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Two years ago Alwi Dahlan and Godwin Chu suggested a new research 
topic - "environmental communication". This term referred to the flow 
of information between government and the rural population regarding 
the proper management of the natural environment. When first proposed, 
the scope and contents of this field of study were unclear. It has 
since become evident that environmental communication involves both 
communications from the government to the people and from the people 
to the government. The goal of environmental communication research 
is to.foster the smooth and accurate transmission of environmental 
information in both directions. 

As with many new fields of inquiry arising out of the pressing 
practical requirements of rural development, environmental communica
tion lacks a coherent theoretical framework. As a consequence, work 
to date has been somewhat ad hoc and particularistic. If environmen
tal communication is to develop into an approach having greater gene-
ralizability it must be given a firmer theoretical foundation. The 
theoretical analysis of information flow in ecology is still also in 
its early stages but offers some concepts which can be usefully applied 
to research on environmental communication. 

BACKGROUND TO THE CONCEPT OF INFORMATION FLOW IN ECOLOGY 

Given its intellectual roots in natural history, it is not sur
prising that ecology has on the whole had a materialist orientation. 
By this I mean that descriptions of ecosystem functioning have prima
rily focused on exchanges of energy and nutrients between system 
components. Whole texts have been written describing the path followed 
by energy from its entry into the system in the form of sunlight cap
tured by green plants, its consumption by plant-eating animals and its 
subsequent capture by carnivores that eat the plant-eaters, and so 
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forth until its final loss from the biosphere in the form of heat 
radiated back into space. Similarly detailed descriptions have been 
published of the cyclical flow of nutrients such as carbon, nitrogen, 
and phosphorus between the living and non-living components of the 
ecosystem. 

Human beings, as living organisms, are very much involved in the 
flow of energy and nutrients within the ecosystems on which our survi
val depends. There are thus very good reasons for ecologists to be 
strongly concerned with the material well-being of these systems, in 
particular the maintaining of proper balance between system components. 

Many ecologists have argued that, unless subject to severe misma
nagement by humans, ecosystems tend to be self-regulating or homeosta-
tic. They illustrate this concept by the analogy of a thermostat 
regulating the temperature of an air-conditioned room. When the 
temperature rises above a preselected point, the thermostat turns on 
the air conditioner which begins cooling the room. Gradually the 
temperature drops until it falls below some minimum point at which the 
thermostat orders the air conditioner to shut down. Then slowly the 
temperature rises until it again reaches the point where the thermostat 
activates the cooling machinery. The system is self-regulating in that, 
once the temperature range has been selected by the tenant, no further 
human intervention is required to keep the room within that range. As 
long as outside energy is flowing into the system in the form of elec
tricity, it will remain in homeostasis. 

It is often asserted that natural ecosystems are similarly self-
regulating. If, for example, the population of leaf-eating insects 
begins to increase in a rainforest, the trees would quickly be defo
liated, and the insects, deprived of their food supply, might suffer 
extinction. Such system collapse rarely occurs in nature. Instead, 
the growing abundance of insects attracts insectivorous predators who, 
supplied with abundant food, rapidly increase their own population. 
Gradually the increased numbers of predators bring the insect outbreak 
under control. At the same time, the increased abundance of insecti-
vores is likely to have attracted higher level predators who in turn 
check their own increase. In the long run the system regulates itself 
so as to keep the population of all of its many component species in 
balance with available resources. 

As usually described in ecology texts, it is the eating of the 
insects by the predators - a flow of energy from herbivores to carni
vores - that is presented as being analogous to the operation of the 
thermostat. This represents, I think, a fundamental misunderstanding 
of how the system operates and explains why it has taken so long for 
information flow to be appreciated as being, at least, as significant 
as energy and material flows in ecosystem functioning. I would argue 
that it is information, rather than energy or materials, that controls 
the functioning of ecosystems. 

Consider again the example of the thermostat in the air condi
tioned room. What does it actually do? It does not cool the air. 
That is the function of the air conditioner which uses electrical 
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energy to run a compressor to cool the air. The thermostat plays a 
different role. Its functions are informational. It collects infor
mation about the temperature of the room and, based upon this infor
mation, transmits instructions to the air conditioner to turn on or 
turn off. The thermostat, then, is a collector and processor of 
ecological information. Its analog in natural ecosystems is found 
in the sensory organs (eyes, ears, etc.) and brains of organisms 
which collect and process information about the condition of the system. 

THE CONCEPT OF ECOLOGICAL INFORMATION 

What is meant by information in the ecological context and what 
role does it play in ecosystem functioning? Ecological information 
can be defined as any sign or indicator about the past, present, or 
future state or behaviour of individual components of an ecosystem or 
of the system as a whole. A fossil bone in a sedimentary rock layer 
offers information to the palaeontologists about the past state of the 
system. The howling of a band of gibbons informs the hunter of their 
current presence in the forest. A bright red sunset predicts a fair 
day tomorrow to the watching sailor whereas a red sunrise warns him of 
an impending storm. There is a continuous flow of such information 
between the various components of the ecosystem and most, if not all, 
living organisms are influenced in their behaviour by reception of 
such information. 

Perhaps the most striking evidence of the significance of infor
mation flow in the functioning of ecosystems is provided by animal 
colouration. As anyone who has visited a zoo should be aware, animals 
display a vast variety of colour schemes ranging from the mottled 
browns and greys of many terrestrial jungle mammals to the bright reds 
and yellows of the tree-dwelling birds. Far from reflecting chance 
development or the work of a mad artist, animals are coloured as they 
are because of natural selection acting on the kinds of information 
they supply to other organisms in their ecosystem (Cott 1940). Colour 
serves to convey, distort or suppress the flow of information between 
organisms. Use of colour for concealment (suppression of information 
flow) in the form of camouflage is perhaps its best-known function in 
nature. The spots of a young deer, the stripes of the tiger, and the 
black and white shades of the tapir are all colour patterns that serve 
to make the animal less visible to the eye of the observer. By serving 
to impede the flow of information from one organism to another, camou
flage can aid both the predator in stalking its prey, and the prey in 
evading the predator. 

Warning colouration serves the reverse function from camouflage. 
The vertical black and white strips of the skunk; the red, yellow, and 
black rings of the coral snake; and the black and yellow stripes of 
poisonous toads all serve to advertise the presence of these species to 
other inhabitants of the ecosystem. Such colour patterns are precisely 
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those that researchers have found to give greatest visibility based 
upon sound principles. Thus, it is no accident that warning signs 
on highways also make maximum use of reds, yellows, and black and 
white stripes. In nature, animals with such colouration are freguent-
ly those species that are highly poisonous or otherwise unpalatable to 
predators. Their best defense is to advertise their presence so that 
other species do not mistake them for more suitable prey. Bright 
colours are also important for purposes of species identification at 
mating time. Thus, tree-living jungle birds, who have little need for 
concealment from predators, freguently display very bright colour 
patterns, which serve to distinguish one species from another, reducing 
the chance of error in selecting mates. 

HUMAN COLLECTION AND PROCESSING OF ECOLOGICAL INFORMATION 

Probably all living organisms have some information collection 
capacity, although there is a great variation in the nature and capabi
lity of their receptors and thus in the kinds and amount of information 
that they can receive. In general, members of the plant kingdom are 
eguipped to collect different kinds of environmental intelligence than 
members of the animal world. The higher mammals, especially the pri
mates, generally have a broader spectrum of sensory capabilities than 
the lower orders. Although other species may surpass man in the data 
collection ability of any particular sense (the owl's eye, the leech's 
vibration detector, the mosquito's heat tracking), few possess the 
overall range of sensory capabilities that man does. 

Colour, is perhaps, the most obvious means of conveying environ
mental information to the human observer, reflecting the dominant posi
tion of vision among our senses. Primitive man hunts game and seeks 
wild plant foods primarily on the basis of visual information so that 
colour blindness is a great disadvantage to him. It has been suggested 
that natural selection tends to hold down the frequency of colour blind
ness among hunting people, whereas it achieves quite high proportions 
in agricultural populations who are less dependent for survival on 
detailed visual scanning of their environment. Other senses are less 
important to man in obtaining environmental data. The sense of smell 
and the related ability to taste are mainly important in assessing the 
palatability of food stuffs. Other animals are, of course, acutely 
sensitive to the odour of man and use such information to escape from 
hunters. Thus, a careful hunter always approaches wary game animals 
from downwind so that his scent will not panic them. 

Sound plays a secondary role in direct human acquisition of ecolo
gical information although, since the development of spoken language, 
aural perception has been central to obtaining secondary intelligence 
on the environment. Man's sense of touch and his ability to sense 
heat radiation in the infra-red part of the spectrum are, by comparison, 
less well developed and play relatively minor roles in human acquisi
tion of environmental information. Other organisms, however, have 
very different perceptual capabilities. Bats, for example, are able to 
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navigate successfully in total darkness due to their ability to hear 
the echoes of high-pitched sound-waves that bounce off obstacles 
in their flight path. Owls and other nocturnal predators have eyes that ar 
able to gather the very limited available light with far greater 
efficiency than man's eyes. 

Since the beginnings of the scientific age, man has invented 
artificial receptors that greatly increase the range of environmental 
information he is able to perceive. Our unaided senses, for example, 
cannot detect the presence of radioactivity, but the clicking of a 
geiger counter now tells us when we are entering contaminated areas. 
Special films allows us to observe infra-red radiation, the compass 
allows us to home in on the earth's magnetic pole, and radar allows 
safe navigation in total darkness following principles analogous to 
the echo location technigue of the bats. Earth-scanning satellites 
now allow continuous monitoring of the entire biosphere. The greatest 
problem for modern man is not the acquisition of additional raw 
environmental information; it is the processing and analysis of these 
data as a basis for appropriate action toward the environment. 

The most significant difference between man and all other living 
species, however, lies not in the ways in which information is collected, 
but in what is done with it once it has been received - the processing, 
analysis, and selection of appropriate responses to the environmental 
information that continually flows into the organism's receptors. Man 
is unique in that almost all human handling of information is based upon 
culturally determined learning. Some other animal species must also 
learn how to respond to environmental information, but they do so 
almost entirely on the basis of individual experience rather than being 
taught by other members of their species who have already acquired such 
knowledge. 

In dealing with environmental information, it is necessary to 
recognize several analytic levels. First, there is the totality of 
information flowing through the ecosystem. The variety and quantity 
of this information is immense and its complete description is impossible. 
Second, there is that share of the total information flow that any 
particular species is capable of perceiving. As Bates (1972) has pointed 
out, each species has a distinctive "perceptual environment" so that 
even though two species share a common ecosystem they do not perceive 
exactly the same share of the total information flowing within its 
boundaries. Finally, in the case of man, there is the "cognized 
environment", which includes only those aspects of received information 
that are recognizable in terms of human cultural categories of thought 
(Vayda and Rappaport 1968). 

For humans, interaction with environmental information flow is 
almost entirely at the cognitive level and thus represents individually 
and culturally learned responses. Man has only a few instinctive reac
tions to information although newborn infants do display a startled 
reaction to loud noises. Some response patterns are acquired by unique 
individual learning experiences: A child that has been bitten by a 
puppy will afterwards show fear when seeing a dog, whereas one that has 
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not had such a bad experience may squeal with delight. Most responses 
to perceived information are culturally learned ones, however, so that 
identical perceptual information inputs often have totally different 
significance to people of different cultures. The eyes of Chinese and 
Americans are equally capable of perceiving light rays in the red part 
of the spectrum,, but the Chinese associate red with prosperity, whereas 
Americans associate red with danger. 

So strong is the influence of culture on human behaviour that, 
perception itself, is affected by cultural categories. For example, 
all normal human eyes are able to see light-waves falling within a 
certain range of the spectrum, but different cultures divide up the 
spectrum in different ways, so that recognition of colours differs from 
group to group. Research by psychologists has shown that if a colour 
has a name in their language, it is easier for people to recognize it 
and recall it correctly later than if it is a shade they do not lingui
stically identify with. Thus, some years ago the Malaysian press 
reported public complaints about a new hospital where facilities were 
colour coded to help patients find them. The idea was an admirable 
one for assisting nonliterate rural people but unfortunately some 14 
different colours were employed, many of them lacking Malay names. The 
result was chaos rather than clarification. 

ECOLOGICAL INFORMATION FLOW AND ENVIRONMENTAL COMMUNICATION RESEARCH 

the case of the failure of the colour coding scheme in the Malaysian 
hospital illustrates why the concept of ecological information flow is 
of such significance in the study of environmental communications. The 
hospital had been designed either by European architects or by Western 
trained Malaysians who had internalized European cognitive categories 
for identifying colours. The patients at the hospital were people 
from the villages who employ a very different set of colour categories. 
The eyes of members of both groups receive identical raw information 
from their environment in the form of light-waves of different lengths 
but their perception and analysis of the meaning of this information 
is differentiated by their distinctive cultural backgrounds. 

This is, on a micro-scale, precisely the sort of situation that 
characterizes environmental communication between government agencies 
and rural people in Southeast Asia. In general, government officials 
are members of a Western educated elite that has come, to a very large 
extent, to share the cognitive categories associated with modern science. 
Most villagers, on the other hand, still employ traditional folk cate
gories for classifying environmental information. 

Folk categories are in no sense inferior to those used by scientists. 
The Hanunoo, one of the farming tribes living in the rainforests of 
Mindoro in the Philippines, recognize some 1,600 named plant varieties 
in their ecosystem. Scientific botanists studying the same plant commu
nity identify only some 1,200 species (Conklin 1955). Tribesmen and 
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scientists are classifying an identical universe of real plants but 
they are using different rules for discriminating species. The 
scientists make decisions based upon genetic relationships whereas 
the Hanunoo distinguish species according to life form and other 
growth characteristics, criteria having more practical significance 
to people who must survive in the jungle than those employed by the 
scientists. 

Although in practical terms, folk categories are in no sense 
inferior to scientific categories for classifying environmental 
information, it is important to recognize that the two approaches 
employ different principles and often cover somewhat different parts 
of the total ecosystem. Fig.la is a schematic illustration of the 
totality of information contained in a real ecosystem. Fig.lb shows 
a folk conceptualization of the same real system. Note that there are 
large parts of the real ecosystem that are not included within the 
understanding of the traditional villagers. For example, the impor
tant role of microorganisms such as amoebas, bacteria, and malaria 
Plasmodia in causing human disease is not understood by traditional 
cultures. Indeed, lacking microscopes, there is no way for villagers 
to even perceive the existence of such microorganisms within their 
ecosystem. Also note that the folk conceptualization of the ecosystem 
includes aspects that we do not now believe actually exist. For 
example, the environmental behaviour of many animistic peoples is 
influenced by their belief that animals, trees, rocks, and streams 
have souls and are able to affect the welfare of the humans who share 
their habitat. Illness caused, we now know, by microorganisms is 
often explained as resulting from the action of evil spirits. Fig.lc 
represents the modern scientific conceptualization of the same eco
system represented in Fig.la. Note that the scientific model covers 
a much wider area than does the folk model. But it is not wholly 
complete in its coverage either. There are areas of ignorance, some
times even areas where the scientists do not understand things already 
well-known to the villagers. Note also that there are still areas 
where the scientific model includes phenomena that may not actually 
have empirical reality. Our theories are still far from perfect and 
much of what is believed to be true today may be shown to be in error 
in the future. It is worth remembering that only half a century ago 
scientists conceived of space as being filled with ether, a substance 
whose presence was believed necessary to allow light from the stars 
to travel to earth. It is now recognized that no such substance exists 
and the scientific model has been changed accordingly. 

The existence of differing folk and scientific understandings 
about the nature of ecosystems poses a real barrier to communication 
between members of the two cultures. Messages from government agencies 
about the environment that are phrased in the categories of science 
are likely to be unintelligible to the villagers. Messages from the 
villagers to government agencies are equally subject to misinterpre
tation. Effective environmental communication requires those respon
sible for it to, in effect, learn a new language, that which the 
villagers use to describe their environment. They must then employ 
this knowledge to translate government messages into terms which are 
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intelligible to the villagers and, perhaps even more important, 
they must try to make the villagers' environmental knowledge accessible 
to policymakers. 

Although the solution sounds relatively simple in theory, 
implementing it in practice presents immense problems. In a country 
like Indonesia there are literally thousands of distinctive local 
ecosystems, most of which are still poorly understood by scientists 
if they have even been described at all. Overlaying this ecological 
diversity is an almost equally great cultural diversity. Each ethnic 
group, even each individual community, has its own unique folk concep
tualization of the environment. Few of these have yet been adequately 
described and anthropologists require several years of field research 
to even begin to fully understand a single community's folk knowledge 
of ecology. Clearly, new research methods are needed to support pro
grammes of environmental communication. The joint project of the 
Indonesian Ministry of State for Population and Environment and the 
East-West Center which has been described at this workshop is designed 
to help develop such improved research methods. 

CONCLUSIONS 

The goal of environmental communication research is not simply 
to develop technological methods to get government messages about 
environmental management into the hands of the rural population. Its 
task is far more complex than that. Two distinct objectives are 
sought: 

(1) To understand the diverse ways in which villagers interpret 
the information flowing through rural ecosystems and to use 
this understanding to redesign government communications 
to be intelligible and effective in the rural context; 

(2) To open up the minds of government officials to the great 
pool of knowledge about environmental problems already 
possessed by the villagers. Living as they do in daily 
close contact with the natural environment the villagers 
often have knowledge about the functioning of their eco
systems that even the best of modern scientists are unable 
to collect. Such information represents a true national 
ecological treasure, as valuable in its own right as the 
gene pools of the tropical rainforest about which so much 
concern has lately been expressed. 
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FIG. 1 - FOLK AND SCIENTIFIC ECOLOGICAL KNOWLEDGE 

la - A Total Ecosystem 
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