quantity 
and quality can influence both individual survi- 
val and that of dependent progeny. By exclud- 
ingorher territorial males from utilizing his ter- 
ritory, 2 terricory holder potentially reduces 
pressure on its food reserves. However. food 
reserves arc gcncrally shared with females and 
immature animals and somctimcs also with 
bachelor males. Since territorial males comprise 
only about 10 per cent of the population, the 
cffective reduction in population biomass 
within the territory will be small. It was esri- 
mated to amount to only 5 per cent in the white 
rhinoceros (Owen-Smith, 1975). There is no cvi- 
dence to suggcst that the survivorship of ter- 
ritorial males is increased as a result of any food 
gains. On the contrary, wildcbecsi tcrrirorial 
males in Ngorongoro Cratcr lost condition 
fasrer than bachelors, despite the relegation of 
the latter to rupposedly less favorable habitars 
(Esrcs, 1969). A similar situation has been noted 
in Uganda kob (ku tho ld ,  1966) and impala 
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(Jarman and Jarnun,  1974). Whcrc territories 
arc held seasonally, occupation occurs during 
the summer or  wet-season months of food 
abundance. Even where territories arc hcld 
year-round, malcs commonly abandon their 
te r f tor ia  to feed elsewhere during critical pc- 
riods of food shortage. 

Alternatively, the slight reduction in popula- 
tion biomass within the territory could increasc 
energy flow to females feeding there, some of 
which are likely to be bearing thc progeny of 
the territorial male concerned. However, a 
quantitative estimate made for impzla (Jarman 
and Tarman, 1973) indicated that this gain is 
very-small, of the order of 3 to 5 pcr cent. 
Moreover, territorid exclusion is most strict 
during the rur rarher than during thc most 
critical periods for the survival of offspring, 
periods which usually occur at the opposite sea- 
son of the ycar. Furthermore, the biomass re- 
ducrion would benest equally a proportion of 
females bearing the off3pring of other malcs, 
except in thosc few species in which females are 
confined to individual male territories. Notably, 
these exceptions occur in species which are 
either 1-iihly ~clectivc feeders on particular 
plant parts, such as dikdik; o r  for which favora- 
blc fccding areas are patchily distributed, for 
cxamplc, vicuna (Franklin, 1974), and Grant's 
gazelle in woodland habitats (Walther, 1972h). 

c e  uences In these few cases, ihe sclcctive con.. q 
for progeny survival may bc important. How-  
ever, most of the larger ungulates fccd on plant 
foliage that is widely distributed and is of a 
relauvely uniform quality over extensive areas. 
It thus constitutes an  "undefendablc" rcsourcc 
in terms of energetic gains in relation to costs U. 
L. Brown, 1969). Notably. spatial restrictionson 
feeding are generally absent among females, 
though resultant food gains would enhance not 
only their own individual survival but also that 
of iheir offspring. 

Sheller Sit23 or Other Loci 
of Sign if i t a n ~ e  

For most ungulates, there are no localized 
sites of imporrznce compzrablc to thc nest sites 
of birds o r  burrows of rodents. The  various 
wild pigs (Suidae) form a possible exception, 
but tert.iroria1 dominance associated with par- 
ticular sleep~ng nescs or  holes hzs not been 
demonstrated in any species (Fradrich, 1914: 
Cunrning, 1975). 

Mate Accw 

Virtually all matings are performcd by tcr- 
ritorial males. Irl pronghorns. the bachelor 
male segment accounted for only 8 per cent of 
copulations (Kitchen, 1974). In other species, in 
which the breeding season is more prolonged, 
the proportion seems to be even less. Thus, che 
reproductive success of thc territorial male 
segment in general is enhanccd by a factor 
proportional to the relative number of males 
incorporated in chc bachelor male segment. 
This reproductive @n seems to vary between 
1.5 and 3 times, based on reported ratios of 
tcrritorial to bachelor males. Individual males 
may enhancc thcir access to receptive females 
still further by occupying tcrritorics in areas 
particularly favored by females during the main 
breeding period. For pronghorns, Kicchen (1974) 
demonstrated a positive correlation between 
forage quality in a territory and the mean num- 
bers of females present. In Uganda kob, recep- 
tive females preferentially seek out the most 
central territories on the territorial grounds 
(Buechner and Schloeth, 1965; Floody and Ar- 
nold. 1975). Males holding such favorable ter- 
ritories can enhance their reproductive con- 
tribution by a factor of 5 times or  more (see 
below). The  selective consequences of such var- 
iatiom in reproductive success seem Car in ex- 
cess of those likely to resulr from variations in 
either individual survival ntcs or those of prog- 
eny. 

I t  may be concluded thzt in ungulates terri- 
toriality has evolved primarily through processes 
of intrascxual selection apportioning nuting 
opportunities among competing males. As 
Darwin (1871) originally pointed our, rhe prod- 
ucts of sexual selection may bc disadvantageous 
for individual survival, and even for the long- 
term viability of the species. Thus, widely 
adoptcd argumenrs emphzsizing survival values 
in relation to ecological conditions cannot adc- 
quarely account for the evolutionary origins of 
ungulate territorial systems. Howcvcr, territo- 
riality is only one possible form of maung sys- 
tem that can be adoptcd by males. Ecological 
factors come into play as they affect h e  selec- 
tive advanrages and disadvantages of territorial- 
icy in comparison with alternative maung atrat- 
egies. 

Previous authors have charac~r izcd mating 
system by the relationship prevailing between 
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mdcs and fcrnalcs in terms of monogamy, 
polygyny, polyandry, and promiscuity (e.g. 
Orians, 1970). However, mating systems can 
alw be differentiated in terms of the competi- 
tive strategies opcraung among males. Four 
basic forms of competitive relationship may be 
distinguished in ungulatcs, though further 
srudies may reveal more. These are: 

(i) a s p d y  l o d z e d  dominance within a terri- 
taty (the prevailing pattern among an- 
telopes); 

(ii) a mobilc ddmina~~e associated with a par- 
ticular female herem group (u in plains 
and mountain zebras; see Klingel, 1967; 
E. Joubcrt, 1972); 

(iii) a relatively $Lab& ranking domkance pre- 
vailing among a set of males simulra- 
neouly associated with a largc fenmle 
aggregation (the African buffalo is the 
best examplc; see Sindair, 1974); 

(iv) a morc tempormy dominance escablishcd in 
the precincts of individual estrous fe- 
males, couplcd with wide raving from fe- 
male to female (as exhibited by mosc 
cervids and caprines; see, for examplc, 
Leni  1965; Geisc, 1971). 

In particular species, the operating mating 
sysrem can be a partial compromise betweer1 
two of these basic types. For example, a roving 
dominance is usually coupled with varying de- 
grecs of stability in the rclacivc rankings of' 
males. 

Genetic Gains and Cos0 

T o  cstimatc the potential genetic gain which 
could be conferred by a particular mating strat- 
egy, 1 will introduce a pararnecer called the "po- 
tential mating enhancement factor" (PMEF). 
This will be defined as the ratio of :he mating 
success achieved by top malcs, in terms of num- 
ber of females fertilized, to that of the aveagc 
male in a random rnacing system, over a single 
breeding season. By "top male," I mean the 
individual at the top of the list if a cohorc of 
competing males are ranked according to their 
mating success. This cohort would include all 
physiologicalIy potent individuals capable of 
fertilizing a femaIe in the absence of a superior 
competitor (even though some of these might 
be classed a3 subadult on morphological or be- 
havioral g r o u ~ d s ) .  It would encompass, for ex- 

ample, all the Uganda kob males associared with 
each territorial ground, o r  all the African buf- 
falo males atrachcd to a ~ingle  female herd, and 
might number from 20 up to about 200 indi- 
vidual. 

On a seasonal basis 

no. of f e d e s  fertilized per lop malc 
PMEF = 

no. of fetule fernaldno. of poreni males 

- - no. of fenales fenilizcd per lop male 
adult sex ratio iernaledmales 

or,  alternatively 

% of ferule rnacings pcrforned by top males 
96 of availatlie m l l a  comprised by top male: 

Usually potential top malcs are readily idenri- 
cable. They attract attention by holding an  
alpha position in dominance rankings, occupy- 
ing particularly active territories. or being at- 
tached to unusually large harems. I t  is more 
diff- cult to detcrminc the number of fertiliza- 
t i o n ~  achieved by chcsc malcs. However, for 
ungulates it seems that only cstrous females tol- 
erate mounting and copulation (Fraxr ,  1968); 
and while some of the estruses could be "silcnt" 
(that is, unaccompanied by ovulation), this pos- 
sibilrty probably does not influence male behav- 
ior. Thus, the relative number of copulations 
performed can be used as a reliable measure of 
fertilization success. Ncvcrthcless, for many 
ungulates, copularions arc surprisingly difficult 
to observe. In  some cases circums~ancial cvi- 
dence can be used on a basis of knowledge of 
behavior patterns preceding macings, such as 
the formarion of "tending" bonds or  prelimi- 
nary mounts. In others, a Less satisfactory esti- 
mate may be made in terms of harem size or,  
where stable harems do not exist, simply the 
mean number of females a male associates with 
during thc peak conception period. 

Few authors have presented the information 
needed CO caIcuIate PMEF's (Table 3). These 
estimates have in most cases been derived from 
rather incomplete data, and are to be regarded 
as provisional until more critical studies have 
been performed. Resuluj suggest chat for ter- 
rirorial systems PMEF's of from 4 to 8 times 
nay  bc attained, whereas for other mating srrat- 
egies PMEF's of from 6 to 12 times can rcsult. 

Let us provisionally accept that territoriality 
does indeed yield lower PMEF's than alcerna- 
tive mating strategies. Then it might at first 
seem surprising thac territoria1ity should evcr 
havc evolved. However, it is not the temporary 



TABLE 3 

hfatmg mhanremmts arhi~uerl by top  male^ by uarious mating st-rategia 

M A T 1  NG % OF % O F  MEAN K h l l O  PMEF 

SPECIES SYSTEM MEASURE PERIOD M A T l N C S  MALES NO. ? S  Pldt  EsT~M.* 

Red d e e r  

Soay sheep  

Arnericiin clk 

Barasingha 

Pronghorn 

Uganda kob  

Uganda kob 
Vicuna 

I'lains zebra 

Grant's gazelle 

White rhinoceros 

tcrnp. 
harem 
roving 
domin. 
relnp. 
harcm 
rank 
domin. 
tcrr.  

terr. 

rerr. 
terr. 
harcrn 
h a r c n ~  

terr. 

terr.  

mean harem 
size 
no. tending 
bonds 
harem size 
& durat ion 
% sexual 
activity 
no. of 
copularions 
maring 
ac~ivity 
9L of mounts 
harern 
sizc 
harcm 
sizc 
mean harem 
size 
mean 9 s  
i n  terr .  

onc  
season 
onc  
scason 
one 
season 
one 
season 
two 
seasons 

Lincoln e t  al.. 1970 

Grubb, 1974 Y 5 

Schaller, 1967 S 
2 

Ruecbner. 1974 a h 
z 
b 

Floody & Arnold, 1975 F 
Franklin, 1974 0 

'rr 

one season 
OllC 

scason 
scveral 
seasons 
two 
seasons 
three 
vc;~rs 

Walrher. 1972 b 
C) 

Owtn-Smith, 1975 

Thcsc cstimatcs hnvc bcrn calculared from ;lurhors' d a ~ a  and arc lo bc rcgardcd as prclimil~ary and somcwhat tentative. 
t (bracketed), sex ratio assumed, nor supplied by author. 

PhfEI; = % of mating performed by top  males 
96 of lop malcs among all males 

or, altcrnativclv 

PMEF = mcan no. of females fertilized by top malc 
adult sex ratio 918 
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seasonal PMEF that is of evolurionary signifi- 
cance, but rather the lifetime mating enhance- 
ment achieved. Selection would favor territo- 
riality if rhc altcrnatlve scratcgics rcduccd sur- 
vival chances by a sufficient degree. What must 
be assessed, moreover, is not whether or  nor a 
particular malc in fact lives out his full rcprod- 
uaive lifespan, but rather his likelihood of 
doing so should a particular strategy be 
adopted. Ultimately. selection is based on the 
average survival rates that have bcen achieved 
by various phenotypes. It is thercforc necessary 
to inrroduce a second parameter called the 
"likely lifeume madng enhancement" (LLME). 
This is cqual to thc relative number of fcmales 
likely to be fertilized by a male over his ex- 
pected reproductive lifcspan, divided by the 
nuxber of litters likely to be produced during 
the average female lifespan. The latter term is 
introduced as a normalizing factor, so that the 
LLME of the average male surviving to puberty 
would be unity if male and fenlalc survival ratcs 
were idcnrical. 

2 m. (maIcsI 

LLME = '-2 

where rhe units of x are the avcragc breeding 
interval 

r, = age at puberty 
X ,  = maximunl age of reproductive oucput 
!, = survival rare from pubcrty to age X 

m, = mating enhancement factor at age X. 

Unfortunately, very few workers have pro- 
vided data allowing the survivorship costs of 
alternativc strategies to be assessed (Table 4). In 
thc absence of rnatingcompetition, males might 
be expected to survive better :han females, 
since they are free of the nutritional burdens 
imposed by pregnancy and lactauon. Howevcr, 
there is suggestive information, from sex ratios 
at leasc (see Table 41, that malc mortality rates 
generally cxcccd chose of females. This evi- 
dence must be treated with caution, because 
authors might have acccptcd different age 
classes as adult in malcs and females. or only a 
small part of the total population range might 
have bccn sampled (males may predominate in 
peripheral areas). Furbermore,  only some of 
rhc surplus male mortality need be a direct rc- 

sult of mating comperition. In impala, the 
greatest male morta1iry is concencrared during 
~ ? e  subadult period, following separation from 
rhe marernal group (Jarman and Jarman. 
1973). Howcvcr, in bighorn shcep an accelera- 
tion in malc mortality is clearly associated with 
[he attainment of dominant breeding age. Be- 
tween two and seven years of age male mortality 
avcraged 4 pcr cent per annum, whcreas bc- 
rween eight and eleven years mortality in- 
creased to a mean of 16 per cent per annum 
(recalculated from Geisc, 1972; unforcunate~y 
no reliable data on female morralicy rates are 
ava~lable). Geist (I972) also noted chat rurdng 
injuries alone could account for an annual mor- 
tality of 10 per cent in Rocky Mountain goats 
and 4 per cent in moose. 

Any form of mating competition must result 
in some reduction in life expectancy, on ac- 
count of the time and energy expended and 
risks of injury incurred in interacuons wit'n 
other males. The  limited data available (Tablc 
4 )  allow no distinction to be drawn betwccn 
male survival rates In tcrntorial and non- 
territorial species. Howevcr, time and energy 
invcstrncnts in the short rut by non-territorial 
male deer and sheep d o  seem far in excqss of 
those occurring among most territorial an- 
telopes, though again quantitative data are 
sparse. For example, Soay sheep rams devoted 
on an average only 47 per cent of [he day to 
feeding throughout the two months spanning 
b e  rut, compared with 84 per cent on the part 
of females. During thc pcnuIcimace wcck of the 
rut, the rzms spent only 20 per cent of the day 
feeding (Grubb and Jewell, 1974). Red deer 
stags devotcd only 4 to 6 per cent of their active 
time to feeding during the mid-rut and late rut, 
compared with 93 pcr ccnt d u r ~ n g  the prc-rut 
period (B~ia ler ,  1974). In contrast, though tcr- 
ricorial bon:ebok and impala malcs spent less 
timc fccding &an did fcrnalcs, the seasonal var- 
iarions wcre relatively minor, and arnounred to 
an additional reduction by less than 10 per cent 
of the day during the peak conception period 
(David, 1973; Jarrnan and Jarman, 1973). 
Howevcr, tcrritorial malc pronghorns fcd for 
only about 2 per cent of observation time dur- 
ing the two-week rut, compared with 30 per 
cent during the pre-rut (Kitchen, 1974); and 
territorial wildcbeesc males reportedly ensage 
in "frenzied activity" during their brief rut 
(Estes, 1969). Thus no clear dichotomy between 



TABLE 4 

Cos& in terms of rnortaltty and time arroclatcd wtth varioux mating ~tratsgics 

S P E U F S  LOCAUTY SYSTEM 

Soay shccp Hirta roving 
domin. 

Caribou Newfound- temp. 
land harem 

Chital Kanhai roving 
domin. 

S U R P L U S  

hlORTALlTY SU( TYME 

8-0 R A n O  ( ) l ( )  tr(d)-tr(9) PERIOD 

(96 per annum) adult 918 (% of day) (% of day) OF YEAR REF. 

26 5.0 - 37 2 Irlon. Crubb  8c Jewrll, 
including 1975 
ru t  peak 

5 l .S - - - Bcrgerud, l974 

- 1.4 - - Schallcr. 1967 

Plains zebra Krugcr Park harem - l .S - - S m u ~ c .  1974 
domin. 

Bighorn shcep Banff roving - 1.1 - - Geisr, 197 1 
domin. 

African buffalo Serengcti . rank 0 - - Sinclair, 1974 
domin. 

Red deer Rhum rcmp. - 14 1 .O - - Lowe. 1969 
harern 

Irnpala Scrcngeti terr. - 2.0 14 - 5 ycar- Jal Inan & Jarman,  
round:  1973 

1 6  - 14 concep- 
[ion 
peak 



Grant's gazelle Scrcngeti terr. 

Uganda kob Scrnliki tcrr.  

Defassa waterbuck Rwenzori tcrr. 

Roe deer  Switzerland terr. 

Tllomson's gazelle Scrcngeri tcrr.  

Cokc's hartebeest Nairobi terr.  

Pronghorn Montana  er r. 

White rhinoceros U mfolozi icrr.  

Wildcbccst S e r e t ~ g c ~ i  rcrr. 

Bontebok Swellcntlam rcrr. 

- prerut  
(-30)x rut 

-0.4 ycar- 
round;  

+S.5 mating 
peak 

- - 

7 ycar- 
round  

Walthcr, 1972 

Bucchner, 1974 

Spinagc. 1974 

Kurt, 196R 

t jvidberg-Hansen 2 
& DcVos, 1971 

Gosling, 1974 
E 
Y 

Kitchen. 1974 

6 
Owen-Smirh. 1973 

2 4 

Social interactions only. 
()' Rcducuon as perccnlnge of observation time. 
I,, time devolcd to "rnisccllaneous" ac~jvi~ics (incl~~rling social internclions). 
L,, time spent fccding. 
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territorial and non-territorial systems is evident, 
and addiiional factors such as the duration of 
the breeding season seem to cxcrt an  influence. 
Interactions among males seem much more 
frequent and vigorous during the rut in north- 
ern non-territorial specics, from what few re- 
pons are available. An American clk stag asso- 
ciated with a harem engagcd in 1.8 charges and 
0.4 horn clzahes per active hour (McCullough, 
1969). In  contrast, even the top malc on a 
Uganda kob territorial ground cngaged in only 
0.5 agonistic encountcrs per obscrvation hour 
(Floody and Arnold, 1975); while during the 
two peak rutting months, blesbok territory hol- 
dcrs engaged in 0.9 challenge rituals or chases 
per observation hour (Novellic. 1975). Territo- 
rial wildebeest males engage in about six rela- 
tively ordered challenge rituals per day (Esces, 
1969), and vicuna territorial males iniriatc 
about one to two encountcrs pcr day with 
neighborc (Franklin, 19741, whilc white 
rhinoceros rerritorial males ettcouriter a 
neighbor only about once every four days 
(Owen-Smith, 1975); but these reflect year- 
round averages. 

Northern deer and sheep males lose consid- 
crablc body condition during the rut, which 
must reduce their survival chanccs during the 
subsequent winter (sce Lincoln, Youngson, and 
Short, 1970: Geisr, 1971; Grubb and Jewell, 
1974). Thc high survival rates relative ro 
females of male red deer on the island of Rhum 
(Low, 1969) thus seem remarkable. .4 signifi- 
cant factor confusing patterns here is perhaps 
the absencc of large prcdators. Wherc these 
abound, as is still che case in most tropical 
habitats, even a small drop in physical fitness or  
injury could quickly prove fatal. 

The empirical data are inadequate to allow 
any reliable conclusions to be drawn regarding 
the relative gains and costs of alcernarive mating 
strategies based on cross-spccies comparisons. 
But the need is really not for a comparison of 
the economics of tcrritorialicy undcr one set of 
ecological conditions with those of other mating 
systems in rather differcnr circumstances. The 
question is, what would happen, in evolutionary 
terms, were a male to adopt an alternative mat- 
ing strategy undcr the same ecological con&- 
[ions? This cannor be answered empirically. 

sincc it is to be expectcd that all rnales of a 
spccics arc genetically programmed For the 
same mating strategy, that which has proved 
most successful in the past. The  occurrcncc of 
bachelor males does not demonstrare an alter- 
native strategy, but only a temporary alrerna- 
tion of tactics. 

Some insight may be given chrough sonic cal- 
culations using the evolutionary model that has 
been developed above, involving the pararn- 
eters PMEF and LLME. Let us provisionally 
accept that territoriality is indeed a "low 
benefit-low cost" system in comparison wirh 
rank or roving dominance strategies, and calcu- 
lare the LLME's that could result. A constant 
survival rate chrough the reproductive life span 
will be assumed, potenrially differing for ter- 
ritorial versus roving or  rank dominance strate- 
gies. Maximum PMEF's of 6 and 10 will bc 
allowed for territorial and ranWroving domi- 
nance systems, respectively. Lifc history param- 
eters will be assumed that seem reasonable for a 
large ungulatc the site of a red deer or  water- 
buck. The aim is to asscss what reduction in 
chances of survival must be conferred by rank 
or roving dominance strategies in order to 
favor territoriality. Since it is unlikely thar the 
maximum PMEF could be sustained by any in- 
dividual rhroughout his reproductive lifespan, 
the effecw of three different mating regimes 
will bc considered: 

6) full PMEF attained for two consecuuve 
seasons between rhe ages of 6 and 8 
ycars, with reduced mating success dur- 
ing prcceding and following seasons 
(perhaps ihrough occupation of a less 
favorable territory, or  subdominant 
ranking); 

(ii) maximum PMEF rerained for three con- 
secutive seasons in territorial systems 
only (prior occupation of a territory 
might inhibit challengers); 

(iii) mating contribution comrncncing a year 
earlier in ranWroving dominance sys- 
tcms (since young males seem to achieve 
a few mating3 in bighorn sheep, For ex- 
ample; see Geist, 1971). 

The raultant  LLME's calculared for top 
males under different mortality regimes are 
prcscnccd in Table 5. With the same mating 
regime (i) applying to both systems, territorial- 
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TABLE 5 

Likely I r f c t m  mating erdiancemenfi cainriutedfor top males 
undcr d ~ e r c n t  mating and suroivorship regimes (xee t a t )  

C A L C ~ U T ~ D  LLML (see text) 
"territorial "rovinglrank 

dominance" dominance" 
P -P P- - P P P P P P P 

PMEF 6 10 

additional 
6 mortality 
incur red 
(%perannum)  0 5 10 15 20 
resultant 
adult sex 
ratio* (416) 1.0 1.2 1.4 1.6 1.9 

ASSUMED M A T l N C  REGIME 

i. mcs-syrn = PMEF; mts-a~tixa-svm 
= !4 PMEF; mt,.,oyrrr = !4 PMEF; 
mo-g,,, = 0 

i i  ~ , ~ . v w , I  = PMEF: ~ , S . ~ , Y ) , Q . ~ O , Y ~  

= % PMEF; = 0 . . . 
111. tn ,,.,,, , = % PMEP; 

orherwise as in (il 

.Assumes annual breeding geajon, reproductive maturiry at 2 years, maximum reproductive longevity of 10 
years, basic survival rare beyond 2 year3 cotisranr at  0.95 per annum. 
' This assurr~cs an equal sex ratio rr 2 years. 

ity would be favored evolutionarily only if the Clcarly, more empirical data are needed on 
additional male mortality resulting from a these aspecu, nor only on the prevailing pat- 
ranwroving dominance strategy exceeded 10 tcrns in different species, but also on the cir- 
per cent per annum. However, if territoriality cumstances influenang their variability, to en- 
conferred an extra season at maximum PMEF able modcll~ng to be extrapolated between dif- 
[i.e., mating regime ($1, it would be selected for fering sets of ecological conditions. 
even if the surplus mortaliry associated with 
alternative strategies wcrc only about 6 to 7 per 
ccni per annum. On the other hand, if males in 
compensation had macing opportunities at an 
earlier age under rankiroving dominance sys- 
t e m ,  the balance is shifred back again almost CO 

that prevailing undcr (i). 
This analysis is instructive in demonstrating 

the scnsitiviry of the ultimate genetic succcss of 
males to three factors: 

(i) maximum mating enhanccmcnt attain- 
able; 

(ii) duration of lifespan over which a mating 
contribution is made; and 

(iii) mortality cosu resulting from energy 
expcndiiures and risks incurred. 

If  the assumption rhai territoriality is basi- 
cally a "low benefit-low cost" system is ac- 
cepted, then territoriality should be favored 
under conditions (ecological, sociological, o r  
morphological) where the cosrs associated with 
alternative macing strategies are Likely to be par- 
ticularly high. Thc  observcd incidence of tcr- 
ritoriality seems in accordance with this predic- 
tion. 

( i )  Habttat searonaliiy. As explained by Geist 
(1 974). there is a vasr seasonal superabundance 
of forage production during the surnmcr in 
temperate habitats, allowing males to store ex- 
tensive energy reserves in thc form of fat. This 
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fat can be utilized later to susrain chern 
through the intense but brief rut. In tropical 
savanna regions, in contras t, population lcvck 
re ra in  closer to carrying capaciry year round, 
and breeding seasons a r e  commonly extended. 
As a result, the potential for fat buildup is more 
limircd, and a male engaging in very vigorous 
interactions would more quickly bankrupt him- 
self energetically. This difference accounts for 
the general prevalence of territoriality among 
tropical ungulates, but does not explain the 
non-rerritoriaf exceptions. 

(ii) Local populdtMn size. The greater the 
number of males coming into competition, the 
tess easy individual recognition becomes, and 
the more difficult it bemrnes co maintain domi- 
nance rankings without Frequent contesting. 1 n 
general, rropical zone ungulates maintain 
higher local population densiues than temper- 
ate zone species of similar body size (see Tablcs 
1 and 2). 

(iii) P r e h o t r  pressure. As suggested earlier, 
wherever large predators abound even a rela- 
tively minor con~bar injury or loss of physical 
fitncss could prove fatal. Spotted hyenas, in 
particular, prey selectively on weak or injured 
individuals (Kruuk, 1972). Thii circurnstancc 
would favor the reduction in combat frequency 
that is likely to result from territoriality. Large 
predators arc particularly abundant in tropical 
savanna habitats. 

(iv) Size, cohcsior~, and mobtiity ofjemale grotg~ .  
Where femalcs arc wide-ranging, so that their 
location during rhe breeding season is unpre- 
dictable, territorial localization will be disadvan- 
tageous. If females move in small but intrinsi- 
cally cohesive groups, a male can move with 
such 2 group and dominate its precincts without 
excess e~penditure.  This situation results in 
harem dominance, as in plains zebras. If fe- 
males agyregate in large herds, several females 
are iikely ro be in estrus simultaneously. i t  then 
bccomcs advanragcous for subdominant mates 
to attach themselves and accept secondary mat- 
ing opportunities, while the constant association 
among such males faditaces the maintcnancc 
of stable dominance rankings. This is the situa- 
tion in African buffaio. The mobility and size of 
female groupings are determined indepen- 
dencly by feeding and anti-predator strategies, 
as explained by Jar-rnan (1974). 

(V) Weapon: n;orphobgy. Dangerously pointed 

horns or antlers iricreasc the risks of injuries in 
combat (see Geist. 1966). This condition could 
account for [he occurrence of territoriality in 
such northcrn forms as roe deer, pronghorn, 
and possibly chamois. Morphologically complex 
horns or  ant!ers, on the other hand, could aid 
stability in rank dominance systems either by 
dearly differentiating sub-prime males (as 
seems to occur in bighorn sheep, sec Geist, 
197 l) ,  o r  by facili taring individual recognition 
(as demonstrated for red deer by Lincoln, 
Youngson, and Short, 1970). This rclauonship 
could help account for the absence of ccrrito- 
rialicy among tropical Asian deer, such as chital 
and baraaingha. 

(vi) Food selection. For species feeding selec- 
tively on food morsels in limited but relarivcly 
predictable (in titne and space) supply, exclu- 
sion of other conspecifics from a territory could 
significantly enhance the food available there 
for the occupants. The  major selective results of 
this circumstance would arise when this food 
supply is sha'red by a msted pair and their 
offspring, as i t ]  dikdik. In effect, emphasis is 
shifted from mating to progeny-rearing strate- 
gies, since with a monogamous bond the mating 
enhancement factor is dose to unity. 

However, there remain several as yec poorly 
known species in which the absence of terriro- 
riality is nor so readily explained. These include 
the lesxr  kudu and orher tragelaphine an- 
telopes, giraffes, and Asian rhinoceroses. Per- 
haps to be added are  the macropod marsupials 
(Kaufmann, 1974) and ungulimorph South 
American rodents (Eiaenberg and blackay, 
1974), both of which share ecological sirnilari- 
ties with the ungulates. More information is also 
needed on the social systems of tropical Asian 
and South American deer, and also on various 
wild pigs, in order to elucidate the relative im- 
portance of ecological and phylogenctic factors 
in the evolution of mating systems. 

Evidence has been presented that in most 
ungulates territoriality is exclusively a male mat- 
ing scrategy which has evolved through pro- 
ceases of intrasexual sclcction. This conclusion 
arises from the circumstance that male ungu- 
lates generally exerr little influence on the sur- 
vival of their offspring, so that differential ge- 
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netic success arises primarily from differences 
in rheir maung contributions. Rather than 
bcing unusual, such a situation seems to be the 
prevalent one in the animal kingdom. Tcrrico- 
riality apparently functions primarily to en- 
hancc marc acquisition also in pinnipeds 
(Bartholomew, 19701, grouse and other birds 
with precocial young (Wiley, 1974; Hogan- 
Warburg, 1966), lizards (Milstead, 1967), 
crocodiles (Modha, 1967), and dragonflies and 
other terrestrial invertebrates (Johnson, 1964; 
Brown and Orians, 1970). In fact, it h thc sicua- 
tion in small passerine birds with alrricial 
young, upon which previous reviews of territo- 
rialiry havc largely becn based, that seems the 
special case. For them, opportunity ca breed is 
dependent on the acquivition of a nesting site, 
wLch is necessarily fixed in spacc. This limita- 
[ion favors spatial localization by males seeking 
opportunities to mate successfuIly. The  success- 
ful rearing of offspring is critically dependent 
upon provisioning, to which both parenrs can 
conuibucc. Food for this purpose is most rffi- 
cicntly obtained from thc immediare surround- 
ings of the nest, and as a consequence the exclu- 
sion of conspecifics from [his area is advantagc- 
OUS. This in turn favors a monogamous mating 
system, with differential genetic success based 
mainly on the occupation of optimum ncscing 
sites and subsequent success in raising progeny 
there. Territorial exdusion arises largely as a 
consequence of the localization of nest sites. 
Correspondingly, among fishcs, territoriality is 
most prevalenr whcrcver breeding oppor- 
runicies are dependent on Limited ncst sires, for 
example in cichlids (Baerends and Baerends- 
van Roon, 1950) and reef-inhabiting pomacen- 
trids (Clarke, 1970). Territories of rodents and 
iagomorphs are also usually based on a fixed 
ncst or  burrow site (see King, 1955; Archer, 
1970; Armitage, 1974; Locklcy, 1961; 
Mykytowyu and Gambalc, 1965). Territoriality 
based exclusively on food for individual survi- 
val is the most unusual case. It has been 
documcnted for the squirrels Tamiasciurus h&- 
sonutu and T. douglari, which rely on stored pine 
cones for their winter food supply (C. C. Smith, 
1968). Notably, in these species males and 
fcmalcs maintain separate territories. The 
winter feeding territorics claimed for several 
bird species seem less clearly substantiated, ex- 
cept in [he case of red-headed woodpeckers, 

which store acorns within their territorics 
(Kilham, 1958). Feeding territories described 
for hummingbirds, localized on individual 
flowers (Wolf, 19691, are rather trivial cases. 

Among primates che situation is more com- 
plex (Bates, 1970). Exclusive territories are oc- 
cupied by male-female pairs among gibbons (El- 
lcfson, 1968) and titi nonkcys (Mason, 1968), 
and by single-male, multi-female units in sev- 
eral Cores:-dwelling cercopithecincs and col- 
obines (Aldrich-Dlake, 1970; Yoshiba, 1968: 
Marler, 1969). The  multi-male units formcd by 
red colobus monkeys (Srruhsaker, 1974), grey 
langurs in arid habitars (Yoshiba, 1968), 
macaque3 (Simonds, 1965; Lindburg, 197 l), 
and savanna baboons (DeVore and Hall, 1965; 
Alcmann and Altmann, 1970) inhabit overlap- 
ping home ranges. Malcs do not occupy tcr- 
ritories independendy of females in any of the 
higher primates. It seems thar the primary spac- 
ing out oC the female units is based on selcctivc 
feeding habits. Superimposed on this system is 
male-male reproductive compet~cion, operaung 
ro sharpen the boundaries between rhe areas 
occupied by different single-male groups, so 
that these become exclusive territories. In the 
absence of such cornpctiuon, the situation 
would perhaps resemble chat in chc coali Naua 
nnria, in which males are not permanent mcrn- 
bers of groups. Here female group home 
ranges have exclusive core areas but overlap 
marginally. and nelghboring groups show little 
an~agonism upon meeting (Kaufmann, 1962). 
The mating system of species forming single- 
male groups is chus basically a harem domi- 
nance, rather than territoriality. In multi-male 
groups, rank dominance controls mating suc- 
cess, and spatial exclusion is accordingly re- 
laxcd. 

Tcrritorialiry is simply one possible way of 
socially organizing dominance relationships. 
Under differcnt conditions it may function 
primarily to cnhance food supply, or mate ac- 
cess, or rhc acquisition of breeding sites. As dem- 
onstrated by the ungulates, dominance may be 
localized within a spadal territory cvcn whcn 
the significant resource, in this case females, is 
nor. Rather than trying to decide whether a 
particular species should be classified as territo- 
rial or not, we should consider thc dctailed 
strategies used by individuals to secure a dis- 
proportionate share of each resource of poten- 
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tial significance to genetic success. The  question 
is not why does territoriality exist, but rather, 
why has territorial dominance bccn favored, 
rather than some alternative syIcem of domi- 
nance organization? This conclusion must lead 
to a careful comparison of the likely costs and 
benefits chat would result from different alter- 
natives under 'the prevailing ecological, social, 
and morphological conditions. Actions m;y be 
modified in accordance with varying cnviron- 
rncntal circumstances, retaining similar se- 
lective advancages but producing seemingly 
drastic alterations in social structure. Such flcx- 
ibility lends to confuse a dassificatory ap- 
proach. 

AJ in the case of all evolutionary argurnents, 
the experiment has already been performed 
and we merely observe the outcome, that is, die 
behavioral phenotypes that havc proved nlost 
cuccessf~il under thc conditions that have prc- 
vailed i r ~  the past. Our aim is simply to explain 
this result by unravelling thc factors that have 
influcnccd it. T o  test our undersranding, we 
need to consrruct evolutionary models, and 
then investigate how variations in key factors 
might have influenced the ou [come. Currently. 
this cxcrcise is hampered by the paucity of ern- 
pirical facts. [c is one of the aims of this review 
to point out the kinds of data needed in order 
to do this, in the hope chat future field rcscarch 
will remedy chis deficit before opportunitics 
disappear. For ungulates, dccailed information 
is required on natural population densities, in- 
teracuon frequencies, frequency of escalation 
of contcsts and injuries sustaincd, time and 
energy expenditures, ageisex specific mortality 
rates, seasonal mating successes achieved, and 
age variations in tnating performance. 

S U M M A R Y  

Thc characteristics of tcrritorialicy, as exhib- 
ited by ungulates, are examined. The  follow- 
ing fcarures emerge: 

(i} the term ferritory is required to refer to 
geographically fixed spaccs influencing 
social rela~ionsbi~s;  

(ii) each territory is occupied by one ter- 
ritorial male who nioves beyond its lim- 
its only in special circumstances; 

(iii) within their own tcrritorics, territorial 
males challenge intruding malcs and 

advertise their presence by visual, au- 
dicory, o r  olfactory displays; 

(iv) ritualizcd confrontations with neigh- 
boring tcrritorial malcs take placc usu- 
ally at mutual borders; 

(V) outside their territories, tcrritorial 
males behavc submissively; 

(vi} bachelor males generally move more 
widely and respond submissively to all 
territorial males: 

(vii) in most spccics, females range widely in 
overlapping home ranges; and 

(viii) in  a few species only, females may 
share individual male territories, 
whereas in others a weaker spacing be- 
tween femalc home ranges may exist. 

Each territorial male in effect exerts a spa- 
tially localized dominance over all other indi- 
viduals. Mutual spatial exclusion follows from 
this relationship, and the resulting form of 
population organization constitutcs territorial- 
ity. T h ~ s  spatial dominance confers enhanced 
access to mates. The consequences in respect to 
access to food or  viability of progeny seem in- 
significant in most ungulates. Through tcrrito- 
rial dominance, top malcs may achieve a sea- 
sonal mating enhancement of four to eight 
rimes. This figurc is lowcr than what can be 
achieved under alternative matirig systems. 
which include rank dominance, roving dom- 
inance, harem dominance, or  combinations 
of these. Howcvcr, the cosrs, in time and energy 
expenditures and injury risks leading to re- 
duced life expectancy, are probably lowcr in 
territorial systems. According LO an evolution- 
ary model that is presented, selection could 
favor territoriality if thc adoption of an alterna- 
tive strategy resulted in  an excess nialc mortal- 
ity greater than 10 per cenr per annum. Tcr- 
ritoriality is favored in tropical regions on ac- 
count of reduced scasonal forage surpluses 
favoring less intense interactions and ex- 
tended breeding seasons, high local population 
densities, and numccous predators, except 
where femalc groups arc wide-ranging and 
cohesive, or  vcry hrgc. Morphologically dan- 
gerous weapons may further favor territorial- 
ity. Territoriality is simply one form of dorni- 
nancc relationship, and in orher animal groups 
ir rnighr serve different evolutionary functions. 
More empirical data are needed to test theoreti- 
cal models. 
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