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Abstract

The Homeostat was a physical device that demonstrated
Ashby’s notion of ‘ultrastability’. The components interact
in such a way as to maintain sets of essential variables to
within critical ranges in the face of an externally imposed
regime of perturbations. The Daisystat model is presented
that bears a number of similarities to Ashby’s Homeostat but
which can also be considered as a higher dimensional version
of the Watson & Lovelock Daisyworld model that sought to
explain how homeostasis operating at the planetary scale may
arise in the absence of foresight or planning. The Daisystat
model features a population of diverse individuals that af-
fect and are affected by the environment in different ways.
The Daisystat model extends Daisyworld in that homeostasis
is observed with systems comprised of four environmental
variables and beyond. It is shown that the behaviour of the
population is analogous to the ‘uniselector’ in the Homeostat
in that rapid changes in the population allows the system to
‘search’ for stable states. This allows the system to find and
recover homeostatic states in the face of externally applied
perturbations. It is proposed that the Daisystat may afford
insights into the evolution of increasingly complex systems
such as the Earth system.

Introduction
This paper introduces a new model that demonstrates home-
ostasis in the face of external perturbations: the Daisys-
tat. The Daisystat is a hybrid of ‘Daisyworld’ and ‘Home-
ostat’ as it shares salient features with both models. The
Daisyworld model (Lovelock (1983); Watson and Love-
lock (1983)) was initially intended as a cybernetic proof
of concept for planetary homeostasis as formulated in
Gaia Theory which proposed that the Earth system (where
‘Earth system’ is defined as the Earth’s atmosphere, oceans,
cryosphere, lithosphere and biota) was a homeostatic entity
that maintained conditions to within the range that allowed
widespread life (Lovelock, 1979). The Homeostat was a
physical device that exhibited ultrastability - the ability to
respond to a particular regime of perturbations in such ways
as to maintain certain essential variables to within essen-
tial ranges (Ashby, 1960). While the spatial and temporal
scales of Daisyworld and the Homeostat are very different
(Daisyworld considers self-regulation at a planetary scale

over aeons whereas the Homeostat was built from four de-
commissioned Royal Air Force bomb aiming devices and
operated at millisecond speed) both systems exhibit very
similar behaviour that can be observed in the Daisystat.

In the following sections, the Homeostat and Daisyworld
models will be described. The Daisystat is then presented
and two sets of results shown. The first set shows how a
single-environmental-variable-Daisystat responds to a pro-
gressive driving perturbation, the second set shows how a
four environmental variable Daisystat responds to instanta-
neous shocking perturbations. The establishment and main-
tenance of homeostasis in both cases is given in terms of
‘rein control’. It will be shown that the behaviour of the pop-
ulation is analogous to the behaviour of the electromechan-
ical Homeostat in that the volume of possible connections
between elements of the system is ‘searched’ until new feed-
back values are found that produce homeostatic states. Such
a process is the result of natural selection operating on a
population of diverse individuals. No notions of higher level
selection, altruism or kin selection are required to explain
the homeostatic behaviour of the system. The ‘law of requi-
site variety’ (Ashby, 1956) is seen operating in the Daisystat
in that there are lower bounds for the amount of genetic and
phenotypic diversity in the population in order for homeosta-
sis to be established and maintained. It is proposed that the
Daisystat can be used as a tool to explore the evolution and
emergence of real world complex systems such as the Earth
system.

The Homeostat
The Homeostat was an electromechanical device designed
and constructed by W. R. Ashby. The Homeostat consisted
of four units. Each unit produced an output that was fed into
the inputs of the other units and back to itself via a recurrent
connection. Fig. 1 shows a schematic of the Homeostat units
and their connections. The inputs into the ith unit, Ii, are the
sum of the outputs of the other units multiplied by a set of
input weights:

Ii =
j=4∑
j=1

Ojωj,i (1)
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Figure 1: Schematic of the Homeostat and the connections
between units. Double arrow headed lines represent the two
connections that link two units. Each unit has an output con-
nection to the other three units and one recurrent connection
to itself.

where ωj,i is the weight for the connection from the jth unit
to the ith unit. A weight can either increase or decrease
a connection input. Each unit has a target value, T . The
unit’s output, O, is the difference between the input and tar-
get value: O = T − I . This represents the first level of
homeostatic control in the Homeostat. The second level of
control is derived from the establishment of essential ranges
for the output of the units. If the output of a unit moves
outside of the essential range, then a uniselector component
randomly generates connection weights for that unit until the
unit output moves back within the essential range. For ex-
ample, if the essential range is [-0.5,0.5] and O = 0.6 then
the uniselector would generate new weights for all connec-
tions into that unit until the output moves back within the
essential range. The Homeostat demonstrated ultrastability
that was a consequence of Ashby’s law of requisite variety.
In order for the Homeostat to maintain stable states in the
face of perturbations, it must be able to reconfigure itself in
at least as many ways as these perturbations demand. Con-
sequently, the volume of possible connection weight values
must encompass all possible values that would be required
to produce stable states.

Homeostat simulations start by having the uniselectors for
each unit create random weights. This produces initially
chaotic behaviour whereby one unit drives another unit out
of its essential range which responds with new uniselector
values which may drive another unit of of its essential range
and so on. Given sufficient iterations of the uniselector pro-
cess, a set of weights will be generated that proves to be
stable in that the outputs of all units remain within their es-
sential ranges. An example Homeostat simulation is shown
in Fig. 2. The Homeostat finds a stable state and is then per-
turbed when Time = 200 by decreasing the output of one
unit by 1. This leads to all units moving out of their es-
sential range and a period of uniselector activity that creates
new random weights which produces a new attractor which
the system relaxes towards.
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Figure 2: Output of the four Homeostat units. The third
unit (second from bottom) is perturbed at Time = 200 by
decreasing its output by 1. This drives the unit outside of its
essential range of [-0.5,0.5] and actuates the uniselector that
creates a new set of random weights. This produces large
changes in all other units and actuation of their uniselectors
until a new stable state is achieved.

Daisyworld
While Daisyworld is a simple model of a planetary system,
it is more complicated than the Homeostat with a number of
different feedback mechanisms that feature non-linear func-
tions. However, at its heart it is similar in that two units
in the form of two species or type of plants (commonly re-
ferred to as ‘daisies’) exert unidirectional effects on a regu-
lated variable in the form of planetary temperature. These
effects stem from the different albedo of the daisies. Albedo
is a measure of the reflectivity of an object. Black daisies
have lower albedo than white daisies. Changing the relative
proportion of black and white daisies will affect the plane-
tary albedo and so the global temperature. The black and
white daisies share the same parabolic growth response to
temperature. Both grow at maximum rates when their local
temperatures are 22.5◦ Celsius with growth progressively
decreasing, until it is zero when the temperature is 5◦ or 40◦

Celsius.
Daisyworld simulations consist of seeding a grey planet

that has an intermediate albedo of 0.5 with black and white
daisy seeds. This planet orbits a star much like the sun
which over geological time scales increases in luminosity or
brightness. On a lifeless planet, as the star increases in lu-
minosity, the temperature increases approximately linearly
(the actual temperature response being a quartic function of
luminosity). The situation is markedly different when black
and white daisies are present in that the temperature rapidly
moves towards the maximum growth rate temperature and
then stays within the range that the daisies are able to grow
over as luminosity increases. This demonstrates how plan-
etary regulation may emerge as a consequence of biologi-
cal activity that is not the result of intentional design and



in ways compatible with natural selection. Fig. 3 shows
planetary temperature being regulated when both daisies are
present and Fig. 4 show how this regulation is the result of
the change in the proportional coverage of the black and
white daisies.
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Figure 3: Temperature as a function of luminosity on Daisy-
world. The dashed line represent temperature on a planet
with no daisies. This increases approximately linearly with
increasing luminosity. The solid black line shows plane-
tary temperature with black and white daisies present. This
increases suddenly, after which it is maintained within the
growing range of the daisies for a range of luminosity val-
ues. There is a sudden increase in planetary temperature that
corresponds to the collapse of the daisy populations.
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Figure 4: Coverage of black (plotted with solid line) and
white daisies (plotted with dashed line) as a function of lu-
minosity on Daisyworld. There is a sudden increase then
progressive decline in black daisies that is mirrored by the
coverage of the white daisies.

The Daisystat Model
While the original Daisyworld demonstrated that planetary
homeostasis was at least conceivable, it was subject to a
number of quite limiting assumptions. Some of these have
been addressed in the literature. See Wood et al. (2008) for

a review. The Daisystat is intended to address one of these
more important limitations that was succinctly identified by
J. Kirchner:

“Daisyworld is a one-feedback model; there is only
one environmental variable and it is regulated by ex-
tremely strong feedback with the simplest possible bio-
sphere. Such a simple model necessarily exhibits sim-
ple behaviour. By contrast, on the real Earth many dif-
ferent environmental variables are coupled simultane-
ously, through many different feedback relationships,
with a highly complex biosphere composed of organ-
isms with diverse (and often incompatible) environ-
mental requirements. Such a complex system can ex-
hibit many kinds of behaviour that a simple Daisyworld
model cannot.” Kirchner (2003)

Daisystat features a number of environmental variables that
are regulated so that they remain within essential ranges
as a consequence of the effects of a diverse population of
individuals that respond to selection pressure in ways that
means they only ever ‘seek’ to increase their own abun-
dance with no selection for their effects on the environ-
mental variables. Daisystat can be understood as a devel-
opment of an individual-based Daisyworld model first pro-
posed in McDonald-Gibson (2006) and then analysed and
extended in: Dyke et al. (2007); McDonald-Gibson et al.
(2008); Dyke (2009). There are three important differences
between the Daisystat and these previous models. Firstly,
as already stated, Daisystat features multiple environmen-
tal variables. Secondly, mutation is not currently modelled
in the Daisystat so there is no change in the total amount
of genetic information in the population over time. Finally
there is no single carrying capacity for the population. Pre-
vious Daisyworld studies typically assumed that all individ-
uals within a population will be limited to a shared carry-
ing capacity amount. Consequently the rate of change of all
individuals is a function of the frequency of all other indi-
viduals. In Daisystat this assumption is relaxed in that all
individuals have separate carrying capacities. The interac-
tion between two individuals is then mediated only via their
dependence on shared environmental variables. A popula-
tion of K individuals are affected by and in turn affect their
environment. In all results shown, unless otherwise speci-
fied, K = 100. The individuals may represent individual
organisms, populations, species or guilds etc. All individu-
als experience the same environmental conditions in that the
environment is homogenous so that there are no local con-
ditions or micro-climates. The effect that any individual has
on the environment lead to changes in the environment that
all individuals experience in the same way. It is assumed that
an individual’s effect on this homogenous environment dif-
fuses instantaneously. The term ‘environmental resource’ is
used to denote those aspects or elements of the environment
that affect individuals and in turn are affected by individu-



als. It is important to note that such environmental resources
do not produce monotonically increasing fitness in individ-
uals. It is possible to ‘have too much of a good thing’ so an
increasing environmental resource can lead to a decrease in
the fitness of an individual. This will be expanded on below.
The change over time of the ith environmental resource, Ri,
is given by:

dRi
dt

= αIi + βOi (2)

where Ii is the external perturbing input that is being applied
to the ith resource and Oi is the population’s effect on the
resource which is the sum of the individual’s effects:

Oi =
j=K∑
j=1

= Ei,j (3)

The effect, Ei,j , that the jth individual has on the ith re-
source varies over the range [-1,1] and is given with:

Ei,j = Ajεi,j (4)

where εi,j is the phenotypic effect which is multiplied by the
abundance, A, of the jth individual, where abundance could
be interpreted as numbers of individuals, total biomass, fre-
quency in the population, proportional coverage etc. α and
β are parameters that determine the relative strengths of the
perturbing input and population output. For all the results
shown α = β = 1. There is no momentum in environ-
mental resources, consequently their rate of change will be
zero when αI = −βO. The abundance of the jth individual
changes over time with:

dAj
dt

= Aj(kj −Aj)Fj −Ajγ (5)

where kj is the carrying capacity of the jth individual. This
equation is essentially identical to that used in Watson and
Lovelock (1983) and gives logistic growth towards the car-
rying capacity, k. In all results shown all k values are set to
unity. Therefore, the range of possible abundance values is
[0, 1 − γ], where γ is a fixed death rate and for all results
shown is fixed at 0.1. Fj is the ‘fitness’ function for the jth
individual and is the sum of the fitness function responses
for each environmental resource:

Fj =
i=Rmax∑
i=1

Fi,j (6)

where Rmax is the number of environmental resources and
Fi,j is a normal distribution response that determines the jth
individual’s response to the ith environmental resource:

Fi,j = e(−(Ri,j−Ti,j)
2)/2σ2

(7)

where Ti.j is the ‘target’ ith resource value for the jth indi-
vidual in that this is the resource values that gives the max-
imum fitness of unity. This is analogous to the growth re-
sponse to temperature in Daisyworld. As the resource in-
creases/decreases from this target value, fitness decreases at

a rate determined by the variance, σ2. For all results shown,
σ2 is set to unity.

Simulations consist of initialising a population of individ-
uals with random ε and T values. The method used is to
represent each individual as a two loci genome where each
locus has a floating point number over the range [0,1]. These
values are mapped to the ranges of [0,100] and [-1,1] for the
phenotypic traits of T and ε respectively. Resource values
are initialised at some value over the range [0,100]. The
change over time in resources and abundances of individu-
als are then numerically integrated.

Results
Two sets of results are presented. The first set demonstrates
Daisystat’s ability to perform Daisyworld-type regulation; a
system consisting of a single environmental resource is sta-
bilised at a series of particular values in the presence of a
perturbing driving input that would in the absence of the ef-
fects of the individuals increase the resource. The second set
demonstrates Daisystat’s ability to perform Homeostat-type
regulation or higher dimensional Daisyworld-type regula-
tion; a system consisting of four environmental resources is
subjected to a shock which the population responds to with
a period of rapid change until a new stable state is achieved.

Daisyworld-type regulation

Fig. 5 and Fig. 6 show changes in resource and abundances
over time for a system that consists of a single resource when
dI/dt = 3/τ , where τ = 2000 is the number of units of time
simulated. These results show the resource being maintained
at a number of values during a simulation. Decreasing the
rate of change of the perturbing input will typically lead to
homeostatic states in which the resource is held at one value
for the duration of the simulation. The perturbing input pro-
gressively seeks to drive the resource higher and higher. Fig.
7 shows that the population responds to this driving so as to
produce a counteracting force so that there is no change in
the resource: I = −O. This regulation proves to be robust
to a wide range of parameter values. K can be decreased to
approximately 20 and its only upper limit is computational
resources for numerically integrating the equations (maxi-
mum K value simulated is 10,000). The width of the fitness
functions which is determined by σ2 can be decreased or in-
creased by a magnitude with no significant effects. The rate
of change of the perturbing input, dI/dt cannot be set arbi-
trarily high. In the original Daisyworld study it was assumed
that the rate of change of the luminosity of the star was suf-
ficiently slow and the change in the population was suffi-
ciently fast so as to keep the luminosity value fixed while
the population was integrated to steady state. The Daisystat
can significantly relax this assumption, however there must
be sufficient time for the population to respond to perturba-
tions by changing the abundances of individuals.



It is important to note that what value the resource remains
fixed at is not prescribed in the model. Moreover there ap-
pears to be no initial reason why the resource should remain
fixed at any level. Natural selection can be seen operating
on the population via the different target values that each
individual has. Individuals with target values nearer to the
current resource level would increase in abundance and their
effects on the resource would increase. Such effects range
over [-1,1] and are an incidental ‘by-product’ of the indi-
vidual in that there is no selection pressure for these effects.
As there is selection pressure for an individual’s response
to the environment but no selection pressure for an individ-
ual’s effect on the environment, it may appear strange that
the population responds to changes in perturbations that af-
fect the environment by changing the effects they have on
the environment while keeping their responses fixed. The
explanation for this behaviour can be given in terms of ‘rein
control’.
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Figure 5: Daisystat with a single environmental resource.
The resource is plotted with a solid line. The approximated
resource value in the absence of any individuals is plotted
with dashed line. This increases as the perturbing input is
increased over time whereas the simulation with individuals
present shows that the resource initially increases with in-
creasing perturbations but then remains approximately fixed
when it enters the range of values that produce non-zero fit-
ness. There are three periods of relatively rapid change in
the resource with homeostasis being recovered after the first
two periods.

Rein control
The term rein control was coined by M. Clynes in Clynes
(1969) within a discussion of unidirectional communica-
tion and control in biological organisms. Saunders et al.
(1998) and Saunders et al. (2000) developed the notion into
a mathematical description of regulatory systems that are
comprised of separate ‘reins’ that can only pull a controlled
variable in one direction. The notion of rein control has been
previously applied to the analysis of Daisyworld-type mod-
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Figure 6: Abundance of individuals changing over time. The
change in abundance is analogous to the change in the cov-
erage of black and white daisies in Daisyworld. As the per-
turbing input seeks to drive the resource higher, the popu-
lation responds by altering the proportion of increasing and
decreasing effect individuals.
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Figure 7: Population output changing over time. The ef-
fect that the population has on the resource is plotted with
a solid line. The driving perturbing force is plotted with a
dashed line. The increasing perturbing input produces an
equal magnitude, but opposite sign response from the pop-
ulation. At Time ≈ 800 and 900 there are rapid changes in
the population output before it is recovered so that I = −O
again.

els: Harvey (2004), Dyke and Harvey (2006), Dyke et al.
(2007), McDonald-Gibson et al. (2008), Wood et al. (2008),
Dyke (2009). The Daisystat extends the rein control notion
in that homeostatic states feature diverse populations that are
not necessarily dominated by two individuals/types/species.
Fig. 8 shows the establishment of a rein control stable state.
Two sub-populations can be seen in that a group of individ-
uals that have T values lower than the current R value will
collectively have an increasing effect on R, while a group
of individuals that have T values higher then the current R
value will collectively have a decreasing effect on R. The



sum of the individual’s effect will equal that of the perturb-
ing input, I . As I changes, the abundance of individuals
and the net effect of the two sub-populations changes so that
I = −O and so R remains fixed.
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Figure 8: The origins of a rein control stable state when
K = 1000. The effects that the individuals have on the
resource are shown where these effects are the product of
the individual’s phenotypic effect on the resource, ε, and the
abundance of that individual, A. Individuals are ranked in
order of their T values. Individuals at the left hand side of
the horizontal axis have maximum fitness when R = 69
while individuals at the right hand side have maximum fit-
ness when R= 73. The resource, R, is being fixed around
the value of 70.9 which is denoted by the dashed lined la-
belled R∗. To the left of the dashed line, the sum of the
sub-population effects is positive. To the right of the dashed
line, the sum of the sub-population effects is negative. As
the perturbing input, I , alters, the population responds so
that the relative strengths of the two populations adjust such
that I = −O and hence R is maintained near R∗.

Homeostat-type regulation
The Daisystat exhibits Homeostat-type behaviour in re-
sponse to sudden perturbations. A Daisystat that was com-
prised of 4 environmental resources was allowed to relax to
a stable state in the absence of any perturbations (I = 0).
This was then subjected to a ‘shock’ in that one resource
value was instantaneously increased by 5 units. This lead
to a rapid change in the values of all other resource values
as the abundance and so population output on the resources
varied rapidly as shown in Fig. 9 and Fig. 10. The change in
the abundances continued until a new stable state was found.

Discussion
Daisystat displays the ability to resist external driving per-
turbations much the same way as the original Daisyworld
model. An important difference from the original Daisy-
world model is that the effects the individuals have on their
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Figure 9: Resource values are shown for a 4 resource Daisy-
stat. The system is perturbed at Time = 300 by increasing
R1 (the top line) by 5 units. This leads to a period of contin-
ual change in all environmental resources until Time ≈ 600
when a new set of stable resource values are established.
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Figure 10: Abundances of individuals are shown for a 4 re-
source Daisystat. The perturbation of R1 at Time = 300 pro-
duces a period of rapid change in the abundance of individ-
uals as the population ‘searches’ for a new stable state.

environment and how they are affected by their environment
are not prescribed. Consequently, homeostasis may be es-
tablished anywhere over the range [0,100]. The explanation
of homeostasis was given in terms of the rein control effects
of a population. This also produced uniselector-type be-
haviour in that if a resource is driven outside of the range of
the individuals that are currently regulating it, a sequence of
events leads to all resource values being similarly driven and
large changes in the population. Such changes continue until
a new set of population responses and effects emerges that
produce stability. The change in the abundances of individ-
uals in the population can be described in terms of selection
pressure, however there is no meaningful selection pressure
for a population’s effect on its resources. The homeostatic
behaviour of the Daisystat is not a result of higher level se-
lection.



Increasing the number of environmental resources
demonstrated that the rein control system will operate in
higher dimensions, an observation first made in Saunders
et al. (2000). Regulation operating at planetary scales would
be a very high dimensional system with a wide range of time
and spatial scales. Daisystat can be considered as a first step
in exploring higher dimensional regulation that emerges via
population dynamics. In the Homeostat, as the number of
units increases and so the size of the matrix of weights in-
creases, the probability of randomly generating weight val-
ues that will produce a stable system decreases. Such ob-
servations resonate with the long-lasting debate surrounding
Gaian regulation, that as there is only a single Earth, plan-
etary homeostasis could not have evolved. While popula-
tion dynamics may provide a possible account for a biologi-
cal uniselector that can establish and recover stable states, it
cannot explain how high dimensional systems could emerge.
If we simplify the Daisystat into a network topology of feed-
back from and to environmental resources, then making the
network more complex by increasing resources leads to the
probability of it being stable reducing much in the same way
as formulated in May (1972). However, the Earth system did
not suddenly come into being 4.5 billion years as it is today.
The hypothesis is that an effectively intractable problem in
the form of determining a set of feedback values that will
lead to stability for a high dimensional system can be made
tractable by ‘growing’ such a system from initially low di-
mensions. In more concrete terms, this could involve incre-
mentally adding new environmental resources to currently
stable Daisystat systems. This may be seen as the emer-
gence of new ‘guilds’ of organisms that both exploit and af-
fect aspects of the environment that was either previously
separated from the biota or did not even exist. Such an ac-
count has been proposed for the increase in complexity for
the Earth system (Lenton et al., 2004)

Limitations and future work
The Daisystat is a very simple model intended as an ‘opaque
thought experiment’ (Di Paolo et al., 2000) much in the same
spirit as the original ‘parable’ of Daisyworld. Assumptions
concerning population dynamics were very basic. It is im-
portant to note they resulted in no individual completely
dying and being removed from the population. The num-
ber of individuals remained constant. Consequently biodi-
versity remained constant (if biodiversity is calculated as
simply the number of existent species). However the abun-
dances may be so small (approximately 10−5) that their ef-
fects on the resource values can be safely ignored. More-
over, many Daisyworld studies including the original Wat-
son & Lovelock model assumed a constant supply of either
daisy ‘seeds’ or floor for the coverage of daisies. However,
allowing species to go extinct in Daisystat could lead to a
significant decrease in homeostatic behaviour due to the ab-
sence of the ‘required’ rein control species for a particular

state of the system. Changing the total number of species
via extinction in the absence of mutation and so creation of
new species can be seen as reducing the Daisystat’s amount
of Ashbian variety. The connection between Ashby’s law
of requisite variety and biodiversity can be expressed as the
greater the variety of the system (species in Daisystat) the
greater the system’s ability to reduce variety in the environ-
ment via regulation. There is significant scope to explore the
relationship between biodiversity and stability in the Daisys-
tat and how it changes as the dimensions of the environment
changes.

A major assumption of the model is that all possible
genomes are specified at the start of a simulation. There
is no mutation of the alleles that determines an individual’s
effect on the environment and how it is affected by the envi-
ronment. Introducing mutation would allow a range of evo-
lutionary mechanisms to be explored and is a planned item
for future work. The current approach of randomly initialis-
ing a population of individuals is consistent with the notion
that ‘everything is everywhere, but the environment selects’
(see O’Malley (2007) for a historical review) which would
support the assumption that it may be sufficient to generate
sufficiently diverse simulated populations and then allow en-
vironmental conditions to select those individuals that will
survive and perish.

No significant assessment of altering the rates at which
individuals respond to and affect resources has been under-
taken. This corresponds to α = β = 1 in equation 2. These
values can be seen as analogous to the ‘viscosity’ term in
models of the Homeostat that modulates the rate of change
of a unit’s effect on the other units. There is much scope to
explore the parameter space of different rates of change in
Daisystat.

All the results presented featured Daisystats that were
completely connected; all individuals were affected by and
in turn affected all resources. Initial experiments that re-
laxed this assumption lead to more complex behaviour. For
example when the connections were made more sparse, sta-
ble states that featured oscillations and limit cycles were
observed. Exploring the effects of changing the density of
connections in Daisystat represents a fertile area of future
research.

Conclusion
A homeostatic model, the Daisystat, has been presented.
This shares certain features and behaviour of the Daisy-
world and Homeostat models. The Daisystat proved to be
robust to two types of perturbation: instantaneous changes in
one of the environmental resource values (analogous to one
element in the Homeostat being subject to a sudden jolt);
progressive driving of environmental resources (analogous
to increasing luminosity in Daisyworld). This has demon-
strated that Daisyworld-type homeostasis can be observed
under minimal assumptions and with numerous environmen-



tal resources being subject to regulation (the original Daisy-
world featured a single environmental resource in the form
of planetary temperature). This has also demonstrated that a
population of diverse individuals can perform the same func-
tion as a Homeostat uniselector by generating rapid changes
in the feedback operating between the resources until new
stable states are found. A plan of future research was out-
lined that would investigate the ability to incrementally in-
crease the complexity of homeostatic systems and so pro-
vide a conceptual framework in order to understand how
real world complex systems such as the Earth system have
evolved from simpler states.

Acknowledgements
The author thanks the Helmholtz-Gemeinschaft as this re-
search has been supported by the Helmholtz Association
through the research alliance “Planetary Evolution and
Life”. The author would like to acknowledge the contri-
butions of Richard Watson to the formulation of a number
of ideas related to the Daisystat and the comments of three
anonymous reviewers that greatly improved the paper.

References
Ashby, W. R. (1956). Introduction to Cybernetics. Chapman

and Hall, London.

Ashby, W. R. (1960). Design for a brain. Chapman and
Hall, London, 2nd edition.

Clynes, M. (1969). Cybernetic implications of rein control
in perceptual and conceptual organization. Annals of
New York Academy of Science, 156:629–670.

Di Paolo, E., Noble, J., and Bullock, S. (2000). Simula-
tion models as opaque thought experiments. In Be-
dau, M. A., McCaskill, J. S., Packard, N., and Ras-
mussen, S., editors, Artificial Life VII, Proceedings of
the Seventh International Conference on the Simulation
and Synthesis of Living Systems, pages 497–506. MIT
Press, Cambridge MA.

Dyke, J. G. (2009). The Daisyworld control system. PhD
thesis, University of Sussex, UK.

Dyke, J. G. and Harvey, I. R. (2006). Pushing up the daisies.
In Rocha, L. M., Yager, L. S., Bedau, M. A. Floreano,
D., Goldstone, R. L., and Vespignani, A., editors, Ar-
tificial Life X, Proceedings of the Tenth International
Conference on the Simulation and Synthesis of Living
Systems, pages 426–431. MIT Press, Cambridge MA.

Dyke, J. G., McDonald-Gibson, J., Di Paolo, E., and Har-
vey, I. R. (2007). Increasing complexity can increase
stability in a self-regulating ecosystem. In Almeida e
Costa, F., Rocha, L. M., Costa, E., Harvey, I. R., and
Coutinho, A., editors, Proceedings of IXth European

Conference on Artificial Life, ECAL 2007, pages 133–
142. Springer, Berlin.

Harvey, I. R. (2004). Homeostasis and rein control: From
daisyworld to active perception. In Pollack, J., Bedau,
M., Husbands, P., Ikegami, T., and Watson, R. A., edi-
tors, Proceedings of the Ninth International Conference
on the Simulation and Synthesis of Living Systems, AL-
IFE’9, pages 309–314. MIT Press, Cambridge MA.

Kirchner, J. W. (2003). The gaia hypothesis: conjectures
and refutations. Climatic Change, 58:21–45.

Lenton, T. M., Caldeira, K. G., and Szathmary, E. (2004).
What does history teach us about the major transitions
and the role of disturbances in the evolution of life and
of the earth system? In Earth System Analysis for Sus-
tainability. Dahlem Workshop Report 91. H.-J.

Lovelock, J. E. (1979). Gaia: a new look at life on Earth.
Oxford University Press, Oxford.

Lovelock, J. E. (1983). Daisy world - a cybernetic proof
of the gaia hypothesis. The Co-evolution Quarterly,
Summer:66–72.

May, R. M. (1972). Will a large complex system be stable?
Nature, 238:413–414.

McDonald-Gibson, J. (2006). Investigating gaia: A new
mechanism for environmental regulation. Master’s the-
sis, University of Sussex.

McDonald-Gibson, J., Dyke, J. G., Di Paolo, E., and Harvey,
I. R. (2008). Environmental regulation can arise under
minimal assumptions. Journal of Theoretical Biology,
251(4):653–666.

O’Malley, M. A. (2007). The nineteenth century roots of
‘everything is everywhere’. Nature Reviews of Micro-
biology, 5(8):647–651.

Saunders, P., Koeslag, J. H., and Wessels, J. A. (1998). Inte-
gral rein control in physiology. Journal of Theoretical
Biology, 194:163–173.

Saunders, P., Koeslag, J. H., and Wessels, J. A. (2000). In-
tegral rein control in physiology ii: A general model.
Journal of Theoretical Biology, 206:211–220.

Watson, A. J. and Lovelock, J. E. (1983). Biological home-
ostasis of the global environment: the parable of daisy-
world. Tellus Series B-Chemical and Physical Meteo-
rology, 35B:284–289.

Wood, A. J., Ackland, G. J., Dyke, J. G., Williams, H. T. P.,
and Lenton, T. M. (2008). Daisyworld: a review. Re-
views of Geophysics, 46:RG1001.


