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Abstract
Sexual conflict divides a species into two, with male and female interests potentially clashing.
Their interests may not necessarily align, and prominently, these interests may not overlap with
what is optimal for a population over the course of an evolutionary timespan. The complexity
which arises from this requires modelling. In this report the sexual conflicts surrounding offspring
are examined with specific importance placed on the nature of male-male conflict as the key cost
driving evolution. An agent-based model was developed which suggested that the cost of conflict
leads to a population tending to avoid conflict as much as possible but in doing so may lead to
eventual extinction.
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Introduction

Evolution is driven by a multitude of factors. Environmental pressures are significant in how they
push a species towards an optimal state in some ecological niche. However, there is complexity within
a single species due to the interests of each individual and the most prominent of these factors is
the division of the sexes. The sexual conflict which arises from this is of immediate interest due to
its ability to potentially work against environmental pressures and even lead to evolutionary suicide:
the death of the entire species. If male and female interests are in opposition, it is likely that stable
outcome will come in some form of some compromise between the two forces.

Within the primate order there are varying social structures involving the sexes. The specifics of
sexual conflict will have an important role in accounting for differences between gorillas, chimpanzees
or outliers such as bonobos. This also includes the prominent example of the human species.

Offspring can be examined as a key point of interest among fertile adults. Even with a common
assumption that an adult seeks to optimise their offspring’s chances of survival, there is much complexity. In a pair bond structure it would seem that there would be no sexual conflict, since the
interests of each individual male and female are the same; within a pair the offspring are common to
both adults. However, in a more polygamous structure this is not the case. The offspring of a single
female may be common with a single male, or perhaps multiple males may be the progenitors of her
children. This may put a male and female at odds, for even if they share offspring they have other
offspring which they may divert their time and resources to. This is not optimal for either party.
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A male seeks to spread his paternity widely; he would seek to minimise his amount of paternal
care while maximising his total surviving offspring. Part of minimising a male’s resources would be
ensuring that a given female maximises her resources and time towards this particular male’s offspring.
One solution that is observed in nature is infanticide. A male may commit infanticide on all a female’s
offspring which are not his own, particularly those which are dependent on her. This guarantees that
she dedicates the majority of her resources to raising his offspring. This is less than ideal for the female
and counter-strategies may need to be employed in order to preserve her own children. Females may
even choose less preferable mates solely by their capabilities at keeping other males away (Blurton
Jones et al. 2000). The establishment of long-term relationships and partitioning of parental care is
an important conflict trait (Mulder et al. 2009).

The work of anthropologists and evolutionary biologists helped motivate the development of an
agent-based model to investigate these conflicts. A key assumption in the model comes from the Hrdy
Hypothesis. The hypothesis suggests that while females may partner with a male for paternal care
or defence from other males, a female may mate widely as an alternate strategy. By mating widely
a male will be more uncertain about the paternity of the female’s children and hence less likely to
commit infanticide, thus securing greater certainty of her offspring’s survival (Hrdy 1986).

The nature of male infanticide informed various interactions which were investigated with the
model. One such interaction was physical conflict between males in order to defend their own offspring.
This conflict occurs as a reaction to male tendencies to commit infanticide and try to mate widely, but
added a cost to pursuing various strategies. The degree of these costs could be crucial in determining
the outcome, with the formation of human pair bonds being attributed in part to the increased fatality
of conflict due to the development of more effective weapons (Hawkes 2004).
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The Model

The model was an agent-based model developed in Python. Each timestep in the model was variable
and calculated in accordance with the Gillespie algorithm. In order for the Gillespie algorithm to
be a good approximation for the primate populations a key assumption was that all primates were
physically homogeneous. This applied at each stage of a primate’s lifespan. For example, all juveniles
were assumed to be the same physically, as were all female adults. Amongst each of the core population
groupings found in Table 1 each member was equivalent for the purposes of all interactions in the model.
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Table 1: Variables representing primate group populations within the model
Variable

Description

D

The number of dependent children in the population

C

The number of juvenile children in the population

M

The number of fertile adult males n in the population

F

The number of fertile adult females in the population

P

The number of pairings in the population

The greatest differentiation came in the form of adult males which may have differing lifespans which
affected their likelihood to die. There were three genetic traits A, D and I which were dormant in
females and affected decision making in adult males in certain interactions. These traits only affected
decison making and not any male physical attributes.

2.1

The Gillespie Algorithm

The Gillespie algorithm was originally used for the simulation of chemical systems efficiently (Gillespie
1977). It ensures that each event in the model occurs with the same expected value as is observed.
The algorithm is memoryless, depending only on the current state of the system and not on the events
which proceeded it. In general, it is capable of simulating stochastic processes efficiently.

For some given initial system, in this case, an initial population of apes, the algorithm randomly
determines what event will happen next. The probability of this event is determined through the
rate of that event occurring. To demonstrate, suppose we have a simple model with a population
of apes capable of three events, mating, birthing and death which will be indexed with 1, 2 and 3
respectively. They each have an individual rate ri of the event occurring between themselves and
another individual. Then the rate of a mating happening is proportional to the number of males M
and the number of females F such that the rate of a mating occurring is:
R1 = r1 M F
The total rate of an event occurring overall will just be the sum of all the rates of different events:
RT = R1 + R2 + R3
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The total rate is used to determine how much time passes between events. Rather than focus on the
next birth or next death in the system, the algorithm first starts with how long will it take for any
event to occur. The amount of time it takes for this event to occur is random, distributed exponentially
according to the following equation with p ∈ (0, 1] being a uniformly distributed random variable:
∆t = −

1
log p
RT

This timestep can then be added onto the current time to make note of how long the simulation has
been running. Since the algorithm is based off expected values, this is the main way to get a sense of
scale. However this is only the time to some event which has not been specified. Which event occurs
is then randomly determined, weighted by each individual rate and what proportion they compose of
the total rate. For example, the probability of a mating occurring:
p1 =

R1
R1
=
RT
R1 + R2 + R3

Generalising this, suppose there are n possible event types with individual rates of ri and total rate
Ri where Ri is a function of ri and the population numbers of relevant groups at the current time:
RT =

n
X

Ri

i=1

Ri
pi = Pn

i=1 Ri

∆t = − Pn

1

i=1 Ri

log p

At this point of the algorithm, the time until the event and what the event will be has been calculated.
Which individuals are involved in the event have not been determined. In general this is simple; since
each individual is physically homogeneous, each individual is equally likely to have the event occur to
them and so can be chosen randomly. The event is then executed, with the process beginning again
from the new current state in the system until the simulation is halted.

2.2

Lifestages

Each lifestage represented a new set of events which an individual primate in the model could find
themselves involved in. This is depicted in Figure 1, where it illustrates how a primate can move
between various groups throughout its lifespan. At all points in the model, primates were susceptible
to natural death, and so this was an event common to all groups.
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Figure 1: Groups that primates can belong to over their lives

Primates began as dependent children (D). Apart from natural death, they had no other events
which effected them directly. However, there were events which effected them indirectly. During this
stage they were dependent on their mother, and died if their mother died. Dependent children may
also have been subject to infanticide as a consequence of mating attempts.

Dependent children then moved to become juvenile children (C) independent of their mother. They
did not require their mother’s support, but were not of fertile age. Other than natural death, nothing
else could happen at this stage. This was a transition period into adulthood.

Juvenile children then became unpartnered males (M) or unpartnered females (F). Note that primates were male and female before they reached adulthood, however these attributes were irrelevant
to the overall Gillespie algorithm and so they were grouped together in terms of how they interacted
with the population as a whole. Unpartnered males and females could pair or attempt to mate.

An unpartnered male and female could form a pair (P), and for the purposes of the algorithm this
worked as a single unit. The pair was interacted with as a whole, though within events themselves
certain interactions may effect certain members of the pair. The pair could break up naturally over
time, but could also break up if one member of the pair died. Furthermore, it could break as a result
of mating attempts made upon the pair.

2.3

Events

There are four event types which occured in accordance with the Gillespie algorithm: pairing, unpairing, natural deaths and attempts at mating. The first two had rates calculated as would be commonly
expected in a mathematical model. If p is the individual rate of pairing then the total rate for pairings
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to occur was pM F and if v was the individual rate of unpairing then the total rate for unpairing was
vP . These events in particular involved entering a partnership and leaving a partnership, states which
were important for other components of the model.

The death rate was slightly different since the lifespans of individual primates may differ, therefore
there was no individual rate common to each primate. The rate at which a primate dies was the
reciprocal of its lifespan, and so the total death rate was the sum of all of these:
d=

T
X
1
li
i=1

Where li is the lifespan of the i-th primate and T is the total number of primates in the population
which can be calculated as:
T = D + C + M + F + 2P
Assuming a death is the event which has happened, it was not equally likely for any primate to be
chosen, and so a weighted random selection must be made instead to determine which primate died.

Mating attempts are the event around which the model hinged. Males sought out females to mate
with. The individual rate was m. If the male had a partner then they would mate with that partner,
making the rate of mating amongst partnered males is mP . Otherwise unpartnered males would seek
a female, partnered or unpartnered such that the rate was mM (F + P ).

This was where central assumptions and approximations were made in the model. If the unpartnered male encountered an unpartnered female he would mate and that was all. He would not commit
infanticide since there was no memory of who the female has mated with in the sytem. It was assumed
that the female had mated widely, and hence the male risked killing his own children if he commited
infanticide. This was an approximation used in accordance with the Hrdy Hypothesis. If the female
was partnered however, the opposite was true. It was assumed the female has been partnered for an
extended period of time and that the majority, if not all of her dependent children belonged to her
partner. In that case, if the unpartnered male were to mate with this female it would also be in his
best interest to commit infanticide.
This motivated what could happen as a potential consequence of encountering a partnered female,
but the outcome was not certain and depends on the genetic traits of both the partnered male and
the unpartnered male for decision making. The trait A (for Attack) reflected a male’s aggression and
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Figure 2: Tree of events for a male encountering a partnered female

how likely he was to contest an exitsing relationship in order to mate. If some unpartnered male
sought to mate with the partner of another male, the partnered male must decide whether or not his
investment into the partnership and his children is worth protecting. This was determined by the trait
D (for Defend) which was reflective of the partner’s overall loyalty. If he did not protect his children
or partner then this was an abadonment of the partnership. This was a third aspect of this event
which could occur in conjunction with the unpartnered male commiting infanticide and mating with
the female. The final trait was evoked if the unpartnered male did manage to mate with the partnered
female, in which case it reflected his brutality, the proportion of the dependent children that he would
allow to live. This was the trait I (for infanticide).

The overall decision making process is found in the tree in Figure 2 with pa , pd being the probability of commiting to the action associated with traits A and D respectively. Following from the
assumptions made in implementing the Gillespie algorithm, since the primates were physically homogeneous each were equally likely to be triumphant in the conflict. The model hinged on this conflict.
As a result of conflict each male involved suffered from a reduced lifespan. This informed the tradeoffs that were focused upon in the model. That is, for an unpartnered male, is it worth contesting
an established relationship given the risk of a loss of lifespan? Or, for a partnered male is it worth
protecting the relationship and children he has invested time into or is he better off to move onto a
new mate and maintain his lifespan?
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Table 2: Parameters common to all simulations. The rate at which events occur is the reciprocal of
the time-based parameters.
Parameter

Description

Value (years)

lifespan

The initial expected lifepsan of each primate

20

ind

The age at which children gain independence from their mother

2

mat

The age at which children mature into adults

8

gestation

The length of the pregnancy period of a mother

0.66

mating

The average time taken for a male and female to encounter and mate

0.33

unpairing

The average time taken for a male and female to unpair

2

pairing

The average time taken for a male and female to pair

2

densedeath

The population at which density dependent death occurs

1000

initpop

The initial number of primates in the population

200

It was theorised that there may be different points of stability with different parameters being
fixed, reflecting various primate species. The cost of conflict was also considered for its role in changing
stability. Due to time constraints only chimpanzee-like parameters were considered, with variations
occurring in mutation rates and the fatality of conflict. Mutation rate determined the amount that the
probabilities associated with a genetic trait could change between generations. Overall, the genetic
trait passed on to offspring was the arithmetic mean of the two parents’ traits with the mutation
applied to that value. The fatality of the conflict was the number of years taken off the lifespan of an
individual primate. This was not a percentage decrease, but rather a fixed decrease each time.
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Results

As stated previously, there were a number of parameters which reflected a chimpanzee-like population
and were kept constant. These are found in Table 2. Since there were only two different values for
mutation and fatality respectively, throughout the results there will be reference to low/high mutation
and low/high fatality. The exact values that are referred to can be found in Table 3.

The initial values of the genetic traits A, D and I reflected the population’s initial tendencies to
react when an unpartnered male confronted a partnered female. In all simulations the populations
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Table 3: The values of the mutation rate and fatality of conflict
Descriptor

Mutation Rate (%)

Fatality of Conflict (years)

Low

1

0.5

High

10

4

were started at extremes in terms of probability. For the sake of example, a population could start
as: a male will never contest an established relationship (A = 0), a partnered male will always defend
his partner (D = 1) and successful unpartnered males will leave all existing dependent children alive
(I = 1).

Four simulations were run for each initial starting condition, which was further expanded with
each varying parameter value such that there were a total of 128 different simulations. A summary
was made of each general case:

3.1

Case 1: A = 0, D= 0, low fatality

Unstable populations were found whether the mutation was high or low. They died out within a few
thousand years as found in Figure 3. When infanticide was lower the population survived much longer
but overall was still unstable and eventually reached extinction. Figure 4 demonstrated this. A low
mutation case can be found in the appendix.

Figure 3: Population over time: A = 0, D = 0, I = 0, low fatality, low mutation.

Figure 4: Population over time: A = 0, D = 0, I = 1, low fatality, high mutation.
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(a) Mean value of A over time

(b) Mean value of D over time

(c) Mean value of I over time

(d) Population over time

Figure 5: A = 0, D= 0, I = 0, high fatality, high mutation

3.2

Case 2: A = 0, D= 0, high fatality

Unlike the first case, in high fatality the populations were stable. The populations could fluctuate
fairly greatly over the course of time, however they remained predominantly within the 500-1000
primate range. Figure 5 demonstrates this case, and highlights that the trait I could enter a random
walk over a long period of time due to lack of conflict.

Figure 6: Population over time: A = 0, D= 1, I = 0, low fatality, low mutation.
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3.3

Case 3: A=0, D=1

Compared to the previous cases, this population was highly stable in the low mutation case as reflected
in Figure 6. Degree of infanticide seemed to affect stability overall, however only minimally. There
appeared to be a tendency for D to decrease over time. This was especially apparent in the high
fatality case. Most likely this occured to reduce losses to male lifespans. In the high mutation case
this was definitely true, and once D reached 0 the population seemed to have similar dynamics to
either case 1 or case 2 depending on the fatality. Refer to Figure A.2, Figure A.3 and Figure A.4 in
the appendix to observe the nature of this decrease.

3.4

Case 4: A=1, D=0

In contrast to the previous case, this case was highly unstable and died out within hundreds of years.
One exception which was found is case 5. The dynamics of the case where I = 1 with high fatality
and low mutation was noteworthy. While it still reached extinction within approximately 250 years,
observation of Figure 7 revealed a periodic structure which had a period of approximately a lifespan’s
length. There may be interesting generational cycles occurring in these populations before extinction.

3.5

Case 5: A = 1, D=0, I = 1, high fatality, high mutation

Unlike all the other simulations encompassed by case 4, this exceptional case found in Figure 8 has
D approach 0 at a rapid pace and then stayed stable there until the simulation was halted due to its
high fatality.

(a) Female/Male ratio over time

(b) Population over time

Figure 7: A = 1, D = 0, I = 1, high fatality, low mutation
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(a) Mean value of A over time

(b) Population over time

Figure 8: A = 1, D = 0, I = 1, high fatality, high mutation.

3.6

Case 6: A = 1, D = 1

This final case, when both A and D were high, helped highlight many of the aspects of previous cases.
Both A and D tended towards 0. In the high mutation case the population transitioned to case 1 or
case 2 depending on the fatality of the system. In the low mutation case however the circumstances

(a) Mean value of A over time

(b) Mean value of D over time

(c) Population over time

Figure 9: A = 1, D = 1, I = 0, low fatality, low mutation
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varied. Figure 9 demonstrated the circumstances where D reached 0 first. The population reached
extinction in a short timespan after this occured. If A reached 0 first, D continued to tend towards
0 and then resembled case 1 or 2 depending on fatality. These results emphasised the instability of
aggressive males in environments where no males defend their mates or offspring.
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Discussion

Case 1 and 2 are pivotal. It appears that all other cases tend towards these cases given enough time
and assuming the population does not reach extinction first. From Figure 6 it is important to note
how the trait for infanticide appears to enter a random walk. This is due to conflict not occurring
often and so the trait is rarely used, thus having no selective pressures. The most stable populations
appear to be case 3 where males guard their partners well and males are unlikely to contest established partnerships. However, the population seems to tend away from this over time especially in
high fatality cases. It might be possible that this does not occur when both the mutation and fatality
are low, but in the high mutation case it is definitely the case, so it is suspected that it will be true
for the low mutation case over time. Plots of the change in D can be found in the appendix. An
explanation for this could be the frequency of conflict. While A is near-zero it can never be perfectly
zero due to random mutations, thus aggression from other males still occur, albeit infrequently. For
protective males, if such an event is infrequent it is more benficial to avoid it when it occurs rather
than confront the other male. This is exacerbated in higher fatality environments which explains the
more rapid movement to D = 0 here. While it is assumed that low fatality populations will eventually
move towards D = 0, this is not necessarily guaranteed despite the high mutation case doing so. High
mutation does make evolution occur in a faster timespan, however it also means that an individual
primate will experience many more conflicts over the course of their individual lifespan. This frequency of conflict may be a far more influencing factor than high fatality, and so the eventual state
of the low mutation, low fatality case cannot be guaranteed. Longer simulations must be undertaken
to investigate this.

As stated previously, case 4 is highly unstable. Whether infanticide is low or high, if males are
consistently seeking conflict and males never defend their offspring, then the population will die out
within a few generations. The occasional child which dies in a low infanticide case is still too often in
this environment when an aggressive male has an almost guaranteed chance to commit infanticide in
every conflict. The one exception was case 5. This case does not occur when either fatality or mutation
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are high independently. This seems to suggest that only when the evolutionary pressures are great
enough that case 4 can escape inevitable extinction. It was seen from case 3 that fatality helps drive
the genetic traits downwards at a more rapid rate, coupled with a high mutation this may be the only
reason this population was an exception to the simulations of case 4. High mutation may also have an
important role here in terms of frequency of males defending their offspring, that is, enough males defend in early generations due to the high mutation such that the population can eventually reach case 2.

Within case 4 there are the simulations with I = 1 with high fatality and low mutation. While
these die out quickly, a periodic structure emerges, found in Figure 7. It seems that there over the
course of the simulation there are effectively no long-term partnerships, hence we can assume in this
model that males are just mating with any female he comes across. The female to male ratio seems
to allude to why this structure occurs. When there are many males, these males are more likely to
conflict with each other and due to the high fatality of conflict the male population drops and so the
female to male ratio rises. With a high female to male ratio males can mate widely, ensuring that
the majority of females are pregnant at a given time, and as these females give birth the sex ratio
reapproaches 1:1, in which case the cycle continues.

Case 6 mainly reaffirms what is found in the previous cases. While case 4 was unstable, case 5
showed that it would most likely have A tend towards zero if it didn’t reach extinction beforehand.
In case 6 it is mainly observed that both traits tend towards zero. Interestingly, in Figure 9, D was
observed to reach 0 first with the population dying out soon after, despite A being low. This seemed
to reflect why case 4 is generally unstable: if D is zero but A is non-zero the population will reach
extinction in a short timeframe. If A reached 0 first it would then continue as if it were case 3, and
then afterwards when D reached 0 would reflect case 1 or 2.

Generally, it seems that due to the cost of conflict, traits seek to move towards 0 in order to minimise conflict from both perspectives. It also seems clear that cases where D is zero are very unstable
if A is not zero. This can help explain some other behaviour. While it is clear that all cases seem
to eventually tend towards case 1 or 2, once it reaches these cases it is not clear why high fatality
should have the stabilising effect it does. Referring to Figure A.6 in the appendix, it appears that
sudden drops in population in the model correspond with slight protrusions in A and D over time.
While this correlation exists, causation is hard to establish. It is possible that due to mutations, there
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are points in time where A is high enough such that the instabilities highlighted in case 4 come into
effect and can cause potential extinction if not alleviated quickly enough. However, low populations
allow for changing genetic traits to propagate more quickly, so these protrusions may also be caused
by the low populations rather than the other way around. I suspect a combination of the two to be
responsible here as A seems to deviate further than D. I hypothesise that A deviates upwards causing
the population to drop. Lower population results in changes in D being propagated more rapidly
to help stabilise the population until A goes to 0 again. If A is high for an extended period then
extinction may follow

This assists in explaining why case 2 is stable whereas case 1 is not. Supposing that A = 0, D = 0
is unstable because of fluctuations in A, this could be mitigated by high fatality. Any primates which
are slightly more aggressive will get killed off quickly before they can pass on their traits. In lower
fatality environments they can potentially mate multiple times and have several successful offspring
which will then lead to the instability in the population.

More research needs to be done in order to reaffirm the results of the model. More values of the
parameters need to be investigated, not only for mutation and fatality but also for the general primate
parameters to investigate how the outcomes may change with more human or gorilla-like parameters.
Fixing certain genetic traits may also yield interesting results, as perhaps some traits won’t tend
towards 0 if the others are fixed at certain values.
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Conclusion

It appeared that over time A and D tended towards 0 in a desire to minimise conflict. Despite this,
the most stable sets of populations were at A = 0, D = 1. When populations reached A = 0, D = 0, I
would enter a random walk due to a lack of conflict, so it was difficult to conclude where the population
would tend towards. However, cases where I was high tended to be more stable then when I was low.
It was found that D = 0 was highly unstable if A was non-zero. This may explain instabilities in low
fatality A = 0, D=0, since fluctuations in genetic traits from A = 0, D=0 may take the population
into this unstable state. High fatality drove evolution forward more quickly but also could act as a
stabilising element. This may be due to how it killed off more aggressive males more rapidly. Due to
how all populations seemed to eventually tend towards A = 0, D = 0, this made high fatality cases
the most stable in the long-term.
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Appendices
A

Figures

Figure A.1: Population over time: A = 0, D = 0, I = 1, low fatality, low mutation.

(a) Mean value of A over time

(b) Population over time

Figure A.2: A = 0, D = 1, I = 1, low fatality, low mutation

(a) Mean value of A over time

(b) Population over time

Figure A.3: A = 0, D = 1, I = 1, low fatality, high mutation
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Figure A.4: Mean value of D over time: high fatality, low mutation.

Figure A.5: Population over time: A = 1, D = 0, I = 0, low fatality, low mutation.

(a) Mean value of A over time

(b) Mean value of D over time

(c) Population over time

Figure A.6: A = 1, D = 1, I = 1, low fatality, high mutation
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