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Introduction

Natural selection generally operates at the level of 

the gene (Dawkins 1976). As a result, individual 

selection does not always favour traits which 

spread of an individual gene may even act to the 

the level of the individual can affect processes at 

the level of the organism, group or even at the 

level of the species. 

As most behaviours ultimately affect births, 

deaths and the distribution of individuals, it seems 

inevitable that behavioural decisions will have an 

impact on population dynamics and population 

densities (Sutherland 1996). Behavioural deci-

sions can often involve costs through allocation 

of energy into behavioural strategies, such as the 

over resources (e.g. Emlen 2001) or increased 

mortality due to injury or increased predation 

risk (e.g. Jakobsson et al. 1995; e.g. Dunn et al. 

the population, in terms of higher survival and 

increased fecundity. Examples include increased 

investment through parental care, choosing a mate 

based on the nuptial gifts they may supply (Arn-

qvist & Nilsson 2000; Møller & Jennions 2001) 

and choosing territories in the face of competition 

(López-Sepulcre & Kokko 2005). 

Investigating the impact of behaviour on 

population ecology may seem like a trivial task, 

but it is likely to have important consequences 

at different levels. For example, antagonistic be-

haviour may occasionally become so extreme that 

it increases the risk of extinction (chapter 1 and 

4), and such extinction risk may have important 

implications for conservation (Bennett & Owens 

1997; Bessa-Gomes et al. 2003; Fisher & Owens 

2004). As a corollary any such behaviour may also 

act as a macroevolutionary force, weeding out 

to the individuals in the short term, ultimately 

result in population extinction (chapter 3). In this 

introduction, I will examine how behaviours, spe-

and aspects of behaviour involved in sexual selec-

tion, can affect population densities, and what the 

implications are for the evolution and ecology of 

the populations in question.

The tragedy of the commons

interests of individuals could create harmony, 

lead to an “invisible hand” which would promote 

the public interest (Smith 1776). Economists have 

strongest evidence comes from the over-exploita-

tion of common resources, a phenomenon which 

has come to be known as “the tragedy of the 

commons” (Hardin 1968). In the tragedy of the 

commons, disaster arises when herders’ animals 

graze on common land. If the herders are driven 

only by self-interest, they will realize that it will 

be to their advantage to put another animal on the 

common, as the negative effects of overgrazing 

to the advantage of each herder to add another 

animal, and eventually a “tragedy” will arise 

through overgrazing. Hence, Adam Smith’s view 

whole does not apply to individuals exploiting a 

common resource, and the tragedy of the com-

mons serves as a powerful argument for private 

ownership, or alternatively, state regulation. 

In evolutionary biology, the tragedy of the 

commons provides a powerful analogy (Dionisio 
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& Gordo 2006). It can be used both to understand 

groups and populations, and as a counter point 

to ask the question of why the tragedy of the 

commons may not always occur. Hardin (1968) 

originally used the tragedy of the commons to ar-

gue for restrained reproduction in humans. Whilst 

citing Lack’s work on population regulation (Lack 

1954), he remained in the realm of the problems 

faced by human population growth, and did not 

venture to extend his analogy to the problems 

of evolutionary ecology. However, the problem 

the resources available to them has remained a 

problem since the group selection debate (Wil-

liams 1966).

Potential evolutionary “tragedies” have been 

observed in many systems (Gersani et al. 2001; 

Falster & Westoby 2003; Wenseleers & Ratnieks 

2004; Dionisio & Gordo 2006; Kerr et al. 2006). 

Perhaps the most common way of applying Har-

din’s ideas to evolutionary biology is in terms of 

public good contests; if individuals must invest 

in a public good, a tragedy of the commons will 

occur if individuals abstain from such invest-

members. In such a situation, the common good 

is diminished, and a tragedy of the commons 

arises. For example, in species which use sentinels 

to guard and warn other members of the group 

against predators, it may often be more advanta-

geous to abstain from vigilance so that once may 

invest more in foraging (Bednekoff 1997; Clut-

ton-Brock et al. 1999). In such a case, the tragedy 

arises if it becomes more advantageous for all 

members of the group to forage, rather than to 

protect the group against predators. Similarly, in 

microbes such as yeast Saccharomyces cerevisiae,

common enzymes are often produced which ben-

2004). Yeast produce the enzyme invertase, which 

is needed for the digestion of sucrose (Greig & 

individuals investing in a common good, whilst 

2004). Aside from public goods games, there are 

a number of other ways in which the tragedy of 

the commons analogy has been applied to evo-

lutionary problems, for example in terms of the 

evolution of virulence in host-pathogen interac-

tions (Kerr et al. 2006).

prone to the tragedy of the commons, where one 

advantage to abandon their offspring than to share 

each parent has a shared interest in the welfare 

of their offspring, it is to the advantage of both 

the mother and the father to try to delegate care 

to the other partner (Maynard Smith 1977). It is 

often the female who invests the most in caring for 

gained from having broods with multiple males 

may favour increased female cuckoldry of her 

partner (Kokko 1999). In a situation where both 

parents may/can care for offspring, it would be 

to the advantage of her partner to care less for the 

offspring, and rather seek extra matings elsewhere 

(Kokko 1999). 

More recently, the tragedy of the commons 

has been suggested to arise through male sexual 

harassment of females (chapter 4). It is known 

that males can potentially have a very negative 

mating in Drosophila melanogaster has been 

shown to reduce female lifespan and reproductive 

have been shown to be caused by a single peptide 

(Chapman et al. 1995; Wigby & Chapman 2005), 

which both stimulates female egg production 

and decreases female receptivity (Chapman et 

al. 2003; Liu & Kubli 2003). In feral sheep Ovis

aries, higher female mortality is associated with 

male rutting activity, suggesting that male har-

assment increases female mortality (Réale et al. 

1996). It is ultimately polyandry and the resulting 

male-male competition which results in females 

suffering from increased male harassment. If we 

view females as a resource over which males are 

as a form of the tragedy of the commons (chapter 

4). In male harassment, it is generally the females 

that pay a cost (in terms of increased mortality), 

harassment (by obtaining more fertilizations 

relative to other males in the population). Under 

some circumstances one may envisage that it will 
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always be advantageous for males to invest more 

in harassment, a situation which could increase 

female mortality to the point where the population 

may no longer persist (Kokko & Brooks 2003).

Such a tragedy of the commons has been al-

luded to in the common lizard Lacerta vivipara

(Le Galliard et al. 2005). In this study, male and 

female biased populations were compared, and 

it was found that there was disproportionately 

higher female mortality in male-biased, relative 

to female-biased populations (Le Galliard et al. 

had previously been shown to affect female 

mortality through biting and stress (Bauwens 

& Verheyen 1985; Moore & Jessop 2003). It 

was predicted that, if the harassment exhibited 

in male-biased populations were to continue, it 

would lead to a positive feedback (Crespi 2004), 

further biasing the sex ratio to the point where the 

population would be driven extinct (Le Galliard 

et al. 2005). In chapter 4 of this thesis, I suggest 

commons, and use the Le Galliard et al. (2005) 

study to make my case.

evolutionary biology as a model of cooperation 

(Maynard Smith 1982). In the prisoner’s dilemma 

game, two players can choose to either cooperate 

with each other on a task or “defect” from coop-

eration. If one individual defects, while the other 

cooperates, the defector will get a higher payoff 

than if they both cooperated, but the combined 

sum of their payoffs would be larger if they both 

the best option is to defect. We can view defec-

tion in the prisoner’s dilemma game as a very 

tragedy occurs because individuals have a lower 

productivity under competition than they would 

et al. 

as “a situation when individuals would do better 

to cooperate, but cooperation is unstable because 

own short-term interests”, which is the essence of 

be true of other games, such as the hawk-dove 

game (Maynard Smith 1982).

Competition with other individuals over a 

resource may lead to a situation where invest-

ment in traits to compete for the resource will 

incur a fecundity or survival cost. One classical 

example comes from plant competition (Haldane 

1932), where taller plants have more access to 

light (Haldane 1932; Falster & Westoby 2003; 

Dieckmann & Ferrière 2004). As a result of com-

petition for light, any individual which can grow 

larger than its counterparts will have a selective 

advantage (Falster & Westoby 2003). However, 

it may be that investing in growth takes resources 

away from reproduction, and so a situation may 

arise where fecundity is reduced to such an ex-

tent that the population becomes unviable – the 

individual level competition for light has given 

rise to a tragedy of the commons. Such a scenario 

can be seen as a tragedy of the commons because 

competition among the individual plants results 

in a situation were it is better for each plant to 

have a much lower fecundity than in the absence 

of competition. While there is no common that is 

destroyed, it is the fact that the group fares worse 

under competition that makes this a tragedy of 

the commons: had they all agreed to “cooper-

ate” and back down, they would each be able to 

invest more in fecundity, rather than investing in 

competition.

Another example of the tragedy of the com-

warfare. Some bacteria produce bacteriocins, 

which are proteins with a range of antimicrobial 

killing activity that is often limited to conspecif-

production of such agents inevitably bears a 

cost, which may come in the form of diverting 

resources from other cellular functions or ulti-

mately in the death of the producing individual 

weapons can be seen as a tragedy of the commons, 

as the population as a whole is worse off due to 

bacteriocin meditated death, in addition to bearing 

the costs of bacteriocin production. All members 

of the population could collectively do better to 

“cooperate” and not invest in bacteriocins, rather 

than communally pay the costs of investing in 

competition.

In situations involving competition with con-

members of the population, but result in a reduc-
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tion in absolute fecundity and survival, will be 

to a tragedy of the commons, particularly when 

persistence (chapter 1).

Evolutionary suicide

absolute fecundity and survival, there is the pos-

sibility that it may drive the population extinct 

(chapter 1). Such extinction has come to be 

labeled “evolutionary suicide” (Ferrière 2000; 

Gyllenberg & Parvinen 2001; Gyllenberg et al. 

2002; Dieckmann & Ferrière 2004; Parvinen 

2005). Evolutionary suicide may occur in three 

potentially different ways, but the outcome, 

namely population extinction, remains the same 

in all three. As evolutionary suicide remains to be 

tested in a controlled way (chapter 1), for the ben-

scenarios under the same term (see chapter 1 for 

details). Individual level selection can also lead 

to a gradual decline in population densities (such 

as in the model presented in chapter 2), where 

the population is taken to a level where it can no 

Allee effects (Dennis 2002) or demographic or 

environmental stochasticity (Saether & Engen 

2004). However, in a purely deterministic system, 

the only way in which evolution can cause extinc-

tion is through a sudden and abrupt extinction 

(Gyllenberg & Parvinen 2001). In other words, 

as different traits spread through the population, 

As evolution converges to a point, the popula-

tion may cross a threshold where an equilibrium 

population density is not possible, such as extreme 

levels of female mortality caused by male har-

assment (D. Rankin unpublished data - see also 

chapter 5), and the population crashes.

Chapter 1 of this thesis describes some studies 

which allude to evolutionary suicide. Owing to 

any extinctions we might observe in nature or 

the laboratory, there is very limited empirical evi-

dence for evolutionary suicide, and what evidence 

there is remains somewhat circumstantial (chapter 

1). In chapter 1 of this thesis, I make the case that 

evolutionary suicide should be taken seriously as 

an evolutionary force, and propose some exam-

ples which seem to support the idea. 

Comparative studies may help us understand 

which traits may have an impact on population 

processes. For example, a comparative study in 

birds found that testes size, a useful indicator of 

the intensity of sperm competition, was correlated 

with extinction risk in birds (Morrow & Pitcher 

2003). Another comparative study, this time cor-

relating the size of plant genomes with extinction 

risk showed that the there was a positive correla-

tion between genome size and the risk of extinc-

tion (Vinogradov 2003; Vinogradov 2004b). As 

a larger genome size is thought to be indicative 

Vinogradov 2004b; Vinogradov 2004a), this 

would seem to support the notion that gene-level 

selection may result in a situation which puts the 

population at a greater risk of extinction. In the 

social bacterium Myxocococcus xanthus individu-

als cooperate to form complex fruiting structures 

where the spores from the fruiting body disperse 

to form new colonies (Fiegna & Velicer 2003). 

more likely to become spores, were shown to have 

an advantage over wild-type strains. It has been 

shown that, under certain conditions, these strains 

could invade a wild-type population and drive the 

entire population extinct (Fiegna & Velicer 2003). 

-

ments are still required to test for the impact of 

individual-level selection on extinction risk.

Understanding how behaviour affects processes at 

the level of the population allows us to investigate 

the consequences of individual behaviour for a 

wide range of processes, such as conservation or 

macroevolution (see below). From a conservation 

point of view, small populations are more vulner-

able to extinction than large populations (Soulé 

1987). Small populations may be driven extinct by 

Allee effects and the risks posed by demographic 

and environmental stochasticity (Stephens & 

Sutherland 1999; Dennis 2002; Drake & Lodge 
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2004; Saether & Engen 2004). Small populations 

are also more prone to inbreeding (Saccheri et al. 

1998; Keller & Waller 2002) or mutational melt-

down, as deleterious mutations are more likely 

population size also brings a population closer to 

the extinction threshold.

other population processes. For example, adap-

tive processes may also have an effect on cycling 

and oscillatory population dynamics (Greenman 

et al. 2005). In addition to affecting the type of 

population dynamics, adaptive behaviour can 

-

ics (McNamara 2001). As unstable or cycling 

population dynamics are more likely to go extinct, 

we must not only pay attention to the number of 

individuals in a species or population, but also to 

the nature of the population dynamics themselves. 

However, for simplicity I only investigate the ef-

fect of behaviour the on overall population density 

in this thesis.

The role of sex in population 
dynamics

-

haviour may affect population density is where 

sexual reproduction is involved. Explaining how 

sexual reproduction may have arisen by natural 

selection is one of the biggest challenges in evo-

reason for this is that a gene propagating itself 

via asexual reproduction will have a two-fold 

advantage (Maynard Smith 1978) over a gene 

that propagates itself via sexual reproduction. 

individuals involved in the messy business of 

sexual reproduction. Given all of the complica-

sex, attracting that mate, competing for a mate, 

sharing the care over offspring and dealing with 

your mate trying to eat (Prenter et al. 2006), hurt 

(Crudgington & Siva-Jothy 2000) or cuckold 

(Komdeur 2001) you, one can see that sexual 

is true whether we think at the level of individual 

genes, or at the level of the species itself, and 

extinction risk (Kokko & Brooks 2003).

In models of population dynamics, one typically 

assumes that males do not “matter” to births and 

deaths (chapter 5). In other words, it is assumed 

that the presence/absence of males does not affect 

female birth rates, and they contribute to death to 

the same extent as females, allowing us to scale 

population density by one half. However, given 

the potential costs of sex, one should expect males 

-

sic of these is that if females are always fertilized, 

and males and females consume the same amount 

of resources, removing males from the popula-

tion will leave more “space” for females, and 

hence population density will increase. Chapter 

population densities.

on the number of females in a population (chapter 

4), and this will change with the proportion of 

males and females in the population. However, 

the presence or absence of males can also affect 

population densities in other ways (chapter 5). For 

Saiga Antelope Saiga tatarica for their horns can 

result in a situation where there are so few males 

a mate (Milner-Gulland et al. 2003). In contrast 

to this, populations of the Independent Samoan 

Hypolimnas bolina are able to persist 

despite the widespread presence of male-killing 

Wollbachia, which led to extreme sex ratios al-

most devoid of males (Dyson & Hurst 2004). 

the intensity of density dependence, as males from 

populations where males are larger than females 

will require more resources than females (chapter 

5). In ungulates in particular, the differences in 

resource use between males and females can be 

so strong that they also pose interesting man-

agement questions, such as how much of each 

sex one should harvest to keep the population 

sustainable (Mysterud 2000; Clutton-Brock et 

al. 2002). Other forms of sexual dimorphism are 

densities (chapter 5, chapter 6). Due to the costs 

involved in sexual selection, one should expect 
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increased sexual dimorphism to be negatively 

associated with population densities (Morrow 

& Pitcher 2003; Kokko and Brooks 2003; Mor-

where attractive males yield less viable offspring 

(Brooks 2000), or direct, such through male harm 

(Chapman et al. 1995; Crudgington & Siva-Jothy 

2000).

nuptial gifts of care for offspring, (Møller & 

Jennions 2001; Arnqvist et al. 2005), or indirect 

-

males with good genes (Promislow et al. 1998; 

Head et al. 2005). Any trait which improves fe-

may actually have a positive, rather than negative, 

effect on population densities.

single locus codes for different phenotypes in 

males and females, can also affect population 

-

sion of an allele expressed in both sexes is in a 

state of “compromise” (Chippindale et al. 2001). 

In other words, males and females carrying the 

if the respective male and female phenotypes were 

less dimorphic and constrained to be similar. Less 

dimorphism, where males and females are less 

-

ness optima, would be an indication that the con-

through adaptation by the rest of the genome 

and evolutionary changes in genetic architecture 

(Bonduriansky & Rowe 2005). As a resolved 

expect females to produce more offspring, and the 

population to have a higher density.

Chapter 6 presents a study using 13 popula-

tions of the beetle Callasobruchus maculatus,

where each population had a different evolution-

ary history. In this chapter I looked at various 

indicators of sexual dimorphism (e.g. size, shape 

and colour) and investigated the relationship to 

juvenile (the proportion of eggs developing to 

adults emerging). As a positive relationship was 

found, I suggest that this could in fact be explained 

other mechanisms could be playing a role in the 

pattern observed. Whatever the explanation, it is 

What may resolve the tragedy?

When we think about the tragedy of the commons 

and population extinction, we must ask what 

prevents such phenomena occurring (chapter 1). 

As mentioned above, there are a range of situa-

productivity and increases in the likelihood that 

a population will be driven extinct. On the other 

hand, we can observe large amounts of coopera-

tion within and between organisms, which we 

in this thesis I have also addressed processes that 

could resolve the tragedy (chapters 2 and 7) or 

nature (chapters 2 and 3).

common good has long been an important ques-

tion in both sociobiology (Leigh 1977; Frank 

1995; Keller 1999) and the social sciences as 

proposed long ago in terms of human societies 

maintained by the use of force and punishment, 

that kept social order (Hobbes 1660). However, 

in human societies, one can frequently observe 

people keeping to a social norm even when the 

cost of punishment is very low relative (Finlayson 

2005). As a result, it is not just coercion which 

can act to prevent the tragedy of the commons 

in human-exploited resources, and individual 

morality and social norms should also be seen as 

equally important factors.

up of more than just monetary self-interest has 

long been realized by economists (Becker 1992). 

use when studying the behaviour of their organ-
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no morals, and we can see natural selection as 

proceeding purely by individual self-interest; if 

they will be selected against. Given the “self-in-

terest” of individual genes, the problem of how 

the tragedy of the commons might be resolved 

remains even more perplexing.

One of the most invoked mechanisms whereby 

-

lection (Hamilton 1964). If individuals interact 

locally with other highly related individuals, such 

as in group structured populations, then lower 

Kin selection is likely to be important in any situ-

ation where populations are structured in some 

way, such as into groups (Wilson 1975) or on a 

lattice (Nowak & May 1992). Spatial structure 

is also important and has the effect of increasing 

the amount of repeated interactions by the same 

individuals (Nowak & May 1992; Killingback 

et al. 1999). 

As in human societies, coercion, in the form 

of pressure from other individuals, has been 

shown to be a potential force in the repression 

of competition (Frank 1995). Behaviours such 

as policing have been shown to have evolved 

in some social insects (Wenseleers et al. 2004; 

Ratnieks & Wenseleers 2005), where “policing” 

individuals ensure that colony workers act to the 

Pleiotropy, where one gene affects multiple 

traits, is both extremely common in all genomes 

and highly variable in its effects (Foster et al. 

2004). When a pleiotropic relationship ties a 

-

ness. For example, the social amoeba Dictyostel-

ium discoideum forms social aggregations where 

some cells die in an apparent act of altruism to 

form a stalk that allows other cells to disperse 

as spores. Pleiotropy of the gene dimA reduces

stalk, cells by linking the altruistic act of stalk 

production to the ability to make spores (Foster 

that produce fewer stalk cells.

If additional investments in competition bring 

smaller and smaller rewards, higher levels of con-

diminishing returns are likely to be common in 

a range of organisms, particularly when the indi-

viduals cannot make full use of the extra resources 

that they acquire (Foster 2004). For example, self-

ishly abstaining from blood sharing by vampire 

bats is likely to be subject to diminishing returns 

(Foster 2004). In this case, bats which are full are 

with other individuals (Wilkinson 1984).

A similar phenomena to diminishing returns 

that is also likely to be important in reducing the 

between the size of the population/group and the 

competition can have a negative impact on the 

number of individuals in a population, then this 

will change the number of individuals there are 

to interact with, ultimately affecting the structure 

reason to assume that selective pressures will 

be the same at low densities as they are at high 

densities, and there will therefore be a feedback 

between adaptive individual behaviour and 

population is not driven extinct (chapter 2).

In chapter 7 I suggest that the number of indi-

viduals in a population may be important in sexual 

where they assume a trade-off in a trait that gives 

males a higher competitive ability by enhancing 

mating success while reducing fecundity when 

under certain conditions, alleles which resulted 

in higher male competitive ability could spread, 

but the resulting cost to females was enough to 

drive the population extinct. In an extension of 

from coercion of females depends on population 

density, this feedback can be enough to potentially 

prevent the population from going extinct and 

may resolve the tragedy of the commons (chapter 

7). Extending this notion further, but with a more 

dependent can prevent extinction. More interest-
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ingly, in cases where extinction would have oc-

curred, the strength of this feedback acts to reduce 

of the feedback between population density and 

mechanism (chapter 2).

Macroevolutionary consequences 

invoked as a potential mechanism of speciation 

(Parker & Partridge 1998), for example through 

reproductive isolation (Martin & Hosken 2003). 

-

tion as a potential macroevolutionary force has 

remained less explored. If individual-level con-

then there is the possibility that it could act as a 

macroevolutionary force (chapter 1 and chapter 

3). Anything which reduces population densi-

ties is likely to bring that population closer to 

extinction (Soulé 1987), and over long evolu-

tionary timescales will be likely to increase the 

probability that the species in question will be 

place at the level of the species is not a new idea 

(Wynne-Edwards 1962), however it has been 

argued that such selection should be relatively 

weak and infrequent to counter individual-level 

selection (Williams 1966; Maynard Smith 1976). 

levels has been largely dismissed (but see Lloyd 

& Gould 1993; Gould & Lloyd 1999; but see 

Nunney 1999), and currently the majority of 

papers advocating a “group selection” approach 

apply deme-level selection (Wilson 1975), which 

has been formally shown to be analogous to kin 

selection (Queller 1992). 

In light of recent work demonstrating evolu-

tionary suicide (chapter 1, Matsuda & Abrams 

1994; Gyllenberg & Parvinen 2001; Gyllenberg 

et al. 2002; chapter 1, Dieckmann & Ferrière 

2004), the idea of selection acting at the level 

of the population or of the species should once 

more be taken seriously, as evolutionary suicide 

itself could act as a potential selective pressure 

among species (chapter 1, chapter 3). Chapter 

3 of this thesis presents a model which dem-

onstrates that evolutionary suicide can act as a 

evolve in a given species, it is shown that life-his-

tory “constraints” or “species properties”, which 

result in the population evolving higher levels 

selected against at the species level, as they will 

be more likely to drive the population extinct. As 

the Russian Anarchist Peter Kropotkin remarked 

“the unsociable species…are doomed to decay” 

(Kropotkin 1902).

As mentioned above, selection at the level of 

the species has been argued to be a weak force 

when acting in opposition to individual-level se-

lection (Williams 1966). However, this neglects 

the fact that species do not exist in isolation; 

they must also be robust against environmental 

stochasticity and competition with other species. 

Incorporating a very simple form of community 

assembly into such models of species-level selec-

tion increases the extinction risk, thus intensify-

ing the strength of species-level selection. As a 

theoretical expectation, species where individuals 

will not fare well against other competitors 

(chapter 3).

One could also see species-level selection as 

driven extinct, meaning that what we observe in 

nature should be seen as a product of both indi-

vidual-level and species-level selection (chapter 

3). It is the realisation that community dynam-

ics may intensify higher-levels of selection that 

makes species-level selection more plausible. 

Hence, the strength of species-level selection may 

extinction make empirical testing of such theo-

ries a challenge. However, this does not exclude 

species-level selection as an important force in 

shaping the patterns we observe in nature.

Conclusion

In this thesis, I examine how behaviour at 

the level of the individual can affect processes 
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have a negative impact on population densities 

(chapters 2-3 and 5-6). However, as has been 

discussed in some of the chapters, behaviour 

can also have a positive impact on population 

densities, such as when males provide a direct 

in this thesis have only scratched the surface of 

what is yet to be discovered. I have used a simple 

proxy, population density, as an indicator of how 

behaviour affects population processes. In this 

thesis I did not explore time-to-extinction in the 

various models, and did not investigate how other 

factors of population density, such as stability 

(McNamara 2001), are likely to be affected by 

individual behaviour.

which has an effect on population processes is, by 

altering the extinction risk of its own population, 

likely to subject itself to higher levels of selection 

(chapter 3). In the face of the pressures of hav-

ing to deal with competing species species-level 

selection is likely to be even more important. If 

densities, then this could also change the behav-

iour, as selection pressures should differ between 

low and high density populations (chapter 2). 

a feedback between individual selection, and 

population ecology (Dieckmann & Metz 2006). 

an important factor limiting the intensity of con-

suicide, and may help to explain why we rarely 

extremely detrimental population processes. 

we might expect.
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