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INTRODUCTION 

This publication is the report of a workshop on the theme "Ecological Theory and 
Biological Management of Ecosystems" held on 23-24 March 1987. The workshop was 
the result of an approach made by the Division of Wildlife and Rangelands Research, 
CSIRO to the Department of Conservation and Land Management (CALM) to explore 
some of the issues seen by managers as problems associated with the management of 
ecosystems. To make the most of the time a residential location was chosen. This set a 
limit of 24 people and the composition was evenly divided between those regarded as re
search workers and those involved in management and planning. Within these groupings 
were people studying and managing nature conservation areas as well as those studying 
and managing production forestry. The workshop was structured to provide for interac
tive discussion groups to explore each of the set topics. The first morning was devoted to 
3 prepared lectures to set the scene for the subsequent discussion topics; Andrew Bur
bidge introducing the theme with Richard Hobbs and Roger Underwood presenting the 
research and manager's viewpoints respectively. The remaining day and a half was 
devoted to the nominated discussion topics. The participants were divided into two 
groups of 12 with a balance of management/planning and research represented in each. 
The discussion leaders had been contacted 6 weeks before the workshop and asked if 
they would lead a discussion on the nominated topic. This involved preparing a set of 
briefing notes and devoting 10 minutes or so at the start of the discussion period to intro
duce the topic. The total discussion period was one and half hours for each topic and 
there were 2 groups discussing each topic. A "scribe" took notes during the discussion 
and these were used by the discussion leader to prepare a five minute summary for the 
plenary session and to write up the results of the discussion for this bulletin. 

All papers and reports published here have been refereed by participants. In the case of 
the workshop reports they were refereed by at least two of the people who took part in 
that particular discussion group and then returned to the discussion leaders for redraft
ing if necessary. 

We would like to thank Richard Hobbs and Peter Kimber, who were the other members 
of the organizing committee, and the participants who worked so hard to make the 
workshop the success itundoubtedlywas. We would also like to thank Rob Hopkins and 
the staff at the Manjimup Research Centre for help with logistic problems associated 
with our use of the Perup Field Ecology Centre. This Centre proved to be ideal for such 
a workshop. We would also like to thank Jill Pryde of CALM's Wildlife Research 
Centre for typing this publication. 

Denis Saunders 

Andrew Burbidge 



6 

PROGRAM 

23 March 1987 

1. The why and how of managing biological resources. 

Andrew Burbidge 

2. What is ecological theory and is it of any use to managers? 

Richard Hobbs 

3. Management, research and ecological theory: the vision and the reality. 

Roger Underwood 

Discussion Topic 1. The initiation of research and carrying it through to management. 
Discussion Leaders: Allan Walker and Geoff Mercer. 

Discussion Topic 2. Biogeography and its use for setting of priorities for management. 
Discussion Leaders: Norman McKenzie and Ian Abbott. 

24 March 1987 

Discussion Topic 3. Management in uncertainty; using the opportunity to adopt an ex
perimental approach to management. Discussion Leaders: Tony Start and George Peet. 

Discussion Topic 4. Monitoring; is it of use in integration of research and management? 
Discussion Leaders: Angas Hopkins and Graham Arnold. 

Discussion Topic 5. Planning/Communication. Discussion Leaders: Susan Moore and 
Chris Muller. 

Discussion Topic 6. Priorities of research and management and the setting of objectives. 
Discussion Leaders: Barry Wilson and Ken Wallace. 



PARTICIPANTS 

Ian Abbott, CALM 
Graham Arnold, CSIRO 
John Bartle, CALM 
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Andrew Burbidge, Organizing Committee, CALM 
Hugh Chevis, CALM 
Per Christensen, CALM 
Gordon Friend, CALM 
Chris Haynes, CALM 
Ian Herford, CALM 
Richard Hobbs, Organizing Committee, CSIRO 
Angas Hopkins, CALM 
Steve Hopper, CALM 
Peter Kimber, Organizing Committee, CALM 
Norman McKenzie, CALM 
Geoff Mercer CALM 
Sue Moore, CALM 
Chris Muller CALM 
George Peet, CALM 
Denis Saunders, Chairperson, Organizing Committee, CSIRO 
Tony Start, CALM 
Roger Underwood, CALM 
Allan Walker, CALM 
Ken Wallace, CALM 
Barry Wilson, CALM 

CALM - Western Australian Department of Conservation and Land Management 
CSIRO - Division of Wildlife and Rangelands Research, CSIRO 
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THE WHY AND HOW OF MANAGING 

BIOLOGICAL RESOURCES 

ANDREW BURBIDGE 
Department of Conseivation and Land Management, 

Western Australian Wildlife Research Centre, P.O. Box 51, Wanneroo, W.A. 6065. 

WHY MANAGE BIOLOGICAL RESOURCES 

This question is basic to the allocation of public 
finance by society, and becomes even more im

portant in times of economic difficulty when 
people's and especially politicians' thinking tends 
to become even more concerned with short-term 
goals. 

The question can be reduced to its most basic 
parts. 

1.Are endangered species worth saving, especial
ly if they are of no economic benefit to humans? 

2.Why manage for sustainable utilization when 
we can produce more in the short-term and leave 
the solution of problems to later generations who 
may have more knowledge and better technology? 

3.Can management produce cost-effective 
results? 

Endangered Species. Extinction is a natural 
evolutionary process. Charles Darwin (1859) in 
his "Origin of Species" said " ... as new forms are 
continually and slowly being produced, unless we 
believe that the number of specific forms goes on 
perpetually and almost indefinitely increasing, 
numbers must inevitably become extinct." 

Before Darwin, extinction was a shocking 
thought to people who believed that species had 
been created once and for all. Now we have al
most come a full circle with some people using 
Darwin's name to justify man-caused extinctions. 
These people argue that rare species are headed 
for extinction anyway, and, therefore, it is a waste 
of money to try and save them. 

The most obvious difference between natural 
evolutionary extinctions and those induced by 
humans is the rate. Australia unfortunately 
provides too many striking examples of this in
creased rate of extinction since the arrival of 
Europeans. 

In Western Australia, in only 150 years, 17 
(12.4%) of the 137 species of terrestrial mammals 
have become extinct on the mainland and a fur
ther 24 species (17.5%) have declined to a small 
fraction of their former abundance and range. A 
further 8 species of Australian mainland mam
mals that did not occur in W.A. at the time of 
European settlement, plus the Thylacine, are ex
tinct and a further 8 have declined. Fortunately, 
eight of the 25 species that are extinct on the 
mainland still occur on continental islands, mean
ing that 18 species or 7% of Australian mammals 
are extinct. 

Similarly, 104 species (about 1.4%) of plants are 
presumed extinct in W.A., the overwhelming 
majority having occurred in areas cleared for 
cereal growing in the south west of the State (S. 
Patrick & S.D. Hopper pers. comm.). The exact 
number will never be known, since it is more than 
likely that many species were wiped out before 
they came to the attention of botanists. The 
W.A. figure of ca 1.4% of the total flora com
pares unfavourably with only 27 extinct plant 
species in the whole of Europe (ca 0.2% of the 
total flora), 39 in southern Africa (0.2%) and 74 
in all continental U.S.A. (0.4%) (Leigh et fil. 
1982). 

There are four main arguments for the preserva
tion of species (see Main 1982, Ehrlich & Ehrlich 
1983 for a detailed discussion of this topic). 

The first is that simple compassion demands 
their preservation. Compassion develops from a 
view that other products of evolution also have a 
right to exist; the needs and desires of humans 
are not the only basis for ethical decisions. It is 
fairly easy for most of us to feel compassion for 
the beautiful and large living things around us (so 
long as they are not dangerous!) but few feel com-



passion for invertebrates or micro-organisms, 
even though vertebrate animals and vascular 
plants cannot exist without them. 

The second argument is based on aesthetics: 
other species should be preserved because of 
their beauty, symbolic value or intrinsic interest. 
Kangaroos, numbats, wildflowers of striking 
beauty and butterflies of iridescent hue seem 
automatically to appeal to most members of our 
society, and we feel a loss if they are not around. 
However, most of the vital links in the food webs 
of ecosystems are not obvious to most people and 
even if they are drawn to people's attention they 
do not appeal because they are small and insig
nificant. 

The third argument is based on economics: the 
unique Australian fauna and flora attracts 
tourists; plants and animals provide all our food; 
plants, animals and micro-organisms provide 
medicines and drugs; plants provide perpetually 
renewable sources of fuel, wood for building and 
many other products. Any examination of the his
tory of human utilization of wild animals and 
plants will show that so far we have utilized a 
minute proportion of the potential that exists in 
nature. Many biological resources may assume a 
value in the future. Sometimes something that 
has been considered "useless" suddenly becomes 
"useful", e.g. timber from marri (Eucalyptus 
calophylla). Clearly, extinctions reduce our fu
ture options. Unfortunately, such arguments 
often seem to hold little value when weighed up 
against the often short-term economic benefits of 
a major development project. 

Another difficulty with economic arguments is 
that they are often impossible to quantify to 
economists who usually view 10 years as being the 
maximum period for economic planning. 

The final argument, probably the most impor
tant, is also the most difficult to sell to the 
general public because it involves indirect 
benefits to mankind; it is that other species are 
vital components of ecosystems that provide 
humanity with indispensable free services: the life
support systems of our planet. Life-support ser
vices provided include the oxygen we breathe, the 
maintenance of the quality of the atmosphere, the 
control and amelioration of climate, the regula
tion of freshwater supplies, the generation and 
maintenance of soils, the disposal of wastes and 
cycling of nutrients, the control of pests and dis
eases, the pollination of crop plants, the direct 
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supply of food and the maintenance of a genetic 
store from which we can benefit in the future. 

Do the rarer components of ecosystems make a 
significant contribution to the provision of life
support systems? Rarity is a function of species 
diversity. The usual situation is that, at a given 
locality, a few species are common and most 
species are rare. The few common species that 
perform most of the ecosystem functions are 
often termed "keystone species". Some biologists 
argue that conservation action should be aimed at 
keystone species rather than at rare species; 
however, rare species may play important ecosys
tem roles too, which are difficult to detect until a 
species disappears (e.g. pollination). 

A review of whether rare species are worth con
serving from a life-support services - ecosystem 
function point of view needs to examine why 
some species are rare (Main 1982). Rarity is 
caused by a variety Qf "limiting factors" - physical 
factors like climate, soil or nutrient availability or 
biological factors like predation, parasitism, food 
availability, fecundity, etc. What if limiting fac
tors change? Clearly, relative abundance of 
species in an ecosystem may change also and 
other limiting factors then become important. A 
local example of this is provided by the studies of 
fox predation on rock-wallabies by Kinnear ~ fil. 
(1988). When predation pressure was removed 
rock-wallaby populations increased rapidly until 
other limiting factors such as food availability con
trolled overall population numbers. 

In time, limiting factors affecting species abun
dance in ecosystems change, either naturally or 
because of human interference. If ecosystems are 
to adapt and evolve then rare species must be 
protected since some of them may be the keys
tone species of the future. Change in the near fu
ture may be rapid because of the climatic changes 
that will probably result from increasing levels of 
carbon dioxide and other pollutants in the atmos
phere. 

Managing for Sustainable Utilization. The con
cept of sustainable yield is easy to understand 
when applied to species of considerable 
economic value, whether they be jarrah or karri 
trees for timber, tuna or western rock-lobsters for 
food or ducks for hunters. It simply means har
vesting the species at a rate that is sustainable, 
rather than allowing overharvesting with a resul
tant loss of the resource. 

Sustainable utilization is a concept that applies 
to ecosystems and the biosphere as a whole. The 



principle is the same but the control of over
utilization is more difficult; many different sectors 
of society impact on ecosystems and the bio
sphere. There is also the problem of knowing 
how much disturbance ecosystems or the bio
sphere will absorb before they change irrepairab
ly. Managing for sustainable utilization requires 
the cooperation of whole societies and, ultimate
ly, the whole world. 

Arguing that future generations will be able to 
fix our mistakes is akin to the proverbial ostrich 
with its head in the sand. (They actually flatten 
their long necks on the ground when nesting to 
try and avoid detection by predators; evolution is 
not that silly!) Attempts today to rehabilitate 
degraded environments have a low success rate 
and are very costly. There is no reason why at
tempts in the future should be any different and 
future societies will have even greater problems 
than ours, partly because of our mistakes, e.g. 
climatic change and rising sea levels due to atmos
pheric C02 buildup, and partly because of a 
greater human population. 

The effectiveness of management. There are 
many cases where research into and management 
of biological resources have proved effective. One 
of the best known local examples of an en
dangered species being saved by the application 
of research results is the Noisy Scrub-bird 
(Atrichornis clamosus), which has increased from 
one population of around 100 when the species 
was rediscovered in 1961 to four populations 
totalling over 450 today (Burbidge et fil. 1986). 
There are many similar examples that could be 
quoted. As to whether these success stories are 
cost-effective depends on what value is placed on 
endangered species. 

Endangered species programs often get the 
limelight, but programs that prevent ecosystems 
getting out of balance and species becoming en
dangered are just as, if not more, important and 
are usually much cheaper in the long run. A 
good local example is West Australian 
Petroleum's achievement in preventing exotic 
animals establishing on Barrow Island during the 
operation of their oil field (Butler 1987). Barrow 
Island is the largest land mass in the world that is 
free from exotic rodents. Its nature conservation 
values are very high and the environmental costs 
resulting from establishment of exotics would also 
be high. The economic costs of eradication of ex
otics once they became established are likely to 
be enormous. 
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HOW DO WE MANAGE BIOLOGICAL 
RESOURCES? 

Although some of us may appear to spend 
much of our time managing paper and 

people, our profession actually is the manage
ment of biological systems. How good are we at 
managing? What can science provide to help us? 
The Complexity of Biological Systems. It has been 
estimated that there are about 30 million species 
in the world, of which only 1.7 million are named. 
I do not know of any estimate of the number of 
species in Western Australia, but there are likely 
to be several hundreds of thousands. These multi
tudinous species exist in complex interacting 
ecosystems about which we understand some 
general principles but know little of the detail. 
Any analysis of our current knowledge must con
clude that we often can not comprehend the 
whole system we are trying to manage and we 
usually can not predict the changes that will take 
place after perturbations. The current state of 
our science allows us to look only at parts of a sys
tem. 

Humans have tended to regard the environment 
as limitless and for 99% of our history that view 
was correct. Today, however, we can assault the 
environment in ways that it cannot sustain. Tech
nology has captured our imagination to the extent 
that many are coming to believe in the "hi-tech 
solution" - a belief that it does not matter how big 
a mess we make, someone will invent something 
that will solve the problem. This almost religious 
belief overlooks two facts; that new technology is 
creating environmental problems much faster 
than it is solving them and that there is no such 
thing as a foolproof technology, as Chernobyl and 
Challenger testify. 

Clearly, we are grappling with complex 
problems at a superficial level. The best approach 
is to understand and remember that fact and act 
accordingly - we should be conservative as well as 
conservationist in our approach. We should 
monitor for and seek any unexpected effects of 
our actions and modify our procedures according
ly. 

General Principles. One set of guidelines we 
can follow is contained in the three conservation 
strategies: The World Conservation Strategy 
(WCS) of 1980, the National Conservation 
Strategy for Australia (NCSA) of 1983 and the 



State Conservation Strategy for Western 
Australia {SCSWA) of1987. 

The objectives of the WCS are: 
1.To maintain. essential ecological processes 

and life-support systems 
2. To preserve genetic diversity 
3.To ensure the sustainable utilization of 

species and ecosystems 
Within the SCSWA are several key Strategy 

Directions that are particularly relevant to our 
workshop. These are presented below in the 
same order as listed in the Strategy with some 
comments about our role as researchers and 
managers. 

1.IMPROVING THE CAPACITY TO MANAGE 
"Foster an environmental ethic throughout all 

sectors of the community." 
"This is the most important aspect of the State 

Strategy... Inherent in achieving this ethic is to 
develop: 

(i)"a sense of stewardship for our environment 
and natural resources as a whole, not just those 
within conservation areas; ... and 

(ii)a wider exposure to and understanding of the 
concept of sustainability; ... " 

Clearly we must be able to demonstrate that we 
apply these principles to our own work if we are 
to influence others. We should commit a propor
tion of our resources to fostering an environmen
tal ethic in the public and ensure that all our 
educational and interpretative material promotes 
development of an environmental ethic. For ex
ample, we should ensure that our Departmental 
journal "Landscope" promotes the development 
of an environmental ethic, and presents nothing 
that promotes the opposite view. Our commit
ment to public participation in planning and 
other facets of our work, such as setting research 
priorities, will also help foster the development of 
an environmental ethic. This does not mean we 
should react to every pressure group, but it does 
mean that we should react to broad public views 
as much as possible. We should also be involved 
in shaping public views through education. 

"Emphasize the contribution of the environment 
to our way of life" 

We should commit a proportion of our time to 
educating people about the dangers of extinction 
and environmental degradation, particularly in 
relation to the role of living things in providing 
life-support systems. Many environmental scien
tists and managers are committing themselves to 
the principle of an "ecological tithe", i.e. commit-
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ting at least 10% of their time to environmental 
education. Educating people about the plants, 
animals and environments in Parks, Reserves and 
State Forests is an important first step to helping 
them gain an understanding of wider environmen
tal problems. In my view, recreational guides like 
"Beating About the Bush" should present more 
educational material. We should also emphasize 
the contributions reserved lands make to our way 
of life, e.g. the water catchment functions of State 
Forest. 

"Develop a conserver approach in the use of 
resources" 

Here, too, the best approach is to set an ex
ample and promote relevant education in order 
to convince others. Management Plans are an im
portant method of promoting a conserver ap
proach. 

"Recognize the affinity of the Aboriginal culture 
with the natural environment" 

We have made a start to developing cooperative 
management programs for land that has both na
ture conservation and Aboriginal significance. 
Much more needs to be done. Such programs 
will be of enormous benefit if we are to manage 
most of our remote reserves. 

"Plan to meet the consequences of changes to 
climate" 

"Continued rises in levels of atmospheric carbon 
dioxide and other gases which trap heat are 
predicted to begin affecting our climate increasingly 
over the next few decades. Early planning, especial
ly for the coastal zone as sea level rises, will 
mitigate the economic and environmental costs." 

As far as biological resources are concerned the 
predicted rise in sea level is far less important 
than the possible climatic effects, which are 
predicted to include increasing aridity in the 
south west. One possible way of planning to 
mitigate climatic effects on flora and fauna is to 
define those areas that are likely to be refugia 
and ensure that they are reserved and managed. 

"Integrate land use management and monitoring 
on a regional basis" 

Monitoring of ecosystems, both in relation to 
natural fluctuations in abundance and in relation 
to the effects of management practices, is in its in
fancy in WA. CALM is developing a strategy 
and will work out ways of implementing it in the 
near future. 

"Develop and regularly update inventories of 
natural resources and processes, required for 
regional planning and management" 



Natural resource inventories and knowledge 
about environmental processes are of value for 
things other than regional planning and manage
ment, having considerable local value as well. 
Preparing inventories and studying processes are 
a major function of research in both CALM and 
CSIRO. The challenge is to commit a sufficient 
proportion of our resources to it and to set 
priorities correctly. 

2.MANAGING FOR SUSTAINABLE YIELD 
WHILE PROTECTING LIFE SUPPORT SYS
TEMS 

"Prevent further decline in species and genetic 
diversity in Western Australia 

''In view of our commitment under the WCS and 
NSCA to preserve genetic diversity, the continuing 
decline of species and genetic diversity in Western 
Australia is of great concern .... Even an expansion 
of well-managed National Parks and Nature Reser
ves will not prevent further loss of species and 
genetic diversity." 

This strategy is a major function of CALM. 
While a continued expansion of National Parks 
and Nature Reserves will not prevent a further 
loss of genetic diversity it will certainly reduce the 
loss enormously and we should continue to press 
for further reserves even if we cannot manage 
them at this time. Do we commit enough resour
ces to documenting and managing genetic diver
sity? I submit we do not. Can we formulate bet
ter ways of conserving habitats and species on 
lands and waters outside conservation reserves? 
Not an easy task, but its importance indicates that 
it should continue to have a high priority in re
search programs. 

"Adequately protect and manage representative 
areas" 

In Western Australia we have already done 
more than some other states and/or countries to 
reserve areas of nature conservation significance. 
However, it is clear that many more areas should 
be reserved and that more needs to be done to 
adequately protect conservation reserves from in
terference and degradation. Too few of our exist
ing conservation reserves are Class A and mining 
remains a threat to the protection of some areas 
and the reservation of others. As we all know, 
many conservation reserves receive no manage
ment at present, so it is a long way from "ade
quate". 

"Implement a conserver approach in the use of 
resources" 

13 

''.As part of a conserver approach, consideration 
should be given to: 

elowering per capita consumption by reduc
ing waste; 

esubstituting alternative resources where ap
plicable; 

emaximizing yield per unit of resource; 
•production of higher value goods, thus 

achieving the same economic benefit while 
conserving the rate of resource use; and 

efurther attention to recycling/re-use." 
We, above all other sectors of society, should 

maintain and improve a conserver approach to 
the use of resources entrusted to our Department 
and we are doing a lot in this regard. No doubt, 
there is still much room for improveinent. 

"Modify inappropriate management practices to 
conserve natural resources" 

Some people in society believe that some 
CALM management practices are inappropriate. 
We know we do not monitor the results of our 
management practices sufficiently; perhaps much 
of the heat would be removed from some of these 
arguments if we did. 

"Rehabilitate degraded lands, waters and ecosys
tems" 

While we have made major commitments to 
rehabilitate some lands under our control, other 
land, such as the rabbit-degraded areas of Nullar
bor Plain reserves and cattle-degraded parts of 
Kimberley reserves, have received no attention. 

"Avoid disturbing sensitive environmental areas 
where viable alternatives are available 

"Development options in biologically productive 
areas, such as wetlands and islands, should be sub
ject to detailed environmental impact assessment." 

This strategy sounds too much like a meaning
less compromise to me. CALM manages the 
majority of W.A.'s islands and many of its wet
lands, as well as other biologically productive 
areas. We should argue against degradation of 
these environments under any circumstance. 

"Review regularly the state of the environment 
in W.A. and progress toward the objectives of the 
Strategy 

''Agencies responsible for managing sections of the 
Western Australian environment should report 
regularly on the condition of each facet. These 
reports should be integrated by a lead agency and 
the findings reported to the community." 

Clearly, this strategy relates to CALM and as
sociated research agencies. We need to work out 



an efficient way of reporting the state of that part 
of the environment entrusted to our care. 

THE FUTURE 

The group of people at this workshop repre
sents a cross-section of the scientists and 

managers associated with the natural biological 
resources of Western Australia. I believe that the 
challenge for us is to ensure that we and our col
leagues develop and maintain a strong biological 
background and a commitment to nature conser
vation. Otherwise, the management of biological 
resources will be superficial, concerning itself too 
much with people-issues like hazard reduction for 
the protection of adjacent property, rather than 
dealing with important but complex issues like 
the management of ecosystems. Protection of ad
jacent lands is important, since conservation is un
likely to succeed if there is local opposition to it; 
the challenge is to convince local communities 
that they benefit from biological resource manage
ment and to develop joint arrangements that 
protect all interests. 

Perhaps one way of measuring the state of the 
environment in relation to our capacity to 
manage biological resources is to work out what 
proportion of CALM's resources are actually 
spent on effective research and biological manage
ment and then see if the proportion increases 
with time. 
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WHAT IS ECOLOGICAL THEORY AND 

IS IT OF ANY USE TO MANAGERS? 

RICHARD J. HOBBS 
CSIRO Division of Wildlife and Rangelands Research, 

LMB NO. 4, Midland, W.A. 6056. 

INTRODUCTION 

A criticism often levelled at much ecological re
search is that it bears little relevance to real

world problems associated with the management 
of biological resources (e.g. McKellar 1987; Fig. 
1). There appears often to be an unbridgeable 
gulf between the theoretical constructs of ecology 
and their actual application. Even within the 
science of ecology, researchers are seen as being 
divided into those who deal primarily with mathe
matical models based on theoretical premises and 
those who collect field data and attempt to 
answer "real" problems. Indeed, it has been the 
case that many field ecologists have little training 
in mathematics and many theoretical ecologists 
make little effort to get into the field. However, 
the distinction between theory and practice is not 
as clear cut as some would make out. 

In this paper I want to illustrate that ecological 
theory is essential to both field ecologists and 
managers since it underpins everything that they 
do,. I use "theory" in its broadest sense here, 
which can be described as a "systematic statement 
of principles and methods" (Levin 1981), which 
serves to organize our thoughts and perceptions 
and aids us in designing our research to be more 
effective. Thus ecological theory is not simply a 
collection of mathematical formulae and is not 
practiced only by theoreticians. Much current 
ecological theory has been developed from care
ful field observations by people who are primarily 
field ecologists. Managers also use ecological 
theory in almost every management decision they 
take, even if they do not explicitly recognize that 
they are doing so. In that respect some aspects 
of theory have become "second nature" and no 
longer recognized as theory. It is thus impossible 
to separate theory and management at this broad 

level. There is, however, a difference between 
the broad theoretical basis of ecology and the ap
plication of individual ecological theories. In this 
paper, I will first outline the basic theoretical 
framework of ecology, and then go on to look at 
problems associated with particular past and cur
rent theoretical arguments. I will then discuss 
how ecological theory impinges on management 
questions and how theoretical approaches can be 
of use to managers. Finally I discuss how re
search can be designed to address important 

THE THEORETICAL FRAMEWORK OF 
ECOLOGY 

Ecology is still a relatively young science and as 
such does not have a rigid formalized set of 

theories (e.g. Mcintosh 1980). Lawton (1974) 
commented that "Ecology suffers from a surfeit of 
fascinating but apparently unrelated observations, 
superimposed on an acute shortage of general 
theories". The search for general theories has 
often been fruitless, and a reason for this lies in 
the vastness of the subject matter of ecology. 
Ecology deals with everything from genes. to 
global processes, from arctic tundra to tropical 
rain forests and from microbes to blue whales. 
The very diversity of life that ecology sets out to 
study and explain conspires to thwart any 
generalities that are put forward. A theory that 
works in a desert probably will not help much in 
the intertidal zone. ·· 

The level of prediction possible in ecology is 
also low compared to other sciences. In 
chemistry it is possible to say with certainty that if 
you add compound X. to compound Y you get a 
predictable reaction which produces compound 
Z. The exact rate of the reaction may vary with 
temperature, but the result is always the same, 
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Fig. 1. The way in which managers might sometimes conclude 
that ecological research is carried out (original by 
s. Briggs). 
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and the laws governing the process are well un
derstood. In ecology such a level of predictability 
is not possible because of interacting species or 
system components, environmental variability and 
the general level of complexity confronting the 
ecologist. Ecologists have spent a long time sear
ching for a theoretical basis for making such 
predictions, but it may be that more limited 
theories relevant to particular systems or subsys
tems will be more productive (e.g. Oster 1981; 
May 1986). 

Ecology has however developed a broad 
theoretical framework which helps to put some 
order into the apparent chaos. This relies on a 
hierarchical arrangement of levels of organiza
tion, ranging from the individual organism 
through populations, communities and ecosys
tems to landscapes and finally the entire bio
sphere (Table 1). These different levels of or
ganization have distinct sets of processes which 
operate mostly at a certain level, and theoretical 
concepts have been derived for each level. Thus, 
for instance, at the community level ecologists 
have developed the concepts of niches and food 

Publicot ion 

webs to formalize the interrelations between 
species in any given assemblage, while the con
cepts of stability, resilience and succession deal 
with community change and response to distur
bance. These general concepts can be widely ap
plied; niches and food webs can be studied equal
ly well in the desert or intertidal zone. Concepts 
such as population growth and regulation, succes
sion and hydrologic cycles are also central to 
management decisions. It is impossible to 
manage a species without some consideration of 
its population processes. 

A potential problem involved in the transferring 
of ecological concepts to management is that 
ecological and managerial units do not always 
coincide, especially at larger scales (Table 1). It 
may be relatively easy to define an individual 
population and treat it as a management unit. 
However, nature reserve boundaries seldom fol
low natural community or ecosystem boundaries 
(e.g. Newmark 1985; Schonewald-Cox & Bayless 
1986) and landscape and regional units are often 
the responsibility of several different authorities. 
There is an increasing awareness of the need to 
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Table 1. Ecology: A Theoretical Framework 

Organisational 
level 

Individual 

Population 

Community 

Ecosystem 
I 
I 
I 

Landscape 
I 
I 
I 
I 

Regional 

Global 

Key concepts 
and processes 

Energy balance 
Physiological and 
behavioural 
responses 

Population growth 
and regulation. 
Density dependence/ 

independence. 
Species interactions. 
Coevolution 
Population genetics 

Environmental 
gradients, ecotones. 

Niche theory 
Diversity, food webs 
Stability & resilience 
Succession 

Energy flow 
Trophic levels 
Biogeochemical cycles 

Geomorphologic 
processes 

Hydrologic cycles 
Connectivity 
Island Biogeography 
climatic patterns 

Biomes 
Greenhouse effect 
Acid rain 
Global climate etc. 

Corresponding 
management level 

? 
Species 
reintroduction 

Species-oriented 
management 

Reserve Management 

Reserve management 

Catchment, 

Regional, 
Multi-authority 
Management 

National/ 
international 

manage natural systems as ecological units which 
may cut across several legal and political boun
daries (e.g. the Murray Catchment in eastern 
Australia). The idea of landscape level "net
works" is also gaining support (e.g. Forman & 
Baudry 1984; Noss & Harris 1986). This involves 
the integration of smaller land-use units (e.g. 
reserves, farmland, road verges, etc.) into a larger 
integrated unit. The application of such ideas 
often requires cooperation between several 
management authorities. 

In this section I outline some of the areas where 
particular ecological theories have been applied 
successfully to management situations. 

Perhaps the most successful application of 
theory has been in harvesting situations. The con
cept of maximum sustainable yield has been ap
plied widely, especially in forestry and fisheries. 
Forestry, in fact, embodies many aspects of 
ecological theory and some of plant ecology's 
most robust concepts have come from forestry 
(e.g. the -3/2 law for self-thinning; Westaby 1984). 
Theory has helped explain the dramatic drop in 
fish stocks which has often occurred following in
creased fishing pressure. The concept of multiple 
stable states for populations (e.g. May 1977) 
predicts that increases in harvesting rates can 
lead to a sudden switch from a relatively high 
stable population size to a much lower level. This 

CAN THEORY HELP MANAGEMENT? 

The theoretical framework of ecology given in 
Table 1 is imbedded in all aspects of research 

and management of natural systems. However, 
some more detailed theoretical aspects may ap
parently be of little day-to-day use to managers. 
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Fig. 2. Figure from Shimwell (1971) illustrating hydroseral 
succession. The succession is inferred from the vegetation 
zonation. The pollen profile on the left is hypothetical 
actual analyses by Walker (1970) indicated that the supposed 
sequence was incorrect. 
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Figure J4. Hydroscral succession and the zonation around a lake. A, zone of floating aquatics; 
B, rooted acquatics; C, reedswamp; D, sedgcmarsh; E, fcn-carr; F, mixed mcsophytic woodland. 

concept is now implicit in the development of 
more rational fishing policies. The concept of 
multiple stable states has also been used to ex
plain periodic outbreaks of pests such as spruce 
budworm in Canada (e.g. May 1977; Moss et fil. 
1982), and to develop more rational use of her
bicides. 

A theoretical analysis of the Antarctic ocean 
ecosystem is also leading to an understanding of 
changes brought about by whaling and is central 
to the development of an ecologically sound 
policy on krill harvesting (May et fil. 1979; Laws 
1985). The history of whaling has been one of a 
total rejection of the maximum sustainable yield 
idea in favour of "mining" for maximum im
mediate profit ( Cherfas 1986) with the result that 
the bigger whales suffered dramatic population 
declines. An analysis of the Antarctic food web 
indicates that the decline in krill consumption 
due to reduced numbers of large whales has been 
compensated for by an increase in consumption 
by smaller whales, seals and birds. An argument 
for krill harvesting by humans has been that it 
would simply mop up the surplus not utilized by 
the larger whales, but it seems likely that this 

surplus is largely illusory. Any increase in harvest
ing may therefore affect the rate of population 
growth of the now rare larger whales. Without an 
understanding of food-web interactions such 
problems could go unnoticed - it should be noted, 
however, that a huge amount of empirical data 
was also needed to reach these conclusions. 

PROBLEMS IN ECOLOGICAL THEORY 
A lthough the theoretical framework in Table 1 

.l'"1can be applied widely and the previous sec
tion has indicated that theoretical considerations 
can be helpful in management, there is still much 
debate over many more detailed ecological con
cepts and the relative value of different theoreti
cal approaches. This debate makes the applica
tion of theory difficult: how can a manager take 
theoretical aspects into account when the 
theorists are bickering amongst themselves about 
which theories are correct? Discussion in science 
is, of course, healthy and necessary, but much of 
the theoretical discussion in ecology often has lit
tle obvious relevance outside the seminar room. 
Johnson & Bossert (1980) suggest that managers 
find theoretical approaches "faddish, speculative 
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Fig. 3. "The geometrical rules of .design ?,f natu:al 
preserves, based on current biogeog:aph1c theory , from Wil
son & Willis (1975). The configuration~ on the left are as
sumed to be superior to those on the right. 
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and lacking in sustance; in other words not practi
cal" and also "cannot use methods which are new 
and consequently potentially controversial". 

Theory is often developed with little or no data, 
leading to what Slobodkin (1974) has termed 
"ecological nonsense with mathematical certain
ty". A further problem is that "Theoretical ecol
ogy has only too often developed models without 
sufficient regard for the basic natural history of 
the organisms being studied" (Wangersky 1970). 
Such theory is the happy hunting ground of much 
pointless ecological debate. In other cases, 
theory is developed from a particular system and 
extrapolated to all other situations, where it is of 
dubious relevance. Many arguments in ecology 
are between researchers who study totally dif
ferent organisms. It should not come as too 
much of a surprise to find that the population or 
community processes of copepods and birds are 
different in some respects. Further confusion 
arises from concepts which are proposed and be
come enshrined in the ecological literature and 
textbooks without being rigorously tested. 

A 

8 

c 

D 

o 0 o 0 
oo oo 
o 0 0 

0 

( ) 

0 0 0 

0 
00 

An example of this is the classical "hydrosere" 
first proposed by Clements (1928). Observed 
zonations of plant communities around in-filling 
lakes or ponds were interpreted as representing a 
successional sequence; i.e. starting from open 
water and developing through reedswamp to fen
carr and finally oak woodland (Fig. 2). This 
developmental sequence has been used in many 
textbooks as a classic example of succession (e.g. 
Shimwell 1971). It is now a classic example of the 
pitfalls of inferring temporal sequences from spa
tial patterns. Walker (1970) carried out detailed 
pollen analytical work and was able to show that 
vegetation development in in-filling lakes was not 
unidirectional and that the end point of the 
hydrosere was likely to be bog, not woodland. Al
though adjacent, the oak woodland was never 
part of the same successional sequence. It should 
be noted, however, that there are other excellent 
studies of succession which have stood the test of 
time much better (e.g. vegetation development be
hind retreating glaciers; Crocker & Major 1955). 



The whole conceptual framework for succession 
has also undergone radical change in the past 20 
years, with a move away from the original ideas of 
the community . as a "superorganism" and of 
climatic climaxes (Clements 1928; see Miles 
1979). However, old ideas die hard, and it is dif
ficult to find a modern textbook which does not 
include major sections on Clements' ideas. The 
persistence of Clementsian ideas had a significant 
effect on how research was carried out. M.B. 
Davis suggested that in the United States, "We do 
not know what the virgin vegetation of the 
pioneer days was like because all the ecologists 
were so busy looking for non-existing climax that 
they forgot to record what was actually growing 
there" (quoted in Colinvaux 1973). Later ideas 
have also stayed beyond their usefulness. For ex
ample, Odum (1969) produced a list of 24 trends 
in ecosystem properties that could be expected in 
the course of succession. This list is still widely 
quoted despite the fact that many of the expected 
trends are now known to be wrong or at least not 
general. 

Theoretical misconceptions, or theories put for
ward without adequate supporting data can 
present problems for managers. Further, the rela
tive youth of ecology as a science means that its 
theoretical framework is still evolving and the em
phasis of debate is constantly changing. Factors 
not considered important (or not considered at 
all) 20 years ago now occupy a central place in 
much research. An example of this with impor
tant management implications can be found in 
the Australian arid zone. Ross (1969) put for
ward an outline for an "integrated ecology of arid 
Australia" and listed the major components of the 
system. Nowhere in the paper was fire men
tioned, and yet now fire is considered one of the 
major influences in the arid zone (e.g. Saxon 
1984; Griffm & Freidel 1985). 

This example is symptomatic of a more general 
change in the way natural systems are viewed. 
Traditional concepts are often based on the as
sumption of equilibrium, and in fact many current 
models still contain this assumption, if only be
cause it makes the mathematics easier. But is is 
becoming clear that real systems often have non
equilibrium dynamics, and this dramatically alters 
the management approach required (e.g. White 
& Bratton 1980; Mooney 1984; Lewin 1986). 
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ISLAND BIOGEOGRAPHY AND 
CONSERVATION 

Few areas of ecology openly admit to having a 
"theory", but island biogeography is one, and 

island biogeographic theory has been applied to 
the problems of nature reserve design and selec
tion. It is worthwhile exploring this in some 
detail, especially since this is an area of great 
potential interchange between theory and prac
tice. 

Wilson & Willis (1975) produced a series of 
"geometric rules of design of natural preserves, 
based on current biogeographic theory" (Fig 3) in 
which they suggested that certain sizes, shapes 
and configurations of reserves would result in 
lower extinction rates. It should be noted that 
the authors provided no data on which their rules 
were based, and in fact their hypotheses had been 
previously rejected for publication in both 
Science and Bioscience (Willis 1984). The book 
in which their work was published was later 
criticized as "a most frustrating volume in its lack 
of data and supporting evidence for hypotheses 
presented" (Peet 1976). Despite the rather shaky 
foundations for the ideas, Wilson & Willis (1975) 
put them forward as recommendations to plan
ners and managers of natural parks and other 
natural preserves, and these recommendations 
were subsequently adopted by IUCN (1980) as 
guidelines for reserve selection. Considerable 
debate has followed on the use of island 
biogeographic theory in conservation (reviewed 
by Soule' & Simberloff 1986; Boecklen 1986), but 
its incorporation into the World Conservation 
Strategy led Simberloff & Abele (1984) to con
clude that "a theory, even a partially discredited 
one, can impress non-experts". 

Details of Wilson & Willis' scheme have also 
been adopted elsewhere. For instance, the Con
servation Strategy for Western Australia states 
that "Conservation corridors are important for 
the maintenance of representative systems of 
flora and fauna, especially in regard to migratory 
fauna" (SCSWA). This certainly represents a use
ful guiding principle, but it is only really a work
ing hypothesis and the actual database on which 
it rests is very small (e.g. Forman & Baudry 1984; 
Dendy 1987). Many authors have suggested that 
corridors must be important for wildlife (e.g. 
Saunders 1986; Bridgewater 1987), and they cer
tainly have a useful function in other ways such as 
providing windbreaks. Current research in the 
W.A. wheatbelt by D.A. Saunders and co-workers 



is now producing the first good evidence that 
vegetation corridors are used by wildlife to move 
between reserves. Much more work needs to be 
carried out on how animals perceive and utilise 
corridors before we can assess whether manage
ment strategies are being successful. 

Recent debate has centred on the so-called 
SLOSS problem (single large or several small?), 
which deals with the contention that a single large 
reserve is generally preferable to groups of small 
ones. The general assumption is that this ·should 
be so if all else is equal, but clearly all else rarely 
is equal and there are many factors which can 
confound the area effect (Soule' & Simberloff 
1986). The SLOSS debate has generated a lot of 
heat in the ecological literature and is apparently 
far from being resolved (e.g. Murphy & Wilcox 
1986; Lahti & Ranta 1986). 

Recent attempts to use island biogeographic 
theory in conservation management have found it 
of less use than basic ecological information (e.g. 
Kitchener et fil. 1980; Lahti & Ranta 1985; Zim
merman & Bierragaard 1986). The latter authors 
are particularly scathing about the application of 
island biogeographic theory to conservation; "Our 
results ... lead us to conclude that calculation of 
reserve sizes based solely on species-area data 
can never be more than uninspired guessing. In
tuitive guessing about characteristics of a fa:unal 
reserve made by the field biologists involved 
would probably achieve better conservation 
results. If the impressive brainpower and effort 
used in repeated vain attempts to extract conser
vation strategy from biogeographic theory were in
stead devoted to autecological research, how 
much better would conservation be served?". It is 
interesting to note a recent paper on the selection 
of a conservation reserve network in SW 
Queensland (Purdie et fil. 1986). This subject 
would appear to be a prime candidate for the ap
plication of island biogeographic theory, but it is 
not referred to once in the paper. Reserve selec
tion was instead carried out on the basis of field 
assessment of conservation value. 

The case of island biogeographic theory has all 
the ingredients which tend to make managers 
suspicious of ecological theory, i.e. wide accep
tance of a theory based on assumption rather 
than data, continued argument as to its validity, 
and the diversion of resources from more directly 
"useful" research. Nevertheless, the proposition 
that island biogeography can be applied to conser
vation has generated a lot of research and useful 
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debate on the important characteristics of nature 
reserves. It has provided a hypothesis to be 
tested and modified, on the basis that you have to 
start somewhere. It can thus be regarded as 
providing useful guiding principles until the ideas 
are refined on the basis of further data. This 
highlights the need for researchers to make sure 
that they point out the limitations of current 
theory, and for managers to be kept informed of 
recent developments. 

RELEVANCE TO MANAGEMENT 

The foregoing discussion of problems involved 
with ecological theory serves to indicate that 

the transfer of theoretical considerations to 
management problems is not easy. I now go on 
to consider how ecological theory and research 
can be more effectively applied to management 
problems. 

To the ecologist everything is possible, within 
the constraints of the natural system. The biologi
cal world presents limitless scope for research, 
and researchers can spend their entire lives flit
ting about in this sea of research questions, con
stantly coming up with new problems and new re
search directions. The manager's view of the 
world is, of necessity, more restricted because fac
tors other than the biological system have to be in
volved (Fig. 4). In the terminology of decision 
analysis (Norton & Walker 1985; Fig 5) the 
managers' perceptions of ecological problems are 
different from the researchers because they are 
constrained by more factors. The options avail
able to managers are restricted by practical 
feasibility, environmental acceptability, economic 
desirability and, in many cases, political ad
vantage. These different factors may only have a 
small area of overlap or may not overlap at all, in 
which case conflicts arise. Successful co-opera
tion between managers and researchers requires 
that the researcher recognises these additional 
constraints and that the managers point out the 
most appropriate options. This does not mean, 
however, that all research should be concentrated 
on the small overlap area since advances in tech
nology can alter the practical and economic 
feasibility and changing attitudes can alter en
vironmental and/or political acceptability. A func
tion of research therefore is to indicate possible 
expansion of the range of options open to 
managers. 

Note that, in this context, research is assumed to 
be problem-orientated, and this is taken as a pre-
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Fig. 4. Differences in perceptions of options available 
between researchers and managers. 
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requisite for relevance to management. While 
this approach is valid where management does in
volve dealing with specific "problems" (e.g. pest 
control), problem definition becomes harder in 
more general conservation management. 
Problems to be dealt with range from fairly 
specific topics such as the maintenance of par
ticular species or populations through to the 
maintenance of biotic/genetic diversity. Relevant 
research problems thus include a wide range of 
questions which fall into three main categories: 

1.What's there? 
2.What's it doing? 
3.How do we manage it? 
These three questions can be thought of as an 

idealised sequence for a research program - i.e. a 
series of surveys and sampling programs followed 
by more detailed population, community or 
ecosystem studies which lead to management 
prescriptions. Questions 1 and 2 could be 
thought of as non-applied compared with ques
tion 3, but in reality the distinction is not so clear, 
simply because you need some knowledge of 1 
and 2 before you can answer 3. 

This can be illustrated by a hypothetical 
problem concerned with managing a hypothetical 
animal (Fig 6). To establish the requirement 
and/or priority for management, surveys are con
ducted to determine the animal's current range 
and status. More detailed studies are then re
quired to determine its life history characteristics, 
population dynamics and habitat requirements. 
These in turn require some information on inter
actions with competing species and predators, the 
population dynamics of its food organisms and 
the dynamics of its habitat. This then requires in
formation on the vegetation dynamics of its 
habitat and processes such as succession, nutrient 
cycling and so on. Management decisions can, 
and usually have to, be made at any stage in this 
investigative hierarchy, but decisions can be made 
with more confidence as more information be
comes available. Note that the theoretical con
cepts discussed earlier (Table 1) are prominent 
amongst the information required for manage
ment. Note also that the information required 
concerns processes rather than entities - i.e. the 
processes of predation, competition, succession, 
nutrient dynamics have to be quantified, and it is 
through manipulation of these processes that the 
management of the organism will proceed. Thus 
although the organism itself was the initial object 
of management, it is the manipulation of basic 
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ecological processes which has to be achieved. 
This has been argued previously by Main {1981), 
and must underlie any management decisions. 
The dynamic nature of natural systems must also 
be recognised - natural change has to be recog
nised and dealt with (e.g. White & Bratton 1980; 
Lewin 1986). Vegetation succession, changes in 
animal population sizes and the impacts of infre
quent events such as storms or floods are ex
amples of factors which have to be considered in 
management - natural systems are rarely static en
tities. 

STRATEGIC VERSUS OPERATIONAL 
RESEARCH 

A distinction must be made between research 
which aims at. improving the actual manage

ment process itself (i.e. operational research) and 
research which aims to provide more general 
guidelines for management (strategic research). 
Although the first type can be considered more 
directly and immediately applicable, the second 
type is of equal importance since it can help chan
nel management operations in the best direction. 
Strategic research should lead to a better under
standing of the basic ecological processes which 
have to be manipulated to achieve the desired 
management goals. 

An example of this comes from recent work on 
road verges in the wheatbelt (Arnold et Af. 1986). 
In this study we looked at the status of road ver
ges and their usage by wildlife. A finding of the 
study was that numbers of small insectiverous 
birds in the road verge vegetation increased with 
an increase in the area of native vegetation near
by. Although this study provides no information 
on the management of road verges ~ se (i.e. 
how to control weeds, regenerate trees, etc -
"operational"), it does indicate that management 
effort should perhaps be concentrated on relative
ly short verges connecting large area of bush, 
compared with longer, more isolated verges. 

THEORY AND MANAGEMENT - WHERE TO 
NEXT? 

I n this paper I have tried to outline both the 
necessity to consider ecological theory in 

management and also the problems involved in 
doing so. There is a basic requirement to deal 
with fundamental ecological processes if conserva
tion management is to succeed. This requirement 
has to be viewed in the light of other constraints, 
but failure to meet it will result in the subsequent 
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Fig. 6. Information required for adequate management of 
a target species. 
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failure to meet the goals of conservation. Thus 
ecological concepts such as succession, nutrient 
dynamics and so on should have a central place 
in management decision. Most management 
decisions are based on ecological theory, even if 
the manager does not realise it because the prin
ciples are so deeply ingrained. However, 
managers must also realise that current theoreti
cal development may have major impacts on their 
activities. The relevance of detailed ecological 
theory may be difficult for the manager to assess. 
I suggest that ecologists need to point out clearly 
the empirical base on which their ideas are 
founded. A major problem at the moment is that 
it is very difficult for the non-expert to assess the 
status of a "theory'' - i.e. is it just a good idea or 

PLANT COMMUN ITV 

/ DYNAMICS 

FOOD DYNAMICS 

PLANT POPULATION 
DYNAtH CS, SUCCESS I ON 

/ 
NESTING ETC 

\ 
DE COMPOS IT ION 

NUTRIENT RELATIONS 

ETC. 

has it been rigorously checked against the real 
world? In general it seems that there is no sub
stitute for good empirical data for the formula
tion of either theory or management decisions. 

There is a need for greater cooperation between 
researchers and managers so that theoretical 
developments can go hand in hand with practical 
requirements (e.g. Hopkins & Saunders 1987). 
Walker et fil. (1978) suggested an approach in 
which key ecological questions and key manage
ment questions are formulated in parallel so that 
research can be designed accordingly (Fig. 7). 
They also suggest that "Research effort would be 
carried out simultaneously at a fundamental re
search and management-oriented level. The two 
are interconnected and the development of each 



25 

Fig. 7. Suggested procedure for an ecosystem study (from 
Walker et al. 1978). 
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should influence the other". This therefore repre
sents an extremely interactive process, with 
theoreticians, field ecologists and managers all 
having an input to the formulation of research 
programs. To complete the picture, Figure 7 
should be extended to include further arrows 
from research through to management and 
monitoring, with a feed back loop leading to fur
ther questions and models. There are problems 
associated with this scheme; for instance, the 
timescale of fundamental research is often much 
greater than that for applied research. Applied 
research is also often much more productive if 
some of the basic work has already been done. 
However, we now rarely have the luxury of 
separating basic and applied research completely, 
and they should at least be considered in an in
tegrated framework. Researchers should also be 
able to take advantage of management operations 
for the provision of ready-made experiments, 
while cooperation from managers could allow the 
design of large scale experiments which would 

l RESEARCH 
Relevant DESIGN 
Models 

otherwise be impossible (e.g. the Wog Wog ex
periment; Margules 1985). This then leads to the 
development of research programs which collect 
empirical data which is useful to managers and at 
the same time aids in the development or testing 
of ecological theory. Closer contact between re
searchers and managers should improve com
munication and make for easier transfer of infor
mation and ideas. Such active cooperation be
tween researchers and managers should lead to 
increased awareness of each other's problems 
and proccupations and should ensure more effec
tive research and more successful application of 
ecological theory. 
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MANAGEMENT, RESEARCH AND 

ECOLOGICAL THEORY: THE VISION 

AND THE REALITY 

R.J, UNDERWOOD 
Department of Conseivation and Land Management, 

P.O. Box 104, Como, W.A. 6152. 

I would like to make two points at the outset of 
this paper. Firstly, I do not intend it to be a 

scholarly or scientific work. Rather, I will put for
ward my views on the problems we face and sug
gest approaches which can be taken in overcom
ing them. Secondly, I will be concentrating on 
the Western Australian scene, and on issues per
tinent to the Department of Conservation and 
Land Management (CALM), rather than taking a 
national or international perspective. I am sorry 
if this leads to a presentation which is parochial, 
however it reflects my background and my preoc
cupation. It also does what I hope all CALM 
managers and scientists do: focuses on the most 
important problems at hand. 

I also wish to say at the outset how much I ap
prove of the concept and the format of this 
workshop. It is unusual for policy makers, re
search scientists and district managers to sit down 
together for a "jam session" on philosophical is
sues and their relationship to the real-world 
demands of ecosystem management. Too often 
each group convenes its own get-together (the 
policy meeting, the research working groups or 
the managers meetings) and this physical separa
tion entrenches philosophical differences, and in 
turn leads to the adoption of the familiar and 
ridiculous stereotypes about researchers, 
managers and those at Head Office. Anyone who 
has experienced the intellectual stimulation and 
the joy of learning which can arise in multi-dis
ciplinary groups, quickly becomes bored and ir
ritated by contrived research-versus-management 
arguments. 

Land management and wildlife conservation in 

Western Australia is going through difficult times 
at the moment because there is an expanding 
task, rising public expectations, constant critical 
and unforgiving attention from environmental 
groups, all at a time of diminishing resources. 
We are subject to pressure from competing 
bureaucracies in Government, all after a maxi
mum slice of the resource cake and we are in
creasingly imposing upon ourselves higher and 
higher standards of excellence. This stems partly 
from professional pride, but is also a result of the 
intense personal commitment to conservation 
which runs right through our Department. 

At any time, but especially in tough times, it is 
imperative that a conservation and land manage
ment agency meets the following three require
ments. 

1.lt must ensure that its policies and practices 
are firmly based on the best available scientific in
formation about the ecosystems it is managing. 

2.lt must make the best possible use of its collec
tive intelligence and energies. 

3.It must develop a positive vision, ie, the 
clearest possible idea of where it wants to be, so 
that it can bridge the gap between the real world 
of today and the ideal one of tomorrow. 

I see these imperatives as fundamental to 
ecological (ie, conservation and land) manage
ment everywhere and; in the remainder of this 
paper I will try to look at how each might best be 
tackled in the Western Australian context. 

THE SCIENTIFIC BASIS FOR MANAGEMENT 
Everyone agrees that the management of natural 

ecosystems, whether for nature conservation, for 



recreation, resource production or simply for the 
protection of particular human values, should be 
firmly based on scientific principles, ie, "ecologi
cal theory''. Setting aside for the moment the 
problem that few people actually understand 
what is meant by the term "ecological theory'', 
there is a fundamental dilemma in this thesis. On 
the one hand, the ecosystems we manage are 
enormously variable and impossibly complex and 
the amount of our scientific knowledge is scanty 
while on the other hand, we cannot stop th~ 
clock! On all sides, society is intervening in 
natural processes, harvesting native plants and 
animals, and altering landscapes. · We cannot 
simply order all this to stop, on the grounds that 
we do not know enough. In any case, even a "do 
nothing" policy can represent an artificial inter
vention. Most difficult of all is the question of 
scale of resolution - there is always a level of un
certainty to which research has not yet penetrated 
- and no matter how much we seem to learn, 
there is always more we do not know. I can think 
of few cheaper targets than the adequacy of our 
scientific research, and therefore the basis of our 
management. There have been recent attacks on 
this score from such points on the critical 
spectrum as the Southwest Forest Defence Foun
dation (Anon 1986) and the Chief of the Division 
of Forest Research in CSIRO (Landsberg and 
Parsons 1984). 

The fact is, of course, that we can never know 
"everything". We may never even know "enough" 
in some situations, such as the massive perturba
tions associated with mineral sand mining in 
kwongan, or bauxite mining in the jarrah 
(Eucalyptus marginata) forest. Nevertheless, we 
are not helpless, nor should we be professionally 
intimidated in this situation. There are six steps 
we can take to maximise the scientific validity of 
our management, and to minimise ecological 
mishaps. 

1.We must continue to maintain a strong re
search effort in conservation and land manage
ment. That is critical to our survival. We must 
also support the research efforts of others in 
relevant fields. 

2.We must focus research effort onto the most 
serious problems. These are where the basic ele
ments of the ecosystem (air, water, soil) are being 
degraded, where species or communities are 
threatened with extinction, where we need to en
sure the sustainability of harvested natural resour
ces, and where there is an opportunity for 
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economic benefit. 
3.We must have effective mechanisms for con

stant review and updating of the four basic ele
ments of our management system. These are: 

i)reserve location and adequacy; 
ii)policy statements; 
iii)management plans; and 
iv )operational prescriptions. 

These elements should be reviewed and revised 
on the basis of the latest research findings, and 
the results of systematic performance and ecosys
tem monitoring. 

4.We must continue to seek to oppose (or 
defer) interventions in ecosystems where the out
come is uncertain, and to encourage research ef
fort by the proponents. 

5.Wherever possible, "control areas" must be set 
aside, characterised, and looked after. 

6.Wherever there is uncertainty, the "experimen
tal management" approach, involving the setting 
up and testing of working hypotheses, must be 
adopted. 

This approach may not satisfy the sternest 
critics of our research inadequacies. It will 
probably not prevent an occasional mishap, but it 
is a professional and positive approach to the 
dilemma of having to manage with a permanently 
deficient data base, and provides constant oppor
tunity for improvement and refinement of opera
tions. 

Before leaving this subject, there are four impor
tant points I would like to add. 

1.There can be a world of difference .between 
scientific theory and scientific fact. Like any 
manager, I am wary of theories which have not 
been thoroughly tested or which do not appear to 
gel with what I actually see on the ground. A 
good example of this was the theory of the hot 
fires-legumes-dieback interaction in the jarrah 
forest (Anon 1976). Despite the fact that it was 
rapidly superseded by the impeded subsoil 
drainage theory, the "hot burns cure dieback" 
story became a popular fad, and still turns up to 
haunt me, in scientific publications (Raison et fil. 
1984), in letters to the editors of newspapers and 
even in my daughter's high school biology class 
notes. 

As Richard Hobbs has pointed out (this publica
tion) the field of ecology is huge and the science 
is inexact. Both researchers and managers must 
therefore be constantly on the alert as to what is 
fact and what is idea. Substantial changes to 
policies, management plans or prescriptions 
based on the latter may not be progressive. 



Moreover, in the distinction between fact and 
hypothesis, managers are dependent on their 
scientific colleagues. This dependency imposes a 
considerable responsibility. on research ecologists 
and research managers. 

2.We must remember that even prescriptions for 
management based on well designed research 
and careful analysis can have unpredictable side 
effects. A good example of this is the change to 
the fecundity of fox populations predated upon 
by CALM research scientists (Kinnear pers. 
comm.). As I will discuss below, the principle of 
the unexpected consequence underlines the neces
sity for all research to be scaled up to trials, 
before it is adopted as an operational procedure. 

3.Ecological requirements cannot always take 
priority over everything else. For example, whilst 
it might satisfy ecological theory to allow karri (E. 
diversico/or) forest national parks to be "cooked" 
by an occasional high intensity wildfire, this ig
nores the aesthetic value of these beautiful 
forests, ie, the principal reason for which they 
were reserved. By the same token, present day 
aesthetics may have to be sacrificed for the long
term conservation of the ecosystem. 

4.Useful research information does not derive 
exclusively from research scientists performing 
statistically valid experiments. Managers can set 
up creative leader trials, can make revealing ob
servations, and can select and set aside control 
areas. Furthermore, they can constantly alert re
search scientists to planned operations or un
planned events where simple surveys and plots 
can be established and provide important data. 
There are certain rules for management staff car
rying out research trials (see Table 1), but given 
compliance with these, extremely useful informa
tion can be produced. 

INTEGRATION OF RESEARCH AND 
MANAGEMENT 

I have written previously on the different orien
tation, values and preoccupations of research 

scientists and managers (Underwood 1983, 1984). 
Unless these are understood, and effectively dealt 
with, they can lead to an unhealthy organisation, 
the symptoms of which are irrelevant research, 
frustrated staff and a lack of creativity and 
progress in management. But worst of all, a lack 
of effective integration of research and operations 
staff will prevent the most efficient application of 
our collective intelligence and energy to conserva
tion and land management. 
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Three courses of action can be taken to maxi
mise integration of research and operations; the 
use of multidisciplinary teams, efficiently 
managed research extension, and the develop
ment of a positive approach to liaison. 

Multidisciplinary teams. When research and . 
management staff unite to tackle a land manage
ment or wildlife conservation problem, they get to 
know each other and the scientist can provide the 
results of his/her work, or his/her knowledge of 
the work of colleagues. The manager can outline 
the constraints under which he/she operates. In 
addition, the gaps in research knowledge become 
glaringly obvious, as do the limitations of the 
manager's influence and capabilities. As a conse
quence, a joint commitment to improving the 
whole system emerges. 

This is a very important process, and on the 
whole I have found that it works very well, ir
respective of whether the task is to draft a policy 
or a job prescription. It can fail, when a team 
member is "playing" to another constituency, or 
when the problem is too "dirty" (Mason and 
Mitroff 1981), and these are potential difficulties 
to which a manager must be alert when setting up 
multidisciplinary teams. 

Management of research extension. Having 
studied this problem in some detail as a research 
worker and a manager, I have concluded that the 
onus· for effective research extension falls very 
squarely on the shoulders of the research scientist 
and his/her director. If they manage it properly it 
will happen; if they don't, it will not. Most 
managers (particularly in large, complex regions) 
simply do not have the time to scan the scientific 
literature and to integrate research findings. 

In my view, five essential steps must always be 
taken to ensure successful integration of research 
findings into management. 

1.Research findings must first be presented 
to research colleagues. This is to confirm the 
validity of the work in terms of design, analysis 
and conclusions, but more importantly to make 
sure scientific staff agree amongst themselves 
upon the implications to management and 
what is actually to be presented. 

2.Research findings must then be written up 
in non-scientific language and presented to 
operations staff in the form of new, or revised 
policy or prescription. This must be accom
panied by a description of the expected 
benefits and likely costs of the innovation 
proposed. 

3.In most cases, work must then be scaled 



up to field level demonstration trials. These 
are best organised as collaborative projects be
tween research and operations staff. They are 
designed to ensure proposals can be properly 
evaluated for cost, practicality and safety, and 
Unexpected consequences. 

4.Research scientists must participate in the 
initial training of operators and in early im
plementation. This ensures their rapid atten
tion to teething problems and avoids serious 
misinterpretation. It also highlights the areas 
where research is incomplete. It is a respon
sibility of research directors to plan for each 
scientist spending part of his/her time on this 
work, even though it will be at the expense of 
more research. 

5.Research scientists must contribute to sub
sequent reviews of procedures and prescrip
tions. This ensures the incorporation of their 
most recent findings and allows researchers to 
experience first-hand the problems and con
cerns of managers. 

Unless these steps are systematically followed, 
research findings will languish, or worse, be mis
applied. 

Clearly, such an approach is generally more ap
plicable within an agency like CALM than it is, 
for instance between a researcher in CSIRO and 
a manager in CALM, but, this is not always true 
and depends on the problem and the approach. 

Research-operations liaison. This must be faced 
positively and must be actively managed if it is to 
occur properly. The mechanisms are familiar 
(seminars, field days, newsletters, workshops, pub
lications, technical demonstrations, policy meet
ings) but the will to make the time and effort is 
often lacking. Unless there is a determination to 
have effective liaison, it can lapse. This may 
mean producing a forum for such interaction to 
occur, or at least be initiated and this workshop is 
an example of this approach. 

I also emphasise the importance of social inter
action and of sharing the fun of the job. 
Friendship is a very powerful positive influence, 
but again, it is something which does not just hap
pen, it must be worked at. 

In this section I have talked about how best to 
integrate research and operations, because not 
only will this improve the standards of ecological 
management, but will ensure best use of scarce 
human resources 

I now want to turn to my final point. Without a 
vision, ie, a clear and positive idea of where we 
want to go in the field of ecological management, 
progress can only be slow and haphazard. 
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THE VISION 

Andrew Burbidge (this publication) presented 
the case for nature conservation and sug

gested how our management must comply with 
the noble precepts of the World Conservation 
Strategy. I agree with him and I share these 
ideals. However, for goals to be meaningful at 
the level of park, reserve, and district manage
ment, they need to be scaled down from the inter
national scene, and they need to be given 
priorities, in the same way that priorities need to 
be set at the higher levels, eg state, national and 
international. The resultant statement of ranked 
objectives can then form the fundamental basis 
for the structure of the research program and for 
the allocation of resources for management on 
the ground. 

This is the ideal. In fact, it is probably the 
greatest weakness in conservation and land 
management in W.A. at the moment. While a 
comprehensive statement of objectives is emerg
ing in the Corporate and Regional Management 
Plans, no system for allocating priorities has been 
developed. There is a major imbalance of resour
ces (for important historical reasons) and great 
social and economic barriers to change. Current 
research priorities have largely been inherited 
from the agencies that amalgamated to form 
CALM each of whom had a more narrow charter 
than CALM. Research priorities can only be 
changed at a serious cost in terms of lost invest
ments. In many areas of the State we do not have 
the staff or the funds to practice even the most 
elementary and scientifically valid ecological 
management ( eg, control of feral animals, or 
management of fire). Despite these difficulties, I 
remain optimistic. Conservation and land 
management in W.A. has two wonderful ad
vantages over that in many other parts of the 
world. Our population is still comparatively 
small, and community attitudes towards the en
vironment in general are improving. 
It is also my view that a vision does exist, but is 

not yet explicit, and that a system of determining 
priorities can be developed and implemented, 
even though it will be a gradual process. Until 
both these things are done our capacity to proper
ly plan for the conservation of the biological and 
physical resources for which we are responsible, 
will be deficient. Our capacity to implement 
management plans on the other hand, is a matter 
of community and political priorities, and is out
side the scope of this workshop. 



CONCLUSION 

I n this paper I have tried to look at ecosystem 
management from the viewpoint of an agency 

charged with the task of conservation and land 
management in a State as huge and diverse as 
Western Australia. I accept that conservation 
management must be based on ecological prin
ciples, but I acknowledge that there are serious 
limitations in our data base and our resources. 
Nevertheless, I believe that we can meet our 
scientific, and our moral obligations to conserva
tion if we observe four key principles. 

1.Maintain an effective research effort. 
2.Constantly review and upda,te of manage

ment policies, plans and procedures, on the 
basis of current research findings, and monitor
ing programs. 

3.Adopt a positive approach to maximising 
the effectiveness of collective intelligence and 
energy of all scientific and management staff. 

4.Establish clear goals and priorities. 
This approach will not immediately satisfy our 

critics, but must generally move us in the direc
tion of better management, and therefore more ef-
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fective land and wildlife conservation in W.A. 
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Table 1. Rules for Research Trials by Management Staff 

1. Studies should be relatively short-term. (They nearly 
always lapse when the originator is transferred.) 

2. Experimental design should be checked out with an 
experienced research scientist. (Information collected 
which cannot be analysed is often useless.) 

3. A "Research Proposal" (or Research Working Plan) must 
be written and filed. In particular this must contain 
an objective and enough survey data to enable 
relocation on the ground. 

4. Results and conclusions must be reported, especially to 
the local senior manager and to the appropriate 
research scientist. 

5. If there is an appropriate outlet, the work should be 
published. 
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THE INITIATION OF RESEARCH AND 

CARRYING IT THROUGH TO 

MANAGEMENT 

Alan Walker 
Workshop Leader 

Department of Conservation and Land Management, 
Southern Forest Regional Headquarters, Brain Street, Manjimup, W.A. 6258. 

INTRODUCTION 

This Workshop session was dealt with in two 
parts: the initiation of research; and carrying 

research through to management. 
It is clear that each of these questions is closely 

related to the aims and objectives of the Agency 
conducting the research and to the nature of the 
resources being managed. 

A model was constructed to represent how re
search might be initiated. Then a number of 
steps to facilitate the transfer of information from 
research to manager were discussed. 

DISCUSSION 

I nitiation of Research. Research questions and 
problems come from a number of levels within 

an Agency and they should also be solicited from 
an informed public. These questions and 
problems must then be screened and put into 
priority order, bearing in mind that this screening 
process and setting of priorities must be relevant 
to the strategic objectives of the Agency. It is im
plicit therefore that the Agency must have well 
defined and updated aims and objectives. 
Without these stated objectives it is almost impos
sible for an Agency to conduct its work (including 
research) and allocate its resources with 
relevance. 

Some criteria which would assist screening and 
priority setting for research were proposed and 
these are listed below. 

1.Are any species or communities threatened 
with extinction? 

2.Will there be degradation of ecosystems (air, 
soil, water)? 

3.Will the understanding of ecosystem processes 
be enhanced? 

4.What are the costs and benefits of conducting 
this research? 

5.What is the potential for this research to be 
useful to management? 

6.Does the research have valid scientific merit? 
7.What is the urgency for the research results to 

be used by management? 
A model for the process of initiation of research 

using these criteria is shown in Figure 1. 
Integration between policy makers, researchers 

and managers in an organization is necessary to 
ensure that the correct research questions are ad
dressed and that resources are allocated accord
ingly. 

Carrying Research through to Management 
This step is often neglected, but will only be suc
cessful if there is an effective transfer of inf orma
tion from research to manager. The respon
sibility for this task is that of the individual re
search worker and he/she should take cognizance 
of the following. 

1.Research workers must communicate effective
ly with each other. 

2.Research workers need to communicate wide
ly inside and outside of their agency. Seminars, 
videos, field days are all appropriate in this con
text but simple language should be used when 
dealing with non-agency personnel. 

3.Research work should be scaled up to field tri
als as part of the process of incorporating re
search results into management activities. 

4.Research workers should participate in the 
early implementation of the results within manage-
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QUESTIONS FROM OTHER 
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PUBLIC 
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LEADERS AND LINE PROJECT INITIATED . COST/BENEFIT . 
MANAGERS . VALUE TO MANAGEMENT . 

: UNDERSTANDING PROCE SSES 

CONSTRAINTS ON ABILITY . POLITICAL . 
TO CONDUCT RESEARCH ,____: FINANCIAL . STAFF . 

: EXPERTISE 

RESEARCH PROGRAM AND 
PROJECTS INITIATED 

Fig. 1. A model for the process of initiation of research 

ment activities and should monitor the results of 
this management. 

5.Publication is essential. 
The handover of information from research 

workers to managers is an area of concern. 
Research workers should always be involved in 
the formulation of management prescriptions and 

in the consequent monitoring and review of these 
prescriptions. This active collaboration of re
search workers and managers in the implementa
tion of research findings should result in more ef
fective resource management. 
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INTRODUCTION 
This workshop examined two questions: 
-'.What initiates and determines the direction or 

emphasis of a research program? and 
2.how are the results of this research communi

cated most effectively to management levels of an 
organization charged with the management of 
land and its associated biological resources? 

While the conduct of research is not exclusive to 
an organization involved with managing biological 
resources, the effective communication of re
search findings to the operational or management 
arm of such an organization is essential if it is to 
manage efficiently. The integration of results 
from the various disciplines or studies is usually 
carried out at the management level, but when 
management plans are being prepared the inter
disciplinary integration occurs within the planning 
team. In some research into the management of 
individual species, the integrated approach is not 
always appropriate and the work should stand 
alone. This is particularly so in the management 
of endangered species. 

DISCUSSION 

F actors affecting initiation of research projects 
It is important to have research frameworks 

that are adequate . to handle the problems which 
arise. It is necessary to employ competent staff 
and to have sufficient funds to ensure that re
search direction is responsive to unforeseen 
management problems and which includes both 
short term problem oriented research and longer 
term studies. Efficient research needs an ad-

ministrative structure that can assess priorities 
and reallocate resources accordingly. It also 
needs a process that can integrate multi-discipli
nary studies so that they may be applied to 
management. 

In order to initiate research, it is first necessary 
to identify problems and then place them in 
priorities. 

A list of potential projects compiled by resource 
managers is one method for identifying research 
areas. Such lists need to be comprehensive and 
detailed enough to allow proper evaluation. This 
approach can involve bodies external to the 
managing organization as well as the organiza
tion's staff. This may act as a stimulus for outside 
research workers to focus on problems that the 
resource managing organization is interested in 
solving. 

Regular consultation between manager ·and re
searcher is necessary during all stages of a re
search program and this is the hallmark of well 
targeted research programs. 

The opportunity frequently exists for managers 
to gather, in an ordered way, long term data that 
provide an extremely useful background for a re
search study. The existence of such data will 
sometimes influence a research worker to choose 
a particular project. 

Although some of the finest research comes 
from work carried out on a very limited budget, 
the provision or non-provision of funds is probab
ly the most seductive agent in determining the 
course of research proposals. An often neglected 
factor in this matter of funding, and one which is 



very pertinent of the Department of Conservation 
and Land Management (CALM), is the capacity 
of some organizations to provide facilities and 
other assistance. · Although such assistance may 
not be financial it often influences outside agen
cies deciding on a particular study. 

Comniunication of research results to managers 
This subject was discussed at length but did not 

generate any definite conclusion, rather a series 
of approaches were suggested. In an organiza
tion like CALM, with large areas of land to 
manage and thesf) scattered over a large state, 
decentralizing research activities is essential. The 
benefits of decentralization were seen to be the 
creative impetus brought about through exposure 
of researchers to regional problems. 
Decentralization can result in isolation and it is 
necessary to ensure that research is subject to the 
critical review process normally associated with 
good research and that publication is part of the 
product of the research. This approach is essen
tial to ensure that the scientific competence of 
the research staff is monitored and is seen to be 
monitored. 

Departments of Agriculture use extension of
ficers to provide liaison between their research 
workers and the farmers who use the results of 
the research. This approach is one which an or
ganization like CALM could follow. The validity 
of this approach within CALM is evident in the 
way that the Silviculture and Environmental 
Protection branches provide information to 
managers. As a counter to this point of view, the 
"single mission" character of the activities of the 
Silviculture and Environmental Protection func
tions was highlighted and the breadth of scope of 
research activities underlined. A practical 
answer was seen to be a liaison function for the 
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program leaders in the Research Division who 
would be conversant with activity in their respec
tive areas. Managers should use the program 
leaders as sounding boards for management ac
tions and also assist in identifying potential re
search needs. 

The process of development of a management 
plan for a natural resource area or for a par
ticular species was seen to be the most definitive 
process by which research results could be car
ried through to management. Good planning is a 
vehicle of singular importance in the communica
tion process because it provides the stage where 
there is a conscious step of drawing out the 
management implications from any number of re
search studies. Planning is the integration of 
sometimes conflicting information into a set of 
coherent guidelines for management. 

Communications between research workers, 
management and the public are often hindered by 
the use of jargon and simple English is preferable. 

CONCLUSION 

The main difficulty associated with the initia
tion of research and carrying it through to 

management arose through the separation of the 
research role from the management role. The ac
tion of exploring a problem should be a joint exer
cise by both parties and in CALM there is al
ready extensive co-operation in defining the mat
ter to be researched and assistance in collecting 
data. Joint studies involving workers and 
managers would lead to procedures and solutions 
that are realistic and could be implemented. If 
compromises are necessary in the face of opera
tional realities, the research worker should be in
volved with the manager in making such com
promises. 
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INTRODUCTION 

T he session began with an introductory descrip
tion of differences between biogeography (in

cluding descriptive ecology) and experimental 
ecology. Its purpose was to provide common 
ground for the ensuing discussion on the implica
tions and limitations of biogeographic studies for 
management. To emphasise the local context I 
have tried to use Western Australian studies toil
lustrate both the introduction and the points 
raised during the discussion. 

Biogeographic studies describe the present 
and/or past patterns in the geographic distribu
tion of organisms over periods ranging from 
decades to millions of years and I or usually over 
areas as least as large as a natural district. For 
the purposes of this discussion the term "descrip
tive ecology" will be used to distinguish non-ex
perimental studies confined to relatively small 
study areas such as a single reserve, or along a 
corridor between reserves. 

Most studies of field ecology in Western 
Australia include elements belonging to the 
"descriptive ecology-biogeography" continuum, be
cause they contribute to our knowledge of: (1) 
patterns in the distributions of species or in the 
composition and diversity (eg. species richness) 
of communities; (2) the status ( eg. rarity, en
demism, commonness, relictualism) of species 
and communities; (3) the geographic and tem
poral scales at which various species operate; or 
( 4) the influence that physical and biological fac
tors have on ecological boundaries, the relative 
abundance ( eg. presence or absence) of species, 

and the complexity and dynamic nature of com
munities, at various localities at various times. Ex
amples include: disturbers (fire, exotic species), 
environmental gradients (scalars such as sub
strates, altitude, climates), barriers to dispersal, 
and connections with other organisms (food 
chains, competition for resources). 

A large, and ever increasing, body of such data 
has been provided for Western Australia by 
biologists of the W.A. Museum, W.A. Herbarium, 
various CALM and CSIRO research. centres, 
universities, mining companies, private organiza
tions (eg RAOU) and individuals. 

As our knowledge of the biota has become more 
detailed, there has been a realization of the 
problems confronting native species, the limited 
research and management resources available to 
conservation organizations, and the fragmented 
nature of our data-base. The W.A. Biological 
Surveys Committee was convened in 1977 to co
ordinatate biological research. Its aim is to im
prove the coverage of the available data in terms 
of both the biological diversity and the 
geographic extent of the State. 

Biogeographic studies in W .A. (see McKenzie 
1984) have moved away from comparisons of land
unit or regional species lists (e.g. McKenzie 1981) 
and the provision of biotic maps based only on 
the distributions of individual species or of a few 
attributes such as structurally dominant plant 
species and superficial geology (see Beard 1980). 
Instead, recent investigations of biogeographic 
pattern (the "what and where") have emphasised 
quantitative analyses that attempt to explain the 



observed patterns in terms of environmental fac
tors. For example, certain recent studies of the 
biogeography of individual species have sought ex
planations through correlations with climatic (Nix 
& Gilleson 1985) attributes. 

Similarly, studies of the biogeography of com
munities (Hnatiuk & -Hopkins 1981, Biological 
Survey Committee 1984, McKenzie & Robinson 
1987) have adopted sampling designs that provide 
quantitative assemblage data because such data
sets retain spatial discrimination and are 
amenable to the same analytical techniques as 
descriptive ecological data-sets. The last two of 
the studies just cited, aim at reasonably exhaus
tive species composition data for a wide array of 
organisms (so that a variety of different parts of 
ecological networks are represented), at a large 
number of quadrats ( quadrat sampling designs ac
knowledge connectance between species in an as
semblage) positioned to represent the geographic 
extent of study areas more than 250 000 square 
kilometres in area. Such data-bases provide data 
of the "what and where" sort, at broad geographic 
scales, that better represents entire ecological net
works. They also yield insights into "how and 
why" similar to those provided by descriptive ecol
ogy, but at regional scales. The latter is gained 
through the identification of physical scalars such 
as substrate, climatic or altitude gradients (Austin 
et _ill. 1984) that are strongly correlated with 
biotic patterns, and by resampling the quadrats at 
various points in time to monitor changes in 
species composition across the entire district. 
Members of the discussion group had indicated 
concern that the value of biogeographic data was 
limited because it had no value in elucidating the 
ecological processes (the "how and why") needed 
to manage the biota effectively. 

Sometimes biogeographic patterns have been 
used as a basis for testing ecological theories such 
as species interactions (e.g. competition and com
munity structure), density-dependent habitat 
selection, r - K strategies, minimum viable 
population sizes, equilibrium theory of island 
biogeography, and species richness versus area 
in relation to habitat patch-size or habitat 
heterogeneity. Examples include Hopper (1979), 
Kitchener (1982), Hopkins & Hnatiuk (1983), 
McKenzie & Rolfe (1986) and Moran & Hopper 
(1987), as well as the recent interest in species 
richness-area relationships (Kitchener et fil. 1980) 
although, in the context of designing repre
sentative nature reserve systems, SLOSS (single 
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small or several large) relationships have proved 
too superficial (Zimmerman & Bierregaard 1986, 
Shafer & Sanson 1986). 

On the other hand, it has been difficult to do ex
perimental biogeography; that is, to manipulate 
biological and/or physical parameters across large 
enough areas, or for long enough, to be termed 
biogeography rather than ecology. As a result, at
tempts to test hypotheses concerning the proces
ses of ecological patterning at these larger 
geographic or temporal scales have relied on 
"natural experiments" (descriptive data) that cor
relate patterns in species composition:, richness, 
etc. with gradients in biophysical scalars or distur
bers imposed on the region's biota (discussed 
above). The problem of identifying causation 
from "natural" experiments in ecology has been 
discussed by Diamond (1983) and is aggravated 
for biogeographers. At biogeographic scales it is 
especially difficult to set up and maintain valid 
"control" quadrats, yet these are needed to un
tangle (isolate) the variety of disturbers, scalars, 
and ongoing biotic processes present in natural 
systems across study areas as big as regions. The 
discussion group took the view that causes were 
most likely to be identified through autecological 
studies. 

Thus, while biogeography has been able to 
provide insights into "how and why'' over large 
study areas (from correlations and other cir
cumstantial evidence), the actual causes have rare
ly been isolated. Nevertheless, when setting 
priorities between management programs it is es
sential to have the regional "what and where" con
text and only broad-scale studies can provide 
these insights in an objective manner; for in
stance, such data allow planners to distinguish 
localised events from regional trends that affect 
the persistence of native species. Elton (1966) 
summed this up as follows; "it is one of the tasks 
of ecological survey to provide the strategic set
ting for population studies". 

DISCUSSION 

There was no dispute among members of the 
discussion group that this "what and where" 

(the regional context) is fundamental to setting 
priorities for the management of wildlife, al
though it was pointed out that perhaps 
biogeographic survey effort should be directed to 
areas where resources were available to incor
porate the findings into management activities. 
Managers of large areas with limited resources 
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disagreed as they find themselves being asked to 
predict conservation values for areas of land 
about which there was little or no data. More 
biogeographic data are necessary to help them 
make such decisions. 

A model of biogeographic survey (Fig. 1) cur
rently being researched by the Western 
Australian Department of Conservation and Land 
Management, was presented to stimulate discus
sion on the opportunities quantitative 
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Figure 1. A model of biogeographic survey. The "Reconnaisance 
Survey" provides a basis for positioning the sampling quadrats 
used in the "Assemblage Survey". 
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biogeographic data can provide for discriminating 
and investigating biotic patterns, and for using 
the derived patterns as an explicit basis for set -
ting priorities for management. 

It was pointed out that disturbers have been 
rampant across Western Australia since settle
ment by Europeans, and it was suggested that 
these would have disrupted biogeographic pat
terns and would confound attempts to find 
gradients in the physical environment that have 
such a close correlation with the biotic patterns 
discriminated that they can be used as scalars. 
Would this reduce the potential value of quantita
tive biogeographic analyses by thwarting attempts 
at prediction? This was likely to be true for 
groups of organisms (such as mammals) in which 
many species have declined or become extinct 
(see Baynes 1987, Boscacci et fil. 1987); for 
others, such as reptiles and perennial plants, such 
disruptions would probably not mask these 
original patterns. Further work was needed to 
fmd out the extent to which such masking had oc
curred. Disturbances would create some 
problems in monitoring (things were sure to be 
changing anyway) but, in principal, some initial 
"what and where" was needed before any soundly 
based management decisions could begin. 

Several members of the discussion group sug
gested that data derived from sampling at 
biogeographic (regional) scales would be too 
sparse to provide the detail needed to predict as
semblage composition from such scalars. 
Problems requiring further research were seen 
with the intensity (how many organisms do you 
need to sample?), extent (size of the study-area 
versus number of quadrats), timing (in relation 
to seasonal and year-to-year changes), and local
ized or unpredictable events (fire, drought, 
windstorms, tree-falls, etc.). 

To dispell the pessimism, it was pointed out that 
analysis of a biogeographic data-base recently col
lected from the 260000 square kilometre Nullar
bor District (McKenzie et fil. 1987), in which 
equal weighting was given to 373 species (com
prising birds, reptiles, mammals and both 
ephemeral and perennial plants), found very 
close correlations between biological patterns and 
gradients in a number of climatic and substrate at
tributes. During further investigations of this 
data-base, carried out in conjunction with CSIRO 
Division of Wildlife and Rangelands, a set of 
predictive maps was derived using the identified 
scalars; subsequent ground-truthing, by sampling 
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at 10 new quadrats, substantiated the predictions 
with somewhere near 80% accuracy (for as
semblage composition). However, most of the 
Nullarbor District had a subdued topography that 
simplified the modelling. 

There was some concern that broad scale 
biogeographic studies would not detect (or repre
sent) rare species; that generalized scalars would 
give generalized predictions. Thus, reserve sys
tems and priorities for management selected on 
the basis of these sorts of data would overlook 
relictual and other rare species. Such popula
tions comprise extreme genotypes so they are im
portant for conserving genetic variation. The dis
cussion group agreed that systematic 
biogeographic surveys were needed to evaluate 
species status objectively. In assessing the status 
of Western Australian plants from Herbarium col
lections, Marchant & Keighery (1979) found that 
many plants were considered "common" because 
they occurred along roads travelled by botanists 
and that many "rare" plants belonged to remote 
or inaccessable areas. The group also agreed 
that as wide an array of species as possible 
should be sampled though the importance of com
mon species should not be overlooked, and that 
particular priority in management, including the 
provision of special reserves, would be needed by 
populations of rare species. In this context, 
studies that specialized in rare species were 
needed (and exist, see Hopper et fil. 1982, Friend 
et fil. 1982, Christensen 1980) as a complement to 
generalized surveys. 

The use of biogeographic survey quadrats for 
monitoring (by carrying out subsequent sessions 
of sampling at the quadrats) was considered im
portant and it was accepted that these surveys 
can be designed for detecting change through 
time, though a wider range of physical data would 
give better insights into the reasons for changes 
observed in the species composition of as
semblages. 

Biogeography does not provide solutions to all 
management issues. For instance, the above 
model would have little value for gaining insights 
into the "how and why" of marine systems because 
of randomising affects caused by the mobility of 
propagules (see Sale 1977). Even so, the sam
pling strategy proposed for Ningaloo Reef during 
subsequent discussion was quadrat I transect 
based. 

Management priorities and decisions that are in
fluenced or determined by biogeographic data in-



elude: legislation to protect species and com
munities; positioning of firebreaks and facilities 
for public use; selection of optimum areas of 
land in reserve system design, and other land-use 
decisions; searches for additional populations of 
particular species, guilds or communities of inter
est; and priorities in more specific research, such 
as manipulative experiments on populations or 
communities. 

It was questioned whether biogeographic ap
proaches to optimizing the representativeness 
(sensu. Austin & Margules 1984) of reserve sys
tems were worthwhile. The reality of acquiring 
reserves today (e.g. in the Shark Bay region of 
Western Australia) involves accepting virtually 
every available patch of land and, in the context 
of "the real versus ideal" in setting priorities, 
ecosystem boundaries derived from 
biogeographic data are not necessairily the same 
as management boundaries. Nevertheless, while 
pragmatic decisions often have to be taken, the 
processes of setting priorities for management (in
cluding the selection of reserves when acquiring 
reserve systems) should have a rational biological 
basis; the more relevant and the better the avail
able biological data, the more effective the 
decisions are likely to be (see Game & Peterken 
1984, Margules & Nicholls 1987, Robinson et fil. 
1987). 

In this context, the managers and planners 
present at the discussion were asked to consider 
practical examples of decisions they regularly had 
to make, and to identify the sorts of information 
they thought would be most useful for setting 
priorities for management. A request to relin
quish a reserve was suggested as an example. 
Four discrete sorts of data were identified during 
the discussion that followed. All woe of the "what 
and where" sort. 

(1) Are any rare or endangered species 
present? 

(2) What is the species diversity (especially 
in richness and composition of the com
munities found in each region)? 

(3) What are the major geographic patterns 
in diversity (especially richness and composi
tion)? 

( 4) Is each ecosystem I community I species 
protected by a reserve? 

Reference to Figure 1 indicates that these 
categories of information are all available or 
potentially available through biogeographic 
studies. 
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INTRODUCTION 

T his workshop discussion was organized 
around four themes: the scope of biogeog

raphy, the choice of species for study, the use of 
biogeographical data in setting priorities for 
management of conservation values and land, and 
using the experience of managers of conservation 
values and land to assist in the setting of 
priorities for the biogeographer. 

SCOPE OF BIOGEOGRAPHY 

I t is difficult to define the scope of biogeog
raphy. This is partly semantic (many geog

raphers use the term synonymously with ecology) 
but is important because the discipline has recent
ly undergone a rebirth. Consequently it is now 
considered quite insufficient for a biogeographer 
to produce maps of the distribution of species, to 
describe patterns of distribution and to infer his
torical explanations for the patterns discovered. 
Over two decades ago, MacArthur and Wilson 
(1963) showed that it was possible to make inter
esting and practical predictions about the number 
of species present in well defined areas without 
necessarily considering history or having to work 
from detailed distribution maps. 

The scope of biogeographical studies is best il
lustrated by showing their intimate relationship to 
population and community ecology. Population 
ecology considers the distribution and abundance 
of a particular species chosen for detailed study 
(e.g. a pest insect, a rare plant, a colonially nest
ing seabird) and tries to explain why that species 
is found where it is (and not elsewhere), why it is 

more common at some locations than others, and 
why fluctuation in numbers at the same locality 
occur over a particular period. Counts of in
dividuals are necessarily involved and there is a 
recent trend to distinguish by experiment the im
portance of factors such as habitat characteristics, 
intraspecific competition, interspecific competi
tion and predation in determining the distribution 
and abundance of the species being studied. 

Community ecology involves studying as
semblages of species at a local scale e.g. the nec
tariphagous birds found together in a heathland, 
the seabird species nesting on an island, the 
species of parrot fish found on a coral reef. Its es
sence is that a lot of detailed data is collected 
from a particular place. Originally, community 
ecology studies were descriptive (e.g. a checklist 
of plant species occurring in a particular reserve) 
but the recent trend is towards estimating num
bers of species and investigating the effect of 
some disturbance on the set · of species studied 
(e.g. effect of logging on the birds in a forest 
stand, impact of fire on soil and litter fauna). 

Biogeography is still more general in scope. 
Like community ecology it embraces the study of 
assemblages of species but at a broader scale, 
regional to global. Because of its breadth it can
not often be experimental because experiments at 
such grand scales are very costly and require 
large teams of people to manage them. Similarly, 
it is often difficult to synchronize the collection of 
census data over a regional scale. For these 
reasons, biogeography is mostly descriptive 
(presence/absence of species or abundance on an 



ordinal scale) but is always comparative, i.e. the 
species checklists collected from many localities 
within a region are compared. These checklists 
are really basic resource inventories and can be 
used to generate detailed site-vegetation types or 
simple measures such as species diversity indices 
or total number of species present for the taxa of 
interest. These checklists also serve as the con
text in which the conservation value of other 
pieces of land can be judged. 

Biogeographical studies provide a framework in 
which it is possible to: 

1.determine accurately how particular ecosys
tems are put together; 

2.evaluate the effects of habitat fragmentation 
on species richness; 

3.calculate the size of reserves optimal for par
ticular groups of organisms; 

4.infer how some of the component species may 
interact; 

5.infer how disturbance affects · species in an 
ecosystem; and 

6.monitor stability of species in an ecosystem 
overtime. 

Experimental validation of 4, 5 and 6 involves 
working at the community ecology level. 

Examples of these uses of biogeographical 
studies follow. 

laldentifying patterns in species richness 
e.g. Isoflor maps for species of Eucalyptus and 
Acacia (Hopper 1979), similar maps for ver
tebrates (Pianka and Schall 1981). Biogeog
raphers try to associate these patterns with en
vironmental characteristics such as average an
nual rainfall, soil types and altitude. 

The other way of studying these patterns is 
more rigorous, and involves multiple regres
sions between species richness and a host of 
environmental attributes (e.g. Kitchener et fil. 
1982, Abbott 1985). This approach can often 
indicate which factors are worth manipulating 
in experiments. (It seems pointless to consider 
further those factors which do not significantly 
regress on species richness). 

lbldentifying patterns in the distribution of 
particular species (e.g. Abbott 1981). 

2&3Determining species/area relationships 
and the minimum area necessary for the long 
term survival of particular species (e.g. 
Kitchener et fil 1982, Abbott 1981). Identifying 
the dependence of certain species on par
ticular habitat types (e.g. Kitchener 1982, 
Humphreys & Kitchener 1982). In the jarrah 
(Eucalyptus marginata) forest, rare and en
dangered plant species are found on granite 
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outcrops or on the western edge of the Darling 
Scarp and not in areas where forest is logged 
(Hopper pers. £Q!lli!!.). 

4.Identifying chequerboard patterns in the 
distribution of ecologically similar species (e.g. 
Main 1961). 

5.Comparing disturbed areas with nearby 
areas which are less disturbed (e.g. Nichols 
and Watkins 1984) (the rare plant species 
Acacia guineti occurs more commonly on dis
turbed areas). 

6.Repeated visits to specific plots or quad
rats enable detection of any trends in distribu
tion (e.g. a contraction or expansion in range 
of species over several decades). Subtle chan
ges in abundance would not be detected (they 
are the province of community or population 
ecology). 

All the above can help identify species, com
munities or habitats requiring more intensive re
search or management. These features can con
tribute to the formulation of a land use planning 
scheme for future short and long term manage
ment. 

WHICH SPECIES TO STUDY? 

T he ecological verity that larger areas support 
more species than smaller areas makes dif

ficulties for the biogeographer in selecting taxa 
for recording. This is illustrated by data col
lected from the forest ecosystem of south-western 
Australia, which contains more than 120 000 
species of organisms, more than 50 site-vegeta
tion types and at least 28 vegetation complexes 
(Table 1). Biogeographical studies to data (Chris
tensen et fil. 1985) have emphasized vertebrates 
and the vascular flora, about 1.5% of the total 
number of species probably available for study, 
and hardly representative. This emphasis on 
higher organisms simply reflects the training of 
biogeographers, the considerable scientific 
progress made over 150 years in formally naming 
Western Australian species of vertebrates and vas
cular plants, the comparative ease of studying 
these organisms, and the interest shown by the 
wider community. 

CAN BIOGEOGRAPHICAL DATA HELP IN 
THE SETTING OF PRIORITIES FOR 
CONSERVATION AND LAND 
MANAGEMENT? 

The goal of the biogeographer is not only to ac
cumulate useful biogeographical information 

but also to disseminate it in a form useful to 



47 

Table 1. Species richness, site-vegetation types and 
vegetation complexes of the forest ecosystem of 
South-western Australia. 

Area 

Taxa 
Mammals 
Land Birds 
Reptiles 

Frogs 
Insects 
Other invertebrates 
Vascular plants 
Bryophytes 
Macro fungi 
Micro fungi 

5x106 ha 

32 species 
94 
67 

19 
16 000 est. 

1 500 est. 
1 500 est. 

150 est. 
3 000 est. 

100 000 est. 

Site-vegetation types 
Northern Jarrah Forest 
Southern Jarrah Forest 
Karri Forest 

21 
17 
12 est. 

6 Sunklands 

Vegetation Complexes 

System 6 
System 1 
System 2 

28 
? 
? 

managers of conservation values and land. There 
are two possibilities. First, these biographical 
data can contribute to the formulation of a land 
use scheme. Second, land which already has a 
designated land use scheme can assist the 
biogeographer's choice of species to be studied 
(addressed in the next section). 

Biogeographical data can be used to formulate 
a land use scheme for a newly acquired reserve, 
particularly if rare, endangered or otherwise 
biologically interesting species are present. 
Repeated biological surveys indicate which 
species have small distributions and might be rare 
or endangered, and identify scientifically interest
ing distributional outliers (e.g. jarrah at Jilakin 
Rock and Mt Lesueur). It is likely that one-off 
surveys would miss many species, so it is essential 
to repeat surveys at different times of the year. 

Biogeographical data can also be used to ensure 
representativeness of conservation reserves. In 
Western Australia such use has helped in the 
reservation of adequate areas in the Kimberley 
(Biological Survey Committee 1981, 1985), arid 
zone (Burbidge & McKenzie 1983, McKenzie 
1981, McKenzie & Burbidge 1979) and the south 
west (Forests Department 1978, McKenzie et ill. 
1973). 

Many of the efforts of earlier naturalists and 

Authority 

Batini 1974, Strahan 1983 
Kimber & Christensen 1977 
Storr et al. 1981, 1983, 

1986;Cogger 1975 
Tyler et al. 1984 
Abbott, unpubl. 
Anon., pers. comm. 
Marchant, pers. comm. 
Marchant, pers. comm. 
Hilton, pers. comm. 
Hilton, pers. comm. 

Havel 1975 
Strelein unpubl. 
Inions, pers. comm. 
Mccutcheon 1980 

Heddle et al. 1980 

scientists in Western Australia (e.g. Preiss, Gil
bert, Drummond, Hartmeyer and Michaelsen) 
were spoiled by their failure to record precise 
localities. Therefore biogeographical data, to be 
useful in the long term, must be referable to 
specific sites. These data form a baseline for fu
ture monitoring of the effects of managers and 
permit appraisal of their efficiency (whether a 
particular species still survives in a reserve, 
whether a particular habitat has not been 
degraded). Thus, the biogeographer could advise 
the manager that the current fire regime applied 
to a reserve appears to be associated with a 
decline in a a particular species or habitat. The 
next step is for a properly designed research 
project to examine if the association is in fact 
cause and effect. Pending such research, the 
manager can at least alter or introduce more 
variety into the fire regime after seeking expert 
advice. 

The sorts of management questions that land 
and conservation managers could turn to biogeog
raphers for are set out in Table 2. Local 
managerial knowledge about the precise location 
of rare, endangered or scientifically important 
species or habitat types would help answer ques
tions 1-4, and 7-9. Knowledge of the occurrence 
of obligate seed-regenerating plant species could 



help answer question 4. Concerning question 7 : 
yes, if the unvested land is particularly rich in 
species, or if the region has not enough repre
sentative reserves. A reserve with many species 
of Proteaceae could be at risk if the fungus 
Phytophthora cinnamomi established (Question 
10). 

USING THE EXPERIENCE OF MANAGERS 
OF CONSERVATION AND LAND IN 
SETTING PRIORITIES FOR THE 
BIOGEOGRAPHERS 

The previous section described how the 
biogeographer can help conservation and land 

management. It should also be recognized that 
the manager can aid the biogeographer. The ex
ample in Table 1 shows that the biogeographer 
has more indigenous species and communities to 
study than resources to study them with. The 
manager knows (Table 2) the kinds of informa
tion that he/she is lacking in order to manage ef
fectively a piece of land. The manager could 
therefore advise the biogeographer on organisms 
worthy of study. 
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The land use plan that is already available for a 
piece of land very much dictates how the land is 
to be managed. For example, the Western 
Australian State Forest ecosystem has had seven 
types of land use : flora, fauna and landscape; 
scientific study and education; protection; wood 
production; water production; recreation; and 
mining (Forests Department of W.A. 1982). 
Thus if an area of forest is set aside for recrea
tion it would be prudent for the biogeographer to 
accumulate data on the distribution of weeds and 
of indigenous plant species sensitive to soil com
paction, whereas in forest managed for flora, 
fauna and landscape several of the rarer species 
of vertebrates of plants and habitat types might 
be the object of biogeographical study. 

CONCLUSION 

B iogeographical information can make a useful 
contribution to the setting of priorities in the 

management of forests, national parks and nature 
reserves. This information can be used to ensure 
representativeness of conservation reserves. 
However because most biogeographical data rep-

Table 2. Some questions often asked by conservation and 
land managers and which biogeographical information can 
help answer. 

1. Where should access tracks be put? 

2. Where should fire breaks be put? 

3. Which access tracks should be closed? 

4. When and how should the land be burned? 

5. Where precisely are populations of rare, endangered or 
scientifically interesting species located? 

6. Should my Department consider purchasing land adjacent 
to land already managed by my Department? 

7. Should my Department consider bidding for some unvested 
Crown Land in my District? 

8. Where can sites for camping, picnicking, beekeeping, 
extraction of gravel and trails for horseriding and 
bike riding be located? 

9. Of all the land under my control, which reserves are 
most important biogeographically and therefore require 
the closest management? 

10. Does any land under my control contain many species 
susceptible to the introduction or spread of 
Phytophthora cinnamomi? 



resent documentation and description, the 
manager of conservation values and land still 
needs to liaise with community and population 
ecologists who could offer more detailed advice 
derived from experimental studies. . 
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INTRODUCTION 

M anagers and researchers have a common 
aim in the effective conservation of our 

natural resources. Most managers would like the 
security of research to assist in the correct choice 
of management prescriptions. Similarly most re
searchers would like to be able to provide the in
formation needed by managers. In reality such 
an ideal situation is not possible. Managers will 
have to manage in varying degrees of uncertainty. 
This workshop discussion revolved around two 
themes (although these were not treated as 
separate topics). 

1.Managers adopting an experimental approach 
to management so as to improve the choice of 
prescription in the future. 

2.Support that can be provided by researchers 
in gathering and analyzing data. 

SIMPLE AND ROUTINE SITUATIONS 

Many actions by managers are responses to 
simple situations which may be "one-off' or 

recurring. The appropriate action is usually 
chosen by applying ecological principles or from 
experience and many current management 
prescriptions have developed from an accumula
tion of experience. However, much of this 
knowledge is stored only in peoples' memories 
and it is important to capitalize on this ex
perience. Written records must be kept to ensure 
the availability of accumulated knowledge to 

other people and to evaluate the results of 
management actions. It is important to record 
why something was done as well as what was 
done and what the result was. It is also important 
to record a decision to do nothing, why that 
decision was made, and what happened. 
Managers can record management actions to 
evaluate the effectiveness of their action. 
However, to achieve this objective, records must 
be made on a structured scientific basis, treating 
the operation as an experiment. 

There are a number of constraints that must be 
taken into account. These include time, resour
ces and the level of expertise of field staff as they 
are usually not trained researchers. Techniques 
should be simple. For example photographic 
records are valuable. Setting up quadrats and 
controls may not be appropriate. Researchers 
can assist with advice on designing experimental 
procedures and analyzing results. 

Where management actions are frequently 
repeated under similar situations, it would be suf
ficient to treat a proportion as experiments requir
ing experimental procedures to be followed. 

It is very important to build up a history of 
management actions. Thus it is important to 
record each event whether or not it is treated as 
an experiment. Fire is a good example of this ap
proach. It may only be necessary to follow ex
perimental procedures to record a proportion of 
control burns in order to determine the effects of 



fire under different circumstances. Nevertheless 
it is essential that a fire history for the area is 
maintained. 

Useful information could be gathered by en
couraging rangers and other managers to keep 
notes on organisms that interest them. Resear
chers should be contacted for advice before 
rangers and/or managers started such a study. 

RECORDING METHODS 

Record keeping is often inadequate. Personal 
notes and daily logs may not be accessible to 

others. There have been some attempts in the 
Department of Conservation and Land Manage
ment (CALM) to devise formal data sheets but 
there is no centralized or computerized system 
for storing, sorting or disseminating these data. 
This is an area that must be addressed with the 
assistance of researchers. In CALM there are 
three different reserve inspection forms in use 
now. 

COMPLEX SITUATIONS 

Researchers should be involved with complex 
problems. Many complex issues are the sub

jects of research programs already. It may be 
possible for managers to assist in these programs, 
e.g. in regular data collection. 

Managers who have complex problems should 
liaise with researchers who may be able to estab
lish research programs, include the problem by 
adapting existing programs or advise the manager 
on the setting up of a program. In any event the 
researcher may be able to advise the manager on 
the most appropriate action to take until research 
results resolve the problem. 

It is appropriate for managers (with the assis
tance of researchers) and institutions such as 
universities to undertake relatively short-term re
search projects. Long term programs should be 
undertaken by properly funded research bodies 
such as CSIRO and the research division of 
CALM. 

MONITORING 

The value of monitoring as a means of solving 
management problems is important. For ex

ample zoning of public use and sanctuary areas 
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on the Ningaloo Reef has been proposed without 
a good knowledge of the effects of public use. 
However, transects will be set up in each zone 
and monitored so that, perhaps ten years hence, 
managers can assess the impact of use and review 
the effectiveness of zoning. 

OTHER RELEVANT ISSUES 

M anagement plans could be useful as a 
framework on which to base experimental 

management. 
Environmental stress and change caused by long 

term phenomena such as climatic change creates 
an element of uncertainty that is usually over
looked. Researchers should consider allocating 
more resources to this area. 

Fears of a backlash from public opinion or 
political considerations may influence the 
decisions that managers make. 

CONCLUSIONS 

Managers will always have to make decisions 
on limited knowledge. However they can 

do much to improve the situation by adopting an 
experimental approach to management prescrip
tions. Advice from researchers is available to 
managers who intend following this approach. 

In any event, managers should maintain records 
of management actions so as to compile a 
management history of the areas under their con
trol. 

At present, methods for recording and storing 
data are inadequate. This area needs to be ad
dressed as a matter of urgency. 

Complex problems should be investigated by re
searchers although managers may be able to as
sist. Generally organizations like CALM and 
CSIRO should be involved in long term programs 
while universities and competent managers 
should address short term projects. 
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MANAGEMENT IN UNCERTAINTY; 
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ADOPT AN EXPERIMENTAL 
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Northern Forest Regional Headquarters, 3044 Albany Highway, Kelmscott, W.A. 6111. 

TERMINOLOGY 

Unce~tainty arises fro~ lack of scientific i~?r
matlon, e.g. uncertam consequences ansmg 

from apparently certain action due to the com
plexity of ecosystems or uncertainties arising from 
unforeseen public and political reactions. 

APPROACH 

M anagement in uncertainty may be conserva
tive or adventurous. Before an approach 

can be decided the relevant issues and strategies 
must be developed. These issues include the 
amount of latitude the manager has to decide a 
course of action e.g. there may be a high level of 
freedom to decide a fire regime but very little on 
mining and other exploitation. The coercion fac
tor imposed by other organisations or individuals 
must be recognised. 

Managing in uncertainty requires a high level of 
staff support. Within a large organisation there is 
a considerable inertia which resists change and 
this may be an important factor which can affect 
a manager's ability to react. 

ISSUES 

Three areas can be identified as affecting im
plementation of new initiatives; the Govern

ment level, Departmental policy level, and branch 
or land manager level. 

Government level. Uncertain consequences 
create a cautious approach. The spectrum of 

political influence will affect Government reac
tion while other organisations/individuals will in
fluence Government reaction. 

Departmental (policy) Level. Political influence 
will affect Departmental response. Senior sup
port will depend on the breadth of support within 
the Department. It will also depend on 
entrepreneurial and other benefits for the Depart
ment, the likely backlash from public/others as 
well as available finance and current priorities. 

Land Manager Level. The management problem . 
must be defined and of sufficient importance to 
warrant action. The action must take into ac
count the level of scientific uncertainty and 
likelihood the consequences are unpredictable 
and serious. It is also important to establish the 
position of the project in relation to current 
priorities. 

These issues defmed a number of management 
objectives for which the discussion group were 
able to define strategies. Time did not permit 
treating all the issues. 

STRATEGIES 
Government Level. Coercion by other organisa

tions/individuals must be managed. The pos
sibility of winning community support for the 
project should be assessed. The uncertainties 
need to be explained and then minimised. The 
positive benefits from the project must be estab
lished and pointed out to all concerned. 



Departmental Level. Broad support from staff 
and the community should be sought. A 
Departmental policy should be written and the 
constraint of inertia minimized by sowing the 
seed of the idea and developing a statement of 
benefits flowing from the project. Staff and the 
public should be involved in designing the 
process/project so that they develop a sense of 
ownership. Once the Department has set a 
course of action it must be firm and not changed 
as a result of pressure. 

Support from senior staff is essential for the suc
cess of any project. Any proposal for change 
must identify and assess the likely backlash both 
externally and internally and advise senior staff. 
Finally the proposal must be widely circulated so 
that all who have an interest in it are informed 
and feel that they have a stake in the project and 
its outcome. 

Land Manager Level. The level of scientific un
certainty must be assessed. It is necessary to 
define the management problem, ensure a clear 
objective and state the hypothesis regarding the 
end point of the management program. Manage
ment procedures should be written and involve 
all relevant staff expertise. The management pro
cedures should be reviewed and the results as-
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sessed with a view to refining the objective or the 
management procedures as necessary. It is im
portant to set aside control areas. 

The level of historical uncertainty should be as
sessed by examining the evidence of historical fire 
regimes, etc. and seeing if they are relevant to cur
rent plant/animal communities. 

EXPERIMENTAL APPROACH 

An experimental approach should be based on 
a systematic method for establishing the 

proposals for management. It is necessary to 
identify the risks and the constraints. A clear ob
jective which relates to landuse objectives must 
be provided. The full range of knowledge on the 
subject both internal and external should be col
lated and finally a proposal developed. This 
should specify hypotheses, procedures, conse
quences, recording methods, monitoring methods 
and the review process. The review process is ex
tremely important as the success of this stage will 
allow for the interpretation of the results of 
management practices and the refinement or 
change to these practices, where necessary. 



MONITORING : IS IT OF USE IN 

INTEGRATIONOF RESEARCH AND 

MANAGEMENT? 
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Workshop Leader 
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Western Australian Wildlife Research Centre, P.O. Box 51, Wanneroo, W.A. 6065. 

BACKGROUND 

M onitoring, as applied in a land (and water) 
management agency embraces the whole 

process of keeping track of changesin the environ
ment over time. The changes may be a direct 
result of a management decision or action or they 
may merely reflect the passage of time and the ef
fects of local or regional events. A comprehen
sive monitoring program will have the com
ponents listed below. 

1.A system of recording and maintaining 
records of management decisions and actions. 

2.A program for the establishment and sys
tematic resampling of sites designed to evaluate 
the consequences of those decisions and actions 
(preferably in an experimental management 
framework). 

3.A program for the systematic resurvey of 
selected, representative (benchmark) sites to 
track general patterns of change across the 
landscape. These changes may be as a result of 
long-term climatic cycles, for example, or may 
merely be long-term successional effects. 

4.A program for establishment and systematic 
resurvey of long-term study sites where the net
work of sites is specifically designed to test 
hypotheses about particular types of change 
across the landscape (i.e. monitoring as a re
search tool). 

5.A system for systematic evaluation of the 
results of monitoring and subsequent review of 
management policies and actions. 

Monitoring should become an integral part of 
management to provide for a gradual increase in 

knowledge about, and understanding of, the 
ecosystems and communities being managed. A 
process that would encourage integration of re
search, planning and management is indicated in 
Figure 1. This process would necessitate some 
changes in the roles of key personnel. 

Planners typically collate existing information 
and interpret it in the light of policy to develop 
management plans. Planners are ideally situated 
to identify gaps in knowledge and areas of uncer
tainty. They should collaborate with researchers 
to write into their plans programs of experimental 
management that will fill these gaps; these 
programs should include detailed monitoring 
methods. 

Managers normally interpret and implement 
management plans. They can also implement 
monitoring programs. Researchers should be in
volved in the establishment of monitoring sites 
and should provide training in sampling techni
ques. Subsequent resampling would be a com
ponent of ongoing management (inspired by feed
back). 

Researchers in this scenario would liaise with 
planners and managers in the formulation and im
plementation of management programs and 
would collaborate with managers in the interpreta
tion of results from the monitoring programs. 
This liaison should make researchers increasingly 
responsive to the needs of managers. 

INTEGRATION 

I n the light of this background, the response of 
the workshop members to the question posed 
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Personnel Action & Result 

Policy Makers Policy formulation 
Information 

Planners & 
Researchers 

Policy 
Project Definition 

Planning 
Identification of gaps, uncertainties 

Managers & Researchers 
and Records/Inventory 

Staff 

Plan 

Implementation 
includes reporting, establishment 

of monitoring sites 

Managers 

Managers & Researchers 

Monitoring 

Interpretation of monitoring results 

Fig. 1. A flow diagram of the planning and management process 
indicating how monitoring might become a focus for 
collaborative activity and lead to integration of 
research and management. 

in the title was: "Ideally - yes but, realistically, 
probably no!". Managers, particularly, felt over
committed and unable to take on further respon
sibilities despite the clear recognition of the im
portance of monitoring. 

The next most immediate response was: "What 
is actually involved?" and "are additional resour
ces to be provided?" 

In the ensuing discussion, a number of points 
were made about the general concept of monitor
ing and its role in bringing together researchers 
and managers. Included were the following. 

1.Monitoring must be cost-effective (can we 
monitor communities in a cost-effective way?) 
and must produce interpretable results. It is 
desirable to establish hypotheses which can be 
tested through a monitoring program as this will 
ensure that the program has clearly defined objec
tives and methods. Simple, standardised methods 
are important. , 

2.There is a need for clear objectives of any 
monitoring program. Among other things, this 
permits evaluation of costs and benefits. 

3.There are already· monitoring programs 
being undertaken by Department of Conservation 
and Land Management managers; examples cited 
were monitoring rare flora populations, wheatbelt 
recreation areas and impacts of human use in na-

tional parks. 
4.Researchers should play a leading role in 

generating interest in an agency monitoring 
program by providing good examples of the 
values of such a program (e.g. the Noisy Scrub
bird program, the Short-necked tortoise program, 
the Carnaby's Cockatoo program) and by design
ing studies that incorporate a potentially col
laborative monitoring phase. 

5.Because most monitoring is seen to be long
term (i.e. at least 30 years) then the program 
should be structured to ensure continuity. There 
should be a clear, unequivocal commitment from 
the organization to long-term monitoring before 
any major work is undertaken. A reporting sys
tem with regular feedback to the observers is im
portant to encourage observer continuity. 

6.Managers and researchers endorsed the con
cept of a pilot project (perhaps two per manage
ment district) and suggested the need for a full
time co-ordinator to get this (these) established. 

7.Integration of research and management in 
the Department was being achieved to some de
gree through the establishment of multi-discipli
nary teams such as those developing management 
plans. The collaborative approach to monitoring, 
as outlined above, was seen to be a positive step. 

8.Monitoring was seen as essential to the 



production of regular State of the Environment 
reports. However, some possible overlap with 
other agencies (especially the Environmental 
Protection Authority) was identified. 

9.It is highly desirable that the public should 
become involved in any monitoring program. 
Firstly, users of Departmental lands should be re
quired to monitor the effects of their uses (or to 
pay a levy for professional monitoring). Second
ly, the public is a largely untapped labour force -
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the program could be made attractive to volun
teers. (Note that any monitoring program involv
ing voluntary observers would have to be carefully 
designed if the results are going to be reliable.) 
And finally, the involvement of the public would 
have considerable educative value. The monitor
ing program would cover a wide range of environ
ments which people would come to appreciate 
and, at the same time they would become aware 
of the management issues and problems. 
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MONITORING; IS IT OF USE IN 

INTEGRATION OF RESEARCH AND 

MANAGEMENT? 

GRAHAM ARNOLD 
Workshop Leader 

CSIRO Division of Wildlife and Rangelands Research, 
LMB No. 4, Midland, W.A. 6056. 

The Macquarie Dictionary definition of 
monitoring is "to check, observe or record the 

operation of something without interfering with 
the operation". It was accepted that in natural 
systems, monitoring must provide long term 
records of ecosystem components, and facilitate 
measurement of the direction and rate of change 
in the system. This was the definition coming 
from the report by Friend (1987) from a 
workshop on remnants of native vegetation. 

There was a consensus that monitoring must be 
structured so that results are independent of the 
observer, and that any monitoring system must be 
carefully designed; casual observations provide 
but anecdotal information. 
It was agreed that monitoring is of use to both 

manager and researcher, and that it may help in
tegrate research and management but examples 
of how were not discussed. There was an assump
tion that managers should do much of the 
monitoring whilst the researcher ensures the 
scientific integrity of design and methodology. 
Both manager and researcher are concerned with 
recording changes in the ecosystem they are 
managing and studying; and monitoring allows 
the changes to be recorded. Monitoring has an 
educational value for the manager in that it 
demonstrates the dynamics of ecosystems. The 
manager's monitoring may well (a) provide re
search problems for the researcher, and (b) when 
monitoring the effects of a researcher's proposed 
management procedure, will help prove or dis
prove the value of the procedure. 

METHODOLOGY OF MONITORING 

Much of the discussion revolved around the 
methodology of monitoring in the real world 

of limited resources. This was because the 
Department of Conservation and Land Manage
ment (CALM) is considering setting up long-term 
monitoring sites to provide baseline information 
on changes in the major ecosystems of Western 
Australia. 

It was agreed that the objectives of any monitor
ing program have to be clearly set out. Some will 
be short-term to monitor the effects of a manage
ment operation, whilst others will be long-term 
(e.g. follow changes in an ecosystem). 

The latter category may need to be of hundreds 
of years duration if changes occur as a conse
quence of rare events. 

Measurements need to be kept to a minimum 
because of the shortage of resources and the 
problems of data storage. They should include in
formation on the lithosphere and atmosphere as 
well as the biosphere otherwise the reasons for 
changes will be hard to determine. 

A centralised data base system is. desirable 
within CALM. This should he within a group 
that will provide advice on the design and analysis 
of monitoring systems. 
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PLANNING/COMMUNICATION 

SUSAN MOORE 
Workshop Leader 

Department of Conservation and Land Management, 
Planning Branch, Murdoch House, 5 The Esplanade, Mt Pleasant, W.A. 6153. 

T he workshop was developed around the ques
tion "how can planning help managers and re

searchers achieve successful biological manage
ment?" General discussion was preceded by an in
troduction to the planning framework, the values 
of planning and colilmunication as a planning 
tool. The following discussion then focused on 
planning as a framework for decision-making, the 
role of planners in biological management, setting 
priorities and communication. Management 
plans and planning within the Department of Con
servation and Land Management (CALM) 
dominated the discussion. 

INTRODUCTION 

T he Planning Framework. Planning has been 
defined as a method by which decision

makers can gather all the facts and consider alter
natives before embarking on a course of action 
(Anderson 1977). The following diagram sum
marises this process. 

Constraints 

Test 

Objective 
Resources 

Strategy 
Options 

Best Option 

Implement 
Monitor 
Modify 

Uncertainties 

These components may be defined as follows. 

Objectives. These may range from corporate ob
jectives to specific objectives for management of 
a particular parcel of land. 

Resources. The information required is deter
mined by the objectives. Generally information 
on natural, social and financial resources is essen
tial. 

Constraints. These may be political, physical 
(capability of the land to support a particular 
use), social or financial. 

Uncertainties. This term refers to environmen
tal uncertainty; for example, epidemics, disease, 
climatic change. 

Options. Options are formulated based on ini
tial objectives and taking account of the resour
ces, constraints and uncertainties. A range of op
tions should be considered. 

Best Option. Objective criteria are used to 
select the best option. 

Test. Modelling or "pilot" studies can be used 
to test the best option. 

Implement Communication between the various 
staff involved is essential to ensure efficient im
plementation. 

Monitor. Implementation should be monitored 
so that the level of achievement of the objectives 
can be determined. 

Modify. Following monitoring, modification 
should occur, as necessary, at any of the above 
stages. 

Values of Planning. Planning is a way of recog
nising the spatial and temporal implications of a 
management action. Spatially, planning creates a 
framework which draws on information from 
numerous sources and then facilitates recognition 
of the second and third consequences of the ac
tion. Temporally, planning encourages the 
development of a "management vision" - a percep
tion of the preferred, future character of an area. 

Management effectiveness is increased by using 
planning to set priorities and to ensure the effi
cient allocation of resources. 

Accountability can be encouraged by planning, 
particularly when the public are involved. Such 
accountability generally encourages management 
agencies to use methods which can be readily ex
plained and justified. Public involvement in plan-



ning is also generally accepted as resulting in bet
ter management. 

Planning allows systematic management in the 
face of uncertainty (a characteristic of most 
natural environments). In this instance planning . 
provides a framework which can be used to guide 
decision-making, while still retaining flexibility. 

Communication as a Planning Tool. Com
munication may assist planning by: facilitating 
the provision and collection of information; ena
bling decisions to be more readily accepted, par
ticularly if they are discussed prior to implementa
tion; facilitating questioning, which often leads to 
review, modification and a resultant increase in 
management efficiency; and allowing recognition 
of the trade-offs which are an essential part of 
decision-making. Familiarising all participants 
and the wider community with the steps involved 
in planning also encourages a wider under
standing of the decisions involved. 

Communication is essential in the planning 
process, both prior to decisions being made and 
during the process itself, particularly in the 
evaluation and modification stages; 

GROUP DISCUSSION 

M uch of the following discussion is devoted to 
management plans. It is based directly on 

points raised in the group discussion. 
Planning as a Framework for Decision-Making. 

One of the most important functions of planning 
is to provide a framework within which manage
ment decisions can be made and then readily 
communicated to enable implementation. Plan
ning within such a framework should be flexible 
enough to cope with changes in demand over 
time - for example, the recent annual require
. ment, by Wundowie, for 100,000 tonnes of 
firewood. Management plans, and particularly 
regional plans covering such resources, should be 
flexible enough to cover a reasonable number of 
such unexpected demands. 

Within CALM a hierarchy of plans exist, includ
ing the corporate plan, policy statements, 
regional and area management plans, and opera
tional plans. All plans should be regularly 
reviewed and evaluated to ensure that they are 
being implemented and objectives met. There 
should be a major review of a given plan when it 
expires. Planners should remain involved until a 
plan is running smoothly. 

Role of Planners in Biological Management. 
Planners are part of a triangle, of which re
searchers and managers are also part. 
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Planners 
Managers Researchers 

The degree of interaction between the above 
three groups is dependent on the amount of infor
mation required by, and available from, each 
group. Through this interaction, plans often 
provide the first written information for managers. 

Planning can offer services other than manage
ment plans, e.g. frameworks for evaluating ac
quisition/management priorities for a reserve sys
tem, or for evaluating the environmental impacts 
of a proposed management action. 

Priorities. It is essential for all sections within a 
conservation agency, whether they be research, 
management or other specialist staff, to develop 
and work towards a common set of priorities. 

Within CALM,_ planning priorities should 
reflect overall management and research 
priorities. This is best achieved by encouraging 
management, research and other specialist staff 
to generate their perceived priorities, based on 
pre-determined criteria. Departmental priorities 
can then be determined. If changes to these 
priorities are necessary, information supporting 
these changes should be made readily available. 

Priorities should be given to prescriptions so 
that if resources are limited, allocation decisions 
can be readily made. Priorities may be hierarchi
cal or more generally noted as being of low, 
medium or high priority. 

Often management plans assume a greater 
dedication of resources to management of a given 
area than are currently available. If all desired 
prescriptions are included, as well as those that 
can be readily achieved given current resources, 
false expectations may be created. This may lead 
to credibility problems, particularly with the 
public. However, such plans can prove valuable 
in justifying additional funding. Similarly with 
prescriptions relating to research, adequate fund
ing or staff may not be available. However, 
management plans provide a mechanism for high
lighting areas where management-orientated re
search is sorely needed. This "shopping list" is 
useful in guiding the allocation of extra resources 
if they become available. 

Communication. Communication is a two-way 
process, based on talking and listening. It is a 
specialist skill requiring specialist staff, plus train
ing for others. 

Scientists should be more open about what they 
know, and more importantly, what they do not 
know. However, scientists should ensure that the 



community remains confident in a research agen
cy's professional abilities. Better communication 
between scientific colleagues is a good first step. 

"Pro-active" communication is advocated, i.e. 
going out and asking for comments. However, 
target groups shoulcl be carefully selected. Also, 
communication with the public may be a painful 
process, with some parts of the community 
remaining unconvinced, no matter how well scien
tists communicate with them. 

Management plans facilitate communication by 
getting people from different disciplines together. 
Those most critical of plan preparation should be 
invited to become involved in the planning 
process. This often encourages realisation of the 
trade-offs and constraints inherent in resource 
management. 

Public participation results in better manage
ment, but is expensive in terms of both finance 
and time. The level of public involvement should 
be regulated by the level of complexity of the 
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planning project, with more complex projects re
quiring more public participation and vice versa. 

CONCLUSION 

M ost of the workshop discussion was general, 
with some specific discussion directed 

towards the role of planning in successful biologi
cal management. The workshop indicated that 
planning contributes to successful biological 
management in a number of ways: by providing a 
framework for decision-making and providing 
written information for managers; by setting 
priorities between areas and setting priorities for 
management actions; by highlighting areas where 
management-orientated research is required; and 
by facilitating better communication. 
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INTRODUCTION 

The Workshop Leader stressed the importance 
of communication between managers, plan

ners and researchers and the importance of 
regular feedback between these groups. For ex
ample, the results (including interim results) of re
search need to be communicated to the planner 
and manager if the value of research is to be real
ized. As the importance of this communication 
was generally accepted, and had become a major 
point of discussion in many of the previous 
workshop sessions, the Workshop Leader sug
gested that the topic could be rephrased for ini
tial discussion in this session as: 

"How can ecological theory assist in the plan
ning for the management of the biological com
ponent ecosystems". 

DISCUSSION 

Ecological theor.y in planning. There is no 
"ecological theory", but many theories which 

together form a body of accepted principles. Ex
amples relate to minimum viable population size, 
species competition, sociobiology, and population 
dynamics. The theories may be very broad, or ex
tremely specific. As well as the many recognized 
ecological theories, others are espoused as such. 

It was generally agreed that ecological theory 
could be valuable in many aspects of planning. 
For example, planners and managers must often 
make decisions in the absence of complete or reli
able information. Factual data may not be avail
able. Ecological theory can provide the most use
ful "best bet" basis for decision making. 

Not all theories have stood the test of wide criti
cal examination. Wide and popular promulgation 
is no guarantee of wide acceptance. Even widely 
accepted theories may be amended or discredited 
by new information. Considerable concern was 
expressed at the possible misapplication of 

ecological theories. There are numerous ex
amples of such misapplications which have lead 
to disaster (e.g. population dynamics and 
fisheries). The less secure the foundations of the 
theory, or the less the theory is understood, the 
greater the risk of mistakes. 

A theory may be widely accepted as sound, and 
yet its application may still prove difficult. For ex
ample, there are many differing views on the mini
mum size of reserves, all based on the same con
cept of maintaining viable populations. The dif
ferences arise not because of disagreements on 
the basic theory, but on the details as to what con
stitutes the minimum viable population. 

While ecological theory is a legitimate basis for 
decision making, it was emphasized that planners 
and managers must exercise caution to ensure 
they are using the best current information. 

Checklists. To educate planners and managers it 
was proposed that a checklist of recognized 
theories be prepared. This checklist should be 
widely circulated at least within the Department 
of Conservation and Land Management (CALM) 
to assist planners and managers in their detailed 
planning and decision making. Any such check
list should be subject to regular review to ensure 
it remains current. 

Concern was expressed that a checklist for 
theory could do a great deal of harm if blindly ap
plied and not understood or tested against com
mon sense. (This is a presentable argument 
against publication). It was felt that, where 
ecological theory was used as the initial informa
tion, its predictions could be checked through a 
monitoring process. 
It was suggested we also spell out our "articles 

of faith" - those things that we believe to be cor
rect and basic to our management (which would 
include our general conservation objectives and 
various conservation strategies). These "articles 



of faith" may overlap with recognized and ac
cepted ecological theories, and could possibly be 
combined with them to form a single checklist. 
A. Hopkins and I. Abbott undertook to compile 
such a provisional list. 

When such a checklist for planners is developed 
from a list of recognized theories it is important 
that it is checked against individual management 
plans (particularly those proven in practice) and 
other relevant documents to ensure that they are 
appropriate. If there appears any conflict, both 
the checklist and plans should be closely ex
amined. 

Communicating theories. Ecological theory is 
dynamic. Accepted theories may be discredited 
with new information; apparently conflicting 
theories may exist. Communication between 
scientists, planners, and managers on ecological 
theory is important to provide a critique of 
theories, maintain updated knowledge of the 
latest ideas, and minimize the risk of mistakes. 

All professional staff must be encouraged to 
regularly update their knowledge. This can be dif
ficult because of conflicting work pressures and 
the mass of information available - not all of 
which is relevant to each individual but the read
ing of which is time consuming. This applies par
ticularly to planners and managers who need to 
remain competent in a broad range of disciplines. 

A process of periodic upgrading of theoretical 
knowledge by management staff could be usefully 
carried out in a structured way such as sabbati
cals for senior staff. In addition, it was agreed 
that as research scientists may be expected to 
have a greater depth of reading in their area of 
specialized . knowledge they should ensure that 
key articles are brought to the attention of plan
ners and managers. Within an organization such 
as CALM this can be readily done by internal cir
culation. 

The dissemination of information outside an or
ganization can be more difficult and time consum
ing, utilizing a number of avenues. For example, 
CSIRO disseminates information through such 
publications as "Ecos", annual reports, specific re
search program reports, scientific publications 
and by providing information for CALM techni
cal publications; through talks to management 
groups; and through organizations of workshops 
such as this one. Despite these efforts a shortfall 
was recognized by the group. Greater use of 
"popular" publications such as "CALM News" as 
well as technical journals was suggested as a 
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means to more widely distribute information 
regarding CSIRO work. 

As well as the above "formal" channels, much of 
the effective communication between organiza
tions is on a personal basis between scientists in 
such organizations who in turn have a key role to 
disseminate relevant information to the planners 
and managers. Whilst seminars and various docu
ments (e.g. management plans and scientific 
papers) were recognized as contributing to the 
distribution of information on the application of 
ecological theory, they frequently reach only a 
limited sector. Meetings such as research work
ing groups are also an extremely valuable forum 
to exchange information but their very restricted 
membership at best limits the spread of informa
tion , and at worst may give a false impression of 
the overall level of knowledge. In the extreme 
situation, if the same limited group write and 
read papers and meet to discuss the issues, that 
select group may become very knowledgeable, 
and incorrectly assume much of this has become 
general knowledge. In addition to these avenues 
of communication there must be more com
munication between researchers, planners and 
managers. Three ways were suggested in which 
this could be done. 

1.There should be more integration between 
management and research in both planning and 
implementing projects. This could have mutual 
benefits relating to the project itself (e.g. greater 
ownership of trial plots will lead to their better 
care by Districts; early involvement can reduce 
problem siting; resources and ideas can be 
pooled) and improve the communication between 
these group on wider topics (including the ap
plication of ecological theory). 

2.Review seminars and workshops on particular 
subjects would increase the interaction between 
groups. There are many suitable themes (e.g. fire 
management in different ecosystems; insect 
population/management/host effects) for such dis
cussions. Because each group directly involves 
relatively few people, a number of such semi
nars/workshops may be desirable to widely canvas 
and disseminate views. 

3.Extend the scope of workshops to cover wider 
topics. A great value in the gathering together of 
a diverse group for a workshop, particularly if it 
is residential, is in the interchange of ideas, better 
communications and resultant greater under
standing on wide ranging issues beyond .the par
ticular theme of the workshop. 



More use should be made of this and many of 
the issues expanded on. It was strongly recom
mended that, in addition to "technical, theme
specific" workshops, that there be a biennial meet
ing of a working group comprising researchers, 
planners and managers (similar to the group for 
this workshop) to provide interaction on more 
general issues. Such issues could include direc
tions for research; application of research find-
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ings through management; the needs of the 
various groups; topical projects. 

The possibility of deploying a liaison officer to 
facilitate the transfer of information between re
search and planners/managers, and assist in get
ting research findings into management practice 
was raised at an earlier workshop session. It was 
not expanded further in this session, but the im
portance of liaison by individual researchers was 
stressed. 
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PRIORITIES OF RESEARCH AND 

MANAGEMENT AND THE SETTING OF 

OBJECTIVES 

BARRY WILSON 
Department of Conservation and Land Management, 

Hackett Drive Crawley, WA. 6009. 

INTRODUCTION 

Basic objectives for a nature conservation agen
cy are often set out in enabling legislation and 

the agency's corporate objectives. These can be 
translated into policies and strategies by the cor
porate executive. The policies and strategies may 
then provide the basis for deriving the objectives 
and setting the priorities of research and manage
ment programs. There are three problem areas in 
effectively deriving the objectives and priorities 
for research and management. There must be 
means of getting maximum input from staff and 
outsiders during the initial information gathering 
and evaluation phase, prior to executive decision. 
There must be regular review and avenues for 
feedback from staff to ensure a flexible approach. 
There must be capacity for change inherent 
within the system so that policies and priorities 
can be improved as experience grows. 

RESPONSIVENESS TO CHANGE 

Good research requires a high degree of 
specialization but this can compromise 

flexibility. By definition, a research specialist is 
seldom capable of changing the nature of his or 
her work without risking loss of quality. A re
search unit built upon individual speciality i.e. 
scientific discipline or biological taxon, has an in
built tendency for inflexibility when change of 
direction is required. The most flexible research 
unit would be one staffed by generalists who can 
turn their hand to anything, but standards may 
then suffer. This lack of depth of expertise may 
mean that there are no quick solutions to specific 
problems. This problem is confounded by the 

need for security of tenure for research staff. 
The world's foremost expert on dugong reproduc
tion, for example, might play an extremely impor
tant role until management has enough informa
tion to effectively manage the dugong populations 
- what does he or she do then? And who should 
determine the cut-off point where a specialized 
project, while continuing to contribute valuable 
science may have reached the limit of practical 
use for management? 

For many research units the principle oppor
tunity for changing research directions occurs 
when a scientist resigns or retires! 

After discussion the group concluded that the 
staffing strategy for staff in research units in the 
nature conservation field should seek a blend of 
long-term tenured positions, with short-term con
tract positions, and that greater opportunity for 
exchange of scientists between government and 
other agencies is essential. The group also iden
tified rigid fmancial management and a variety of 
industrial problems as contributers to inflexibility 
in conduct of both research and field manage
ment programs. 

EVALUATION AND REVIEW 
A lthough initial evaluation and objective setting 

.l"1on the one hand and review and re-setting on 
the other, are different phases of the process, 
they should be based upon the same principles 
and were considered together for our purposes. 
As an exercise the group decided to consider one 
of the primary objectives of the Department of 
Conservation and Land Management's Corporate 
Plan, viz. "management of land to maintain 



species and genetic diversity". A series of critical 
decisions were envisaged in implementation of 
this objective. 

Definition. It is essential that the meaning of 
the objective is widely understood. In this case 
there must be consensus on the meaning of the 
terms "species and genetic diversity'', and the ac
tion verb "maintain". 

How? When the intention of the primary objec
tive is agreed, the question arises, how do we 
manage land to maintain species and genetic 
diversity? 

In this exercise we can assume that the land in 
question is a series of reserves already selected 
for their representativeness of species and genetic 
diversity- our objective is to maintain it. We are 
led to a consideration of those ecological proces
ses which maintain diversity, those which mitigate 
against it, and of the impact of human activity. 
On the basis of this evaluation we must decide 
whether direct action to enhance diversity is 
necessary, or whether it is sufficient to prevent or 
contain those natural processes and human ac
tivities which mitigate against it. 

Are existing knowledge and techniques ade
~? Clearly this particular corporate objective 
presupposes a sound knowledge of the ecological 
principles involved? Is the current theory 
capable of being translated into practical manage
ment? If not, what is lacking? 

These questions lead directly to research objec
tives and priorities. 

The discussion group then considered, briefly, 
the question of the relative importance to the ob
jective of autecological versus synecological (in
depth single species studies versus community) 
studies. It was recognised that this is a matter 
needing urgent consideration and resolution in 
the context of setting departmental research 
priorities. 
_What can be done with existing knowledge and 
techniques? Some broad principles about diver
sity are known. For example, environmental 
heterogeneity (in both space and time) is an es
sential factor in creating and maintaining species 
diversity (richness). Periodic or episodic distur
bance of certain types is often necessary. 

It is known for example, that fire is one impor
tant disturbance element in Australian terrestrial 
environments. It can be used as a management 
tool to maintain species diversity in some cir
cumstances. It is also known that introduction of 
exotic species may have flow-on ecological effects 
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leading to loss of native species. Therefore con
trol of exotic species can be an important com
ponent of management programs. 

The group concluded that existing knowledge of 
this kind can be used, cautiously, in reserve 
management programs, while research continues; 
this combination will result in better under
standing and better techniques. 

Experimental management. The group dis
cussed the notion that, in the absence of relevant 
detailed ecological knowledge, a deliberately ex
perimental approach to land management could 
be an important complement to research. 

This approach requires sufficient resources for 
monitoring results of management, and the forg
ing of links between field management staff and 
research staff, in order to maximize its effective
ness. 

The group noted that experimental management 
incurs greater risk taking. It implies a greater fre
quency of failure but the offsetting likely benefits 
were considered to justify the extra risks. 

Costs and benefits. What are the costs and 
benefits of each increment of diversity to be 
protected? Any extra money should be spent 
where the benefit is likely to be greatest. What 
are the criteria for selection of reserves for 
priority management or research? High diversity, 
presence of rare species, low cost, degree of cur
rent detrimental pressures are all potential 
criteria to be taken into account. 

Once again there is a need for information. 
Which are the high diversity areas? Where are 
the rare species? Biological survey is an essential 
prerequisite for establishing priorities. 

Public pressure. There are some areas where in
correct public perceptions create pressures result
ing in allocation of resources to matters which 
might not otherwise be given high priority, e.g. 
kangaroo management. The group acknowledged 
this problem as being a fact of democratic life. 

CONCLUSIONS 

The discussion group did not attempt to deal 
with the organizational aspects of objective 

and priority setting. However, from the exercise 
whereby one of the agency's corporate objectives 
was worked through, a number of points were 
made. 

1.Program objectives and priorities must derive 
originally from the agency's corporate objectives. 

2.Wide discussion of the meanings and pur
poses of the corporate objectives is essential if 



middle-management is to be effective in setting 
program objectives and priorities. Holding 
workshop sessions on key issues is one way of 
achieving this. 

3.Some of the agency's most important cor
porate objectives relate to matters where current 
knowledge is deficient as a basis for effective ac
tion (e.g. distribution of species and communities, 
ecological community function). While im
mediate management action is necessary, well
directed research is an investment for future im
provement, and the two functions are inextricably 
linked. 

4.Both field operations staff and research staff 
must be involved in the information gathering and 
evaluation phase, prior to objective and priority 
decision making. 

5.Management objectives and priorities must 
be set after cost-benefit analysis, particularly 
when there is limited knowledge. 
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6.Research objectives and priorities must 
reflect management objectives, setting out to 
provide necessary knowledge currently lacking in 
critical areas. 

?.Experimental management, though requiring 
extra resource allocation and incorporating 
greater risk of failure, is a worthwhile investment 
to complement research. 

8.All objectives and priorities must be subject 
to regular review and up-dated in the light of ex
perience and results from research, as well as in 
response to new circumstances. 

9.Management, in particular financial and staff
ing decisions, must be deliberately designed to ac
commodate change following review of corporate 
objectives and reviews of program objectives and 
priorities. 
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PRIORITIES OF RESEARCH AND 

MANAGEMENT AND THE SETTING OF 

OBJECTIVES 

KEN WALLACE 
Workshop Leader 

Department of Conservation and Land Management, 
Wheatbelt Regional Headquarters, P.O. Box 100, Narrogin, W.A. 6312. 

INTRODUCTION 

Setting objectives and priorities may be divided 
into process and content. The former in

cludes the procedures and definition of respon
sibility for writing and selecting objectives and 
priorities. The latter concerns the specific 
program items and their order of priority. 

This workshop discussion group focused on 
process because understanding this is essential if 
content is to be effectively manipulated; further
more, process has an important direct impact on 
content. Four main issues were covered during 
the discussion. 

1.The structure of organizations in relation to 
the setting of objectives and priorities. 

2.The effects of external influences on the objec
tives and priorities of organizations. 

3.The criteria required for setting priorities. 
4.The method for changing priorities in an or

ganization with diverse responsibilities and major 
external pressures. 

Criteria for selecting objectives were not dis
cussed as this process was considered to be com
paratively straightforward. 

ORGANIZATIONAL STRUCTURE 

The broad structure of government organiza
tions, as evidenced by recent changes in

stigated by State and Federal Governments, is 
often established outside the organizations them
selves. Obviously such structural changes may 
have a profound influence on organizational ob
jectives and priorities. This potential is recog
nized under "external influences" below (Fig. 1), 

but is not considered further in this report. 
Despite external influences, government or

ganizations themselves decide on the important in
ternal processes for decision-making with respect 
to objectives and priorities. One aspect of this is 
allocation of responsibility for writing, selecting 
and implementing objectives. For the Depart
ment of Conservation and Land Management 
(CALM), these responsibilities are allocated as 
shown in Table 1. This pattern is applicable to 
other groups, such as CSIRO, although the latter 
has a shorter hierarchy. 

The following points emerge from Table 1. 
1.0bjectives and priorities flow down the hierar

chy. For example, departmental corporate objec
tives are based on relevant Acts and Regulations, 
and themselves form the basis for divisional objec
tives, which in turn form the basis for branch ob
jectives, and so on. 

2.It is important that those who implement ob
jectives should also contribute to their formula
tion. 

3.While final selection of objectives and 
priorities at any level will, where necessary, be 
made by the Executive Director or equivalent in 
other organizations, decision-making is usually 
devolved to more junior levels. 

During periods of rapid and continuing external 
change the ability of organizations to adapt 
priorities and objectives is severely tested. At 
these times a further characteristic of organiza
tions, inertia (or internal resistance to change), 
may become apparent. Means of overcoming or
ganizational inertia are well covered in manage-
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· '1he two-way nature of relationships is recognised by th!l double
headed arrows. Although very import.ant, relationships between 
outside influences are not shown. 

Politicians (local, . State 
II: Catm:>nwealth) 

* Organisatiooal 
size II: structure 

Available 
Resources 

I - -
1 .... -: 

I 
I 

I .,,,, , ... 
Public 
Opinion 

Special Interest Groups 
(eg Australian Conservatio' 
Foundation, Tinter 
irdustry, landholders 
involved in a project, 
other llxlividuals) 

Govemnent. Policy (eg 
W.A. Conservation 
Strategy) 

Other Government 
Depru"tments 

- - - - - - - -~~ Influence currently weak in the direction shown ,. 

Influence currently strong in the direction shown 

* While to a large degree an internal matter, the general form 
of government organisations is often imposed. 

ment literature. During discussion the per
sonalities of staff and quality of personnel 
management were stressed as crucial factors af
fecting the degree of inertia. In addition, it is im
portant that all personnel subscribe to a common 
set of objectives if adaptation is to be successful. 

Personnel management is critical in any or
ganization and, in particular, all staff involved in 
this field should receive relevant training in per
sonnel management and in leadership skills. 

OUTSIDE INFLUENCES 

Priorities and objectives are greatly influenced 
by the environment in which organizations 

operate, and organizations themselves influence 
their environment. Major elements of this 
relationship are shown in Figure 1. 

Government organizations generally have a 
weak influence on politicians and it is extremely 
important that organizations keep the public and 
special interest groups informed. This is especial
ly so during periods of declining resources. One 
method for land management bodies to shape out
side influences is for their publications (e.g. 
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TABLE 1. Department of Conservation & Land Management (CALM): 
Responsibilities Within the Organisation for Setting Objectives & Priorities. 

Action 

Policy Level Writing Comments 

Branches 
Regions 

Final Decisions Implementation Monitoring 
Implementation 

Departmental Policy Directorate 
National Parks & Nature 
Conservation Authority 

Lands & Forest 
Commission 

Executive Director Department Executive Director 

Outside Groups Policy Directorate 

Divisional Division Policy Directorate 
Regions 

Policy Directorate Division 
General Manager 

Policy Directorate 
Divisional Manager 

Branches Divisional Manager 
Outside Groups 

Branch Branch Divisional Managers 
Branche a 

Policy Directorate Branch 
General Manager 

Divisional Managers 
Branch Managers 
Regional Managers Regions Divisional Managers 

Outside Grouiss Branch Manager 

Regional Region Divisional Managers 
Branches 

Policy Directorate Region 
General Manager 

Divisional Managers 
Regional Manager 
Branch Managers 

District District 

Districts 
Outside Groups 

Region 
Branches 
Outside Groups 

CALM publications "Landscope" and "Beating 
about the Bush") to become more effective com
municators of an environmental ethic. 

Organizations concerned with land management 
may have strong opposing influential groups and 
while industrial lobby groups (i.e. those both for 
and against resource harvesting industries) are 
strong, there is no effective lobby group for the 
land itself. More "friends of the park" type 
·groups should be established to fill this role. 
While these would not always support organiza
tional objectives and priorities, they could at least 
be kept informed of constraints on the organiza
tion and the reasons for decisions. 

There are a number of methods that have been 
used by various organizations for keeping 
politicians informed and these 

range from holding open days to distributing 
calendars with the organization's objectives on 
each page. Whatever the means, the importance 
of better explaining priorities and objectives is ap
parent. It is also important to achieve a 
balanced, positive media coverage. 

SETIING PRIORITIES 
priorities may be established by using the con-

Divisional Managers 
Regional Manager 

Policy Directorate District 
General Manager 
Divisional Managers 
Regional Manager 
District Manager 

Regional Manager 
District Manager 
Branch Managers 

cept of broad themes. Examples of themes for an 
organization like CALM include wildlife re
search, timber production operations and nature 
interpretation in parks and forests. 

For setting priorities between themes the follow
ing five criteria were proposed by the discussion 
group. 

1.The intensity of external pressures with 
respect to individual themes, particularly in view 
of the factors shown in Figure 1 (in this context in
structions from Ministers and Cabinet are con
sidered to be external pressures). 

2.The degree to which particular themes con
tribute to achieving departmental objectives and 
policies. 

3.Have historical commitments been made for 
individual themes? 

4.The urgency with which individual themes are 
to be implemented. 

5.The capacity to implement individual themes. 
By scoring different themes for each criterion 

and adding scores for all criteria, a hierarchy of 
priorities can be established. 

In some organizations scientific merit would be 
an additional criterion. This criterion is covered 
in CALM within Departmental policies and objec-



tives at the theme level. Nevertheless, criteria for 
assessing competing interests within themes (e.g. 
within the theme of wildlife research) would 
necessarily include criteria additional to those 
listed, and some of these would pertain to scien
tific merit. 

There was general agreement, within the discus
sion group, concerning the five basic criteria but 
the relative importance of each was debated. In 
particular, there was disagreement concerning 
whether "external pressures" was the most impor
tant criterion, or whether priorities should be es
tablished for the remaining criteria before con
sidering "external pressures". This conflict was 
not resolved, thus underlining the importance of 
having objectives that are meaningful in the short 
term and that also provide direction over the 
longer term despite short term external pressures. 

Having identified criteria for ranking competing 
themes, and, together with more specific criteria, 
for ranking competing programs within themes, a 
procedure for changing priorities could be 
developed as follows. 

1.Describe and analyze the current situation in
cluding allocation of staff and expenditure to 
each function and the degree to which objectives 
have been attained. 

2.Through internal debate establish the most im
portant trends between and within themes. That 
is, identify where the need for resources sho'uld 
decline or increase and quantify these increases 
or decreases. This process also serves to prepare 
personnel for change. 

3.Allocate specific priorities to themes and 
within themes, balancing the increases and 
decreases defined in (2). 

4.Defme the trends that should be followed and 
re-defme objectives if necessary. Disseminate in
formation concerning trends to personnel so that 
they are informed and prepared for change. 

5.Re-direct resources as soon as possible, but 
this may be a gradual process. 

6.Regularly evaluate achievements and resource 
expenditure between and within themes. Use this 
information to continue the process of changing 
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priorities as time goes on. 
This procedure is more difficult in the current 

climate of declining resources. In this situation 
work may cease in some sub-themes, or indeed, 
whole themes may disappear. While private 
enterprise may use profit-based criteria to make 
these decisions, many government organizations 
do not have objectives that can be categorized on 
a strict profit/loss basis. It is very difficult to 
choose between widely disparate themes (e.g. 
resources for control of timber production or 
resources for development of a marine park) and 
largely impossible to quantify. 

CONCLUSIONS 

The setting of priorities in a large and multi
purpose organization is a most difficult task 

for management, particularly when very different 
themes or programs are being compared, but it is 
a critical step in ensuring the most efficient use of 
resources. While the criteria and process for set
ting priorities developed during this workshop 
will assist managers, a significant component of 
major decisions will continue to reflect the subjec
tive view of senior staff. This occurs in all or
ganizations. 

A second issue is the significant impact of exter
nal factors on the priorities and objectives of or
ganizations. It is, therefore, extremely important 
for organizations to exert a positive influence on 
their external environment (Figure 1). 

Finally, a most significant issue is the attitude to 
change (including the adoption of new research 
findings) in an organization. A positive attitude 
to change may stem from effective training and 
personnel management programs. Without these, 
changes will be resisted and efficiency will decline. 
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ECOLOGICAL THEORY AND 

BIOLOGICAL MANAGEMENT OF 

ECOSYSTEMS : WORKSHOP 
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I n this chapter we summarize the issues raised 
by the three introductory papers (Burbidge, 

Hobbs and Underwood) and the 12 discussion 
reports (Walker, Mercer, McKenzie, Abbott, 
Start, Peet, Hopkins, Arnold, Moore, Muller, Wil
son and Wallace). We then discuss some of these 
issues and present what we believe were the con
clusions of the workshop. No formal recommen
dations were sought or made during the 
workshop and the discussion that follows is our 
own view of the issues raised. 

WORKSHOP SUMMARY 
. A s explained in the Introduction to this publica-
1"1t:ion, the workshop was held to explore some 
of the issues associated with the management of 
ecosystems as carried out by land managers in a 
nature conservation organization. The workshop 
involved 21 people from the Western Australian 
Department of Conservation and Land Manage
ment and three from CSIRO Division of Wildlife 
and Rangelands Research. There was equal rep
resentation of those involved in policy, planning 
and operations and those carrying out research. 
There was also a balance between those involved 
with timber production from hardwood forests 
and those involved in nature conservation. 

The aim of the workshop was to explore the re
searchmanagement continuum and examine 
methods to integrate the two activities. The dis
cussion topics were suggested by the organizing 

committee and the participants, but few con
straints on interpretation of allotted topics or con
duct of workshop discussions were given to discus
sion leaders. 

While the title of the workshop was "Ecological 
theory and biological management of ecosystems" 
only four of the 12 workshop groups discussed 
the subject of ecological theory in depth and two 
of these were the groups discussing biogeography 
and its use for setting management priorities. 
Most of the discussion over the two days was con
cerned with non-biological principles of manage
ment - chiefly the mechanisms to ensure that 
managers of biological systems make the most effi
cient use of all of the resources (including infor
mation) available to them. It is obvious from the 
various discussions reported here that many 

participants have doubts about some of the 
present mechanisms and felt that they could be 
improved. 

The introductory presentation by Burbidge dis
cussed the reasons for managing biological resour
ces and the principles involved with the manage
ment process. Four reasons were presented for 
the necessity of management: that species preser
vation is demanded on compassionate, aesthetic 
and/or economic grounds; that many species 
(often unnamed and unseen) contribute to life
support systems essential for the continued exist
ence of humans; that species currently used by 
people should be managed on a sustained yield 



basis (not mined); and that all species should be 
preserved for possible future use (the main
tenance of genetic diversity). The thrust of the 
presentation was that our goal should be to 
prevent the loss of any species so that we and fu. 
tore generations maintain the option of using 
(practical value) and/or enjoying them (quality of 
life). This is, of course, an anthropocentric view 
of nature conservation but the moral view that 
species should be preserved for their own sake 
was also discussed. 

Burbidge also stated that as conservation and 
land managers and researchers we need to be 
aware that we are dealing with extremely complex 
ecosystems and that we do not know the conse
quences of most of our actions. This point was 
also raised and discussed by Hobbs and Under
wood. In order to minimize detrimental effects 
of management we should be both conservative 
and conservationist in our approach. To manage 
successfully we need to adopt an environmental 
ethic and implement a conserver approach .to our 
use of resources. If we, as public servants, are to 
be successful in this aim we must ensure that a 
conservation ethic is embraced by the public as 
well as our own staff. A major step towards this 
goal would be to ensure that staff devote at least 
a tenth of their time towards educating the public 
about ecological values and the importance of 
managing our biological resources so that they 
will be available in perpetuity. 

Hobbs started by presenting a view of research 
and management sometimes propounded by 
critics: management goes on in isolation taking no 
account of research results and research is largely 
irrelevant, taking no account of the needs of 
managers. He went on to show that this view, 
which is still held by some managers and research 
workers, is totally out of step with the real world 
where managers use ecological theories in almost 
every biological management decision they make. 
These theories have been developed by relevant 
research which has then been applied. Hobbs 
pointed out that there is a need for greater 
cooperation between researchers and managers 
so that theoretical developments may go hand in 
hand with practical requirements. Researchers 
need to make sure that managers are kept in
formed of recent developments in ecological 
theory and practice, and point out the limitations 
of current theory where necessary. 

Hobbs also pointed out that biological systems 
are extremely complex and that ecology is a 
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science in its infancy. Often, something being 
manipulated is but a part of a more extensive 
ecosystem. It is becoming increasingly obvious 
that we need to manage ecological units in their 
entirety. An added complication is that a single 
ecosystem may cross several legal or political 
boundaries. 

Underwood stated that managers have very 
limited knowledge on which to base decisions. 
Regardless of their lack of knowledge, they must 
manage. He proposed a series of steps to mini
mize the risks associated with managing in uncer
tainty (an issue that came up several times during 
subsequent discussions). He reinforced Bur
bidge's "conservative and conservationist" ap
proach to management by stating that we should 
seek to oppose (or defer) interventions in ecosys
tems where the outcome is uncertain. 

The need for clearly understood objectives was 
stressed by Underwood as was the need for a 
method for allocating priorities (a point raised by 
10 of the 12 discussion groups [Table 1]). He sug
gested that integration of research and manage
ment is best fostered by using multidisciplinary 
teams, improving research extension, effectively 
communicating research results, involving re
searchers in management and holding subject
specific workshops like the one reported here. 

Underwood stated that managers are suspicious 
of scientific theories that have not been thorough
ly tested and that managers are dependent on re
search workers to clarify the distinction between 
fact and hypothesis. He pointed out that most 
managers (particularly those in large, complex 
regions) simply do not have the time to see the 
scientific literature and keep up with and in
tegrate research findings. 

Three important points regarding research were 
raised by Underwood: effective research direc
tion is the direct responsibility of the research 
scientist and his/her director and it is up to them 
to ensure the work is relevant; those responsible 
for the direction of research should ensure that 
research staff spend part of their time on exten
sion work; and managers can conduct useful ex
periments as part of their management activities. 

The main issues raised by the 12 discussion 
groups are shown on Table 1. 

The first two groups discussed the initiation of 
research and the process of carrying it through to 
management. This involves the identification of 
areas for research, setting priorities for the work 
identified and ensuring that results are actually 



-- ··--- - --------- -- -- ----

Table 1 Issues raised in discussion group reports 

ISSUES I I 
....... .... rl > .... bO S:.. c,... ..... >, 
c:: 0 ;:I .... •.-! 00 0 c:: 0 0 0 .., 
0 00 rl 0.., Cl) ....... ·.-! ..... •.-! 

RAISED ..... c:: Cl) <ll U •.-! c:: 00 S:.. oo c:: .., ....... rl .., 0 S:.. -M Cl) Cl).., 0 S:.. Cl> S:.. .., "O 0 c:: .., ·.-! 
ell c:: ..... .., u...., ..... ..... Cl) ....... .c:: Cl) c:: Cl)•.-! .... Cl) .... c:: .0 
u 0 .., .c:: c:: c:: .0 S:.. ..., .c:: al al .., bO Cl) al.., ..... s 0 Cl) .c:: ell 

WORKSHOP .......... ell u Cl) ell 0 0 ell u S:.. S:.. ell ell s ;:I ell ell Cl) s u .., 
c::.., U S:.. al .., •.-! S:.. S:.. Cl> Cl> bO c:: Cl) S:.. +> > u )I: Cl> S:.. c:: 
;:I ell ·.-! ell al S:.. S:.. S:.. bO ell bO c:: ell bO al bO al rl ·.-! Cl) bO ell ;:I 
s u rl Cl) Cl) 0 ell 0. Cl) Cl) ell c:: ell s ell c:: Cl) 0 rl -rl ell Cl) 0 

LEADER s ;:I .0 al 0. Cl) ....... ..., al c:: ell ..., c:: ell .., rl > .0 > c:: al u Comments 
0 "O ;:I Cl) al s rl al c:: Cl) ell rl ell >, ell rl c:: rl c:: ;:I Cl) ell Cl) u 
(.)Cl) a.. S:.. +> H U Cl) H S:.. S 0. 0 .0 ::0: c... -rl ell H C... ti:: S S:.. «: 

Walker I* I I I I *onus researcher ~ manager 

Mercer I I I I I I I 

McKenzie * *use of biogeographic data 
for setting priorities 

Abbott * *use of biogeographic data 
for setting priorities -....] 

l..O 

Start I I 

Peet I I I I 

Hopkins I I I I I ../ 

Arnold I I 

Moore I I I I I I ./ 

Muller I* I I *onus researcher 7 manager 

Wilson I I I I 

Wallace I I I I 



applied. Walker's group felt that research 
projects should be identified by all parts of an or
ganization and will be dictated by organizational 
objectives, while Mercer's group believed that a 
list of potential projects has to be drawn up. Pos
sible research projects can come from many sour
ces, including outside bodies (other organizations 
and the public) as well as organization staff. The 
list should be widely circulated as it may act to 
focus on the needs of the organization and attract 
outside interests to work on some of the 
problems. Potential projects' need to be screened 
and priorities set so that resources can be allo
cated. Walker's group listed criteria that could 
be used to set priorities. These related mainly to 
avoiding potential degrading changes to the 
ecosystems being managed. 

Both Walker's and Mercer's groups believed 
that integration between policy makers, re
searchers and managers was necessary for effi
cient prosecution of research of relevance to 
managers. They stressed that communication is 
an essential part of this process with publication 
of research results an absolute necessity to dis
seminate information and to allow for evaluation 
of research staff and their work. 

Walker's group stated that the onus for effective 
communication lies with the research worker who 
should be involved in communication at all levels: 
with peers, managers, planners, policy makers 
and the public. Mercer's group thought that ex
tension officers could be a useful adjunct here. 

Both groups believed that research workers 
must be involved in the formulation and review of 
management prescriptions and in the monitoring 
of the effects of management. Their involvement 
would foster more efficient integration of re
search and management as research workers 
would have a stake in the results and would be 
less insulated from the "real world". 

The next two discussion groups mulled over the 
topic of biogeography and its use for setting 
priorities for management. Basically, both groups 
stated that biogeographical studies were of use 
for setting management priorities, but some par
ticipants felt that the topic was out of place in the 
workshop - an interesting view since it was the 
only topic which explored an accepted ecological 
theory and its relevance to management. 
McKenzie's group summed up by stating that the 
setting of priorities for management should have 
a rational biological base; the more relevant and 
better the available data, the more effective the 
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decisions are likely to be. This topic also raised 
the issue of the relative merits of autecological 
versus synecological studies, an issue discussed 
further by Wilson's group. 

The topic of management in uncertainty and the 
possibility of adopting an experimental approach 
to management was explored by Start's and Peet's 
groups. The former group stated that record 
keeping is essential so that others may benefit 
from the results of management experiments. At 
present in CALM records are not kept in a struc
tured way that allows others access to this infor
mation. Staff change and memories blur, with the 
inevitable consequence that information is lost or 
distorted. An efficient system for recording, stor
ing and retrieving management decisions must, 
threfore, be developed. The group also felt that 
monitoring is important for gathering data for 
solving management problems or reviewing 
management prescriptions. 

The issue of the amount of latitude allowed to 
managers was raised by Peet's group; it may be 
broad for issues like fire but narrow for issues 
like mining or other forms of exploitation. In
fluences from outside the managing organization 
may be strong and constrain management 
decisions. Cognizance must be taken of all such 
influences and actions may be needed to counter 
their effects. For management in uncertainty to 
be a success, flexibility is required so that 
managers may react to various and changing situa
tions. External influence may reduce flexibility; 
so does inertia in the organization. Inertia is a 
product of various factors including over
specialization of staff, over-commitment to low 
priority tasks or a large back log of work. To 
counter inertia, staff and the public should be in
volved in designing management plans, thus 
developing a sense of ownership - an important 
point for fostering an environmental ethic. 

Two groups, led by Hopkins and Arnold, ad
dressed the question of whether monitoring is of 
any use in the integration of research and manage
ment. Hopkins' group agreed that monitoring 
has considerable potential for the integration of 
research and management, but because managers 
already feel over-committed, it may not be of 
practical value. Many managers believe that they 
are unable to take on further responsibilities, 
despite recognizing the importance of monitoring. 
The group endorsed the concept of pilot monitor
ing projects in CALM of perhaps two per 
management district and suggested that a full-



time coordinator should be appointed to start the 
monitoring project. They also pointed out that 
the public should be involved in the monitoring 
process as it constitutes a large, untapped labour 
force; also public involvement would educate 
those involved about management issues and 
problems and would help to inculcate a conserva
tion ethic. Arnold's group agreed that monitor
ing may help to integrate research and manage
ment, but did not discuss how this could be 
achieved. 

The issues of planning and communication in 
the management of biological systems were dis
cussed by groups led by Moore and Muller. 
Moore stated that uncertainty is a characteristic 
of most natural environments. Planning is a tool 
that allows for systematic management in the face 
of uncertainty by encouraging the development of 
a management vision. Planning has the added 
benefit of encouraging accountability because 
planning persuades management organizations to 
use methods that can be easily explained and jus
tified. Surprisingly, this was one of only two 
workshops that raised the issue of accountability 
(Table 1) yet accountability is essential in or
ganizations charged with managing natural resour
ces on behalf of the community and future genera
tions. 

Moore's group considered that communication 
is essential in the planning process, basically be
cause it encourages a wider understanding of 
management decisions. For communication to be 
effective we need to be open about our 
knowledge and activities and the reasons for 
them. Planning, because it formally involves plan
ners, researchers and managers, must aid their in
tegration and contribute to more efficient 
management of biological resources. For effi
cient mamagement to occur, it is essential for all 
sections of the managing organization to develop 
and work towards a common set of priorities. 

The way ecological theory can assist in planning 
for management of biological systems was dis
cussed by Muller's group; however, they worried 
about the possibility of misapplying some 
theories. To guard against this, they felt a check
list of recognized theories should be prepared 
and widely circulated. The list could be checked 
against individual management plans and other 
relevant documents to see if there is any inconsis
tency. The group stressed the role of communica
tion and felt that all professional staff should 
regularly update their knowledge, recognizing 
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that pressures of work can mean that this is 
neglected. The group placed the onus on re
search workers to pass information to managers 
and planners. More use should be made of small 
workshops on specific themes and perhaps a bien
nial meeting of a working group of managers, 
planners and researchers should be held to 
provide interaction on more general issues. 
Workshops like the one reported here are one 
way of overcoming problems associated with 
having the three groups concentrated in centres 
that are isolated from one another. The group 
also raised the possibility of employing liaison of
ficers to help transfer information between re
searchers and managers and to help apply the 
work. 

The final two groups discussed the problems of 
drawing up priorities for research and manage
ment and the setting of objectives for the manage
ment of biological systems. Wilson's group 
decided that there needs to be a mechanism for 
obtaining input from staff and outsiders and for 
regular review with feedback from staff. Or
ganizations need flexibility in their approach to re
searching biological systems but flexibility is often 
lost when specialist groups are employed as it is 
difficult to change their direction. The best op
portunity for altering directions of research 
comes when staff leave and a blend of long and 
short term positions could provide for some 
flexibility. 

The group raised the issue of autecological 
studies versus synecological studies and suggested 
that the balance needs urgent consideration and 
resolution in the context of setting research 
priorities. The need to adopt an experimental ap
proach to management was identified, as was the 
need to hold workshops to . discuss specific issues 
related to management, research and setting ob
jectives and priorities. This group also raised the 
spectre of pressure resulting from incorrect 
public perceptions about nature conservation, 
leading to diversion of funds to lower priority 
areas. The group saw this as a fact of democratic 
life. 

The issue of internal resistance to change (or in
ertia) as an important factor in the redirection of 
an organization was discussed by Wallace's 
group. It was pointed out that resistance to 
change could be lessened if all personnel sub
scribe to a common set of objectives. The group 
also raised the matter of outside influences and 
the importance of having an informed public to 



help an organization achieve its objectives. The 
environmental ethic and the organization's role in 
fostering this discussed. The absence of an en
vironmental ethic in much of the community 
means that there is no effective lobby group for 
nature conservation lands, a fact which makes it 
difficult. to allocate adequate resources to the 
management of biological systems. Outside in
fluences were regarded as important enough to 
rate (by some of the group) as the first of the 
criteria to be used for setting priorities. 
However, applying such a criterion above all 
others will mean that the organization may be en
tirely reactive in its management and have con
stantly changing priorities. This point highlights 
the importance of having clearly stated organiza
tional objectives to provide stability of direction 
in the face of changing external influences as well 
as the necessity of organizations exerting a posi
tive influence on their external environment. The 
group saw the setting of priorities as a critical 
step in ensuring the most efficient use of resour
ces; a step that becomes even more important 
when resources are diminishing. Underlying all 
of the above are the training and personnel 
management programs operating within the or
ganization. If these are poorly developed or not 
relevant then the organization will be incapable 
of functioning efficiently. 

DISCUSSION 

An environmental. conservation or land ethic. 
The issue of fostering an environmental or 

conservation ethic in the community to promote 
the management of biological systems was raised 
several times during the workshop, but no defini
tion of such an ethic was given. We discuss it 
here because we believe it underpins our manage
ment and research and we should be clear about 
our beliefs. 

The World Conservation Strategy (1980) defmes 
conservation as: 

"The management of human use of the bio
sphere so that it may yield the greatest sus
tainable benefit to present generations while 
maintaining its potential to meet the needs of fu
ture generations. . Thus conservation is positive, 
embracing preservation, maintenance, sustainable 
utilization, restoration, and the enhancement of 
the natural environment. Living resource conser
vation is specifically concerned with plants, 
animals and microorganisms, and with those non
living elements of the environment on which they 
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depend. Living resources have two important 
properties the combination of which distinguishes 
them from non-living resources: they are renew
able if conserved; and they are destructible if not". 

The word ethic is defmed in the Oxford English 
Dictionary as a set of principles or morals, rules 
of conduct, concepts of right and wrong. 

Aldo Leopold (1949) outlined his concept of a 
land ethic after stating that there was no ethic 
dealing with man's relation to land and its biota: 

'The land ethic simply enlarges the boundaries 
of the community to include soils, waters, plants, 
and animals, or collectively: the land. 

"This sounds simple: do we not already sing of 
our love for and obligation to the land of the free 
and the home of the brave? Yes, but just what 
and whom do we ·love? Certainly not the soil, 
which we are sending helter-skelter downriver. 
Certainly not the waters, which we assume have 
no function except to drink, water gardens, turn 
turbines, float boats and carry off sewerage. Cer
tainly not the plants, of which we exterminate 
whole communities without batting an eyelid. 
Certainly not the animals, . of which we have al
ready extirpated many of the largest and most 
beautiful species. 

"A land ethic of course cannot prevent the al
teration, management, and use of these 'resour
ces', but it does affirm their right to continued ex
istence, and, at least in some spots, their con
tinued existence in the natural state. 

"In short, a land ethic changes the role of Homo 
sapiens from conqueror of the land-community to 
plain member and citizen of it. It implies respect 
for his fellow-members, and also respect for the 
community as such." 

The ethic should also promote the maintenance 
of life-support systems for this and future genera
tions - the ability of the biosphere to withstand 
change is clearly limited. Leopold expressed this 
view succinctly by writing that "A thing is right 
when it tends to preserve the integrity, stability, 
and beauty of the biotic community. It is wrong 
when it tends otherwise". 
If we accept this ethic, we are charged with 

promoting "the care of 'natural resources' and 
their protection from depletion, waste and 
damage, so that they will be readily at hand 
through perpetuity" (Livingston 1?81). This is an 
awesome task and a guide to achieving it is sug
gested by Devall and Sessions (1985). 

"Furthermore, in order to insure the com
patibility of interim measures with long-range 



ecology futures, restoration managers and interim 
managers need to cultivate a biocentric perspec
tive. Some are just beginning to understand the 
relationship between cultivating one's own 
ecological consciousness and 'managing'. Any 
real understanding of the land means attuning 
oneself to the land, to a specific bioregion, and 
developing a sense of place. Otherwise, land 
management will continue to 'manage' on the 
basis of subjective economic criteria to the detri
ment of the Earth and the future." 

Note the change to a biocentric perspective 
where we are part of the biotic community as op
posed to an anthropocentric view of management 
where we dominate nature. Working within a 
land ethic will ensure that we do adopt both a 
conservationist and conservative approach to 
management as suggested in the State Conserva
tion Strategy for Western Australia (1987) and 
reiterated by Burbidge in the introductory chap
ter to this publication. Leopold (1949) expressed 
the view that: ' 

"A land ethic, then, reflects the existence of an 
ecological conscience, and this in turn reflects a 
conviction of individual responsibility for the 
health of the land. Health is the capacity of the 
land for self-renewal. Conservation is our effort 
to understand and preserve this capacity." 

Having outlined a land ethic, how does one get 
such an ethic adopted by all of the staff of an or
ganization managing biological resources and, 
more importantly, the community as a whole? 
This is perhaps the biggest challenge facing those 
involved with conservation and land management 
because their task would be made a great deal 
easier if all worked with a common set of objec
. tives based on a common set of beliefs. 

Perhaps the greatest barrier to engendering a 
conservation ethic is the increasing alienation of 
people from nature. Western Australia is a good 
example of this situation; occupying approximate
ly one third of the area of mainland Australia, it 
has a population of around 1.6 million but over 
85% of people live in one city - Perth. Many 
people seldom venture into undisturbed natural 
environments and have a jaundiced view of na
ture - a view restricted to their urban gardens, 
parks or street scapes. Similar restrictions apply 
to many country town dwellers and even to 
farmers. 

Most people who have a land management 
problem can solve it with products of technology; 
they can mow it, snip it or spray it. In contrast, 
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conservation authorities have no easy technologi
cal "fix". To compound the problem, they have 
vast areas and complex ecosystems to manage 
and too few resources with which to perform the 
task. 

Education. Clearly, education is essential to 
enable the public to understand conservation is
sues and adopt a land ethic. However, we should 
heed Leopold's (1949) words. "The usual answer 
to this dilemma is 'more conservation education'. 
No one will debate this, but is it certain that only 
the volume of education needs stepping up? Is
something lacking in the content as well?" 

The importance of generating an informed, in
volved public was recognized by workshop par
ticipants and one recommendation was that staff 
should spend a significant proportion of their 
time in educating others about their work. Or
ganizations like CALM and CSIRO have several 
communication outlets open to them, including 
several popular publications. As stated by Bur
bidge in his paper, these should promote the 
development of a land ethic and present nothing 
that promotes the opposite view. Staff should be 
required to write and speak to an audience wider 
than their peers. This important duty needs to be 
recognized by institutions and duty statements 
need to be drawn up to reflect this extra role 
(Saunders ~ fil, 1987). Tertiary institutions 
should make more effort to train students to com
municate with the community as well as with their 
peers. 

Public views can be shaped by involving the com
munity in land management issues and activities. 
This is already done widely by CALM in planning 
(Wallace and Moore 1987) and makes for a more 
concerned, supportive community. Public involve
ment should be extended to involvement in 
monitoring programs and in management 
programs. An example of limited involvement in 
management is provided by the many voluntary 
Bush Fire Brigades, but the scope of management 
activities involving the community must be 
broadened as it is beyond the capacity of govern
ment land management agencies to adequately 
manage all of the land under their control. Ac
tive involvement in planning and management will 
go a long way towards achieving successful 
management of biological systems in Australia. 
Integrating managers, planners and researchers 
to achieve more efficient management of biologi
cal resources. The issue of integrating managers, 
planners and researchers took up a significant 



proportion of time at the workshop and several 
points were aired. The subject of integration was 
discussed by Hopkins and Saunders (1987, fig. 5) 
and they advocated a change in the role of plan
ners, managers and researchers. Planning should 
include assessment and analysis of information 
and prescription of management procedures. 
Management should include implementation of 
management plans and establishment of sites to 
monitor the effectiveness of management. 
Research should include helping managers with 
the design and interpretation of experimental and 
monitoring programs. Hopkins and Saunders 
viewed monitoring and re-evaluation as key fac
tors for successful integration. This means that 
every management action is assessed and the 
results fed back into the information base so 
there is a gradual improvement of knowledge 
about the systems being managed. 

The objectives of the organization must be clear
ly stated, understood and agreed on. Without 
clear objectives it is impossible to allocate 
priorities and, without a system for allocating 
priorities, available resources are not efficiently al
located to tasks. Objectives and priorities must 
be understood throughout the organization and 
be accepted by the community on whose behalf 
the organization is acting. Having agreed on 
priorities, a multidisciplinary team approach to 
planning and management is an effective way to 
make the most efficient use of human resources. 
The team approach uses individual skills to 
achieve objectives and it is imperative that all 
members communicate with each other and keep 
themselves informed about advances in their 
field. 

The onus should be on all managers, planners 
and researchers to keep abreast of the current 
literature and draw others' attention to articles of 
relevance. This can be done informally by circula
tion of papers, or more formally by organizing 
workshops around particular papers, ideas, 
theories, etc. It should not be the sole respon
sibility of the research worker, as suggested by 
some discussion groups - policy makers, planners 
and operations staff have an equal responsibility 
to ensure that they retain and improve their 
professional knowledge. We are not arguing that 
researchers should not take the initiative in help
ing managers keep abreast of advances - research 
scientists will spend more time keeping up with 
the scientific literature than managers and are 
more likely to come across articles of interest. 
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Accountability. Given the importance of the 
task facing all those involved in managing biologi
cal resources (policy makers, managers, planners 
and researchers) and the inadequate resources 
available, it is imperative that mechanisms are 
developed to ensure that resources are used effi
ciently. The prospects of an organization meeting 
the goals and objectives it has set depends on the 
nature of those objectives, the setting of 
priorities, the amount of available resources and 
the quality of its staff. All four are vitally impor
tant. The first three were discussed at length at 
the workshop but the quality of staff and their 
direction received little attention - monitoring of 
individual performance is as necessary as monitor
ing biological systems. 

There is a tendency in large organizations for in
dividuals to be insulated from the consequences 
of their actions as they can shelter under the "cor
porate umbrella". Staff need to be aware that 
they are accountable for their actions. As land 
and conservation management organizations we 
are trustees of community assets and the com
munity has the right to question us about our 
goals and the use of their resources. Individuals 
within the organization need to be accountable 
both to the organization and to the public. 
Mechanisms are needed to assess individual per
formance in the light of corporate objectives and 
accountability. Such mechanisms should make it 
easier to redirect and train staff where necessary 
as well as counteracting the inertia inherent in 
large organizations. 

CONCLUSIONS 

The workshop on ecological theory and the 
biological management of ecosystems was 

very successful. In particular we believe it 
achieved the following results. 

1.lt provided a forum where policy makers, plan
ners, managers and research scientists could ex
change ideas and discuss common goals. 

2.lt identified important issues and problems 
that these groups felt needed solving. 

3.It went some way to fostering a better under
standing of the roles of the various groups and 
the problems they face. 

Major outcomes of the workshop are listed 
below. 

1.More time should be committed to fostering a 
land ethic in land management and research agen
cies as well as in the community. 



2.There is a need for a common set of goals and 
objectives and for a method for allocating 
priorities that is understood and accepted at all 
levels. 

3.Better integration of research scientists and 
conservation managers is needed and the multidis
ciplinary team approach to problem solving was 
agreed as one method. 

4.There is a clear need to develop a method of 
recording, storing and retrieving management 
decisions and the reasons they were taken. 
Without such a system we will not be able to 
learn from experience and the value of biological 
monitoring will be lessened. 

5.Small, select, thematic workshops that ex
amine specific topics of biological resource 
management (e.g. managing for biological diver
sity) should be organized and the results widely 
disseminated. 

Perhaps the most obvious shortcoming of the 
workshop was its failure to come to grips with the 
title; little time was spent actually talking about 
the use of ecological theory by managers. This 
was due to the general view that integrating the 
different groups of professionals was more impor
tant at this stage. 

The success of this workshop suggests that it 
could be repeated, perhaps every two years, with 
some change in topic and participants. 
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