
SPECIAL SECTION: ANIMAL BEHAVIOUR 
 

CURRENT SCIENCE, VOL. 89, NO. 7, 10 OCTOBER 2005 1192 

e-mail: ks410@cam.ac.uk 

Variation in male mating behaviour within  
ungulate populations: patterns and processes 
 
Kavita Isvaran 
Large Animal Research Group, Department of Zoology, University of Cambridge, Downing Street, Cambridge CB2 3EJ, UK 
 

Intraspecific variation in male mating behaviour is wide-
spread in ungulates. Such variation is particularly 
dramatic when it takes distinct forms, and these discrete 
behavioural patterns are called alternative tactics. Al-
ternative male mating tactics in ungulates include  
female-defence, resource-defence, and lekking. I review 
patterns and processes in variation in male mating tac-
tics within (as separate from between) ungulate popu-
lations. Across ungulates, the greatest diversity of mating 
tactics is typically shown by lekking populations. Males 
rarely show irreversible patterns, but often switch be-
tween two or more mating tactics. Overall, variation 
in mating tactics is most likely maintained as a condi-
tional strategy influenced by multiple internal factors 
(especially age, health, body size) and external factors 
(particularly density at small, local scales). Much work 
remains to be done on the costs and benefits associ-
ated with different tactics, proximate mechanisms, the 
role of frequency-dependent selection, and the evolu-
tion of female mating behaviour. 
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IT has long been thought that all individuals of one sex of 
a species display species-specific behaviour. This ‘typo-
logical’ notion is now known to be false. As with other 
aspects of phenotype, there is wide variation in behaviour 
within a species, and often even within a population1. One 
aspect of behaviour that shows such extensive variation is 
mating behaviour. Broad intraspecific variation in mating 
behaviour is seen in diverse animal taxa including arthro-
pods, fish, amphibians, reptiles, birds and mammals1–5. 
Among mammals, variation in mating behaviour within 
populations is particularly common in ungulates6–10. Such 
intraspecific variation within a population is puzzling be-
cause the trait with the highest fitness is expected to drive 
the other variants to extinction. In this paper, I examine 
patterns and processes in variation in male mating behav-
iour within ungulate populations by reviewing results 
from well-studied species. 
 I first describe the most frequently observed patterns of 
variation within ungulate populations. I focus on discrete 
variation (e.g. female-defence and resource-defence in 

the same population) rather than on continuous variation 
(e.g. variation in the size of resource territories in a popu-
lation) because discrete differences are arguably the most 
dramatic form of intraspecific variation. A body of litera-
ture which has developed from an interest in discrete 
variation and which provides a framework for the analy-
sis of such variation is the literature on alternative tactics. 
I present a brief background on alternative tactics, focus-
ing on the main processes thought to maintain variation 
in behaviour. I then discuss the relative importance of 
these processes in maintaining alternative male mating 
tactics in ungulates. 

Patterns of intraspecific variation in ungulates 

The two most common ways in which male ungulates attempt 
to gain matings are by defending females or resources. 
There are several forms of female-defence. Males may 
exclusively monopolize relatively stable groups of females 
(harem-defence: e.g. red deer Cervus elaphus11; feral 
horse Equus caballus12). Males may try to mate with females 
in mixed-sex groups containing more than one adult male 
(female-following: e.g., African buffalo Syncerus caffer13; 
fallow deer Dama dama10); this may variously include the 
temporary defence of oestrus females from other males in 
the group and the establishment of stable dominance hier-
archies. In another form of female-defence, males move 
over large areas searching for, briefly associating with, 
and trying to mate with oestrous females (roving: e.g., alpine 
ibex Capra ibex14). The second common type of male 
mating tactic is to defend territories containing resources, 
such as forage, that predictably attract females (resource-
based territories: e.g., blackbuck Antilope cervicapra15–17, 
puku Kobus vardoni18). Territorial males attempt to mate 
with oestrous females as they move through these territo-
ries in search of resources. Resource-based territories in 
ungulates usually cover only a small part of the daily 
range of females and are largely mating territories19. Re-
source-based territories are frequently clustered and vary 
widely both among and within species in their size, ag-
gregation, and abundance of resources that they contain. 
 Although the different forms of female- and resource-
defence can each occur as the only mating tactic in many 
ungulate populations, in some, two or more of these tac-
tics may occur together; furthermore, they may be found 
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Table 1. Ungulates in which alternative male mating tactics have been studied 

Species      Mating tactics described within a population  Ref. 
 

Bighorn sheep Tending, blocking, coursing 41 
 Ovis canadensis   
Fringe-eared oryx Female-following, resource-based territories 52 
 Oryx gazella   
Topi i. Female-following, resource-based territories 22 
 Damaliscus lunatus ii. Resource-based territories, satellite territories, lek territories 8, 27 
Waterbuck Resource-based territories, satellite behaviour, female-following 20 
 Kobus ellipsyprymnus   
Uganda kob Female-following, solitary territories, lek territories, forced copulation attempts  40 
 Kobus kob thomasi of females on territories by non-territorial males   
Kafue lechwe Female-following, solitary territories, lek territories, forced copulation attempts  21 
 Kobus leche kafuensis of females on territories by non-territorial males    
Black lechwe Female-following, resource-based territories 21 
 Kobus leche smithemani   
Blackbuck Female-following, solitary territories, resource-based territories, lek territories, 17, 23, 
 Antilope cervicapra forced copulation attempts of females on territories by non-territorial males 28 
Fallow deer i. Female-following, solitary territories, lek territories, forced copulation attempts  6, 9, 50 
 Dama dama of females on territories by non-territorial males, satellite territories (in some populations),  
 resource-based territories (in some populations)  
  ii. Female-following, resource-based territories 53  
Red deer i. Harem-defence, sneaking matings 11 
 Cervus elaphus ii. Harem-defence, resource-based territories 54 
Feral horse i. Unimale defense of female groups, multimale defense of female groups,   55 
 Equus caballus  sneaking matings 
 ii. Roving, harem-defence, resource-based territories 12 
White rhinoceros Resource-based territories, satellite behaviour 56 
 Ceratotherium simum   
 

 
 
even with entirely different kinds of mating behaviour 
(Table 1). For example, harem-defence is often accompa-
nied with sneaking tactics. Here, not all males attempt to 
defend groups of females; some may remain close to groups 
and try to sneak matings with females (e.g., red deer11). 
Harem-defence has also been observed along with roving 
behaviour (feral horse Equus caballus12). Where resource-
defence is common, an alternative, satellite behaviour, is 
sometimes also seen. For example, in the waterbuck Kobus 
ellipsiprymnus some males defend resource territories 
while others (‘satellite males’20) are tolerated within these 
territories and help defend them but gain very few mat-
ings20. In some ungulates, males may show both female-
following and resource-based territoriality. For example, 
in the black lechwe Kobus leche smithemani21 and in 
some topi Damaliscus lunatus, fallow deer, and black-
buck populations7,10,22,23, some males defend resource-
based territories in a part of the range used by females 
while others attempt to mate with females in mixed-sex 
herds. 
 Perhaps the widest range of mating tactics in ungulates 
occurs in populations of lekking species (Table 1). Lek-
king is a rare mating behaviour where males defend tiny 
mating territories in large aggregations. These territories 
do not contain any obvious resources used by females and 
females visit the territorial aggregations (leks) solely for 
mating24,25. In most lekking ungulate populations, only a 
subset of males hold territories on leks. Other males may 

defend solitary territories, defend resource-based territo-
ries, try to mate with females in mixed-sex herds, or in-
trude onto territories and force copulations with females 
(e.g., Uganda kob Kobus kob thomasi26, topi27, fallow deer6, 
blackbuck28,29, Kafue lechwe Kobus leche kafuensis21). 

Discrete (or discontinuous) variation in  
behaviour: alternative tactics 

As in other taxa, such as insects and birds, the most strik-
ing behavioural variation within ungulate populations is 
usually discrete (e.g. males displaying lekking, resource-
defence, and female-following within the same population). 
Because such variation involves more dramatic differ-
ences in behaviour and is, thus, more difficult to explain, I 
focus on discrete variation, rather than on more common 
continuous variation (e.g., differences among males in the 
number of females they defend, variation in the size of 
resource-based territories). Discrete variants of behaviour 
have been variously termed alternative tactics, variants, 
alternative phenotypes, etc.30–33. They are thought to be the 
outcomes of a strategy. A strategy is defined as an evolved 
rule that specifies the allocation of somatic and reproduc-
tive effort to alternative tactics30,32. Different decision 
rules of this kind are termed alternative strategies. While 
a tactic refers to a discrete behaviour pattern, a strategy 
refers to a decision rule that results in a sequence of dis-
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crete behaviour patterns (i.e. a sequence of tactics) that 
individuals adopt over their life time. Therefore, indi-
viduals within a population may follow a single strategy but 
still display multiple tactics. For example, in some ungulate 
populations, males typically attempt to sneak matings when 
young, but switch to defending harems when older11. 
 Alternative tactics and strategies are the subjects of a 
large literature (reviewed in refs 3–5, 33). The broad types 
of patterns in behavioural variation identified are (i) irre-
versible phenotypes, where individuals adopt a single tactic 
over their lifetime and population variation is a conse-
quence of differences among individuals in the tactics 
they adopt, and (ii) reversible phenotypes, where individu-
als either adopt different tactics sequentially or switch 
back and forth between tactics; here, population variation 
is a consequence of variation both within and among indi-
viduals5. Diverse mechanisms have been proposed to ex-
plain these patterns. First, individuals may adopt different 
tactics based on their condition or status or on environ-
mental cues (condition-dependent or status-dependent or 
conditional strategy)30,33–36. Second, an individual’s be-
haviour may be constrained by its condition or status 
(making-the-best-of-a-bad-job strategy)30. Third, alternative 
phenotypes may be maintained by frequency-dependent 
selection influencing a genetic polymorphism (alternative 
strategies)32,37. Frequency-dependent selection may also 
act on how likely an individual is to display the alternative 
mating tactics (stochastic mixed strategy)32,38. These proc-
esses are not necessarily exclusive and there is increasing 
evidence that multiple mechanisms probably maintain al-
ternative tactics within a population5,33. These processes 
are explored in further detail in the next section. Despite 
over two decades of research, the distinctions between  
 
 
 

 
 
Figure 1. An example of the general process that is likely to maintain 
alternative male mating tactics within a population. Arrows point to the 
local density after which males should switch from one optimal tactic 
to the other. Fitnesses of the two tactics are equal at the switchpoint 
and, after this point, the fitness difference between the two tactics 
switches. See text for explanation. 

strategies and tactics, the different kinds of strategies, and 
the role of genetic and environmental influences in the 
expression of strategies are still debated2,4,5,33,39. Notwith-
standing this controversy, the strong theoretical frame-
work developed in the alternative strategies and tactics 
literature can be used to examine the processes that main-
tain behavioural variation within ungulate populations. 

What maintains alternative mating tactics within  
ungulate populations? 

Despite the debate in the alternative phenotypes literature, 
most studies agree that the most common form of pheno-
typic diversity is a conditional strategy involving alternative 
tactics4,5,33. Based on internal or external cues, individu-
als may (i) adopt only one tactic (of many possible tac-
tics) through their lifetime, or (ii) display multiple tactics 
over their lifetime, either sequentially adopting different 
tactics or switching back and forth between alternative tac-
tics. Why do we see these alternative tactics? The most 
general explanation involves variation in the fitness of 
the alternative phenotypes. If two phenotypes vary along 
an existing environmental gradient in such a way that 
there are some points along the gradient where one phe-
notype has a higher fitness and other points where their 
relative fitnesses switch, then we expect to see these alter-
native phenotypes maintained in the population (Figure 
1). For example, let us suppose that female densities vary 
spatially within a population in response to local varia-
tion in resources. Let the two mating tactics available to 
males be to try to mate with females in mixed-sex herds 
(female-following) or to defend resource-based territories 
(resource-defence). If the fitness of these two tactics var-
ies with female density (Figure 1), then we would expect 
males to adopt female-following in areas where densities 
are low and switch to resource-defence in areas with high 
female densities. Additionally, variation in male mating 
tactics may be further favoured by variation among males 
in the optimal switch point between the two tactics. This 
optimal switch point can change if other factors influenc-
ing the fitness of tactics vary. For example, age often influ-
ences the outcome of male–male aggression, with older 
males more likely to win fights than younger males. If re-
source-defence carries large aggression costs, then young 
males may experience greater costs than old males. There-
fore, young males may be selected to switch to the more 
costly tactic at a higher density than old males (Figure 1). 
Thus, in this example, age together with variation in fe-
male densities maintain alternative male mating tactics 
within a population. Density and age are only two of many 
factors that may cause fitnesses of alternative mating tactics 
to vary. What are possible factors that may lead to variation 
in costs and benefits of alternative male mating tactics and, 
thus, maintain variation in ungulate populations? 
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Differences in internal factors among males 

Males within a population commonly vary in condition 
(health, energy reserves). Costs and benefits of alternative 
mating tactics, and thus the tactic that is optimal, are likely 
to vary with condition. Therefore, males may be favoured 
to follow a condition-dependent strategy, an evolved decision-
making rule that specified which tactic a male should adopt 
as his condition changes33. Alternative phenotypes are then 
maintained in the population as long as male condition 
varies. For example, in lekking Uganda kob and black-
buck, males primarily defend territories on leks. This be-
haviour is costly and males lose condition, at which time 
they are observed to move to single territories or bachelor 
herds, feed, and return to leks to display once more to 
oestrous females (ref. 40, Isvaran unpublished data). 
 Two similar types of conditional strategies are status- 
and age-dependent strategies, where males of different 
status or ages follow different tactics. Subordinate male 
bighorn sheep attempt to chase and force copulations on 
oestrous females while dominant males defend females 
for a large part of their oestrus period41. Dominant males 
appear to perform better than subordinate males in direct 
combat. If subordinate males were to attempt defending 
females, they would likely suffer the costs of fighting 
with dominant males but gain few matings because domi-
nant males would outcompete them. Therefore, a better tactic 
for subordinate males might be to chase females and force 
matings. Hoggs and Forbes41 found that up to 40% of 
lambs in a population may be fathered by males following 
such harassing tactics. Selection would then act on the 
status at which males switch from forcing matings to de-
fending females. Such a conditional strategy involves a 
switch point (age or dominance status) at which the fit-
nesses of the two tactics are equal. Note that while the fit-
nesses are equal at a particular age, across the population, 
the mean fitness of males following one tactic is not nec-
essarily equal to that of males following the other tactic33. 
 A different kind of conditional strategy common in ungu-
lates is the making-the-best-of-a-bad-situation strategy. 
Males in poor condition are likely unable to bear the costs 
associated with successful mating tactics and they may, 
thus, be forced to adopt tactics that yield low mating bene-
fits. Several studies suggest that such conditional strate-
gies may be common in ungulates9,27. For example, in the 
topi, an African antelope, the main mating options avail-
able to a male are to defend resource-based territories or 
territories on leks27,42. Average mating benefits per day 
are higher for lek territories compared with resource-
based territories. This difference is apparently due to a 
female preference for mating with males on central lek 
territories43. The costs (fights, injuries, and time spent 
without feeding) are also high on lek territories and low 
on resource territories, largely because males compete 
fiercely for access to territories preferred by females27,42. 
Bro-Jørgensen and Durant27 found that males on lek terri-

tories were much larger than resource defenders and, there-
fore, likely better able to defend these high-benefit 
territories. These findings suggest that alternative mating 
tactics in topi can be explained by males following a con-
dition-dependent strategy influenced by body size: larger 
males defend lek territories while smaller males are 
forced to adopt less-successful resource-defending tactics. 

Variation in external conditions 

The fitness differences between alternative male mating 
tactics may change because of spatial and temporal variation 
in external conditions such as weather, resources, preda-
tion, and animal densities. Local density appears to be particu-
larly important in ungulates10,25. Within a population, small-
scale spatial variation in density may generate variation 
in the payoffs (net benefits, taking costs into account) of 
alternative male mating tactics (density-dependent selec-
tion). For example, in lekking blackbuck populations, leks 
are found in areas of high local female numbers and dis-
persed territories in areas of low female numbers29. Fur-
thermore, in this study, males appeared to respond to the 
local distribution of females (local density) rather than to 
overall population density. Similarly, in fallow deer, 
males lek in areas of high local female density and show 
female-following and defence of solitary territories in other 
areas within the population9. Local numbers of females 
may influence male mating tactics because the number of 
oestrus females in an area represents the maximum poten-
tial mating opportunities available to males in that area; 
hence, leks may be associated with high local female 
numbers because costly tactics such as lekking will be 
favoured only when these costs are offset by high poten-
tial benefits. 
 The effect of female distribution on the payoffs to male 
mating tactics has also been experimentally demonstrated 
in a forest population of red deer44. Although harem-
defence is the most common mating tactic in male red 
deer, resource-based territoriality has been reported 
alongside harem-defence in a few Spanish populations. 
Carranza et al.44 focused on an area in Spain where male 
red deer commonly held harems and did not show re-
source-defence. Resources were typically sparsely dis-
tributed in this area, as were females. Carranza et al.44 
experimentally provided clumped resources. They then 
observed females aggregating at these resource clumps. 
This was followed by males switching from defending 
harems to holding territories at these experimental re-
source sites. Carranza et al.44 suggest that when females 
are dispersed, males do better to hold harems, whereas 
when females are concentrated, resource-defence may 
yield greater reproductive success than harem-defence. 
 Apart from spatial variation in density, moderate to 
high local density in itself may be an important prerequi-
site for maintaining alternative male mating tactics in un-
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Table 2. Relationship between population density and diversity of alternative male mating tactics within a population in a group of African  
  antelope, Kobus spp. 

Species Density (km–2) Mating tactics described within a population Ref. 
 

Red lechwe 7–12 RT 57 
 Kobus leche leche  
Puku 35 RT 45 
 Kobus vardoni  
Black lechwe 134 RT, FF 21, 58 
 Kobus leche smithemani  
Waterbuck 70–106 RT, SB, FF 20 
 Kobus ellipsyprymnus  
Kafue lechwe 70–1000 LT, ST, FM, FF 59 
 Kobus leche kafuensis  
Uganda kob 136 LT, ST, FM, FF 40 
 Kobus kob thomasi 
 

RT – Resource-based territories; FF – Female-following; SB – Satellite behaviour;  LT – Lek territories; ST – Solitary territories; FM – Forced 
mating attempts with females on territories by non-territorial males. 

 
 
gulates. A survey of a closely related set of African ante-
lope (Kobus spp, Table 2) suggests that the number of al-
ternative mating tactics seen in a population is positively 
related to density. In species at low densities, males de-
fend resource-based territories (e.g. puku45). In species at 
intermediate densities, males may defend resource-based 
territories, show female-following behaviour or perhaps 
follow a satellite tactic in the proximity of resource-based 
territories (e.g., waterbuck20). At high densities, males 
may lek, defend solitary or resource-based territories, 
show female-following behaviour, and intrude onto terri-
tories to try to force matings on females (e.g., Kafue 
lechwe21). Studies report similar patterns within species. 
For example, a reduction in kob density was associated 
with the disappearance of lekking from the repertoire of 
mating tactics in the population25. In blackbuck, looking 
across populations, an increase in local female densities 
was related to an increase in the number of male mating 
tactics and the frequency of relatively costly tactics (Fig-
ure 2). How local density influences the payoffs of alter-
native mating tactics is still not well understood. A 
plausible explanation is that increased local female num-
bers can favour costly tactics by providing greater poten-
tial mating benefits and thereby generating greater male–
male competition. Furthermore, in some lekking species, 
females show strong mating preferences. This can further 
skew the distribution of matings among males so that 
only a small proportion of males in a population gain 
matings. Therefore, when costly tactics are favoured and 
there is a strong mating skew, males at a competitive dis-
advantage (e.g., males in poor condition, young males) 
may choose to adopt less costly alternatives, because, for 
these males, less costly tactics yield greater benefits than 
more costly alternatives. High local density may, thus, 
maintain alternative tactics in a population through its in-
fluence on maximum potential mating benefits. 
 External conditions may change not only over space 
but also over time. Accordingly, payoffs to alternative 

mating tactics and, thus, the optimal tactic may show 
temporal changes. Modelling efforts have shown that a 
potentially important source of such temporal variation in 
payoffs is synchrony among females in oestrus46,47. Under 
conditions of oestrus synchrony, the number of receptive 
females sharply increases and then decreases. When more 
females are available, relatively costly tactics may be fa-
voured because high mating benefits can offset the large 
costs of more competitive tactics. However, as the num-
ber of females in oestrus declines, it may pay to switch to 
less costly tactics. A model of mating tactics in black-
buck predicted that males should defend solitary territo-
ries or display to females in mixed-sex groups (both low-
cost tactics) when female numbers are low, but switch to 
lekking (a high-cost tactic) when oestrous female numbers 
increase47. Empirical data suggest that male blackbuck 
may indeed be sensitive to changing payoffs associated 
with temporal changes in female numbers23. For example, 
in the spring mating peak of 2001, the number of females 
visiting a lek increased sharply from mid February to mid 
March and declined thereafter. Corresponding with this, 
the frequency of males adopting lekking also increased 
(from 35 to 88 males) and later decreased23. 

Frequency-dependence 

It is increasingly recognized that the behaviour of an 
animal is not only influenced by condition (health, energy 
reserves) and environmental factors (e.g., resources, pre-
dation) but may also be affected by social interactions. 
The optimal behaviour of an individual will likely depend 
on the behaviour of other individuals in the population. 
Game theoretical models have shown that alternative 
phenotypes may be maintained when the success of a 
phenotype depends on its frequency in the population32,48. 
If the fitnesses of two tactics A and B are high when they 
are rare and low when they are common in the popula-
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tion, then any increase in the frequency of A will lead to 
a reduction in its fitness. The fitness and, consequently, 
the frequency of B will increase, which in turn will result 
in a depression in the fitness of B and so on. Many theo-
retical and empirical studies have focused on such nega-
tive frequency-dependence because this simple process is 
thought to be the most likely to maintain stable frequen-
cies of alternative phenotypes in a population5,32,48. In 
contrast, other factors, such as the internal and external 
factors described previously, will maintain alternative 
phenotypes only as long as they show sufficient variation 
so that fitness differences between alternative tactics 
vary. 
 
 
 

 
 
Figure 2. Relative frequencies of male mating tactics in relation to 
local female numbers (represented by female group size) across nine 
blackbuck populations (1998–1999). The main male mating tactics in 
blackbuck are (i) to defend solitary, often resource-based territories; 
(ii) to defend a territory in a cluster (these territories vary widely in 
size and resource abundance and in the degree to which they are clus-
tered23,29); and (iii) to defend a territory on classical leks (aggregations 
of many, small territories with no resources which are visited by fe-
males solely for mating). All tactics are not seen in all populations. 
Populations vary in the types and frequencies of mating tactics adopted 
by males. Across populations, an increase in female group size is asso-
ciated with an increase in costlier tactics. The frequency of males hold-
ing solitary territories (low-cost tactic) is highest in populations where 
females are distributed in small groups and decreases with female 
group size. The frequency of defending a territory in a cluster (inter-
mediate-cost tactic) increases with female group size, peaks at interme-
diate group sizes, and declines when females are distributed in the 
landscape in large concentrations. In populations with the largest fe-
male group sizes, classical lekking, the costliest tactic, appears and is 
predominant; lower levels of all other tactics (and additional sneaking 
and harassing tactics by juvenile males) are seen in lekking popula-
tions. Another male tactic commonly seen in blackbuck is to display to 
and attempt to mount females in mixed-sex herds. The frequency of 
this tactic is not shown here because males adopting this tactic have 
never been observed to mate successfully15,16,23. 

 Current evidence for frequency-dependent selection in 
ungulates is inconclusive. This form of selection predicts 
that in stable populations, alternative phenotypes will 
have equal fitnesses. This prediction is not supported in 
ungulates such as Uganda kob and topi, where males who 
defend lek territories have higher mating success than 
males who defend solitary territories27,40. However, com-
paring fitnesses is problematic because populations usu-
ally experience some stochasticity and populations may 
never be at an evolutionarily stable state. Additionally, 
information on fitness over the lifetime of individuals is 
essential, but these are difficult to obtain in such long-
lived species. Furthermore, fitnesses of alternative pheno-
types are only expected to be equal if they are maintained 
solely by negative frequency-dependence either as alter-
native genetic strategies or as alternative tactics within a 
stochastic mixed strategy (see ref. 33). Both these pat-
terns are thought to be rare in wild populations33. Instead, 
recent studies suggest that frequency-dependent selection 
is unlikely to be the only factor maintaining variation and 
is much more likely to act along with some form of con-
dition-dependence4,5,33 and/or with density-dependence49. 
For example, even though age and dominance may influence 
whether a male bighorn sheep attempts to defend females 
or to force matings on females, frequency-dependence 
may influence the switchpoint (age, dominance) at which 
males switch between the two tactics41. 
 Although this paper has focused on alternative tactics, 
it is important to note that in some ungulates, the tactics 
are not entirely discrete. In some cases, the variation in 
mating behaviour is so great that it is difficult to distin-
guish between tactics (e.g., some populations of fallow 
deer10, and blackbuck29). For example, the size and clus-
tering of territories may vary so much that it is difficult to 
distinguish between resource-based territories, clustered 
mating territories, and classical lek territories. Although 
this variation may make categorizing behaviour difficult, 
such variation provides the opportunity to quantify the 
shape of the relationship between mating behaviour and 
potential selective factors. This can give additional in-
sights into the nature of evolutionary processes acting on 
mating behaviour. Nevertheless, most of the variation 
that makes certain forms of ungulate male mating behav-
iour (particularly territoriality) appear to be continuous 
rather than discrete is seen only when behaviour from 
multiple populations of a species is pooled together. 
Within a population, variation in male mating behaviour 
is more limited and can usually be treated as discrete 
(e.g., refs 6, 9). 

Alternative mating tactics in ungulates:  
Conclusions and future directions 

Discontinuous variation in mating behaviour appears to 
be widespread among ungulates, especially in bovids and 
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cervids. Although systematic and detailed studies of alter-
native mating tactics within ungulate populations are not 
numerous, some general patterns can be identified. 
 Males rarely show irreversible patterns, that is, they do 
not adopt just one tactic throughout their lifetime. Males 
commonly switch between two or more tactics, often within 
a single breeding season. For example, in a single season, 
males in Uganda kob may switch between lek and soli-
tary territories40, in fallow deer between lek territories, 
solitary territories and mixed-sex groups50, and in bighorn 
sheep between female-defence and harassing tactics41. 
 Alternative mating tactics within a population are most 
likely maintained as part of a conditional strategy influ-
enced by multiple internal and external factors. Tactics that 
males adopt commonly change with age, size and condi-
tion. Young males are more likely to adopt sneaking or har-
assing tactics and pursue and try to mate, sometimes 
forcibly, with oestrous females, whereas adults may adopt 
other tactics such as harem-defence, resource territories 
or lek territories6,11,41. Relatively large males may adopt 
high-cost, high-benefit tactics such as lekking, while 
smaller males may be forced to adopt tactics that yield 
fewer mating benefits27,40. Similarly, males may switch be-
tween tactics in response to changes in condition. Other 
than these internal factors, female and male local densities 
appear to be important external factors contributing to the 
maintenance of alternative mating tactics within a popula-
tion. There is also some evidence that oestrus synchrony is 
important. The mechanisms by which these external fac-
tors influence the costs and benefits of alternative mating 
tactics are still not understood. 
 Much work remains to be done on the factors maintain-
ing alternative male mating tactics, and more generally, 
intraspecific variation in ungulates. First, to understand the 
costs and benefits of alternative phenotypes and the fac-
tors influencing them, data collected over an individual’s 
lifetime (or a significant portion of it) are needed. Such data 
are still limited to a few species (e.g., red deer, bighorn 
sheep). Second, most studies have focused on evolutionary 
questions and less is known about proximate mechanisms 
underlying alternative mating tactics, such as the informa-
tion that individuals use in the decision-making process, 
the factors that affect the condition of individuals, and the 
influence of factors acting early in the development of 
individuals. Third, the role of frequency dependence in 
maintaining alternative mating tactics in ungulates is still 
not well known. Frequency-dependent selection will most 
likely influence the point at which an individual switches 
from one tactic to another. For example, in lekking species, 
it is likely that the mating success of a male within a lek 
decreases as the number of males joining a lek increases 
(as is reported in some lekking birds51). When this happens, 
males who switch from lekking to other tactics such as 
resource territories may do better. Finally, most work on 
mating behaviour in ungulates has focused on male be-
haviour. Much less is known about female behaviour and 

how it affects male mating tactics; the factors that influ-
ence female mating behaviour; and whether females show 
alternative mating tactics. Behavioural variation in ungu-
late populations is an exciting area of research, which is 
likely to provide insights not only into the evolution of 
ungulate behaviour but also, more generally, into the evo-
lution of individual decision-making. 
 
 

1. Lott, D. F., Intraspecific Variation in the Social Systems of Wild 
Vertebrates, Cambridge University Press, Cambridge, 1991. 

2. Austad, S. N., A classification of alternative reproductive behav-
iors and methods for field-testing of ESS models. Am. Zool., 1984, 
24, 309–320. 

3. Andersson, M., Sexual Selection, Princeton University Press, New 
Jersey, 1994. 

4. Taborsky, M., Sneakers, satellites, and helpers – Parasitic and co-
operative behavior in fish reproduction. Adv. Stud. Behav., 1994, 
23, 1–100. 

5. Brockmann, H. J., The evolution of alternative strategies and tac-
tics. Adv. Stud. Behav., 2001, 30, 1–51. 

6. Clutton-Brock, T. H., Green, D., Hiraiwa-Hasegawa, M. and Al-
bon, S. D., Passing the buck – Resource defense, lek breeding and 
mate choice in fallow deer. Behav. Ecol. Sociobiol., 1988, 23, 
281–296. 

7. Gosling, L. M., The evolution of the mating strategies in male an-
telopes. In Ecological Aspects of Social Evolution: Birds and 
Mammals (eds Rubenstein, D. I. and Wrangham, R. W.), Princeton 
University Press, Princeton, 1986, pp. 244–281. 

8. Gosling, L. M., The alternative mating strategies of male topi, 
Damaliscus lunatus. Appl. Anim. Behav. Sci., 1991, 29, 107–119. 

9. Apollonio, M., Festabianchet, M., Mari, F., Mattioli, S. and Sarno, 
B., To lek or not to lek – Mating strategies of male fallow deer. 
Behav. Ecol., 1992, 3, 25–31. 

10. Thirgood, S., Langbein, J. and Putman, R. J., Intraspecific varia-
tion in ungulate mating strategies: The case of the flexible fallow 
deer. Adv. Stud. Behav., 1999, 28, 333–361. 

11. Clutton-Brock, T. H., Guinness, F. E. and Albon, S. D., Red Deer: 
Behavior and Ecology of Two Sexes, Edinburgh University Press, 
Edinburgh, 1982. 

12. Rubenstein, D. I., Ecology and sociality in horses and zebras. In 
Ecological Aspects of Social Evolution: Birds and Mammals (eds 
Rubenstein, D. I. and Wrangham, R. W.), Princeton University 
Press, Princeton, 1986, pp. 282–302. 

13. Sinclair, A. R. E., The African Buffalo: A Study of Resource Limi-
tation of Populations, Chicago University Press, Chicago, 1977. 

14. Apollonio, M., Mauri, L. and Bassano, B., Reproductive strategies 
of male alpine ibex in Gran Paradiso National Park. 2nd World 
Conference on Mountain Ungulates, 1997, Abstract volume 12. 

15. Mungall, E. C., The Indian Blackbuck Antelope: A Texas View, Kle-
berg Studies in Natural Resources, College Station, Texas, 1978. 

16. Prasad, N. L. N. S., Territoriality in the Indian blackbuck, Anti-
lope cervicapra (Linnaeus). J. Bombay Nat. Hist. Soc., 1989, 86, 
187–193. 

17. Ranjitsinh, M. K., The Indian Blackbuck, Natraj Publishers, De-
hradun, 1989. 

18. Rosser, A. M., Resource distribution, density, and determinants of 
mate access in puku. Behav. Ecol., 1992, 3, 13–24. 

19. Clutton-Brock, T. H., Mammalian mating systems. Proc. R. Soc. 
London B, 1989, 236, 339–372. 

20. Wirtz, P., Territory holders, satellite males and bachelor males in 
a high density population of waterbuck (Kobus ellipsiprymnus) 
and their association with conspecifics. Z. Tierpsychol., 1982, 58, 
277–300. 

21. Nefdt, R. J. C. and Thirgood, S. J., Lekking, resource defense, and 
harassment in two subspecies of lechwe antelope. Behav. Ecol., 
1997, 8, 1–9. 



SPECIAL SECTION: ANIMAL BEHAVIOUR 
 

CURRENT SCIENCE, VOL. 89, NO. 7, 10 OCTOBER 2005 1199 

22. Jewell, P. A., Social organisation and movements of topi (Damal-
iscus korrigum) during the rut at Inshasha, Queen Elizabeth Park, 
Uganda. Zool. Afr., 1972, 7, 233–255. 

23. Isvaran, K., The evolution of lekking: Insights from a species with 
a flexible mating system. Ph D Dissertation, University of Florida, 
Gainesville, 2003. 

24. Bradbury, J., The evolution of leks. In Natural Selection and So-
cial Behavior (eds Alexander, R. D. and Tinkle, T. W.), Carron 
Press, New York, 1981, pp. 138–169. 

25. Clutton-Brock, T. H., Deutsch, J. C. and Nefdt, R. J. C., The evo-
lution of ungulate leks. Anim. Behav., 1993, 46, 1121–1138. 

26. Balmford, A., Albon, S. and Blakeman, S., Correlates of male 
mating success and female choice in a lek-breeding antelope. Be-
hav. Ecol., 1992, 3, 112–123. 

27. Bro-Jørgensen, J. and Durant, S. M., Mating strategies of topi 
bulls: Getting in the centre of attention. Anim. Behav., 2003, 65, 
585–594. 

28. Isvaran, K. and Jhala, Y., Variation in lekking costs in blackbuck 
(Antilope cervicapra): Relationship to lek-territory location and 
female mating patterns. Behaviour, 2000, 137, 547–563. 

29. Isvaran, K., Female grouping best predicts lekking in blackbuck 
(Antilope cervicapra). Behav. Ecol. Sociobiol., 2005, 57, 283–294. 

30. Dawkins, R., Good strategy or evolutionarily stable strategy? In 
Sociobiology: Beyond Nature/Nurture (eds Barlow, G. W. and 
Silverberg, J.), Westview Press, Boulder, 1980, pp. 331–367. 

31. Dunbar, R. I. M., Intraspecific variations in mating strategy. In 
Perspectives in Ethology (eds Bateson, P. P. G. and Klopfer, P. 
H.), Plenum Press, New York, 1982, pp. 385–431. 

32. Maynard Smith, J., Evolution and the Theory of Games, Cam-
bridge University Press, Cambridge, 1982. 

33. Gross, M. R., Alternative reproductive strategies and tactics: Di-
versity within the sexes. Trends Ecol. Evol., 1996, 11, 92–98. 

34. Parker, G. A., Phenotype-limited evolutionary strategies. In Cur-
rent Problems in Sociobiology (ed. King’s College Sociobiology 
Group), Cambridge University Press, Cambridge, 1982, pp. 173–
201. 

35. Dominey, W. J., Alternative mating tactics and evolutionarily sta-
ble strategies. Am. Zool., 1984, 29, 385–396. 

36. Emlen, D. J., Environmental control of horn length dimorphism in 
the beetle Onthophagus acuminatus (Coleoptera: Scarabaeidae). 
Proc. R. Soc. London B, 1994, 256, 131–136. 

37. Rubenstein, D. I., On the evolution of alternative mating strategies. 
In Limits to Action: The Allocation of Individual Behavior (ed. 
Stadden, J. E. R.), Academic Press, New York, 1980, pp. 65–100. 

38. Brockmann, H. J., Grafen, A. and Dawkins, R., Evolutionary sta-
ble nesting strategy in the digger wasp. J. Theor. Biol. 1979, 77, 
473–496. 

39. Caro, T. M. and Bateson, P., Organization and ontogeny of alter-
native tactics. Anim. Behav., 1986, 34, 1483–1499. 

40. Balmford, A. P., Lekking in Uganda kob. Ph D Dissertation, Uni-
versity of Cambridge, Cambridge, 1990. 

41. Hogg, J. T. and Forbes, S. H., Mating in bighorn sheep: Frequent 
male reproduction via a high-risk unconventional tactic. Behav. 
Ecol. Sociobiol., 1997, 41, 33–48. 

42. Gosling, L. M. and Petrie, M., Lekking in topi – A consequence of 
satellite behavior by small males at hotspots. Anim. Behav., 1990, 
40, 272–287. 

43. Bro-Jørgensen, J., Overt female mate competition and preference 
for central males in a lekking antelope. Proc. Natl. Acad. Sci. 
USA, 2002, 99, 9290–9293. 

44. Carranza, J., Garciamunoz, A. J. and Vargas, J. D., Experimental 
shifting from harem defense to territoriality in rutting red deer. 
Anim. Behav., 1995, 49, 551–554. 

45. Rosser, A. M., Resource defence in an African antelope, the Puku 
(Kobus vardoni). Ph D Dissertation, University of Cambridge, 
Cambridge, 1987. 

46. Emlen, S. T. and Oring, L. W., Ecology, sexual selection, and the 
evolution of mating systems. Science, 1977, 197, 215–223. 

47. Isvaran, K. and St. Mary, C. M., When should males lek? Insights 
from a dynamic state variable model. Behav. Ecol., 2003, 14, 876–
886. 

48. Gadgil, M., Male dimorphism as a consequence of sexual selec-
tion. Am. Nat., 1972, 106, 574–580. 

49. Lucas, J. R., Howard, R. D. and Palmer, J. G., Callers and satel-
lites: Chorus behaviour in anurans as a stochastic dynamic game. 
Anim. Behav., 1996, 51, 501–518. 

50. Thirgood, S. J., Alternative mating strategies and reproductive 
success in fallow deer. Behaviour, 1991, 116, 1–10. 

51. Widemo, F. and Owens, I. P. F., Lek size, male mating skew and 
the evolution of lekking. Nature, 1995, 373, 148–151. 

52. Wacher, T. J., Social organisation in the Hippotraginae. In Con-
servation and Biology of Desert Antelopes (eds Dixon, A. and 
Jones, D.), Christopher Helm, London, 1988, pp. 102–113. 

53. Moore, N. P., Kelly, P. F., Cahill, J. P. and Hayden, T. J., Mating 
strategies and mating success of fallow (Dama dama) bucks in a 
non-lekking population. Behav. Ecol. Sociobiol., 1995, 36, 91–100. 

54. Carranza, J., Alvarez, F. and Redondo, T., Territoriality as a mat-
ing strategy in red deer. Anim. Behav., 1990, 40, 79–88. 

55. Feh, C., Alliances and reproductive success in Camargue stallions. 
Anim. Behav., 1999, 57, 705–713. 

56. Owen-Smith, R. N., The social ethology of the white rhinoceros 
Ceratotherium simum (Burchell 1817). Ethology, 1975, 38, 337–
384. 

57. Williamson, D. T., Social behaviour and organization of red 
lechwe in the Linyanti Swamp. Afr. J. Ecol., 1994, 32, 130–141. 

58. Thirgood, S. J., Robertson, A., Jarvis, A. M., Belbin, S. V., 
Robertson, D., Nefdt, R. J. and Kamweneshe, B., Mating system 
and ecology of black lechwe (Kobus, Bovidae) in Zambia. J. 
Zool., 1992, 228, 155–172. 

59. Nefdt, R. J. C., Lek-breeding in Kafue lechwe. Ph D Dissertation, 
University of Cambridge, Cambridge, 1992. 

 
 
 
ACKNOWLEDGEMENTS. Jane Brockmann, Suhel Quader and Mewa 
Singh gave valuable comments on previous versions of this manuscript. 
The author was supported by a John Stanley Gardiner Fellowship at the 
University of Cambridge. 

 
 
 
 
 


