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ABSTRACT 

Lovelock proposed a concept, referred to as Gaia, in which feedbacks from the biosphere 
minimize fluctuation in climatic conditions. A simple model, referred to as daisyworld, was 
later developed to illustrate the Gaia concept. Daisyworld is defined on a cloudless fiat or 
cylindrical planet with negligible atmospheric greenhouse gases in which bare soil and daisies 
of different colors interact so as to maintain stable climatic conditions. In the current paper, 
this daisyworld model is used to study the interaction between biota and their environment in 
more detail. It is found that periodic, and even chaotic, states can exist when the parameter 
controlling the feedback between biota and environmental temperature is changed. The 
existence of periodic and chaotic solutions is verified by their power spectra, fractal 
dimensions, and Lyapunov exponents. These results show that stable climatic conditions are 
not always maintained in daisyworld, despite the presence of daisies which supply the 
required feedback. While daisyworld is a simple model, the mathematical analysis of this 
model raises questions about the validity of the Gaia hypothesis. 

1. Introduction 

It is now widely accepted that the Earth is a 
single system which consists of the biota and 
their environment. These two elements of the 
system are closely coupled: the biota regulate the 
environment (e.g., climate on a planetary scale) 
and, in tum, the environment restricts the evol­
ution of the biota and dictates what type of life 
can exist as a consequence of Darwinian natural 
selection. Changes in one part will influence the 
other, being opposed by negative feedback or 
enhanced by positive feedback, and this may lead 
to oscillation or chaos in the system. Therefore, in 
order for climate models to predict the conse­
quences of changes caused by human activities 
(e.g., the increase of greenhouse gases), the biota 
should be included in the model. On the other 
hand, the biota and the environment of the Earth 
are so complex that this system, or even a single 
aspect of feedback in it, can not yet be 
adequately described by simple mathematical 
equations. 
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In the past few years, a model, daisyworld, 
which is an active system where the biota and the 
environment are tightly coupled, was first de­
scribed by Lovelock (1982) and used to study the 
interaction between daisies of one or two species 
and the temperature of the environment (Watson 
and Lovelock, 1983). These authors found that 
the inclusion of feedback from the environment, 
regardless of its direction, stabilized daisyworld, 
and this was consistent with the earlier Gaia 
hypothesis that the climate and the chemical 
composition on the Earth have been and are 
maintained at a steady state by the presence of 
life itself (Lovelock and Margulis, 1974). 

Though the feedback in daisyworld is much 
simpler than that on the Earth, research on such 
an imaginary planet may provide insight into the 
properties of the Earth's climate. Therefore, 
further studies are needed. The purpose of this 
paper is to study the fictional world in more 
detail, and, especially, to evaluate the chaotic 
properties of this model. Both qualitative and 
quantitative methods from modem chaos theory 




















