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Wild Dog Model: ODD Description

Purpose

The purpose of the model is to evaluate how the persistence of a wild dog population depends on

1. the reserve’s carrying capacity,
2. the ability of dispersing dogs to find each other,
3. and the mortality risk of dispersing dogs.

Measures of “persistence” include

• the average number of years (over a number of replicate simulations) until the population is
extinct,

• and the percentage of simulations in which the population survives for at least 100 years.

For evaluating the usefulness of the original model for this purpose, Gusset et al. (2009) defined five
patterns observed in the real wild dog population of Hluhluwe-iMfolozi Park in South Africa. The
patterns relevant to this version of the model are:

1. the range (mean and standard deviation) of the pack size, year by year.
2. the sex ratio of males to females
3. the proportion of the population that are pups
4. the proportion of disperser groups that fail to form new packs

The model’s purposes as a NetLogo exercise are to demonstrate the use of breeds to represent collectives
and to illustrate stochastic modeling techniques.

Entities, State Variables, and Scales

The model includes three kinds of agent: dogs, dog packs, and disperser groups.

Dogs

Dogs have state variables for:

• age in years,

• sex,

• the pack they were born in.

NOTE: In the book, the ODD says, “the pack or disperser group they belong to,” but when two
disperser groups meet, this state variable is used to ensure that the dogs were not born into the
same pack, so at that point, this has to indicate the birth pack, not the disperser group. Thus, I
interpret this as meaning that this variable refers only to the last pack, not disperser group, the
dog belongs to.

• and social status.

The social status of a dog can be

a. pup: meaning its age is less than one;
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b. yearling: with age between 1 and 2;
c. subordinate: meaning age is greater than 2 but the dog is not an alpha;
d. alpha: the dominant individual of its sex in a pack; and
e. disperser: meaning the dog currently belongs to a disperser group, not a pack.

Dog packs

Dog packs have one state variable:

• an agentset of the dogs that belong to the pack.

Disperser groups

Disperser groups have state variables for

• sex (all members are of the same sex)
• and an agentset of member dogs.

Scales

The time step is one year. The model is nonspatial: locations of packs and dogs are not represented.
However, its parameters reflect the size and resources of one nature reserve. The key parameter that
characterizes the scale of the wildlife reserve is the carrying capacity, which is 60 dogs.

Process Overview and Scheduling

The following actions are executed once per time step, in this given order (details are found in the
Submodels section):

1. Age and social status update

2. Reproduction: packs determine how many pups they produce, using these rules:

3. Dispersal: Subordinate dogs can leave their packs in hopes of establishing a new pack. These
“dispersers” form disperser groups, which comprise one or more subordinates of the same sex
that came from the same pack.

4. Dog mortality: Mortality is scheduled before pack formation because mortality of dispersers is
high. Whether or not each dog dies is determined stochastically.

5. Mortality of collectives:

6. Pack formation: Disperser groups may meet other disperser groups, and if they meet a disperser
group of the opposite sex and from a different pack, the groups may or may not join to form a
new pack.

Design Concepts

Emergence

Population and pack dynamics emerge from the the behavior of individuals, but individual behavior
was entirely imposed by probabilistic empirical rules.

Adaptation

There is no adaptation. Individual behavior is driven entirely by stochastic rules.
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Objectives

Individuals do not seek objectives.

Learning

There is no learning

Prediction

There is no prediction

Sensing

When one disperser groups meets another, it sense whether the other pack has is of the opposite sex,
and whether it was born in the same pack.

Interaction

Three types of interaction were modeled:

1. Within each pack, dispersing individuals of the same sex formed a disperser group.
2. Disperser groups could meet and form new packs
3. Dominant (alpha) individuals suppressed reproduction by subordinate pack members.

Stochasticity

All demographic and behavioral parameters in the model were interpreted as probabilities. Events, such
as breeding or forming new packs, are determined stochastically, using Bernoulli trials. Characteristics,
such as size of litter, sex of pups, etc., are determined stochastically using probability distributions.

Collectives

Individuals were grouped into packs and disperser groups that represented independent entities, with
some processes being explicitly related to these collectives (e.g., reproduction or formation of new
packs).

Observation

For model analysis, the time to extinction was recorded.

Initialization

• Parameters for the model:
– Carrying capacity = 60

• The model is initialized with:
– 10 packs and no disperser groups.
– The number of dogs in each initial pack is drawn from a Poisson distribution with mean of

5 (the Poisson distribution is convenient even though its assumptions are not met in this
application).

– The sex of each dog is set randomly with equal probabilities for male and female.
– The age of individuals is drawn from a uniform integer distribution between 0 and 6.
– Social status is set according to age.
– The alpha male and female of each pack are selected randomly from among its subordinates;

if there are no subordinates of a sex, then the pack has no alpha of that sex.

3



Input Data

The model does not use any input data.

Submodels

Age and update social status:

• The age of all dogs is incremented.
• Their social status variable is updated according to the new age:

– Age < 1: “pup”
– Age = 1–2 (inclusive): "yearling
– Age > 2 and in-pack: “subordinate” or “alpha”
– Age > 2 and not in-pack: “disperser”

• Each pack updates its alpha males and females. If any pack is missing one or both alphas, and if
it has subordinates of the appropriate sex, a subordinate of that sex is randomly selected and its
social status variable set to “alpha.”

• For testing: At the end of this step, check that the pack is consistent with these rules:
– All dogs’ social status is consistent with age and pack membership.
– Each pack has exactly one alpha male or else it has no subordinate males.
– Each pack has exactly one alpha female or else it has no subordinate females.

Reproduction

Packs determine how many pups they produce, using these rules: * If the pack does not include both an
alpha female and alpha male, no pups are produced. * Otherwise, the probability of a pack producing
pups depends on the total number of dogs in the reserve, N (not counting any pups already born in the
current time step).

• The probability of reproducing is modeled as a logistic function P(N) such that

P(N) = 0.5 when N = half the carrying capacity and P(N) = 0.1 when N = the carrying capacity. See
the logistic function submodel, below, for details.

– Determine whether pack breeds, based on this probability.

* If the pack reproduces, the number of pups is drawn from a Poisson distribution that
has a mean birth rate (pups per pack per year) of 7.9.

· Assign sex of new-born pups randomly with P(male) = 0.55
· Set age of new-born pups to zero.

Dispersal

Subordinate dogs can leave their packs in hopes of establishing a new pack. These “dispersers” form
disperser groups, which comprise one or more subordinates of the same sex that came from the same
pack.

Each pack follows these rules to produce disperser groups:

• If a pack has no subordinates, then no disperser group is created.
• If a pack has only one subordinate of its sex, it has a probability of 0.5 of forming a one-member

disperser group.
• If a pack has two or more subordinates of the same sex, the subordinates always form a disperser

group.
• Dogs that join a disperser group no longer belong to their original pack, and their social status

variable is set to “disperser.” However, dogs that join disperser groups still keep the pack identifier
of the pack they were born into. This is used if it meets another disperser group.
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Dog mortality

Whether or not each dog dies is determined stochastically using the following probabilities of dying:

• P(death) = 0.44 for dispersers,
• P(death) = 0.25 for yearlings,
• P(death) = 0.20 for subordinates and alphas,
• and P(death) = 0.12 for pups.

Mortality of collectives

• If any pack or dispersal group has no members, it is removed from the model.
• If any pack contains only pups, the pups die and the pack is removed.

Pack formation

Disperser groups may meet other disperser groups, and if they meet a disperser group of the opposite
sex and from a different pack, the groups may or may not join to form a new pack. This process is
modeled by having each disperser group execute the following steps. The order in which disperser
groups execute this action is randomly shuffled each time step: * Determine how many time the pack
disperser group meets another disperser group. The number of meetings (variable num-groups-met) is
modeled as a Poisson process with the rate of meeting (the average number of times per year that a
disperser group meets another disperser group) equal to the number of other disperser groups times
a parameter controlling how often groups meet. * num-groups-met = Poisson(x * number of other
disperser groups) * The meeting rate parameter x can potentially have any value of 0.0 or higher (it can
be greater than 1) but is given a value of 1.0. * The following steps are repeated up to num-groups-met
times, stopping if the disperser group selects another to join: 1. Randomly select one other disperser
group. It is possible to select the same other group more than once. 1. If the other group is of the same
sex, or originated from the same pack, then do nothing more. 1. If the other group is of the opposite
sex and a different pack, then there is a probability of 0.64 that the two groups join into a new pack.
* If they do not join, nothing else happens. * If two disperser groups do join, a new pack is created
immediately: * All the dogs in the two groups become its members. * The alpha male and female are
chosen randomly. * All other members are given a social status of “subordinate.” * The two disperser
groups are no longer available to merge with remaining groups.

Logistic function

The logistic function P(N) should be 0.5 when N = 0.5carrying capacity and 0.1 when N =
carrying capacity. One way to program this function is with the following intermediate variables:

X1 = carrying-capacity/2
X2 = carrying-capacity

P1 = 0.5
P2 = 0.1

D = ln
(

P1

1− P1

)
C = ln

(
P2

1− P2

)
B = D − C

X1 −X2

A = D − (BX1)
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Now we can write the logistic function:

z(x) = exp(A+ Bx)

P(x) = z(x)
1− z(x)

We only need to calculate the intermediate variables A, B, C , and D once, during the initialization.
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